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FOREWORD

Data requests should be submitted to Dr. R. Kutz at the U.S. Environmental ProtectionAgency, Region
III, Annapolis, MD. ' '
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Phone: (410) 573-6842

This report, entitled Assessment of the Ecological Condition of the Delaware and Maryland Coastal
Bays, was funded by the U.S. Environmental Protection Agency under Contract No. 68-I;>O~0093 to
Versar, Inc. ' ' ' '
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EXECUTIVE SUMMARY

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.

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 SAY 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. Furtherstudy is needed
to assess whether the biological effects observed were the direct result of contamination.
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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 trawl measurements during the summer at about 70 sites where historic measurements of fish
communities have been made.



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 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 dominated by Atlantic silversides, bay
anchovy, Atlantic menhaden, and spot, which is similar to the community structure measured in the
Delaware coastal bays 35 years ago. The fish fauna in Delaware'scoastal bays has shifted toward species
of the Family Cyprinodontidae (e.g., killifish and sheepshead minnow) which are more tolerant to low
oxygen stress, and salinity and temperature extremes.

Page vi

The consistency of the sampling design and methodologiesbetween 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 1~93, 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
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
concerns is greater in the Delaware and Chesapeake Bays because of their larger size.
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1.0 INTRODUCTION
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1.1 THE ~OASTALBAYSJOINT
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 suppo~ 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.' z

An important part of such an assessment is
characterizing biological responses to
environmental problems, since protecting these
resources is the focus of managementactions
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) 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 participants' in the CBJA are the Delaware
Department of Natural Resources and
Environmental Control (DNREC), the Maryland
Department of the'Environment (MD~), the '
Maryland Department of Natural Resources
(MDNR), EPA Re~ion III,the Delaware Inland
Bays Estuary Program (DIBEP), and EPA's
Office of Research: and Development. The
CBJAwas initiated as amulti-state effort with'
the recognition that the stresses on these' ;'

systems, and thus~the management actions
necessary for their protection, are similar' across
state boundaries. The CBJA focuses on

".,' " ". ,

assessing condition of the coastal bays as.a
whole, for each of four major subsystems within
the coastal bays (Rehoboth Bay, Indian River

, ' . \,

Bay, Assawoman Bay, and Chincoteague Bay)
and four are~ of special concefIl to resource .
managers (upper,Indian River, St. Martin River
Tral?pe Creek, and dead-end canals).

In.1993, the CBJA initiated a comprehensive,
field survey of the coastal bays in which data.
were collected at 200 sites. The data collection
approaches used in~hesu,rv;~y borrowed.heavily
from methodologies.developed by EPA's
Environmental Monitoring and' Assessment
Program (Weisberg et aI. .1993) and were
predicated onthree general principles. First,
data were collected using a probability-based
samplingdesign~ A probability-based sampling
design ensures unbiased estimation of condition,
which is not possible when sampling sites are
preselected by the investigator, and ensures that
all areas within the system are potentially
subject to sampling. The probability based
sampling design also allows calculation of
confidence intervals around estimates of

Page 2



CONDITION OF DELA WARE AND MARYLAND. BAYS

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 it .'
allows inv~stiglitors to. estimate. the actual ~r~.a.
(i.e., number of acres) throughout the system in
which ecological conditions differ from
reference areas. This emphasis on estimating
areal extent is a departure from traditional'
approaches to environmental monitoring, which
generally estimate the average condition.

Second, the survey collocated measurements of
pollution exposure with measurements of .
biological response, enabling examination of
associations between degraded ecological
condition arid 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 predominant 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
OFTHIS REPORT

This report addresses the first objective of the
CBJA. It summarizes. the data collected during
a 1993 sampling survey and provides a
preliminary assessment of the current ecological
condition of the coastal bays. Intendedfuture
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 ofEMAP 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 describes 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 samplingdesign 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.

CONDITION OF DELA WARE AND MARYLAND BAYS . Page 4
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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

• Trappe Creek/NewportBay

• St. Martin River

• dead-end canals throughout the coastal
bays

• all remaining 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 concentrations 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.
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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 aI. 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 limited to 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-Atlaritic
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 andCBJA
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 Surveyor 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. Th~presenceof floating 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 mbelow the surface, rinsed three
times with ambient water, filled, capped, and,
stored at4°C for total suspended solids analysis.
The procedure was repeated with a 125-ml
bottle for measuring turbidity and a I-gallon
bottle for nutrients. Three filtrations were
performed for each nutrient parameter using
measured aliquotsfrom 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 GFIF filter was used for total '
particulate phosphorus analysis; a 25-mm GFIF
filter was used for chlorophyll a analysis; and an
ashed, 25-mm GFIF 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
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• Dead-end Canals

.. Other Sampling Sites

Atlantic Ocean

Sampling Area

Figure 2-1. Location of sampling sites in the DelawarelMaryland coastal bays.

CONDITION OF DELA WARE AND MARYLAND BAYS Page' 7



Page 8

2.3.1 Water Chemistry

Additional grabs were collected for sediment
chemistry and benthic chlorophyll samples. For
benthic chlorophyll,S I-em 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 em 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
l\1ETHODS

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

Table 2-1. Criteria for in situ water quality measurements

Bottom Depth (m) Water Quality Measurements

~1 Surface (a)

1 to 2 Surface, bottom (b)

2 to 3.3 Surface, midpoint, bottom
>3.3 3-ft intervals from surface to bottom

(AI Measured0.5 m below the surface.
0., Measured 0.5 m above the bottom.

. .

2.2.2 Sediment and Benthic
Macroinvertebrates

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 (N0

2
, N0

3
, NH4, and P04 ) .

CONDITION OFDELAWARE AND MARYLAND BAYS

Sediment samples for analyses of benthic
macroinvertebrates, silt-clay content, benthic
chlorophyll, and chemical contaminants were
collected using a 0.044-m2, 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 O.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.



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

Analyte Method References

Chlorophyll a Phaeophytin Spectrophotometric; Trichromatic APHA (1981)

Nitrate and Nitrite Calorimetric; cadmium reduction EPA Method 353.2
Ammonium Calorimetric; automated phenate EPA Method 350.1
Total Dissolved Nitrogen Calorimetric; persulfate oxidation D'Elia et al. (1977)

Orthophosphate Calorimetric; automated.ascorbic .acid EPA Method 365.1
Total Dissolved Phosphorous Calorimetric; persulfate digestionand

automated ascorbic acid EPA Method 365.1
/ ' ,.' ' .

Total Particulate Nitrogen Oxidative combustion Leeman Labs (1988)

Total Particulate Phosphorous Calorimetric; persulfate digestion Aspilla et al. (1976)
Total Particulate Carbon Oxidative Combustion Leeman Labs (1988)

Dissolved Organic Carbon Persulfate Digestion Menzel and Vaccaro 1964)

Total Suspended Solids Gravimetric APHA (1980

Turbidity Nephelometer

CONDITION OF DELA WARE AND MARYLAND BAYS

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

were placed into predetermined biomass groups
and formaldehyde dry weight was determined.
Bivalves and gastropods were acidified prior to
weighing to remove inorganic shell material. To
standardize the biomass measurements,' all'
samples were preserved in a 10% solution of
buffered formaldehyde for at least two months
before measuring biomass.

Page 9
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(EQ.l)

"

(EQ.2)

where

Yhi is the varia~le of interest (e.g., concentration:'
of phosphorus), and n

h
is the number of samples'

collected from stratum h.

The stratifiedmean value for L strata with
combined area!! is given by

2.4 DATAANALYSIS

" -For reportin~purposes,the study areawas~ :
" ' 'post-stratified into the following sUbpopul!lti()~s:'
>,' '.Rehoboth Bay, Indian River (including upper
,',. ,Indian Ri~er),Assawoman Bay (including'5t:

Martin~iv~t), and Chincoteague.Bay (Figure'
. 2-2). Boundaries of the four special target 'areas

{i.e., u~per Indian River, St. MartinRiver. Trappe
.'CreeklNewport Bay, and dead-end canals) wer.e

not changed. Dead-end canals were- evaluated
as aseparatesubpopulation arid were riot,
included in c~lculations fOf'th~'remaining-study "

'area.

" '
v, -

...:

"

"

~ .. '.
,' .... -

2.3.4 Benthic Chlorophyll

2.3~3 Silt-Clay Content

Sediment samples were processed to determine
silt-clay content according to ElvIAP procedures
described in Klemm et al, 1993. Sediment
samples were sieved through a 63:-J1mmesh
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. ' ,'.,'

2.3.5 Sediment Chemistry

Sediment samples were processed to detenrline, " . .. '
benthiccWorophyllconcentrations.. S~ple: "" ',', ' ,,~,~he con~ition of each of these areas w~s ,
aliquots were suspended in 90% acetone, "~,,, ' :' " assessed In two ways: the mean condition and
extracted overnight at -200C, resuspended, ~nd :', the percent of area exceeding threshold values
the supernatant was collected. Each sample; Was f?r sel~ct~d parameters. ,Since the sampling ,
extracted three times and the supernatants were ' . sites within each stratum (except the dead-end
combined. The benthic chlorophyll concentration ' canals).~~re selected with equal inclusion , '
of the supernatant was determined by two . probabilities; the mean parameter values (eq.T) ,
different methods: (1) high-performance liquid for a stratum, h,and its variance (eq, 2) were

chromatography described by Heukelem et al. calculated as:

(1992) and (2) the fluorometric method described
in Parsons et al. (1984).

Sediments were analyzed for the NoAA ' ,
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 (rom
the remaining coastal bays were processed-In-the
laboratory. Data from non-canal 'areas were.: ,
supplemented with 14 samples recently ::,:. "
collected by EMAP using a compatible sampling
desi~n and identical field and laboratory methods,

t '. '

CONDITION OFDELAWA~~~J)MARYLA~D .pAYS



Table 2-3. Analytes for CBJA sediment samples.

Polyaromatic Hydrocarbons (PAIls)
;',

Acenaphthene 2,6-dimethylnaphthalene Perylene
,.

Anthracene
Fluoranthene Phenanthrene Benzfalanthracene Fluorene
Pyrene Benzo(a)pyrene Ideno(l,2,3-c,d)pyrene Benzofblfluoranthene
Benzo(e)pyrene 2-methylnaphthalene Acenaphthylene Biphenyl
1-methylnaphthalene Benzo(k)fluotanthene Chrysene 1-rnethylphenanthrene
Benzo(g,h,i)perylene Dibenz(a,b)anthracene Naphthalene z.s.s-Trimethylnaphthalene

DDT and its metabolites Cblorinated pesticides otber tban DDT

o,p'-DDD p,p'-DDE Aldrin Heptachlor epoxide Alpha-Chlordane
p,p'-DDD o,p'-DDT Hexachlorobenzene Trans-Nonachlor Lindane gainnia-BHC),
o,p'-DDE p,p'-DDT Dieldrin Mirex Heptachlor

Major Elements Trace Elements

Aluminum Antimony Arsenic, Cadmium "Chromium "

Iron Copper Selenium Lead Silver
Manganese Mercury Tin Nickel' -Zinc

..
18 PCB Congeners:

No. Compound Name

8 2,4'-dichlorobiphenyl
18 2,2',s-trichlorobiphenyl
28 2,4,4'-trichlorobiphenyl - .
44 2,2',3,s'-tetracblorobiphenyl
52 2,2',s,s'-tetrachlorobiphenyl
66 2,3',4,4'-tetrachlorobiphenyl
101 2,2',4,s,s'-pentacblorobiphenyl
105 2,3,3',4,4'-pentachlorobiphenyl
U8 2,3',4,4',s-pentachlorobiphenyl
128 2,2',3,3',4,4'-hexachlorobiphenyl
138 2,3',3,4,4',s-hexachlorobiphenyl -.
153 2,2',3,4,4',s'-hexachlorobiphenyl
170 2,2',4,4',s,s'-hexachlorobiphenyl
180 2,2',3,3',4,4',s-heptacblorobiphenyl
187 2,2',3,4,4',5,5'-heptachlorobiphenyl
195 2,2',3,3',4,4',s,6-octachlorobiphenyl - "

2q6 2,2',3,3',4,4',s.s',6-nonachlorobiphenyl
209 decachlorobipbenyl

, ..'
Other measurements

Tributyltin Acid volatile sulfides Total organic carbon ..
-

CONDITION OF DELA WARE AND MARYLAND BAYS Page 11



Table 2-4. Analytical methods used for determination of chemical contaminant
concentrations in sediments

Compound(s) Method
Inorzanicsr

Ag, AI, Cr, Cu, Fe, Mn, Ni, Pb, Zn Total digestion using HFIHN03 (open vessel hot
plate) followed by inductively coupled plasma-
atomic emission spectrometry (ICP-AES) analysis.

As, Cd, Sb, Se, Sn Microwave digestion using HN0
3IHCI

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 Kudema-Danish
apparatus, removal of elemental sulfur with activated
copper, removal of organic interferents with GPC
and/or alumina.

PAH measurement Gas chromatography/electron
spectrometry (GCIMS)

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

Page 12

Strata were combined following Holt and Smith
(1979). Confidence intervals were calculated as
1.64 times the standard error, where the standard
error is the square root of the variance
(estimated by eq. 4). Statistical differences
between populations of interest were defined on

(EQ.3)

where the weighting factors, Wb = A/A, ensure
that each stratum h is weighted by its fraction of
the combined area for all L strata. An estimator
for the variance of the stratified mean (3) is

CONDITION OFDELA WARE AND MARYLAND BAYS
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(EQ.8)

(EQ.7)

.\1() =~,>iY[(C -CJ}

I"J

where

is the weighted mean value deleting the jth canal
and

(EQ.9)

is the jackknife estimate of the rneany for the n
canals.

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 ofproportions,Pst'
was estimated as

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

. where B is number of samples exceeding the
threshold and n is the total number of samples in
the stratum. For strata with equal inclusion
probability, the exact confidence intervals for p
were estimated from the binomial distribution
using the formula of Hollander and Wolfe (1973).

(EQA)

L

V(Yst) =2: ~2Var(yh)
11=1

the basis of non-overlapping confidence
intervals.

where

(EQ5)

G j- ([en -1) I n):t(Jl({) - Jl(.»Z}1/2

(EQ.6)

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:

q is the area-weighted mean
c. is the area of canal i,

I

C is the combined area of aU the canals sampled,
Yj 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):
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(EQ.ll)

(EQ.I0)

1.

Var(p.) = ~w,\2Var{p,\)
11=1

<',. •

where

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, Ii'was assigned the value if
the value of Y1fell in a specified class, and 0
otherwise. The sample mean and variance of 'j'
is an estimate of the proportion of area in the
canals that has Yvalues within the specified,
class.
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Figure '2-2. Boundaries of post-stratified subpopulations which were used in the study.
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3.0 PHYSICAL CHARACTERISTICS

CONDITION OFDELA WARE AND MARYLAND BAYS Page 16

3.2.1 Depth

3.2MAJOR SUBSYSTEMS

of Brackish Waters 1958).

3.2.2 Silt-Clay Content

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 30f"
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
sampling; however, less than 5% of the area in
each major system was unsampleable because of
insufficientdepth.

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 accourited
for more than 40% ~f 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 ave~age silt-clay
content of Indian River Bay was significantly

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 a~e
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
6311): 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
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Table 3-1. Area-weighted means of physical parameters (90% confidence intervals).

Major Subsystems Target Areas

Parameter Entire Rehoboth Indian Assawoman Chincoteague Upper St. Martin Trappe Creek! Artificial
Study Bay River Bay Bay Indian River Newport Bay Lagoons
Area River

Deptb(m) 1.5 1.3 1.5 1.4 1.5 1.5 1.3 1.6 1.8
± 0.1 ± 0.2 ± 0.2 ± 0.2 ± 0.1 ± 0.2 ± 0.1 ± 0.1 ± 0.4

Silt-Clay
40 37 60 44 35 71 58 65 59

Content(%) ± 5 ± 11 ± 11 ± 13 ± 9 ± 9 ± 9 ± 9 ± 13

30.6 29;7 28.7 29.7 32.2 24.3 28.6 25.9
29.2

Salinity ± 0.4 ± 0.8 ± 0.6 ± 0.5 ± 0.7 ± 1.5 ± 0.9 ± 2.2
± 103

Temperature (OC) 25.4 25.7 24.9 27.4 24.9 28.0 27.4 25.7 26.4
± 0.4 ± 0.8 ± 1.1 ±1.1 ± 0.6 ± 1.0 ± 0.6 ± 0.7

± 1.6

pH 7.8 7.7 7.7 8.0 7.8 7.7 7.8 7.8 7.6
± <0.1 ± 0.1 ± 0.1 ± 0.1 ±0.1 ± 0.1 ± 0.1 ±0.1 ± OJ
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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 TARGETAREAS

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 than1 0% 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 entirestudy 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 sampling
site in Trappe Creek,
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3.4 COMPARISONWITHPREVIOUS
STUDIFS' .

Physical characteristics measured during 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 described 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 1.2m

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. Th~ salinityrange
measured in upper Indiari River during our study
did not vary appreciably from similardata
reported in the Weston (1993) characterization.'

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 Iesser
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
(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 COMPARISON TO
S~OUNDINGSYSTEMS

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 III 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 of8.3 m in
Chesapeake Bay and 7.0 m in Delaware Bay
are ~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 the200 sample sites in the coastal bays
exceeded 4 m in depth.

The average silt-clay content was higher in 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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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 (TON), total dissolved
phosphorus (TOP), 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 MAJORSUBSYSTEMS

4.2.1 Measures ofAlgal Productivity

The mean concentration of chlorophyll a in the
water column varied considerably among the

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 submerged,
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.rand
nutrients. Measures of algal biomass included
the concentrations of chlorophyll in the water
column and sediment, and phaeophytin. Secchi
depth, total suspended solids (TSS), and
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4.2.2 DIssolved Oxyg n

4.2.3 Measures of Water Clarity

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 .? ppm, but the extent of
low dissolved oxygen may be underestimated in
this study because measurements were limited to
daytime hours.

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.

Table 4-1. Chesapeake Bay submerged aquatic vegetation habitat requirements for a
polyhaline environment (Dennisonet ale 1993).

Paramerer Critical Value

.'

Light attenuation coefficient (k
d

; mol) , .
1.5

Total suspendedsolid (mgll) 15
Chlorophyll a (ugll) 15
Dissolved inorganicnitrogen (uM) 10
Dissolved inorganicphosphorus (uM) 0.67

. e
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 Ri~er had the
largest mean concentration, almost four times
that of Chincoteague Bay. Averag~ 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).

CONDITION OFDELAWARE AND MARYLAND BAYS
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fable4-2. Area-weighted means ohater qualityparameters (9fJW. confidence Intervals)

MajorSubsystems 'IilrgetAreas

Trappe
EnUre Upper St. Creek!
Study Rehoboth Indla,n Assawoman Chincoteague Indian Martin Newport Artificial

Pa,rameters Area Bay River Bay Bay River River Bay Lagoons

Measures of Primalry Production

Chlorophylll a (pgll) 12.17 13.31 20.68 15.78 5.66 35.22 19.95 45.81 25.74
±1.97 ±2.85 ±4.21 ± 1.52 ± 1.31 ±7.20 ±2.03 ±32.34 ±7.57

Phaeophytin (pgll) 4.39 5.45 9.94 5.60 2.61 16.04 8.96 5.50 7.90
±0.31 ±0.91 ± 1.86 ±0.50 ±0.37 ±3.16 ± 1.44 ± 1.16 ±0.99

Benthic Chlorophyll (pglg) 8.06 22.10 9.71 6.22 5.45 12.15 8.73 7.67 31.02
± 1.40 ±7.54 ±2.29 ± 1.73 ±2.02 ±5.40 ±3.35 ±6.23 ± 16.61

Dissolved Oxygen (ppm) 6.3 6.7 5.9 6.2 6.3 6.2 5.7 7.0 3.8
±0.2 ±0.4 ±0.3 ± 0.4 ±0.3 ±0.6 ±0.4 ± 1.0 ±2.0

Nutrients

Nitrite & Nitrate (11M) 0.79 0.64 3.38 0.31 0.35 9.15 0.10 2.33 0.57
±0.30 ±0.44 ±2.08 ± 0.21 ±0.12 ±6.20 ±0.04 ±3.42 ±0.66

Ammonium (11M) 4.81 4.19 8.47 6.07 4.12 10.82 3.69 3.71 6.33
± 1.07 ± 1.21 ±2.77 ± 3.09 ± 1.74 ±4.69 ± 1.40 ± 1.58 ±4.94

Total Dissolved Nitrogen (11M) 28.73 21.19 27.57 33.41 27.43 41.72 32.34 38.52 32.62
±1.34 ± 1.99 ±3.23 ±4.38 ± 1.72 ±5.65 ±2.48 ±5.18 ± 3.95

Orthophosphate (11M) 0.40 0.60 0.53 0.27 0.34 0.46 0.30 0.87 0.33
±0.06 ±0.13 ±0.08 ±0.07 ±0.07 ±0.16 ±O.OS ±0.82 ±0.16

Total Dissolved Phosphorus (11M) 0.93 1.17 0.98 0.82 0.88 1.06 1.08 1.35 1.03
±0.06 ± 0.15 ± 0.11 ±0.04 ±0.07 ± 0.11 s o.os ±0.67 ± 0.16

Total Particulate Nitrogen (lIg11) 357 367 421 620 209 637 755 775 658
±27 ±70 ±60 ±56 ±30 ±78 ±81 ±321 ± 105

Total Particulate Phosphorus (lIg11) 47.91 51.75 63.97 77.10 28.72 90.10 102.73 100.62 91.32
±3.66 ±6.20 ±8.45 ± 5.41 ±4.46 ± 11.15 ±10.48 ±44.21 ± 16.43

Total Particulate Carbon (lIg11) 2,245 2,342 2,479 3,968 ··1,277 3,686 4,825 5,251 4,333
± 180 ±463 ±341 ±412 ±203 ±475 ±605 ±2,212 ±790

Water Clarity

SeCchi Depth (m) 0.8 0.8 0.7 0.7 1.0 0.6 0.6 0.6 0.7
±0.1 ± 0.1 ±0.1 ±0.1 ±0.1 ±0.1 ±0.1 ± 0.1 ±O.1

Total Suspended Solids (mgll) 30.2 33.8 39.7 28.9 27.4 33.59 37.71 36.69" 27.39
±4.5 ±8.0 ± 10.0 ±9.6 ±7.4 ±9.82 ± 10.58 ± 10.97 ± 14:31

Turbidity (NTU) 12 12 12 15 10 15 16 19 9'
±2 ±2 ±3 ±4 ±3 ±2 ±3 ±4 ±1

" "
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The light attenuation coefficient (Kd) was
calculated as 1.65/secchi depth (m) (Giesenet
al, 1990). More than 55% of the area in each of
the major subsystems exceeded the SAV
restoration goal Kd threshold of 1.5 n:t-t (Figure
4-3). No portion of the area in Assawoman Bay
had a K

d
value below the critical threshold,'

Consistent with the light attenuation results,
average concentrations for both totalsuspended
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 mgll SAY
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 ~utrients

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 SAY restoration goal of
10 J,lM 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 I..l 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 SAY
restoration goal.

Mean concentrations of particulate nitrogen,
carbon, andphosphorus were significantly higher
in AssawomanBay 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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CONDiTION OFDELA WARE AND MARYLAND BAYS

proportion-of area in Chincoteague Bay which
meets the goals for the three attributes increases
to more than 80% (Figure 4-9).

4.3 TARGET AREAS

4.3.1 Measures ofAlgal Productivity

Mean concentrations of chlorophyll a were
significantly higher in all special target areas
than in the-study area as a whole (Table 4-2).
Trappe CreeklNewport 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 ~ gil (Figure 4-10); algal
blooms were evident at both sites. Mean
phaeophytin concentration patterns differed,
however, with average concentrations two to
four times higher in the other systems than in
Trappe CreeklNewport Bay.

More than 70% of the area in upper Indian
River, St. Martin River, and the dead-end canals
had chlorophyll a concentrations exceeding 15 ~
gil (Figure 4-11) ). Almost the entire area of
upper Indian River had levels exceeding 15 ~ gil;
more than 50% of the area exceeded 30 ~ gil.

Average m~asured 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 larger in the canals
than in the remaining study area.

4.3.2 Dissolved Oxygen

Except for the dead-end canals, mean
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 mgt
I. 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 ~ M (Table 4-2). St. Martin
River had the lowest concentration; upper Indian
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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 ,Ltg/I.) .
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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 than the . '
average for the entire study area; however, o'rtl:>;
Trappe CreeklNewport 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 e~tire studY'
area (Table 4-2). The mean concentration in"
Trappe CreeklNewport Bay was twice. as high
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 CreeklNewport Bay had-approximately
twice the proportion of area with DIP
concentrations greater than 0.67 I.lM, 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 (Figure 4-15).

4.4'COMPARISONWITHPREVIOUS
STUDIES

Consistent 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:nutrientcorrelation,
suggesting that the tributaries are a significant
nl1trienf~ourcefor the coastal bays. While we
found eutrophication to be widespread in the
coastal bays, we found that eutrophication has

,?ot' translated into a widespread hypoxia
.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 patterns 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 SAY
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 S1. 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 ac;:.~oss 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 Of measurement methodologies.

4.5 COMPARISON TO
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 reports by the Chesapeake Bay
Program (Magnien et al. 1995) have identified
that about 75% of the area in Chesapeake Bay
meets the SAY 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 esti~ate 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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well understood. Several strategies for '
estimating biological effects from contaminated
sediments include the EPA Sediment Quality •
Criteria approach (U.S. EPA 1993a-d), the Lo~g

and Morgan approach (Long and Morgan 1990;'
Long et al. 1995), and the SEM/AVS'
(simultaneously extracted metals/acid volatile . '
sulfides) approach (Di'Ioro et al. 1989, 1990 and
1992). Because thesevarious techniques result
in different estimates, definitive 'estimates ()f. . '
those areas of the coastal bays with contaminant
concentration high enough to cause ecological
impactscannot be provided withconfidenc~.. .
(Strobel et aI.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 respect to '
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 range-

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

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).



Table 5-1. ER-L and ER-M guideline values for trace metals and organic compounds in
sediments. Sources: . Long and Morgan (1990), Long et al, (1995).
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Chemical
Alialyte

Trace Elements (ppm)

Antimony
Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Silver
Zinc

Polychlorinated Biphenyls (ppb)
Total PCBs

DDTand Metabolites (ppb)
DDT
DDD
DDE
TotillDDT
PPDDE

Other Pesticides (ppb)
Chlordane
Dieldrin
Endrin

Polynuclear Ar~maticHydrocarbons (ppb)
Acenaphthene
Acenaphthylene
PAH (high mol. wt.)
PAH (low mol. wt.)
Anthracene
Berizo(a)anthracene
Benzotalpyrene
Chrysene
Dibenz(a,h)anthracene
Fluoranthene
Fluorene
2-methylnaphthalene
Naphthalene
Phenanthrene
Pyrene
TotalPAH

ER-L
Concentration

2
8.2
1.2
81
34
46.7
0.15
20.9
1
150

22.7

1
2
2
1.58
2.2

0.5
0.02
0.02

16
44
1700
552
85.3
261
430
384
63.4
600
19
70
160
240
665
4022

ER-M
Concentration

25 .
70
9.6
370
270
218
0.71
51.6
3.7
410

180

7
20
15
46.1
27

6
8
45

500
640
9600
3160
HOO
1600
1600
2800
260
5100
540
670
2100
1500
2600
44792
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Table 5-2. Area-weighted mean concentrations (± 90% C.I.) of sediment contaminants in the
Coastal Bays and Dead-End Canals

Coastal Bays Dead-end Canals

Metals (ppm)

Silver 0.05 ± 0.02 0.1 ± < 0.1
Arsenic 7.03 ± 1.91 10.6 ± 2
Cadmium 0.14 ± 0.05 0.2 ± < 0.1
Chromium 41.98 ± 10.58 ..56.1 ± 21.7
Copper 9.52 ± 2.81 40.6 ± 10.3
Lead 24.14 ± 5.83 34.4 ± 6.6
Nickel 13.93 ± 4.65 21.1 ± 9.2
Zinc 64.53 ± 16.35 107.9 ± ,28.9

Pesticides (ppb)

Chlordane 0.41 ± 0.39 1.8± 0.7
Total DDT 2.15 ± 0.87 3.1± 2.9
Lindane 0.20 ± 0.15 0.9± 0.2
Mirex 0.12 ± 0.17 0
Endrin 0.04 ± 0.02 0.5± 0.1
Dieldrin 0.13 ± 0.07 1.7± 1.8

Total PAHs (ppb) 232.33 ± 92.43 2060.9 ± 1099.7

Total PCBs (ppb) 2.89 ± 1.04 19.8 ± 5.5
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ER-Ls' and ER-Ms, EPA and others have
suggested follow-up testing such as solid phase
toxicity testing to directly measure biological
effects (Adams et a1. 1992. Chapman et a1. 1992,
EPA 1992). Future activities may include these
additional analyses.

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

median (ER-M) concentration above which
adverse effects "frequently" occur (Long et a1.
1995). Adverse effects could be expected to
"occasionally" occur when the measured
concentration falls between the ER-L and ER-M
(Long et a1. 1995). According to Long and
Morgan (1990). sites with the greatest number of
ER-L and ER-M exceedences have the highest
potential for cause adverse biological effects. In
those situations where there is a high potential
for adverse effects based upon exceedences of
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the coastal bays as a whole (24 sites).

5.2 CONDITION OFTHE 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% tt 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(alanthracene, which were exceeded

at single, separate sites (Fi~ure 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 at 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. O~ 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 COMPARISONTO PREVIOUS
SfUDIES

The DelawarelMaryland 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 COMPARISON TO
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%).
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6.0 BENTHIC MACROINVERTEBRATES
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6.2.1 Abundance and Biomass

Indian River had significantlymore benthic
invertebrates than any of the other three major
subsystems (Table 6-1). Much of this difference

6.2 MAJOR SUBSYSTEMS

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.

6.1 BACKGROUND

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

Benthic assemblages have many attributes that
make them reliable and sensitive indicators of
ecological condition (Bilyard 1987). Benthic
macro invertebrates 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
macro invertebrates 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.
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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 Chincoteaguethan 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 ofspecies 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 significant. 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 Biomass

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 communities in the dead­
end canals differed substantially from the
composition in the rest of the coastal b,ays.
Amphipods constituted almost 50% of the
benthos throughout the coastal bays; however,
approximately 85%ofthe benthos collected in
dead-end canals werepolychaetes (Figure 6-4),
of which 90% were Streb/espio benedicti
(Appendix C), a pollution-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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Tabl,e 6-1. Area-weighted mea,bS ofbenthic: lI1ac:roi'nvertebrate parameters (9IW. confidence intervals)

MajorSubsystems Target Areas

Trappe
Entire Upper Sl Creek!
Study Rehoboth Indian Assawoman Chincoteague Indian Martin Newport ArtifICialParameters Area Bay River Bay Bay River River Bay Lagoons

Abundance (#lI'fil) 18,724 17.556 34,889 13,646 15,478 58,498 30.200 16.859 1,917
±2,551 ±5;030 ±8,741 ±5,488 ±2.892 ±16,520 ±11,032 ±4,721 ±1.354 ,.

Biomass (gll'fil) 10.57 10.72 5.05 ,,5.19 13.97 6.66 6.07 9.08 0.43
±3.03 " ±9.87 ±1.38 ±1.39 ±5.53 ±1.72 ±3A1 ±3.23 ±0.33.

'NumberofSpecies 24.25 . 18.73 17.30 . 20.53 27.58 18.56' 19.20 '22.76 3.6(#/sample) ±1.19 ±1.n ±2.51 ±3.30 ±1.98 ±1.70' ±2.90 ±2.59 . ±2.6
, Shannon~Wiener 2.73 2.41 1.79 2.85 3.02 " 1.96 . 2.10 2.54 0.59Index ±0.10 ±0.19 ±O.36 " ±0.31 ±0.15 ±0.17 ±0.37. ±0.22 . ±OA9"

EMAPlndex ' 0.48 -0.20 -2.30 0.35 . 1.41 -4.80 -1.68 0;24 -0.57
±,O.25 ±OA9 ±0.88 fO.45 ±0;25 ±1.68 ±1.35 ±0.47 " ±0,25
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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/
mZ 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 ern"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 CreeklNewport 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 stratum, where pollution sources
were most prevalent historically, was degraded.

The extent of degradation was greatest in the
dead-end canals and upper 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.

6.4 COMPARISON WITH PREVIOUS
STUDIES

Recent characterizations of the coastal bays
(Boynton et al. 1993, Weston 1993) made little
use of benthic macro invertebrates 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 MarylandlDelaware 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
SURROUNDINGSYSTEMS

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
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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 MorganJ990, Long et a1.
1995). Further study is needed to assess
whether the biological effects we observed are
the direct result of contamination.

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

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

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

Major portions of the coastal bays were found to'
have degraded environmental conditions.
'l\venty-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 SAY Restoration

The probability-based sampling design used in
the DelawarelMaryland 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:
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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 ofthe
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
ofthe 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 SAY 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 mainstern 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-endcanals had chlorophyll a concentrations
exceeding the SAY 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

, contamination i~ diesedimen~ that~as high~r
than l~either Chesapeake' Bay of Dehlw~re' "

I ,', ," , ',' ""

Bay. Sixty-eight percentofthe area ~n the "
~basta1 t:5ays'ext'eeded pUblishedgoidelil1e values
for ~tt~~st ~rilcontamina~t,crilnpared to 46% '
for Chesapeake Bay and 34% for Delaware Bay
(Long and Morgan 1990, Long et a1. 1995).
While the percent of area having poor benthic
and sediment conditions is higherin the coastal
bays, the absolute amount of area having these
conditions is greater in the Delaware and
Chesapeake Bays, because of theirlarger 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 SAY Restoration Goals.
This is more than three times the percent of area
meeting SAY 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 SAY 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 systems in Delaware
have changed substantially.

Fish assemblages of the Marylandcoastal bays,
as sampled by shallow-water seines, are
dominated by Atlanticsilversides, 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
stress.and salinity and temperatureextremes,

" .
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The general purpose of this study was to examine historical and current shore-zone fish community 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.,(198S)
suggested that the depression of striped bass stocks in the Chesapeake Bay may be related to eutrophication
through (1) loss of habitat for adult fish through reductions in dissolved oxygen in deeper waters and (2) loss of
habitat for juvenilefish through'eutrophication mediated reductions in submerged aquatic vegetation. Price (U.S.
EPA, 1983) also proposed that nutrient andtoxic enrichment of low-salinity spawning and nursery areas may be
related to declines in anadromous (fresh water) spawning estuarine species such asstrlpedbass, white perch,
yellow perch, herring, and others. '



THE SETTING IN DELAWARE

Delaware's inland bays (Fig. I) consistof three
interconnected water bodies-Rehoboth, Indian
River, and Little Assawomari 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
discharge 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
agriculture, The inland bays are tidally flushed,
with estimates typicallyconverging 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. Majpr sources of these nutrieqts 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 of0.1 to
0.2 ppm, would rank the inland bays among the
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most enriched of the 32 sub-estuarine systems of
the Chesapeake Bay. Based upop 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
sourceof 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 i~ 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).



Historical Juvenile
Fish Survey Sites
in Delaware
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Figure 1. Historical juvenile ('ISh survey sites which were revisIted during the CBJA. Site 8, 17;and .
23 could not be sampled due to lack of beach. . . .
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METHODOLOGY

Field Collection

During the CBJA, a beach seine survey 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 O.25-in mesh with a e-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 l-in stretch mesh with
a6-ft. by 6-ft. center bag. Two sites that were
common to the studies by Derickson and Price
(1973~aridEcological Analysts (1976) were
sampled with the 60-ft gear only. At all sites, .
seines were deployed by holding one end on shore,
towing the other end perpendicularly awayfrom
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
the Coastal Bays Joint Assessment (CBJA) for ..
1993 and Edmunds and Jensen for 1971.

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



RESULTS

Indjan Rjver 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%), andPseudopleuronectes
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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Rehoboth--7 Stations 60' x6' Haul
Lower Indian River--8 Seine; 0.5" Square
stations Mesh July, August,

CBJA 1993 ........................................................... ..............................................

50' X 6' Beach -ISO' September

Indian River--7 Stations Seine; 0.25"
Square Mesh

Rehoboth--8 Stations
Timmons & ........................................................... 20' x 3'; 0.25" Str.

Price
1992 Indian River..:- Mesh

-100' June, August

7 Stations

Price &
1991

Little Assawoman Bay--5 33' x 4' Seine;
-100'

Single Event--
Schneider Stations 0.25" Str. Mesh June

Rehoboth--8 Stations 50' x 6' Beach Monthly
1986- ........................n .................................

Seine; 0.25" -ISO'DNREC
1988 Indian River--

7 Stations Square Mesh May-November

Indian River--Millsboro 50' x6' Beach
Semi-Monthly--

22DP&L
1974-

to the Inlet--7 Stations Seine; 0.25" -150'
1974-1975;

1976 Square Mesh
Monthly--1975-
1976

Campbell White Creek--
25' Beach Seine;

1973 0.25" Square -ISO' Weekly
& Price 8 Stations

Mesh

Edmunds & 1970- Upper Indian River--9
50' x 6' Beach
Seine; 0.25" -220' Monthly

Jensen 1971 Stations
Square Mesh

Rehoboth--8 Stations 60' x6' Haul
Derickson 1968- ...........................................................

Seine; 0.50" -ISO' Monthly
& Price 1970 Indian River--

9 Stations Square Mesh

Pacheco & White Creek--
25' x 6' Beach

Grant
1957

8 Stations
Seine; 0.25" -ISO' Semi-Weekly
Square Mesh

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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Fundulus majalis
29.24

Fundulus heteroclitus
20.19

Brevoortiatyrannus(0.00)
Cynoscion .regalis (0.02)
Arcnoe hepsetus(0.00)
Alosaspp. (0.00)

Figure 2. 1968 percentages of total fish captured in the inland bays..

Pseudopleuronectes
americanus

7.57

Anchoamitchilli
4.58

Other
7.07

Bairdiella
chrysoura
0.73

Menidia menidia
30.62
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co

Fundulus heteroclitus
21.34

Anchoa mitchilli
0.33

Menidia menidia
21.97

Fundulus majalis
35.75

Pseudopieuronectee
emeticenus
3.51

Other
7.06

Bairdiella chrysoura
9.14

Cynoscionregalis (0.26) _
Anchoa hepsetus (0.00) ­
Alosa spp. (0.00)
Brevoortia tyrannus (0.00)

Figure 3. 1969 percentages of total fish captured in the inland bays.



Fundulus majaJis
16.26

~.....
o

Fundulus heteroclitus
16.4

Menidia menidia
34.76

Pseudopleuronectes americanus
5.17

Anchoa mitchilli
4.56

Other
18.39

Brevoortia tyrannus
4.46

Bairdiella chrysoura (2.75)
Cynoscion regalis (1.53)
Anchoa hepsetus (2.28)
Alosa spp. (3~21)

Figure4. 1992 percentages of total ('ISh captured in the inland bays. DE.
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Cyprinodon variegatus
3.12

Micropogonias
undulatus

1.84

Fundulus heteroclitus
31.24

Mugilcurema .
2.88

Leiostomus xanthurus
1.85

Fundulusmajalis
49.36

Menticirrhus saxatilis (0.61)
M. menidia (0.8'1)
.P. americanus (0.81)
Mugilcephalus (1.15)

Figure 5~ 1993percentages oftotal (ISh captured in the inland bays. DE.



three of the top five rankings'for RehobothBay
and Indian River Bay.' . . .

Upper Indian River

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 maja/is (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 diaphanus,
Pomoxis nigromaculatus, and Esox niger.
Lepomis macrochirus and Lepomis gibbosus
were reported both in 1971 and 1993, but inlarger
numbers in 1971.

Base Qfthe Mj))sboro Dam

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 bery/lina
(19.2%), 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 heteroc/itus (48..1~),
Morone saxatilis (16.9%), Fundulus maja/is
(13.5%), Menidia menidia (9.9%), and Menidia
bery/lina (5.2%) for a totalof 93.6% of the total

'"
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shore-zone fish populatiQn(Fig.9). In 1971,
three.of the,tQP five species were freshwater fish
with Fundulus sp. comprising only 10.7%, While ,
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, Pacheco and Grant (1965) conducted a
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 beryl/ina (19:5%), Menidia
menidia (18.2%), Fundulus heteroclitus (13.5%),
andAnchoa mitchi//i (5.9%) fora 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 includedMenidia ..
menidia (39.7%), Fundulus heteroclitus (13.6%),
Leiostomus xanthurus (13.0,%),Menidia
bery/lina'(l1.6%), andFundulusmajalis.(8.8%)
for a total of 86.7% of the shore-zone fish
community (Fig; 12). In 1957; the two Fundulus
sp. comprised 15.6%Qf the total assemblage, By
1973, that had increased to 22.4% of the total
assemblage.



someinsight into the shore-zone fish community
" ..

and are included in Table 3 for completeness. The
rankings Qf'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 heteroclitus (2),Brevoortia
tyrannus (3), Menidia beryllina (4), and

,~. .. '

Leiostomus xanthurus (5).
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Atlantic 1 30.6 2 22.0 -1 34.8 ,8 0.8 3
Silversides

Stri 2 29.2 1 35.8 3 16.3 ' 1 49.4 1

3' 20.2 3 21.3 2 16.4 2 31.2 2

Winter flounder 4 7.6 5 3.5 4 5.2 9 0.8 4

Menhaden 6 4;5 9

5 4.6 '5 : ' 4.6 6*

Sheepshead 6 2:5 7 1.2 3 3.1 5
Minnow 'a
S ot 6

!"
1.6 5 1.9 8;

Silver Perch 9 0.7 4 9.1 8 2.8, 6*

Atlantic Croaker 6 1.8

White Mullet ' 10 0.6 10 0.5 4 2.9 10
:

Rainwater Fish 8 1.2 i

Stri d Mullet ; 9 0.8 ~ : 7 1.6.;:
;

Weakfish ,-: 10 1.5:

NorthernPuffer 7 i' 1.5 8 1.1 'i
, :

7 l 3.2

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
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Brevoortia fyrannus
69.60

Leiostomusxanthurus 3.34

Menidia beryllina 2.1 8

Pomoxis nigromaculdtus
6.77

Other 4.82

Menidia rrienidia 4.74

Fundulus heteroclifus 8.54

Pomat6mus saltatrix (0.34)
Fundulus majolis (1 .12)
Notemigonus cryso/eucas (1 .42)
Fundulus diaphanus (1 .64)

Figure 6. 1971percentages offish captured in upper Indian River, DE.
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Menidia menidia
60.91

Leiosfomus xanfhurus
1.36

Fundulus majalis
8.88

Mugil spp.
4.01

Other
0.35

Fundulus heferoClifus
21.73

Morone saxafilis
2.18

Perea f1aveseens (0.04)
Gobiosoma bose (0.09)
Lepomis maeroehirus (0.09)
Fundulus diaphanus (0.09)·

Figure 7. 1993percentages offish captured in upper Indian River Bay, DE.
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Pomoxis nigromaculatus
45.17

Leiosfomus xanfhurus
7.36

Fundulus diaphanus
10.68

Notemigonos
crysoleucas
9.52

Other
6.20,.

Fundulus heteroclitus
2.02

Menidia beryllina
19.19

Trinectesmaculatus (0.40)
Morone"americana (1.29)
Pomatomus saltattix (1.30)
Lepomis gibbosus (1 .73)

Figure 8. 1971 percentages ef total fish captured in the base of Millsboro Dam, Indian River, DE.
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Menidia beryllina
5.19

Fundulus heferoclitus
48.05

Menidia menidia
9.87 Mojaraspp.

1.82

Fundulus majalis
13.51

Morone saxatilis
16.88

Perca f1avescens"(0.52)
Lepomis macrochirus (1.03)
Leiosfomus xanfhurus (1 .03)
Fundulus"diaphanus (1.03)

Figure 9. 1993 percentages oftotal fish captured in the base of Millsboro Dam, Indian River, DE.
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stations indicated. Inserts shows location
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Indian River Bay
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o .2 .4 .6 .8 1.0
Figure 10. White Creek, Delaware, with the eight sampli
of White Creek relative to the Atlantic coast.
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Brevoortia fyrannus
32.5

Menidia menidia
18.23

Lucania parva
3.30

Anchoa mitchilli
5.94

Other
7.08

Fundulus heteroclitus
13.49

Menidia beryllina
19.47

Mugil curema (1 .04)
Cyprinodon var!egafus (1.10)
Fundulus majalis (2.10)
Bairdiella chryso~ra (2.54)

Figure II. 1957percentages of total fish captured in White Creek, Indian River. DE.
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Menidia menidia
39.70

Menidia beryllina
11.58

Mugil cephalis
8.01

Leiostomus xanthurus
12.79

Fundulus majalis
8.82

Fundulusheteroclitus
13.63

Gambusia affinis (0.26)
Fundulus diaphanus(0.40)
Anchoa mitchilli (1.57)
Cyrpinodon variegatus (2.02)

Figure 12. 1973 percentages offish captured in White Creek, Indian River, DE.
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Atlantic Silversides 3 18.2 1 39.7 2 14.8 2 26.0 3 6.5

8 2.1 5 8.8 7 1.3 4 4.4 8 0.7 7

4 13.5 2 13.6 3 12.2 1 27.6 4 6.5 2

Menhaden 1 32.5 1 58.6 5 3.3 1 70.9 3

5 5.9 8 1.6 4 2.9 7 23 5 1.3 6
, .

Sheepshead 9 1.1 7 2.0 ,10 0.6 9
Minnow

S t 3 12.8 6 2.6 3 25.6 2 10.3 5

Silver Perch 7 2.5

Bluefish 9 0.7

Golden Shiner 8 1.4

Gizzard Shad 9 1.2

White Perch to 0.5

Croaker 8 1.0

,White Mullet 10 1.0 9 0.5 10

Tidewater 2 19.5 4 11.6 5 2.9 6 3.2 7 0.8 4
.Silversides

Rainwater Fish 6 3.3

,Stri dMullet

Banded Killifish 10 1.1 6 1.0 8



1957':·.~
.,. ,

" 196tL
'. '. "',

.: ~';I./.".'\::/,. Rank . .' >'~':/ .: .;, .

1 Menhaden Atlantic Silversides Atlantic Silversides Strioed Killifish

2 Tidewater Silversides Strioed Killifish Mummichoz Mummichoz

3 Atlantic Silversides Mummichoz Soot Sheeoshead Minnow

4 Mummichoz Winter Flounder Tidewater Silversides White Mullet

5 Bay Anchovv Bay Anchovv Striped Killifish Soot6

6 Rainwater Fish Sheepshead Minnow Strioed Mullet Atlantic Croaker

7 Silver Perch Northern Puffer Sheepshead Minnow Strioed Mullet

8 Strioed Killifish Rainwater Fish Bav Anchovy Atlantic Silversides

9 Sheepshead Minnow Silver Perch Banded Killifish Winter Flounder
,

10 White Mullet ' White Mullet Top Minnow Kinzfish

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 silvers ides, 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). Thornton (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

A-22

the dominant fishes encountered in this study, they
are listed below in order of sensitivity:



Submer~ed Aquatic Vegetation

Bay Anchovy

Atlantic Menhaden

Atlantic Silversides

Mummichog

Stri d Killifish

Silver Perch

Striped Mullet

Spot

Sheepshead Minnow

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

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 em year-round, but may be as low as
10 cm during summer months when extremely
high chlorophyll concentrations (in excess of

. 100llgIL-1) occur in the mesohaline and tidal creek
portions of the river (Ullman, et al., 1993). Based
upon the EPAChesapeake 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 Marylandcoastal bays.
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Fundulus ma 'alis

Cyprinodon variegatus .

Brevoortia t rannus

Bairdiella chrysoura

Fundulus heteroclitus

Mugil cephalus

Anchoa mitchilli

Menidia menidia

Leiostomus xanthurus

Most Sensitive

Least Sensitive

The nutrient inputs to the inland bays affect the
abundance and distribution of bay life. 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

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



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 notbeen verified since 1970.
Transplanting of seagrasses has been unsuccessful
iri 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 fora variety of
finfish and shellfish and is food for certaintypes
of waterfowl, although the habitat function may be ,
provided, to some extent, by attached benthic
algae (seaweeds) (Timmons, 1995). The
seaweeds probably also playa 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
WereLeiostomus 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 throufl:h 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

early 1970swhen the inlet,depth eroded from
,.,.20feetto depths in excess'of90 feet The

resulting increase in the volumeof highly saline
ocean that was allowed to pass with each tidal
cycle and the accompanying increase in tidal range
have had a profoundimpact on the habitats and
living resourc;es of the inland bays (Weston,
1993).

Of particular importance is the reduction (almost
total loss) 'ofthe tidal freshwater portion of the
inland bays. The establishment of (Jammed mill
ponds and the dredging of the upper portion;'~i':
tidal tributaries, thus allowing the extended. ' '
upstream progression ofthe saline tidal wedge" '

, coupled with the increased salinity of th~ bays, Q,!1S
virtuallyeliminated breeding and nursery habitat
for anadfomouliflsh once common to the inland",
bays. ,Striped bass, shad, and various herring, 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 throughcoarse.woody habitat for
the purpose of water drainage and small-boat

, navigation, yielding streams sterile of habitat
structure necessary for protectivecover (Weston,
1993). ' . '

'Tahle4 shows the increases in salinities that have
occurred since the'late 60s and early 70s at the
uppermost stations' in Indian River based on' ,
Edmunds and Jensen's 1971 data compared to the
1993 CBJA. A comparison of the dominant fish
captured in 1971.in upper Indian River (Fig. 6)'
and 'at the base of the Millsborodarn (Fig. 8)' with
fish captured in' 1993 at.the same locations (Figs.
7 'and ?) shows a distirictshift from a '
predominantly freshwater assemblage in 1971 to a
mo~e brackish fauna in i99idominated primarily,
by twoFundulus sp. , ' ,
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2

5

3

1

40

49

54

MD,64

1 1 2 ,7.5 3 2, 7:8 ' 10.7 14.1

'. 2 4 12.5 11 7.5 12 11.2 8.0 17.0

3 7:5 17 13.5 12 16 " 19 15.4 21.7

5 ' 10 21 17.5 17.5 ,19 ' 18.8 21.2 21.9

7 11 23.5 22.5 20 23.5 , ,20.2 23.6 24.0

10 11 24 25 21.5 24 22.8 26.0 24.8

11 13.5 25 25.5 24 25 24.5 26.3 26.3

Data taken from line graphs in Jensen report for EPRI (Edmunds and Jensen, 1914).

Markers are mid-channel.

Of special note is the appearance in 1993 of a
strongyear class of young-of-the-year striped bass
iMoronesaxatitis) not reported 'in these bays in
significant numbers in any previous study
(Pacheco and Grant, 1965; Derickson and Price,
1973; Edmunds andJensen, 1974; Campbell,
1975). The onlyinterpretation that is offered is
that the great recent success of the striped bass

"population in the Chesapeake Bay is allowing~
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 duplicating the
1969-70 study of Derickson arid Price (1973) and
found no striped bass <Moronesaxatilis),
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The shallow waters of Maryland's coastal bays have historically supported large populations ofjuvenile
finfish and shellfish; adults of many.s~cie~;offish ate 'also'seasonally common. Atlantic croaker, bluefish,
spot, summer flounder, weakfish, shark','blue:cra,b:a.nd,hard clam are important both recreational and
commercial species which use habitatsofthe coastal bays; Over i 15 species of finfish, 17 species of
mollusks, 23 species of crustaceans and countless foraging/grazingorganisms frequent these bays (Caseyet
al., 1991, 1992, 1993). Since 1972, Maryland's Department 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)' Manyspecies 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 subjects 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 die 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 commer~i~l
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 (NOAAlNMFS, 1986). Trip related expenditures of these fishing trips was $19.1
million (U.S.F.&W.S.,1989).

Information from annual catch data and analysis haw been of considerable value to a number of
organizations and agencies. Among those requesting data are the ASMFC Spot a~dAtlantic Croaker
Workshop, ASMFC Weakfish Technical Committee; ASMFC Summer Flounder Technical Committee, Mid­
Atlantic Fisheries Management Council,MiJ~n~.'.WaterResources, Tidal Wetlands Division: U.S. Fishand
Wildlife Service, Environmental Protection.Agency, National Park Service, U.S. Corps of Engineers, Versar
Inc•• Virginia Institute of Marine Sciences; University of Maryland <;;EES, Delaware DNREC, offices of
Maryland state delegates, U.S. Congressmenand BaltimoreSurt and Washington Post newspapers.
Educational seminars were also coriducted~witP University and Elementary school students. '
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THE SETTING IN MARYLAND

Maryland's coastal bays (Fig. 13) are contained
, • - .• <

within a single Maryland county and consistofsix
i'nterconnected water bodies- St. Martin I{iver and
Assawoman, Isle of Wight, Sinepuxent, Newport"
and Chincoteague Bays- as well asa.number of .
smaller tributaries. Combined they have a total'
water surface area of 140.6 squaremiles. .The '
\Vatershed however, is only about 205 square
miles in size, primarily due to the proximity of the
Pocomoke River to the west. The totallength of
the bays and watershed between the Virginia and
Delaware lines is about 35 miles. The landis 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.

Geomor.pholo~y

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

L Sil1epuxent 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 Quaternary
aquifer being the most important source offresh
water. It is recharged by precipitation over a "
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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.

, Hydro~raphy

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
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.



Figure 13. Historical finfish seine sites for Maryland's inland. bays.
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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.

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, striped 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).
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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.

Land Use 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. .



Mummlchog (to 5')
fundulus heterocllfus
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SUversldes (3')
Menldfasp.

Banded Klllltlsh(to 4W]
Fundulus daphanus

Striped Killifish (to S')
Fundulus majalls

Atlanllc Needleflsh (9')
Slrongylura marina

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

ShHpshead MInnow (to 4j
Cyprlnodon varlegatus
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Figure 15. Common benthic species in Maryland's inland bays: a) oyster toadf"Ish, Opsanus tau; b)
skilletf'ISh, Gobiesox strumosus; c) striped blenny, Chasmodes bosquianus; d) naked goby, Gobiasoma
bosci; e) northern puffer, Sphoeroides maeulatus; f) northern searobin, Prinotus earolinus; g) summer
flounder, Paraliehthys dentatus; h) hogchoker, Tineetes maeulatu (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, TurvillelHerring 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 ail
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

Fjeld CoJlection

Fishes were sampled with a 4.9 m (16 ft.) .semi­
balloon otter trawl in areas over 1.0 m deep and a
30.5 m X 1.8 m X 6.4 em (100 ft X 6 ft X .25 in)
bag seine in areas less than 1.0 rn in depth. Single
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six-minute trawls were made at20 fixed sites 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 species,
number, total length (TL, mm), salinity,' '
temperature, wind and weather conditions and tide
state.



6;97:9 16;97 I 7; 9 I 8; 9 17; 9 I 7; 977

row) and month (subsequent rows) for each site (left-mostcolumn).

7 I 676

SITE

2

3 8 I 6; 8 7;8 7 7 7 7 I 7; 9 I 8; 9 I -7;91 7; 9 7;9 I 6;9 6;9

14 8 6; 8 I 7 6; 8 I I 7 7 8 I 7; 9 I 8; 9 I 7; 9 I 7;9 7; 9 1 6; 9 6;9

. 13 7 7 5; 8 1 6; 8 6; 8 1 6; 8 I 6; 7 8 7 7 7; 8 I 7; 9 I 8; 9 I 7; 9 I 7; 9 7; 9 1 6; 9 6;9

18 8 8 8 I 7 6 I 8 I 6 6; 10 8 7; 8 I 7; 9 1 8; 9 I 7; 9 I 7; 9 7; 9 16; 9 6;9

15 7 7 8 I 7 6; 8 I 6; 8 1 6; 8 8 8 8 1 7; 9 I 8; 9 17; 9 I 7; 9 7; 9 16; 9 6;9

16 8 6 7 I 6; 8 8 8 I 7; 9 I 8; 9 I 7; 9 I 7; 9 7; 9 I 6; 9 6;9

17 6 6 i I 6; 8 8 7; 9 I 7; 9 I 8; 9 I 7; 91 7; 9 7;91 6;9 6;9

7 6; 8 I 7; 8 7 7 I 7 7 7 I 7 9 7; 10 7 8 10 7 I 7; 9 I 8; 9 I 7; 9 I 7; 9 7; 9 I 6; 9 6;9

1 7 9 7;8 10 7 I 7; 9 I 8; 9 I 7; 9 I 7; 9 7;9 I 6;9 6;9

4 6; 816;7;8 7;8 7 I 7 7 I 7 7 7;9 7 8 7 I 7 I 8; 9 I 7; 9 1 7; 9 7; 9 1 6; 9 6;9

5 6" 7 7 I 7 9 7 7 8 7 1 7 I 8; 9 I 7; 9 I 7; 9 7;9 I 6; 9 6;9

6 6; 81 6;8 7;8 7 I 6 6 I 7 7 9 7 7 7 10 7 I 7; 9 I 8; 9 I 7;.9 I 7; 9 7;9 I 6;9 6;9

11 71 6 7 6 I 6 6; 8 1 6 7 8 7 7 8 1 7;.9 1 8; 9 I 7; 9 I 7; 9 7; 9 I 6; 9 6;9

12 9 I 7 5;8 I 6. 6; 8 I 6; 8 7 8 7 7 8 I 7; 9 I 8; 9 I 7; 9 ·1 7; 9 7;9 I 6;9 6;9

9 6 I .. 6 7 7 7 . I 8 7 9 7 10 8 1 7; 9 I 8; 9 I 7; 9 I 7; 9 7; 9 I 9 6;9

8 6; 8 I 7; 9 7 7 I 8 7 9' 7 7 8 I 7; 9 I 8; 9 I 7; 9 I 7; 9 7; 9 I 6; 9 6;9

10 8 I 6 6 7 I 7 8 '7 7 7 8 17;9 18; 9 17; 9 I 7; 9 7; 9 1 6;9 6;9
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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 AssawomanlIsle
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
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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
(rl = 0.60, p=< 0.001). The time trend of the
residuals of the previous regression was
significant (rl = 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 Assawomanllsle of Wight/St.
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)Brevoortiatyrtinnus (26%),
(4) Fund~lus 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 mitchi//i (11%), (3) Bairdiella chrysoura
(8%), (4) Mugi/ 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
mitchi/li (15%), (4) Leiostomus xanthurus (9%),
and (5) Strongylura marina (0.6%) to (l)
Menidia menidia (25%), (2) Anchoa mitchi/li
(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 mitchi//i, Leiostomus .
xanthurus, and Brevoortia tyrannus with the fifth
most dominant species being F. heteroclitus in



ChincoteagueBay 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 finfish catch.
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1
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693
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4,331

2,132
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ATLANTIC
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NORTHERN
PIPEFISH
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WHITE MULLET



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

Table 7.

1976-1981 1989-1993

MEAN RANK MEAN RANK
(%OFTOTAL) (%OFTOTAL)

Species
AlIW/S CHINC AlIW/S CHINC

Atlantic silverside 1 (41) 4 (10) 1 (32) 1 (25)

Atlantic menhaden 5 (28) 1 (43) 6 (16) 3 (33)

Spot 2 (16) 3 (12) 5 (11) 5 (5.1)

Bay anchovy 3 (7.5) 2 (31) 2 (11) 2 (20)

Striped killifish 8 (0.2) 9(1.1) 7 (1.0)

Mummichog 7 (1.5) 7 (104)

Striped mullet 4 (1.8)

Atlantic needleflsh 9 (1.3) 5 (0.2) 6 (0.8)

Summer flounder 7 (004) 6 (0.3) 10 (0.3)

Bluefish 9 (0.1)

Oyster toadfish

Northern pipefish 8 (0.6)

American eel 10 (0.1) 10 (0.1)

Silver perch 3 (8) 4 (6.5)

Inshore Iizardfish 10 (1) 9 (0.6)

White mullet 4 (11)

Atlantic croaker

Striped anchovy 8 (1.0)

Weakfish

Sheepshead minnow

Southern stingray 8 (0.1)
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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 iMenidta menidia), Atlantic
menhaden (Brevoortia tyrannus), spot
(Leiostomus xanthurust, bay anchovy iAnchoa
mitchilli), striped killifish <Fundulus majalis),
and mummichog <Fundulus heteroclitus) (Tables
8-11). Striped mullet <MugU 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 ll,and northern
pipefish (Sygnathus fuscus) rose from 12 to 9
(Table 8-10.

.rank of the top five dominant species is Menidia
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 forthe past 20 years.
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In 1972, the predominant species collected were
Brevoortia tyrannus (39.0%), Menidia menidia
(28.2%), Leiostomus xanthurus (25.3%),
Fundulus heteroclitus (4.6%), andParalichthys
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
(18.1%), 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 atotal 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
(2.9%), 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%),
MugU 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

Entire Maryland Coastal Bays

~972~1976 ' -".
>·,j(:'t

1976-1981 }~'-' 1989-1993

MEAN RANK MEAN RANK
(%OFTOTAL) (%OFTOTAL)

,,,"11)'

Species
ClUNe,AlIWIS AJIW/S CHINC CHINC

Winter flounder 6 (1.4)

Mean # of Species 22 .13 18 16 44 32

Mean Total Catch 8635 2941 18173 3794 jll0~t< ",'~i9Q~;,j1 6370 5376
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12 Others 0.51
Strongylura marina 0.09

Anguillarostrata O. 11
Anchoa mitchilli 0.23

Fundulus majalis0.25 ~ill
Pomatomus saltdtrix 0.35 -----,1

Paralichthys dentatus 1.37

Fundulus heteroclitus
4.60

L xanthurus
25.28

Menidia menidia
28.20

Brevoortia tyrannus
39.0

Figure 16. Percent abundance of total catch for the top ten species caught in the Maryland seine effort for 1972.



Mugil cephalus
1.42

Menidia menidia
30.20
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L. xanfhurus
18.14

Pleuronectes americanus,
0.91

Strongylura marina
0.15

r. heteroclitu
0.35

1·1 Others
0.38

Brevoortiatyrannus
35.70

Anchoa mitchilli
12.23

Fundulus majalis
0.18

Paralichfhys denfati.Js
0.35

. Figure 17. Percent abundance of total catch for the top ten species caught in the Maryland seine effort for 1977.
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Brevoortia tyrannus
22.23

21 Others 1.79,
Pleuronectes americanus 0.31

Paralichthys dentatus 0.39
Cynoscion regalis 0.92­

Bairdiella chrysoura 1.03
Mugil cephalus 1.1
Fundulus majalis 1.21

Menidia menidia
11.85

Anchoa mitch/iii
19.89

Leiostomus xanthurus
39.21

Figure 18. Percent abundance of total catch for the top ten species caught in the Maryland-seine effort for 1982.
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25 Others 0.75
Parallchthys dentatus 0.2

Sfrongylura marina 0.49

L
. ~undulus rY]hajalisoo'5550~i ...~etcaomu» xam. urus . Lt. m.L·

F. heteroclitus 0.68
Bairdiella chrysoura 1.01

Brevoortla tyrannus 2.32
Mugil cephalus 2.36
Anchoa mitchilli 3.61

Figure 19. Percentabundance oftotal catch for the top ten species caught in the Maryland seine effort for 1987.
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Brevoortia tyrannus
37.44

Bairdiella chrysoura
13.51

Menidia menidia
34.15

43 Others 6.30
Cyprinodon variegatus 0.50

Anchoa hepsetus 0.56
Leiostomusxanthurus 0.57

Lucania txuvo 0.77
Fundulus heteroclitus 0.89

Mugil curema 2.37
Anchoa mitchilli 2.94

»•
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Figure 20. Percent abundance.of total catch for the top tenspecies caught in the Maryland seine effort for 1992.
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Anchoa mitchilli
19.08

Mugll curema
9.45

Menidia menidia
48.55

L. xanthurus 5.03

Bairdiello chrysoura 4.26

Fundulus heteroclitus 3.07
Fundulus majalis 1.69
Lucania.porva 1.68
Membros martinica 1.60

: 49 Others 5.61

Figure 2LPercentabundance of total catch for the top ten species caught in the Maryland seine effort for 1993.
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. Table 8. Rank and relative abundance of the top thirteen shore zone fish collected by seine from the Maryland coastal bays 1972 - 1976.

Atlantic silverside 2 28.2 1 46.~ 3 22.2 3 16.5 3 ,. 10.6 2.4= 2
: 0

'c 1.:""Atlantic menhaden 1 39.0 ·4 5.5 ;28.8 1 43.8 1 46.2 1.6 = 1.
'.; .

1 1 8.7
-.

Spot 3 25.3 2 Z 27.5' A 10.7 2 27.2 2.6= 3
'0

Bay anchovy 8 0;22 5 4;8 4· 6.8 .; 2, .... 22.9 5 4.8 4.8=4.

Striped killifISh 7 0;24 6 1< ,3.6 '5 ' 5.3···. 10 0.43 4 5.7 6.4=6

» ..:.
I Mummichog 4 ." '4.6 3 .'.14.4 . 7 13.1 '1 5" ,I 1.4 I 6 I 2.1 I 5=5.r:..

01 -,...' .:' ..,.
Striped mullet r6 0.04 ,10. '0.22 n' ;Q~29 . ,.6 ·.···1,1.3 I 7 I 0.99 I· 10 = 7.5

.. ..; -:

· '.20 . O.oj.Atlantic needlefish 10.5' 0.09 13 0.06: ····7 . 0.62 10 0.26 12.1 = 10
' ... <. '.' •

0.19"
',. '."

Summer flounder I 5 1 1.4 11 8 0.61 11 0.34 15 0.06 10 = 7.5
""-

BluefISh I 6 I 0.35 I 19.5 I 0;03 L 10 I 0.3'0:'1 .8 0.60 12 0.17 I 11.1 = 9
..
. "

Oyster toadflsh , "
'. 17.5 0.04 16.5 0.04, 245 ..... 0.02 II 18 0.04 23.5 . 0.01 I' 20= 13

" ,

Northern pipeflsh 13 0;07 16.5 .' .: 0.04 . 24:5 . 0.02 14 . 0.09 23.5 0.01 . 18.3 = 12
,

'14 -,American eel 9 0.11 19.5 0.03 0.11 15, 0.07 15 0.06 14.5 = 11.

Number of Species 22 33 28 31 II 26 ~ 28

Total catch 11359 30081 I 11395 I 10429 I 15532 i 15759

Table 9. Rank and relative abundance of the top thirteen shore zone fish collected by seine from the Maryland coastal bays 1977 - 1981.
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: .; 1~Z7, ,? 1978 ,; , 1979' "1980~; 1981 1977·1981,. . ..

)~'.;;~'%' .
~ = F ,

,
~ .%~' ;RANK" .r " % RANK," ; . RAN % . AVG.RANK ,,. .,." ", ....,%

Atlantic silverside 2 30.2 2 3.94 1 36.8 2 38.1 3 24.7 2=2

Atlantic menhaden 1 35.7 1 91.4 4 10.3 1 38.9 1 30.3 1.6 = 1

Spot 3 18.1 4 1.0 3 12.8 3 8.7 2 30.0 3=3..

Bay anchovy 4 12.2 3 3.2 2 29.1 5 3.4 4 9.6 3.6=4
.

Striped killifISh 9 0.18 5 0.15 7 0.26 4 3.7 6 0.85 6.2=5

Mummichog 7.5 0.35 11 0.02 5 9.4 9 0.33 8 0.59 8.1 = 7

Striped mullet 5 1.42 6 0.05 9 0.15 7 1.8 7 0.66 6.8=6

Atlantic needlefish 10 0.15 12 0.02 11.5 0.10 6 2.7 15 0.05 10.9 = 9

Summer flounder 7.5 0.35 14 0.01 6 0.32 10 0.26 9 0.56 9.3 =8

Bluefish 12 0.08 23 0.00 14.5 0.06 26.5 0.02 15 0.05 18.2= 13

Oyster toadflsh 22 NP 10 0.02 16 0.05 13.5 0.11 12 0.06 14.7 = 11

Northern pipeflsh 13 0.06 20 0.00 13 0.07 11.5 0.12 18 0.04 15.1 = 12

American eel 19 0.01 9 0.03 11.5 0.10 13.5 0.11 15 0.05 13.6 = 10

Number of Species 21 24 26 31 25 25

Total catch 9257 101651 18571 5453 11434 29273



Table 10. Ra~k and relative abundance ofthe top thirteen shore zone fish collected by seine from the Maryland coastal bays 1982 - 1988.

Atlantic silverside 4 11.8 1 87.5 4 12.0 3 = 3.5

Atlantic menhaden 2 22.2 4 2.3 2 16.5. 2.7 = 1.5

Spot 1 39.2 7 0.55 1 38.8 3=3.5

Bay anchovy 3 19.9 2 3.6 3 12.8 ,2.7 = 1.5

Striped killjfish . 5 1.2 8 0.50 6 3.7 6.3 =5

» I Mummichog 11 0.26 6 0.68 5 4.1 7.3 = 7
I

,f:l.
I Striped mullet 6 1.2 3 0.40 6.7=6-...J 2.4 11

Atlantic needlefish 13.5 0.20 9 0.49 12 0.36 11.5 = 8

Summer flounder 9 0.39 10 0.25 32.5 0.03 17.2= 10

Blueflsh 13.5 0.20 11 0.17 18 0.14 14.2 = 9

Oyster toadfish 19 0.09 15.5 0.05 20 0.10 18.2 = 11

Northern pipeflsh 18 0.10 I 12 I 0.10 I 25.5 I 0.07 I 18.5 = 12

American eel 22.5 I 0.04 21 I 0.02 36 I 0.02 26.5 = 13

Number of Species 31 35 53 40

Total catch 9700 18888 I 39108 I 22565



Table 11. Rank and relative abundanceof the top thirteenshore zone fish collected by seine from the Maryland coastal bays 1989 - 1993.

.~
~
OJ

:>.j~~~i·\'.~i,~·.
~ - 0 _, __ E' • _ .' 1;,.'- ~ , E ..

. .
~ . ""

•• ~ 0r;', -",1990 '0 : ('. .;. 1991 ~ .., ~ . 1992' . ~ "1993 . 1989-1993
>~- , >.- "t-;" ~

~. :%~o~' ' •.'%": '~ "'JWIl! %< 'RAN .... % . AVG.RANK
, ·1 .- ~ -, ~'

Atlantic silverside 1 30.4 2 16.7 1 27.6 2 34.1 1 48.5 1.4 = 1

Atlantic menhaden 5 4.77 1 53.0 . 2 21.3 1 37.4 10 0.74 3.8=3

Spot 3 16.0 4 6.3 5 7.2 8 0.57 4 5.0 4.8=4

Bay anchovy 2 29.8 3 14.7 3 12.5 4 2.9 2 19.1 2.8=2

Striped killifISh 8 1.0 6 1.0 7 1.9 22 0.31 7 1.7 10 = 5

Mummichog 10 0.69 21 0.10 13 0.96 6 0.89 6 3.1 11.2 = 6

Striped mullet 34.5 0.06 9 0.45 14 0.69 42 0.02 22 NP 24.3 = 12

Atlantic needlefish 16 0.40 13 0.31 9 1.7 13 0.43 17.5 0.31 13.7 = 7

Summer flounder 17 0.35 8 0.50 20 0.22 15 0.39 22 0.13 23.2 = 11.

Bluefish 12 0.59 16 0.16 15 0.53 32 0.07 24 0.12 19.8 = 10

Oyster toadfish 14.5 0.41 12 0.33 17.5 0.24 24.5 0.17 13 0.43 . 16.3 == 8

Northern plpefish 19 0.27 17 0.16 17.5 0.24 27 0.11 15 0.39 19.1 = 9

American eel 30.5 0.07 37 0.01 45 0.02 45 0.02 11 0.53 33.7 = 13

Number of Species 51 44 57 53 58 53

Total catch 7007 18559 10095 20715 22549 15785



DISCUSSION

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

A-49

1 Menhaden Menhaden Atlantic Silversides Atlantic Silversides

2 Atlantic Silvers ides Atlantic Silversides

3 S ot S ot Stri mullet White mullet

4 . Mummicho Menhaden S ot

5 Summer flounder Stri mullet Silver rch Silver rch

6 Bluefish Winter flounder Mummicho Mummicho

7 Stri d killifish Mummicho Stri ed killifish

8 Summer flounder Stri killifish Rainwater killifish

9 American eel Atlantic needlefish Atlantic needlefish Rou h silverside

10 Atlantic needlefish Stri Killifish Summer flounder Menhaden

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
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:

During the past 20 years, the dominance has
shifted from Atlantic menhaden, Atlantic
silversides, and spot to Atlantic silvers ides, bay



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 amountfor this', "
sytem. However, attempting to make a conclusion
might be premature without more sampling. .
Important game species, such as summe~ 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 lire 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
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 allover 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 concentration :'
up the smaller creeks. . '. . ..

Habitat loss is a concern in the upper bays of .
.Maryland with the degreeof development planned
for this area. It appears that the fish communities
of this system tend to.aggregate at spots that
provide a good three dimensional structure and
have marsh areas withi~ a~lose distance «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
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 silvers ide, bay anchovy,
Atlantic menhaden, and spot, and not by Fundulus
majalis and Fundulus heteroclitus which is the
case inthe 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 a1. (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%),
and Fundulus majalis (2.2%) for a total of
90.5 percent of the shore-zo~e fish community
(Fig. 22). Likewise, in 1957, the dominant
species in White Creek, atributary of Indian River
Bay were Brevoortia tyrannus (32.5%), Menidia
beryllina (19.5%), Menidia menidia (18.2%),
Fundulus heteroclitus (13.5%), and Anchoa
mitchilli (5.9%) for a total of 89.6% of
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C1l......

Bairdiella chrysoura
17.94

......

Fundulus majalis
2.24

Menidia menidia
52.97

Cynoscion regalis 1.79

Anchoa mitchilli
15.09

Brevoortia tyrannus 2.31

Other 7.66

Anguilla rostrata 1.40
Fundulus heteroclitus 0.97

r
Morone americanus
8.40

Menficirrhus saxatilis
0.64

Figure 22. Percent abundance of total catch for the top ten species caught in the share zone of the Delaware Bay.



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
(l975) 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;
l.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
(l990) 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 collectedin Maryland's coastal bays between April and October, 1993. Fish, crustaceans, and other
species are listed separately. Total trawl sites = 140, total seine sites = 38.

Species Total Number Collected MeanCPUE

Trawl Seine Total Trawl Seine
n=140 Q=38

A. Fish

Bay Anchovy 20,249 4,331 24,580 144.6 114.0
(Anchoa mitchilli)

Atlantic silverside 27 10,947 10,974 0.2 288.1
Wenidia menidia)

Spot 1,118 1,155 2,273 8.0 30.4
(Leiostomus xanthurus)

Atlantic menhaden 23 894 917 0.2 23.5
(J3revoortia tyrannus)

White mullet 1 2132 2133 0.01 56.11
(MugU curema)

Golden shiner 0 959 959 0.0 25.2
(Notemigonus crysoleucas)

Atlantic croaker 894 3 897 6.4 0.1
Wicropogon undulatus)

Silver perch 184 1,056 1,240 1.3 27.8
IBairdiella 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 maculatust
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Species Total Number Collected MeanCPUE

Trawl Seine Total Trawl Seine
n=140 n=38

Striped anchovy 15 69 84 0.1 1.8
(Anchoa hepsetus)

Atlantic needlefish 0 69 69 0.0 1.8
(Strongylura marina)

Black sea bass 10 1 11 0.1 '0.03
(Centropristis striata)

Northern pipefish 141 88 229 1.0 2.32
(Syngnaihus fuscus)

Bluefish 3, 28 31 0.02 0.7
(Pomatomus saltatrixt

Blackcheek tonguefish 4 6 10 0.03 0.2
(Sympht:trusplagiusa)

Oyster toadfish 7 97 104 0.1 2.6
(Opsanus tau)

Spotted hake 20 0 20 0.1 0.0
(Urophycis regius)

Northern searobin 16 2 18 0.1 0.1
,(PrionotUscarolinus)

Butterfish .13 0 13 0.1 0.0
(Peprilus triacahthus)

Rough silverside 0 361 361 0.0 9.5
(Membras martinicai

Northern kingfish 7 17 24 0.1 0.5
(Menticirrhus saxatilis)

Smallmouth flounder 20 10 30 0.1 0.3
'$tropuS microstomus)

Spotfin mojarra 0 17 17 '0.0 0.4
'$ucinostomus argenteus)

Gag 0 1 1 0.0 0.03
(Mycteroperca microlepis)

.A-59



Species Total Number Collected MeanCPUE

Trawl Seine Total Trawl Seine
n=140 n=38

Rainwater killifish 55 378 433 0.4 10.0
(Luciana parvai

Fourspine stickleback 14 39 113 0.5 1.0
(Apeltes quadracus) e."'.'.-

American eel 31 119 150 0.2 ,3.,1
(Anguilla rostrata)

Spotted seatrout 6 10 16 0.04 0.3
(Cynoscion nebulosus)

Winter flounder 15 26 41 0.1 0;7
(Rseudopleuroneetes americanus)

Windowpane flounder 6 1 7 0.04, ,,0.03:

(Seophthalmus aquosus)

Blueback herring 1 '0 1 0.01 ' 0.0
tAlosa aestivalis)

Atlantic herring 1,893 1 1,894 . 13.5 0.03
(C/upea harengus)

Lookdown -2 0 2 0.01 0.0
(Selene vomer)

Brown bullhead 0 2 ,2 0.0 ·,0.1
(Ameiurus nebulosus)

Striped cusk eel 16 1 17 0'.1 0.1
(Op/zidion marginatum) ,'.

Crevalle jack 10 29 39 0.1 0.8
(Caranx hippos)

Feather blenny 1,1 15 26 0.1 0.4
(JIypsoblennius hentzi)

Tautog 3 3 6 0.02 0:1
(Tautoga onitis)

Nakedgoby 60 109 169 0.4 2:9
(Gobiosoma bosci)
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Species Total Number Collected MeanCPUE

Trawl Seine Total Trawl Seine
n=140 n=38

Linedseahorse 0 1 1 0.0 0.03
(Hyppocampus erectus)

Red snapper 4 9 13 0.03 0.2
il.utjanus campechanus)

Sheepshead minnow 1 34 35 0.01 0.9
(Cyprinodon variegatus)

Scup 13 3 13 0.1 0.1
(Stenotomus chrysops)

Striped burnish 5 6 11 0.04 0.2
(Chilomycterus schoepfi)

Banded killifish . 0 131 131 0.0 3.4
(Fundulus diaphanus)

. Black Crappie 0 '. 2 2 0.0 0.1
(Pomoxis nigromaculatus)

Halfbeak 0 1 1 0.0 0.03
(Hyporhamphus unifasciatus)

Pumpkinseed 0 53 53 0.0 1.4
(Lepomis gibbosus)

Bluegill 0 8 8 0.0 0.2
<Lepomis macrochirust

Gizzard shad 2 12 14 0.01 0.3
(J)orosoma cepedianum)

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

Conger eel I, 0 1 0.01 0.0
(Conger oceanicus)

Spotfin butterflyfish 1 0 1 0.01 0.0
(Chaetodon ocellatus)

Reddrum 2 0 2 0.01 0.0
(Sciaenops ocellata)

Skilletfish 1 3 4 0.01 0.1
(Gobiesox strumosust
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Species Total Number Collected MeanCPUE

Trawl Seine Total Trawl Seine
n=140 n=38

Tidewater silverside 0 15 15 0.0 004
(Menidia beryllina)

Mosquitofish 0 2 2 0.0 0.1
(Gambusia holbrooki)

Common trunkfish 0 1 1 0.0 0.03
(J..actophrys trigonus)

Crabeater 0 4 4 0.0 0.1
(J?achycentron canadus)

Bluespotted sunfish 0 2 2 0.0 0.1 '
(Enneacanthus gloriosus)

Bluenose ray 0 4 4 0.0 0.1
(My/iobatis freminvillei)

Pigfish 0 1 1 0.0 0.03
(Orthopristis chrysopterai

Alewife 0 15 15 0.0 0.4
(Alosa pseudoharengus)

White perch 0 44 44 0.0 1.2
(Morone americana)

Smooth butterfly ray 1 0 1 0.01 0.0
(Gymnura micrura)

Greengoby 24 10 34 0.2 0.3
(Microgobius thallassinus)

Atlantic spadefish 2 0 2 0.01 0.0
(Chaetodipterus faber)

Spanish mackeral 1 0 1 0.01 0.0
(Scomberomorus caval/a)

Rough scad 1 1 2 0.01 0.03
(Trachurus trachurus)

Dwarf Goatfish 1 1 0.0 0.02
(Upenus parvus)
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Species Total Number Collected MeanCPUE

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
iSquitta empusa)

Spider crab 36 0 36 0.3 0.0
(Libinia emarginata)

Mud crab 10 0 10 0.1 0.0
(Panopeus sp.)

Hermit crab 6 1 7 0.04 0.03
(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 MeanCPUE

Trawl Seine Total Trawl Seine
n=140 n=38

Long-finned squid 39 0 39 0.3 0.0
(l.oligo pea/ei)

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

Oyster drill 2 0 2 0.01 0.0
(Urosa/pinx cinereus) :.:"." ; .

Horseshoe crab 16 1 17 0.1 0.03
(l.imu/us polyphemus) • ~ -.f ',"

Diamondback terrapin 55 12 67 0.4 0.3
CJ,1alac/emys centrata concentrica)

Mud snail 43 ' 1 ' 44 0.3 0.03
tNassarius vibex)

snail 8 1,014 1,022 0.1 26.7
Wassariidae)

Hard shell clam 98 2 100 0.7 0.1
CJ,1ercenaria 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 37.9 0.0

Te//ina agilis 4 0 4 0.03 0.0

Ensis sp. 3 0 3 0.02 0.0

Solensp. 5 2 7 0.04 0.1

Eupleura caudata 7 1 8 0.1 0.03

CATEGORY TOTAL NUMBERS TOTAL SPECIES

A. Fish ' 50,444 79
;.'.

B. Crustaceans 44,194 13

C. Other '~, is

101,291 107
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Appendix Table B-1. Mean concentrations (90% confidence intervals) of sediment contaminants in
the Delaware/Maryland Coastal Bays and ArtifiCial Lagoons

Coastal Bays Artificial Lagoons

I Metals (ppm)
I

.'

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 ±6.6'O '
Manganese 283 ± 40 217 ±54.68
Mercury 0.04 ± 0.01 0 ' ~

Nickel 13.93 ± 4.65 21.11 ± 9.,26
I Selenium 0.33 ± 0.17 0.42 ±O:10

Silver 0.05 ± 0.02 0.12 ± 0.03
Tin 1.82 ± 0.41 2.44 f' 1,.30 "
Zinc 64.53 ± 16.35 107.9 ± 28.94
SEM-Cadmium 0.18 ± 0.13 0.13 ± 0.31
SEM-Copper 1.39 ± 1.12 3.27 ± 2.29
SEM-Nickel 1.71 ± 1.03 3.16 ± 1.15

i SEM-Lead 7.69 ± 4.66 7.79 ± 1.45
SEM-Zinc 26.50 ± 13.58 27.68 ± 5.41

Pesticides (ppb)

DDT and its metabolites
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 0.37 ±0.92
Total DDT 2.15 ± 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 ± 0.44
p,p'-DDT 0.18 ± 0.15 0.19 ± 0.49
TotalOPDDT 0.31 ± 0.20 2.06 ± 1.27
Total PPDDT 1.85 ± 0.93 1.08 ± 1.68
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Appendix Table B-:1. Continued
:

Coastal Bays Artificial Lagoons

Chlorinated Pesticides
other than DDT

Aldrin 0.15 ± 0.17 0.03 ± 0.08
Alpha-Chlordane 0.15 ± 0.18 1.21 ± 0.39
Dieldrin 0.13 ± 0.07 1.66 ± 1.83
Endosulfan I 0.40 ± 0.37 0.57 ± 0.13
Endosulfan.1I 0.17 ± 0.14 0.06 ± 0.16
Endosulfan Sulfate 0.54 ± 0.09 5.17 ± 1.12
Endi"in . 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
Heptachlor 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

I

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. 1.8 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 o.oi, 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 0.55 ±0.25
No. 180 0.07 ± 0.06 0.14 ± 0.36
No. 1~7 " 0.13 ± 0.07 0.95 ± 0.59
No.19q· 0.07 ±,0.07 0.81±0.99
No. 206 0.05 :1:0.04 0.01 ± 0.16
No. 209 0.10± 0.07 0

, Total PCBs ' 2.89± 1.04 19.81 ±5.51
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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
I

Acenapthylene 0.27 ± 0.23 0.72 ± 2.07
,

Anthracene 3.87 ± 2.34 59.92 ± 63.81
Benzo[a]anthracene 8.82 ± 4.38 210 ± 292
Benzo[a]pyrene 6.60 ± 4.23 79.46 ± 31.60
Benzo[e]pyrene 8.27 ± 4.26 94.32 ± 752.49
Benzo[b,k]fluoranthene 25.31 ± 12.30 268.8 ± 90.39
Benzo[g,h,i]perylene 10.14 ± 5.17 60.00 ± 21.15
Biphenyl 2.11±1.51 0.19 ± 0.54
Chrysene 11,.'12 .~';~.O6 385.04 ± 213.14
Dibenz[a,h,]anthracene ' 0.65 ± '0.69 17.96 ± 10.18
2,6-Dimethylnaphthalene .','6~33 ± ,3.10- :

" . '
16.11 ± 3.09

Flouranthene .. "13(00 ±1~.6~' , 315.50 ± 265.59
Fluorene

,'t~ "

'4~20 ±2:61 '
.' .

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 11.51 ± 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
Total2-Ring PAHs 40.74 ± 17.13 59.65 ± 17.47
Total3-Ring PAHs 33.45 ± 15.52 171.50 ± 129.03
Total4-Ring PAHs 60.30 ± 24.98 776.20 ± 713.85
Total 5-Ring PAHs 87.70 ± 43.90 993.59 ± 352.82
Total6-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

I

Other Measurements

Acid Volatile Sulfide (ppm) 231 ± 137 1,271 ± 753
Dibutyltin (ppb) . 5.56 ± 5.15 0
Monobutyltin (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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Trap,pe I

Entire Assa- Ohlnee- Upper St. CreekJ
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River River Bay Lagoons

Anthozoa Anthozoa 144.36 277.72 124.48 10.85 281.52 180.22 11.44 47.85 1.27

Ceriantheoosis americanus 2.61 1.35 6.78 1.45 I

Turbellaria Turbellaria 11.32 3.78 26.07 13.68 6.78 26.57 0.42 2.17

Nemertinea Nemertinea 123.11 79.35 32.98 135.63 257.77 20.78 28.82 34.80 1.11

Sipuncula Sipuncula 0.70 3.39

BivaMa A1ioena elevata 1.08 0.94 0.61 3.39 0.85 0.72

Anadara transversa 9.68 2.83 0.61 44.09 0.85

Anomiidae 10.47 50.88

Barnea truncata 2.09 10.18

Bivalvia: Other - Suspension 33.10 35.90 42.02 7.77 71.23 52.18 3.39 2.90 0.11
Feeders

Chione SOD. 0.57 2.71

Ensis directus 7.78 12.28 13.53 3.28 0.85

Gemmaoemma 1184.23 3703.86 878.18 237.38 1404.19 1299.71 197.48 5.07 12.78

Lvonsia SOD. 1.40 6.78

Macoma balthica 0.70 3.39

Macoma tenta 38.23 4.72 7.47 169.59 2.97 7.25

Mercenaria mercenaria 54.04 72.74 26.36 1.51 71.23 0.97 2.12 0.03

Mulinia lateralis 445.93 43.45 30.13 478.99 1414.37 12.56 284.78 133.40 0.16

Mya arenaria 0.70 3.39

Mysella planulata 1.40 6.78

Mytilidae 0.54 0.65 0.30 0.97 0.42

Mytilus edulis 2.98 17.00 0.33 0.48

Nucula anriulata 12.19 3.78 12.83 12.22 30.53 0.97 2.12 0.72 0.03
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Trappe
Entire Assa- Chinco- Upper· St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River River Bay Lagoons

Periploma margaritaceum 11.16 54.27

Petricola pholadiformis 0.16 0.94

Pitarmorrhuanus 11.16 54.27

Solemya velum 25.33 1.89 5.35 98.36 0.72

Spisula solidissima 2.93 10.39 5.41

Taqelus divisus 2092.92 51.01 76.07 11.10 9381.62 112.58 8.05 154.42

Taaelus sPP. 3.45 14.17 4.24 0.61 6.28 0.85

Tellinaagilis 450.51 300.39 1359.49 74.19 47.48 73.92 36.45 23.20 1.03

Tellinidae 31.79 37.78 50.00 45.27 13.57 71.99 29.66 15.22 0.29

Veneridae 0.57 2.71

Yoldia limatula 0.03

Gastropoda Acteocina canaliculata 131.31 4.72 10.36 19.64 549.47 5.31 1.27 39.15 0.09

Astvris lunata 2.79 13.57

Bittium alternatum 212.11 1031.10

Boonea seminuda 4.88 23.74

Cratena pilata 2.33 3.78 0.98 3.03 3.39 1.45 4.24

Crepidula sPP. 8.19 10.39 6.06 1.21 23.74 0.97 1.70 0.02

Doridella obscura 0.16 0.94

Eupleura caudata 1.07 0.94 3.39 1.45

Gastropoda: Other 85.24 6.61 14.93 28.57 362.92 12.08 2.54 2.90 0.02

Haminoea solitaria 31.71 30.23 13.81 8.33 16.96 16.43 0.42 0.39

lIyanassa obsoleta 0.70 3.39 0.02

Nassarius sPP. 0.69 3.26 4.83

Nassarius trivittatus 0.07 0.33 0.48
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Trappe
Entire Assa- ChlncD- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River River Bay Lagoons

Nassarius vibex 4.16 1.89 2.29 0.91 13.57 3.38 1.27 1.45

Odostomia enooola 8.08 1.89 4.29 23.74 4.35 13.77

Odostomia sPP. 5.05 8.16 0.30 6.78 12.08 0.42 13.05

Pyramidella crenulata 0.70 3.39

Pvramidella sPP. 2.88

PvramidelUdae 0.72 5.07

Rictaxis ounctostriatus 82.06 47.23 151.76 146.74 33.92 198.58 14.41 6.52 1.73

Turbonilla interrupta 157.23 51.95 4.71 83.12 579.99 0.97 37.72 79.75 0.12

Oliaochaeta Aulodrilus piaueti 0.21 1.45

Umnodrilus claparedianus 0.21 1.45

Umnodrilus hoffmeisteri 1.45 10.15

Oliaochaeta:Heads 932.09 1345.14 1166.75 86.61 1370.27 267.19 31.36 56.55 22.82

Tubificidae withcapiliform 4.35 30.45
chaetae

Tubificidae without capiliform 0.21 1.45
chaetae

Polychaeta Amastiaos caoeratus 6.69 34.01 4.06

Ampharetidae 23.22 1.89 0.30 108.54 0.42
..

Amphitrite ornata 2.79 13.57 0.29

Aooorlonosolo ovornaea 0.16 0.94

Arabella iricolor-multidentata 3.88 . 0.91 ·16.96 1.27 1.45
comolex

Aricidea catherinae 11.86 57.66
-

Aricidea fragilis 0.10 0.72

Asabellides oculata 0.49 2.83 "
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Trappe
~ Entire Assa- - Chinco- -Upper ,- St. Creek!

Study Rehoboth Indian woman teague Indian Martin Newpol1 Artificial
Group Name Area Bay River Bay Bay River River Bay Lagoons

Boccardiella hamata 12.56 61.05

Brania clavata 20.90 18.89 9.51 34.02 33.92 12.08 10.17 13.05

Brania sop. 2.16

Brania wellfleetensis 7.57 14.17 0.72

Cabira incerta 4.39 20.35 1.45

Capitella SPP. 286.74 1193.06 315.54 10.75 61.05 0.48 3.81 4.35 9;97

Capitellidae 0.34 0.33 - 0.30 0.48 0.42 1.45

_Capitellides ionesi 0.64 3.03- - 0.48

Carazziella hobsonae 453.14 0.94 1.35 35.74 2048.63 5.09 47.85

Ceratonereis irritabilis 69.88 339.18 0.72

Cirriformia arandis 0.70 3.39

Clymenella torouata 92.33 6.61 2.01 115.98 234.03 0.97 50.01 39.15 1.44

Cossura lonaocirrata 27.19 131.44 3.39 26.70 1.45

Demonax microphthalmus 17.12 0.94 4.24 22.46 50.88 6.28 12.71 6.52 - 0.12 -

Diopatra euorea 140.67 24.56 1.68 38.16 593.56 0.48 8.48 28.27

Dorvillea rudolohi 12.32 1.35 57.66

Dorvillea socialis 7.68 37.31

Drilonereis lonaa 1.27 0.94 0.33 3.39 0.48

Eumida sanauinea 29.46 - 5.67 9.29 125.50 - 5.51 2.17

Eunicidae 26.51 128.89

Exoaone dispar 556.40 51.01 1.68 12.41 2367.45 0.48 17.38 213.14

Glvcera americana 63.58 15.11 10.12 29.48 193.33 0.97 3.81 _21.75 0.29

Glycera dibranchiata 3.13 13.57 0.25

Glvcera SOD. 15.70 9.45 6.76 5.35 54.27 2.90
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Trappe
Entire Assa- Chlneo- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Arlineial

GrouD Name Area Bav River Bay Bay River River Bay laQoons

Glvcinde solitaria 410.41 113.35 136.38 254.30 1305.83 121.76 56.36 143.55 2.53

Goniadidae 3.99 12.28 0.65 0.91 6.78 0.97 1.27 0.01

Harmothoe extenuata 1.34 4.72 2.68

Heteromastus fUiformis 168.50 236.16 169.70 58.10 339.18 72.96 10.17 2.90 6.60

Hobsonia florida 0.04

Hvdroides dianthus 280.87 1.89 0.30 1363.49 0.42

Hvdroides sno, 0.54 2.68

Hypereteone foliosa 1.63 0.65 0.91 3.39 0.97 1.27 0.72 0.11

Hvoereteone heteroooda 15.61 34.95 26.54 8.12 3.39 21.26 7.63 4.35 2.68·

Laeonereis culveri 19.28 76.51 2.71 1.21 20.35 1.70 5.80 8.88

Leitoscoloolos robustus 31.99 15.11 89.56 13.73 30.53 30.44 4.24 1.45 1.82

Leltoscoloplos soo. 65.11 56.68 164.94 6.91 88.19 45.90 5.93 0.72 1.44

Leoidonotus souamatus 2.79 13.57

Loimia medusa 0.21 1.45

Lumbrineridae 102.37 238.04 29.81 28.92 203.51 12.08 6.78 2.90 8.80

Macroclymene zonalis 92.70 1.89 8.12 47.05 271.34 5.93 36.97

Maoelona SPP. 0.29 1.35

Maldanidae 148.72 7.56 7.74 78.53 539.29 1.45 50.01 44.22 3.46

Marphvsa sanauinea 4.42 0.30 20.35 0.42

... Mediomastus ambiseta 3230.09 1138.27 823.67 436.08 10880.78 398.13 44.92 657.56 3.95

Mediomastus californiensis 49.84 0.65 0.30 240.82 0.97 0.42 0.72 . .
Mediomastus soo. 4923.19 1335.69 756.60 519.52 18264.65 583.18 - 60.60 2406.21 1.74

Melinnamaculata 179.39 4.72 2.99 235.32 501.98 2.42 37.29 104.40 0.86

Melinna soo. 10.47 50.88
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Trappe
Entire Assa- Chinco- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River River Bay Lagoons

Microohthalmus sczelkowii 4.16 1.89 14.83 3.39 1.93

Neanthes arenaceodentata 7.29 17.00 5.97 10.18 4.83

Neanthes succinea 54.62 24.56 51.49 163.54 6.78· 52.18 49.16 13.05 .2.00

Nephtyidae 0.29 1.35

Neohtvs incisa 1.11 2.71 2.68

Nephtys picta 1.26 5.67 1.35

Nephtvs sno, 0.17
..

Nereididae 20.24 46.29 1.96 1.82 50.88 2.90 2.54 0.25

Notomastus SP. A EwinQ 248.54 99.19 233.36 177.87 508.76 153.16 54.24 112.37 0.58

Notomastus son. 0.06 0.30 0.42

Odontosyllis fulgurans 84.25 407.01 3.62

Onuphidae 17.12 1.89 1.31 1.82 71.23 1.93 2.54 0.72

Orbiniidae 0.70 3.39

Owenia fusiformis 11.07 48.16

Parahesione luteola 15.23. 9.45 29.43 11.96 6.78 41.55 5.51

Paranaltls speciosa 4.29 20.35 0.72

Paraonis fulQens . 2.97 5.67 9.47 ..

Paraolonosvllis lonaicirrata 26.58 77.46 57.66

Paraorionospio pinnata 195.84 61.40 33.49 129.17 603.73 27.54 12.29 172.55

Pectinaria qouldil 7.75 11.34 10.82 6.26 10.18 1.27

Pherusa affinis 0.82 1.35 2.68

Phvllodoce arenae 7.95 1.89 9.80 2.72 20.35 0.48 3.81 0.72

Pista oalmata 241.83 1173.55 2.90

Platvnereis dumerilii 3.49 16.96
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Trappe I
I

EnUre Assa· Chlnco- Upper St. Creek! I

Study Rehoboth Indian woman teague Indian Martin Newport Artificial
Group Name, Area Bay River Bay Bay River River Bay lagoons

Podarke obscura 192.70 0.61 936.13 0.85

Podarkeonsls levifuscina 58.12 58.57 25.33 47.79 125.50 29.47 40.68 18.85 0.29

Polychaeta: Other 0.07 0.00 0.33 0.00 0.00 0.48 0.00 0.00 ' 0.00

Polvcirrus SPP. 11.85 5.67 1.21 50.88 1.70

~ " " Polvdora cornuta ""' . 125.05 179.48 ' ., 83.44' . 85.91 267.95 101.46 22.88 13.77 0.53

Polvdora socialis 2.63 2.68 10.18

Polvdora SPP. 7.55 '1.89 2.01 32.11 0.97 1.45

Polvnoidae ,0.70 3.39

Prionosoio heterobranchia . ' ", . 121.54. . "',. " " - 2.68 . 556.25 " . 0.72' ".. : 0.04
, .

Prionospio perkinsi . 2.95 0.94 8.12 5.35

, Pvaospio eleaans, 17.99 98.24 - - , . '5.41 ' , ,

Sabaco elonoanis 115.71 12.28 15.11 122.80 332.39 4.35 48.31 97.15

Sabellaria vulgaris -' 7.14 0.94 33.92

Sabellidae 118.77 5.65 559.64 0.42 10.15 0.12

Scolelepis bousfieldi 8.68 40.70 2.17

Scoleleois SOD. 1.56 0.94 6.78

Scolelepis texana 41.90 68.96 _1.31 - 10.70 122.10 1.93 1.38

Scoletoma tenuis 58.51 64.23 16.33 52.40 98.36 10.15 5.93 6.52 5.03

Scoloolos rubra 1.56 0.94 6.78

Scoloplos sop. 0.70 3.39

Serpulidae , 5.58 27.13
",' ,

Siaambra tentaculata 1.07 5.35

Sphaerosvllis tavlori 15;53 2.83 23.57 ,'. 4():70 6.78 "10:15 0.04
,

Soio setosa 0.32 1.89 0.02-. ,~ " - ~ -"

.' .
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Trappe
,

Entire Assa- Ohlneo- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group ·Name. Area Bay River Bay Bay River River Bay Laaoons

Soiochaetooterus costarum 91.80 47.23 3.03 51.18 298.48 0.48 26.70 30.45.

Spiophanes bombvx
:

7.08 18;89 5.41 2.68

Soirorbidae ·1.40 6.78
'.

Spirorbis soo, 6.28 30.53

SthEinelais boa 3.49 16.96
..

Streblosoio benedicti 1811.87 3283.50 2178.77 929.59 1027.70 485.58 1207.78 819.23 217.37

6.14
...

Streotosyllis pettiboneae 25.50 8.33 0.42 0.72 0.11

Svllidae 4.35 1.89 2.68 16.96

Syllidessoo. 0.29 1.35

Terebellidae 12.87 1.35 57.66

Tharvxso.A Morris 102.09 312.67 102.12 2.68 50.88 0.97 2.17 .1.92
..

Amohiooda Ampelisca abdita 8774.03 3587.67 14763.49 8053.75 7794.28 12019.18 . 5038.77 3740.91 1.67
,'.

9011.92 .Ampelisca abdita-vadorum 9010.89 2563.70 12843.25 6294.69 14198.73 6168.14 3812.68 0.51
comolex

. Amoelisca vadorum 49.49 11.34 6.56 183.16 1.10 19.57
, ..

Ampelisca verrilli 695.93 444.92 8.44 164.46 2570.96 0.48 5.51 40.60 0.03

Amoitnoe lonolmanna 3.56 20.78 --

Ampithoe sOP. 2.73 2.71 0.30 . 10.18 '" 0,42

Ampithoidae 20.71 30.23 66.29 0.61 6.78 0.85

Batea catharinensis 78.32 144.53 5.74 14.89 223.86 0.48 2.12 13.05

Caprella oenaritis 27.51 103.91 6.67 6.56 33.92 3.87 1.70

Caorella sop, '-2.16

Caorellidae 0.86 0.94 3.39

Ceraous tubularis 15.14 0.30 37.31 0.42 1.45.
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, Trappe
!,

Entire Assa- Chlnco- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River Rlve,r Bay Lagoons

Ooroohlum acherusicum 352.13 17.00 1519.18 0.30 128.89 586.56 0.42

Coroohiurn acutum 0.16 0.94

Corophium simille 0.10 0.72
Icoroonlum SPP. 281.26 14.17 1208.64 0.61 78.01 32.86 0.85 24.65

Coroohium tuberculatum 166.59 98.24 169.99 37.05 295.08 5.31 14.41 239.24 I

Cvmadusa comnta 60.10 39.67 13.39 2.72 196.72 5.80 3.81 0.72

Dulichiella aooendlculata 192.02 102.96 24.81 786.89 36.72 50.75 0.03

Elasmoous laevis 662.92 473.26 246.18 147.93 2275.87 196.16 61.02 70.32

Eobrol~us soinosus 47.49 0.94 1.35 213.68 1.45

Ericthonius brasiliensis 34.19 105.80 10.82 .5.35 57.66 5.80

Gammaridae 0.16 0.94

Lembossmithi 30.70 149.24

teotoohelrus plumulosus 1.73 8.16 12.08

Ustriella barnardi 285.04 43.45 144.69 374.56 576.60 114.03 138.58 112.37

Ustriella c1vmenellae 0.72 3.58 1.27

Lvs.ianopsis alba 99.81 78.40 8.12 49.34 359.53 69.08 0.72

Melita nitida 2.63 9.14 3.39 13.53

Microdeutopus ~rvllotalpa 224.51 187.04 525.41 74.74 318.83 285.07 55.94 0.72

Microdeutoous son, 1.60 3.78 0.33 0.91 3.39 0.48 1.27 0.02

Microprotopus raneyi 180.60 221.99 135.74 5.65 498.59 . 36.72 0.42 12.32 0.03

Monoculodes SP. 1 Watlin~ 59.70 9.45 0.65 113.88 156.02 0.97 2.12 . 0;72

Mucro~ammarus mucronatus 26.20 17.00 23.51 68.64 6.78 34:79 21.19 2.17 0.01

Paracaorella tenuis 125.16 19.84 3.31 11.15 444.32 2.90 11.87 82.65

Parametooella cvoris 0.46 1.89·· 0;65 0.97
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Trappe
Entire Assa- Chinco- Upper St. Creek/
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay· River River Bay Lagoons

Pseudohaustorius SPp. 0.49 2.83

Hhepoxvnius hudsoni 35.58 172.98

Stenothoe SPP. 2.42 1.35 3.39

Synchelidium americanurn 56.54 271.34 5.07

Unciola dissimilis 2.36 2.71 5.35

Unciola serrata 4.00 13.38 2.17

Unciola soo, 12.08 2.83 4.06 1.82 44.09 2.54 4.35

Chiro- Chironomus spp. 1.55 10.87
nomidae

Paracladooelma SPO. 0.10 0.72

Tanvpus sPP. 1.35 9.42

Tanvtarsus SPP. 0.10 0.72

Cirrioedia Balanus eburneus 0.02

Balanus SOP. 0.02

Cumacea Ovclasols varians 27.79 3.78 37.22 0.91 81.40 55.08 1.27 2.17

Leucon americanus 174.51 .. 45.34 176.59 196.21 257.77 123.21 139.85 79.02 0.64

Oxvurostvlis smithi 56.87 25.50 8.72 45.23 189.94 2.90 3.39 2.90

Decaooda Callinectes saoldus 6.85 4.72 6.67 3.89 13.57 3.87 1.70 0.03

Crancon seotemsoinosa 2.43 3.78 1.63 2.42 0.03

Dvspanopeus sayi 0.16 0.94

Hippolvtidae 0.70 3.39

Libinia snn, 0.57 2.71

Ouvndes alohaerostris 10.21 0.94 5.36 11.31 30.53 1.93 0.85 1.45

Ovalioes ocellatus 0.29 1.35
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Trappe
EnUre Assa- Chinco- Upper St. Creek!
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Are,a Bay River Bay Bay River River Bay Lagoons

Paaurus son, 0.29 1.35

Pinnixa SPP. 2.51 5.35

Uoocebla affinis 0.70 3.39

Diptera Oeratonooorsdae 0.10 0.72

lsoooda Cvathura burbancki 75.62 34.95 5.27 250.99 5.80 17.40

Cyathura ooUta 5.37 8.50 9.14 5.35 3.39 13.53 1.45

Cvathura sop. 0.04

Edotea triloba 140.93 56.68 170.23 176.05 186.55 231.92 167.82 35.52 0.46

Erichsonella attenuata 4.19 20.35

Erichsonella filiformis 2.33 13.22 0.30 0.42

Erichsonella SPP. 2.49 0.94 4.54 3.39 6.36

Idotea balthica 0.29 1.35

lsoooda: Other 0.70 3.39

Paracerceis caudata 18.14 "88.19

Mero- Limulus polyphemus 0.12 0.61 0.85 0.01
stomata

Mvsidacea Heteromysis formosa 3.93 17.95 4.06

Mvsidae 0.60 0.33 2.68 0.48

Mvsidoosis almvra 0.29 1.35

Mysidopsis biqelowi 56.58 51.95 12.64 8.93 200.11 8.70 1.27 3.62 0.40

Pvcnouonida Anoplodactvlus oetiolatus 5.78 12.52 10.18 2.54 0.12

Callioallene brevirostris 21.96 7.56 9.47 13.78 .54.27 14.01 8.05 13.05

Tanvstvlum orbiculare 0.16 0.94

Tanaidacea Haraeria raoax 110.40 1.21 532.51 1.70 0.72 0.25
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Trappe
Entire Assa- Chinco- Upper St. CreekJ
Study Rehoboth Indian woman teague Indian Martin Newport Artificial

Group Name Area Bay River Bay Bay River River Bay Lagoons

Leptochelia dubia 0.70 3.39

Phoronida Phoronis sPP. 272.92 0.94 1.35 6.86 1207.47 2.12 117.45

Bryozoa Amathia convoluta 0.00 0.00 0.00 0.00

Anauinella palmata 0.00 0.00 0.00 0.00 0.00

Asteroidea Asterias forbesi 0.32 1.89

Asterias sPP. 1.07 5.35

Asteroidea 5.31 17.95 2.71 8.33 0.42

Holo- Havelockla scabra 1.54 0.61 3.39 0.85
thuroidea

Holothuroidea 2.91 0.61 13.57 0.85

Leotosvnaota tenuis 31.50 2;83 17.06 115.32 8.90 5.80

Pentamera pulcherrima 16.85 81.40 0.72

Hemi- Saccoglossus kowalevskii 2.43 9.45 1.51 2.12
chordata

Ascidiacea Molaula manhattensis 0.65 3.78

Perophora viridis 0.00 0.00
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APPENDIX D

Minimum, Maximum, Median and Quartile Values
for All Measured Attributes

0-1



De1av.C'e/"aC'yl~lI:ld Coa.tal 'ays - ,tal'. leal ClIlaC'act.rlstlclI ,
"a.l.u., 15th '.rc.,.tile, "edlalll, zStb 'erc.lIltile, aad JUal.'u,.

_____________________________ Vuiabh"otto. SaUnity (ppt) -- ~ --- -

CC) ---------------------------------------

-----------------------------------------------,

ArUfichl .a.dabg ••••i.l.'
Lagooa. Dela.ar. Naryl••d

Z'.t2 U.101 ai , ltOO
21." ZI.lOO 2'.1900
21." 26.015 25.195'
24.12 24.nO 23.1225
11.16 It.tlO 21.'010

~
I

N

Up'per
Entlra Iadian St. "utln Tnppe Creak

Qua.til.. 'opuhtion liver aiver ••"po rt .-ay

ItAII""'1t 35." zt.l 11.' 30.t
'CT 151'1 3I.3G 2'.' 30.' 2I.t
MDIU Z' ••5 15 •• 21 •• 21.'
.a 251'11 2t.I' Z4.1 U.S U.S
ItI.IIIUa 2.11 I .• 23.1 2.1

---------------------_.-----~- ------------- ".ri.bl.-lIott.. 'fe.per.tur.

Upp.r
St.' lIatUn·'Entire radh. Trappe ClI:eek

Qua.Ul•• ••,ulatl0. l1"el' aher .e.port lay

DlIIIUIt 31.410 31.40 :n.l0 2t.1.
'eT 15ft 21.'40 J•• t5 21.40 .' 21.1'
"IDiAI 2'.1'5 21.34 21.20 . ZS."
.C'f 25'r1l 24.920 U.55 J'.32 U.U
III.iIlOll 11.160 2'.11 24." U."

____________________________________________________ Varl.ble-Iotto. d.ptb (.t

Ar:t1f1cial
La,oo••

32.3
]G.l
2t .a
n.G
n.t

...alniag
Dela.are

n.t.
31 ••0
JO.25
U.4fII
21."

••••lni••
Na.:yl••'"

35."'131.""U.1US
29.J'OI
U."IO

U'pp.r
InUr. I.dba st. lIuti. Trapp. Ce.ek Ar:t1ficlal a••al.l•• ••••i.lll1g

Qua.UI•• .oplilatio. Ili"er aiver: • e.port .ay LagGo•• D.la.are . llaa:ylalld

Dlr.UII J.U" J.n" LUll J.llU ].1521 ].UU J.nlt.a 15ft LUll I.U" 1.5240 LUll I.U" -1.12" LUll
MDiA. 1.5240 1.U40 LUtZ 1.5240 1.5240 1.UU 1.5241
.a Z5WII 0.9525, 1.2112 1.1041 1.52.1 l.tl44 0.11414 I.UU
al.iIlU. 0.10" 0.1610 0.6'" O.lUO 1.1620 I.IOU 0.''''

____________________________________________________ Variable.Botto. p. (pR' ------------------------------------------------------

Upper
InUn Indian St.llartl. 'frappe Craak Artificial a••alai.g ,e.ai.i.g

QlIaaUle. 'opulation ai"aC' ai"ae .e¥port Bay Lagoons Dal ••ar:. "ar:ylalld

IlAUIIUII '.49150 '.100 1.24 t.4915 '.11 '.13 1.4201
.C! 15TH 1.n5eO 1.145 1.tt 1.UOO 1.to 1." 1.00'1
..llli.. 1.11500 1.llO 1.11 1.1110 1.55 1.') 1.1615
ret In. 1 ;51115 1:510 1.11 1.6100 1.34, 1.54 1.'100
....i.u.. 1.""0 1.250 1.5' 1.1100 1.00 1.1' 1.2901



t;j
I
w.

Oel.v.r./Naryl.nd Ca••tal '.y. - Physical Charact.ristic.
"Iai.ga. 15th ·Perceatile, Nedian, 25tb parcentile. and Kini.u.

-------------------------------------------------- V.ri.bl••Silt-CI., Content C') -------------------------------------- _

Upper
lI:aUn Indian St. Kartio t'rappe craele Ac-tificial •••alniag •••• ioing

QUA.til•• 'opulaUoft liv.r I.i"er ••"part .ay Lagoon. o.l.".E. N.Eyland

UZIaUK It.un "~U21 91.3725 I~.,no '0.1001 91.1UO U.I7U
.a lUI 10.1512 n.U11 11.1911 n.u:u Il.U15 7'.UtI U.3511
alDin IO.un 19.U33 it. 1119 14.121' ".91U U.n!1 21.0301
.a un 15.IU7 u.un JS.2154 U.UIl 37.1051 5.Ul0 '.561'
.liaUII 1.1'" 1.50'1 4.1382 2.50lt 2.4114 2.ano 1.1101



Del."al"./ftaryl.acS Co.st.l ••y. - ".t.C' g•.alit!' P.n_t.c.
"axbu., 15th ,.&:c.",til•• ".cU.a, 25U, '.I'CI"tU•• a,ac! "1.1.".

--- - - - Vuhbh-Aaaoalu. •• luKo1) --- • b_ • b -------
U'pper

Catir. Il1dhq St. "utin ~npp. Cr••k Artificial •••d.lag ••••1.lag
Qu••Ule. 'opul.tie. ai••I" .1.,.r ••"port 'a, r..gooa• D.l.".r. Ila&:yl.ad

IlAXIJCUIl 12 ••00 U ••o 17.3' :12.70 3O.la <lI.U 2'.10
fa 15'f' S.U5 12 ••0 4.42 3.14 •• 11 '.42 5.17
II,EDiu :1.155 5.'5 2.lt 2.33 J.U 3.11 1.11
fer :l5'f' o.no 2.25 1.13 o.n 0.13 1.31 1.71

RI.ilMl '.'00 0.10 0.22 1.'0 0.15 0.00 1.00

__________________________________________ •• ri.bl••••atbic chl_' (ug/g), .,LC ••thod --------------------------------------------

Upper
St. '"UUIllatiu l.dbD 'fupp. Cn.k AetUicial ••••lDi·9 ••••iQl.g

QII,atU.. 'opuI.tha .iv.r: .i.,.r '."poet la, L.gooa. D.I."ac. lIaeylaad

IlUIIIIIII 112.10 11.3 414.1. 13.7 72.' 12:1.1 32.00

.er 75'f! 15.05 1,3 •• 10.'0 5.1 51.' 19.' '.50
IlIDiu 1.'5 •• 1 5.35 1.4 :17.' 13.4 3.35
.er :l5'ft 3.05 5.3 :1.10 1.0 li.3 5.1 1.2'
III.iIlUII -, .10 :1.1 0.50 0.1 5.1 :I.t '.4.

tj
I
~

________ •• ••el.bl••••nthic cbl_a (U9,/9),'luoro••trlc ••thod -------------------------------------

upper:
I.Ur. India. st. lIuti. 'fupp. Cr••1e Artificial ••aaialag ••••iaing

Qu,.Ub. 'opuJatha .i••1' .i"'I" """Ol[t 'a, La,o••• DeJ.",I" lIaryla.el

1lU111U11 115.11 U.l 5:1.10 35.10 '1.10 115.11 32.2

.er no 11.11 14.2 lO.to 4." U.SS 2'.11 '.t
IIIDIU 1.45 1.5 '.15 1.ts U.U 12.15 3.'
.a- 25ft 3.45 '.5 3.50 1.45 15.55 '.tI 1.1
IIl.illllll '.50 3.1 1.00 loll '.20 3.10 '.5

_______.- V.l'iabl••eottoa Di••olvld oayg.. (pp.1 ----------------------------------------------

Upp'l'
Intiu I.dh. St. lIal"U. 'fupp. Cue' ActiUcial ..aataiD, • ••alaillg

QU.lltU•• ,o,ulatio. • i ••e .i.'1[ ••"poet eay r..,ooaa Dela.ac• lIaryl.ad

IlUJIIUII 11.tO·O t.U 1.12 11.10 '.51 U.500 '.lI
.er 15ft '.145 1.21 '.19 5.n 5.10 '.'00 ,.~,

IIIDiu '.015 '.U 5.12 '.n 5.to '.115 '.10
.er 25t. 5••00 4.51 5.31 5.11 ).10 5~550 5.77

"I.IIIUII 0.200 3.". 3.00 ..31 '.20 J.OOO •• 19



O.lavare/Maryland Coa.tal .ays - Vatee Quality'.ea.eters
Ma.i.u., lSth Percentile, M.diaD, 25th '.reeatile, and "ini•••

-------------------------------------------------- Variable.Cblorophyll a (ug/l, -------------------------------------- _

Upper
Entir. Indian St. Maetin 'frappe Cre.k ArtUichl 1••&ini a9 • ••aiaing

Quantil•• 'opul.tion Rival' li"er "e"P0rt lIa, ".goo.s D.la..ar. .arylanel

IlAXU"'" 371.25 95.55 H.I0 111.25 116.01 U.ll 21.100
.et' UTa 22.15 U.54 JJ.n 32.21 13.01 11.22 11."0
UDIU It." J1.94 11.00 13.55 11.JO 11.50 5.515
'C'f 25'f11 1.11 1I.U 15.41 9.91 15.14 1.15 1.000
III.I"UIC t.11 to.to 13.11 2.41 1.U 1.69 0.131

---------------------------------------~-------------·V.riabl•••01+10] (11"01' ---------------------------------------- _

Upper
latir. Indha . St. "artin 'fcapp. Cre.k Artificial ••••iftin9 I ••alnia,

QualltU•• 'opulation li••r ai".r ••"Part ••y Lagooa. D.l ...ar• lI.rylaad

1lAX1I"'" IS.'OO IS.'I O.U 51.20 11.20 1.UO 1.19
.et' 15'fB 0.415 1.'1 0.16 O.ZO 0.21 0.410 0.51
IIIDIAI 0.110 2.41 0.04 0.14 O.U 0.2U I.U·.C'! 25'f' 0.015 0.19 1.01 1.0' O.U 0.120 t.IO
III.I"UK 0.000 O.OJ 0 e,00 0.00 0.00 0.000 0.1t0

------------------------------------------------ Variable-orthopbospbat. '04 (.aKol, --------------------------------- _
t:I
I Up,eeUl

EaUre ladle" St. lIartill 'frappe Cre.1i: A"tificial ••••1.i·9 ••••ininC)
QuantUe. '.pubtio. Ii••" • i •• r ....port '.y "a,oo•• D.la... r • ".ryland

IlAXIKUIC 12.10 2.11 1.24 11.10 1.5.1 I. IS O.tto
.et' 15'f' 0.55 1.'1 0.14 0.41 1.15 1.11 0 .•'0
UDIU 0.29 0.10 O.U 0.31 '.24 0.51 1t.245
Pet' 25'f1 0.15 0.15 0.13 O.U 0.15 I.U 0.150
llI.fllUIC 1.04 0.11 0.10 1.01 0.01 '.04 0.010

----------------------------------------------------- Variabl••'b••ophrtia CU9/ l ) -------------------------------...._------------------

Uppu
Irati"e ladia.. st. Rutia 'frappe Cre.k Artificial a••alala9 1••dDing

a-aatUe. 'opulatioa • i.er .1••" ••"Port .a, La,ooaa Del••a"• "ryland

II.lXIIIU" U.1l 44.11 21.21 u.n U.U 17.51 '.540,C'! 75n '.11 20.2' 11.22 ,." 10.70 7.2' 1.17.
UDIn S.U 14.25 l.U -5.51 1.11 5.15 2.555.C'! 25'f1 1.22 '.11 , .:If ).4' 5.55 4.0J I.no
JlI.fJIUII -1.20 I.U J.17 -I. 21t 1.14 0.'5 0.520



De1av.ce/"acyhnd Co••tal .ayll - W.t.el: Quality .ara••t.n
"Ixi.u., 15th 'Ire.ntile, "edi.n, 25tb 'ercentUe, and IIbll.u.

__________________ V.riabl.-S.eekl deptb (a. ---------------------- ._---- - -----------
Uppel:

InUn Indi.n St. lIactin '1'n,p. ec••k Artificial .'.llIinia, ••••ining

'opulation .i••e .i••e 8."port .a, L.goon. Del••ar. lI.efland

z.n 0.51 0.12 I.n 1.'5 2.61 Lit

1.11 0.19 0.62 0.11 0.15 0.11 1.10

0." 0.5' 0.52 0." 0.61 0.66 0.10

0.51 0.50 0.50 0.41 0.54 0.5' o.n
0.21 1.30 0.3411 0.21 0.10 " O.U 0.411

QllaatU..

ttAlllltJlI
fa 15'1'8
IIIDIU
fa 25'1'8
1118iINII

-------- .- .-

, Vaelabl.-'1'ot.1 01 ••ol••er aitro,.n (dol) ---------------------------------------

V,p.e
InUr. I.dian St. lIutin '1'r.pp. Cr.ek Artificial •••• illial) ••••1ainl)
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Oe1a"ae./flaryhnd C...tal 'ay. - SeliU •••t ek••latey "adable.
"ad.lila. 15tb ••ece"Ule, ".dian. 25tla 'ecc.nti1., _lIld "llll.'laa

__ _ .adabh-Dib.lIIa(a,bJalllthrac.,a C.,.b). ----- • --- . ...... -_.----------
Up,par:

Entir. radian st. "uti.
Qu.tU•• 'opul.UoA .lv.c al••r

JWl:IIaIII " ... 11.1 •
.~ 15'0 3.31 1.1 •
IIIDIU •••• ••• •,a 25.... 0.10 ••• •
1I1.llId '.'0 ••• •

Al'tUicial
Lago•••

" ..
21.1
'.0
•••'.0

••••b,I••
0.1•••"0

5.11....
0.00....
1.10

• ••daia,
Mal'Jlaad.

3.'Z
'.00
0.00
0."....

21.'
1'.1

•••0.0•••

•••ai.ia,
"r,laa4

14.40
l.ll....
••••....

•••alaa.••
Del•••I'•

•'.•••
lcUUcid

La,o•••
St. lIuti.

• hac

2'.'I.'I.'
1.1I.'

••tlr. '
••••1.U.aQuaAtU••

IlUIIIlnI,a 15'0
IIIDiu
.a 25'1'.
1II.11IIU1I

_____________________ "arlabl.-Dlbutyltl. (p"b. ----- -- .-------------------

U".I'
I.elh•

• lv.C'

t:'
I.....
~

______---------------..---- '''ar:laltla,-D,loldl'la "Cp,pltl -------,~ --:-:~--~-- ..------------------

a,pal'
••UI'O I.dh• It. 1I.l'tl. • r:UUc1al ••••1.1"• ••••1.1'"

Q•••Ul.. ro,.laU.a .1•• r: 11••1' La,oo".. a.la••I'. lIar:,la"4

IlUIMII ..... J.ll' '.12' t •••• I.U •.a 15.,. 1 •..,1 2 ...1. ••121 4.110 •••• •
IIIDi. •• Jt2 2.210 '.U5 1.n. .... •
• a 25n ••••• ••315 '.'12 '.'41 a••• •
III.i.. ..... '.0" '~JI2 ..... 0." •

_________________________ "al'labla-.aclol.lf.a ,'I, (p,b.• -------~--------..----.------------

a,p.1'
.••Ur. I.dt-• St. "uU. • l'tUlc:ial I ••dala• ....l.b'

Q••"t.U•• 'o,.latioa .''''1' 11".1' La,oo•• D.l.".l'o II&r,18.4

ilulJIUJI 1 •.11" 1.1300 •• JU 1.211 2.21 0.t110
'C'I' 15'11. '.'555 o.un '.35' ..". 2.21 O.SUO
IICDI.. '.'125 0.4515 ..111 •• 5)1 '.00 0.1345

fa 25ft ...... 0 ..... ..... ..... '.'0 ••0ttO
III.iRUIl ,.0 ••leo O~OOO. ....0 ....0 0.'0 1:.010



Delavara/"aryland Coa.tal Bays - Sedt••nt Ch••istKr Variabl••
"axL.u., 15tb P.rc.fttil., "edian, Z5tb '.re...tlt., a..4"1..1.a.

--------------------------------------------------- Variable-Indosulfan II (p,bt -------------_----- _

Upper
aatit.• l ..cU... st. ".rUn Artificial ••••laia! a••ai.i"9

Qua.tU.. toPu1a:t.l.oa .iv.r ai".• r L.,oo~. De1••ae. "'ert...eI

IlAUIIUII 1.•uil: ' 0.151 • 1.U. 1.01' •• :121.a 157. '.JU 0.341 0 '.21 1 ••11 . • .•.u.J
Rltin '.000 . 0.1" 0 0.00 0.511'" 0.000.a 2578··.·. 0.00.1; 0.000 0 0.00 ••••0 '.000RI.illOll ., ~ 0-.0•• 0.00' 0., ,i.o,o...' ...... ':.,.00

°•••.'0

a•••1n1"9
.urtaael

•••o
o
'il .

a••aial..,
D.la".c.!

t -.l1 ..
'.21',"'"
f.U' .
4.U

°tOO

ArtiU~ial

....oon.

1.tO
l.JO
l.n
f .• "
f .5-,

st •••e.U..
aivee

t.'11
'.5/S
t.150
•• 515
4.U'. 'r

t.l"
'~1.5,.
5.UO
O.~,O,O.'

OA."

.atire
'opul.Uo..G.ail.tU••

IIAII'lfnl
'C~L15'r1
••DIU

:~i::·"

-----.,....,.-:-.,.----~-~~-:----..---~.,.-- ~.I;i.~le...acto...1f!Ul, Sal.f.t•..(ppbt.· -:------::----- .. .. .

Upp.e
Iael1a..
.l".e

'-'"'~

OpplC
~ ~..... KaUr. lacllaa St. R.eU. Artificial ••••i.ia' ••••1.1.,Qa••Ulllll ,op.laUo.. aiv.r a1".c L·CJOo•• Del•••r. Kurla.cI

IWEIM. I.no· 1.nOO • I.UOO 0 0
'c'rlS" 0.U5 I.U50 0 o.noo • o.UDIu ' O.lll 1.1115 0 '.5StS • 0.a...J$~. ,'.000 '."'0 0 '.1210 • O. ,
IIIIIU. '.00' '.3110 '. 0.1000 . 0 0

0·· -----.-,..-...---.,.,-----~-- ..- ..-.,.---.--------.-------....r~..abl •.• ...clri. (ppbt ----------------_____ _ ,..:------..,..---;...._..,;..
I

~•..

~-------------~-~------~--..----------~---~~~;.~ri ••l.~I_~~i~ Ald.brel••p,.t - ,__~ ....-..---_~.--.-~-_~__....

Oppn
lath. laclh. st. llarU. ArtUiehl a••ailll.,

QllAIIUle. 'op.hUo. .1•• 1&' ah.c La,oo•• Del•••r.

IlASIIIUIi 1.41 1.41' • '.In •.et'."". ..0' O.l15 • '.000 0
UDiu 0.'0 0 ••00 0 '.'00 •.et'.Z5". 0." 0.110, 0 0 •••• •IIlli.u. 0.0' ..... 0 .0.'" .0

••••1.i.'
..rrhlllcl

•o
o
o
o



De1avar:e/Kuyl.nd Co••tal .al. - SecU••'lIlt CIiI.,.ist:rr Vadable.
"ad.u., 15th '.rc.stU., ".dialll. 25tb 'ecc:et:tt,Ll., and "illll.u,.

------ V.d.bh-It:t4d. Ketone IplPbt - .. ... - -. ._-•.. ---
Uppac

catir. ladhQ St. "uUs ActiUcial •••aiaia! ••••i.ia9
Quantile. 'opdatiolll .h.r: .i••r La,oona Dell.aee "ar:ylallld

IlAXIIIUII 2.nOI 2.1300 0 2.nO • '.5'"
.a 15ft 0.'515 1.4145 0 0.n4 • '.2145
IInYu 0.3US 0.7321 0 0.551 I 0.0001

.a Ut. •• 0000 0.SU5 I 0.010 0 '.0000

"I.i_ 0.0001 0.4540 I 0."0 0 1.0000

____________________________________________~-- .aciable.rluor.athen., Cppbt ---------------------------------------.-----------

Uppn
latir. IadiaD st. IIUtiD Artificial •••ailllia, ••••inial

Q....til•• .opulatiolll .1.ee • 1Yer . Lagoo•• O.lavaca lIaeylaael

IlAXllin InO •• 11'.' 44.' 1'10 •• 215.0 51.3

.a 1ST. 206.' 10'.0 ... J 541.0 11.2 32.0

HDiu 51.3 U .• 33.4 251.' 11.2 25.2

,el .251B 21.' 25.3 21.' lU.1 ••• 0.0

III.iIlOll 0.' 11.5 21.' 1'.5 0.0 0.0

Uppee
I.Ur•. ladlaa St., lIartia Artificial •••l1l1ia9' ••••1al."

Qu.atU.. ,opulatlo. • l.er .1.er La"ooll• 'el."ar& lIuylaa~

IlAEIIlUW 101.00 U •• 0 lOt." 21.5'. .12.n
.a l5U. 11." 11.7 0 25.20 12.1'. 1.12

IIIDiu 7.2t 15.' ·0 1'.50 1.'115 0 ••'
.a 25ft 1.00 0.' 0 1.19 0.'" '.'0
III.iIlUII II." ••• I 0." ...... ....

t:l o' ... ~_:_--~~ Vaci.bl••rluor.n~ (ppb) ------------...---,-,----~----,~-~---:---.----

I
~

0\

.. ..,.._ . -----:-~----~-~.. 'I!leiabltl-.!tpt.clll.or ,(,._) .-:-------~---:----:-,-------...,.,..-..,,---~-...------

v".e
IDUre 1.4ia. It. lIutill Artificial •••dalag ••••1alag

Q••atU•• topulatloa .at••e. alY.r Latoo••, De1a"are lIuylaael

MXIIIUII 2;400 '.ill • 0.". Z.too '.4tJ .

.a1Sft '.15' '.3]t I 0.U5 0.2St . 0.0."
IIIDiu' ....0 1.0to • ....0 ,0.010 O.OOt
.C~ 25'1•. O.oao 0.0" • '.'00 ...... '.001
III.iIlUII 0."0 0.000, I .,,0 .... '.'00· 0.000 ..

, . ....~ .



Delaware/Naryland Coa,tal .ay. - Sedi.eat Cb••iatrr Variabl••
Maxi••• , 15th Perc.atila" Nediaa. 25tb 'erc.atil•• aad Niai.u.

------------------------------------------------ .ariabl.~I.ptacblor Ipo&i4. (ppb) ------------------------_- ~__

QualltU••

" , -lIUtIiUli.
IC'l' 'IS'I'.
.Diu

, 'C'I' ,25'1''':
, IIlaillUli

Intin
'opulation

0.534
0.000
0.000
0.000
0:000

Upp.r
Iad.iaa St. "arUIl ' Artificial •••ainiaC) , •••~inia9
.i•• r • tv.r ..agooaa O.la"a"'• lIa r:ylallel

0.3]9 0 0 '.534 I~U5
0.000 0 • '.000 0.000
0.000 0 0 0.000 1.000
0.000' 0 0 0.000 1.000
0.000 0 0 0.000 '.000

------------------,-.-,--:---:'"~--..,..--~~~.,. ,,ada"'l.~B.•lCac;~lct~o"~n'.a.(ppb. ---.,.-~------------,..--------_-__----------..".-- .

Upp.T
' ••U ... , Iacli.a st. "arUII Artificial ••••illia. ••••iaia•

G.aatil•• .opulation • t •• r .iv.r "a,oo•• Dela".r. "uylaad

1lU11I0II '.111 . O.tll 0 0.191 0.'" D.U
'C'l' 'IS" 0.312 0.115 ' • D.'14 O.UO 0.00
IIlDiu 0.100 0.000 • 0.112 0.000 O.to'C'l' 25'l'. o••eo 0.000 0 0.000, 0.00' 1.00
IIlaIIIUII 0.000' '.100 0 0.000 0.000 0.00

~
I

~, --------------------------";"------:;---------- 'Va~ ilb.I••lad••.I.l.•2. ~-c:!lJpyc.a. 'CI'Pb. --7----------------~--------------------

Upper
••tin Illdian s,t. "artla Artificial ••••i.iag •••• laia•

QualltU•• 'op'llattoe .h.c • 1yer "atoo••. D.I'.war. lIacyl.ad

. IIAIlIIUII zn.o 49.0 U.I 21t.O "., U .•'C'l' 15'1'. U .• n.1 U.O 71.1 U.4 U.2
IIKDIAII 1).0 )t., U.t )J.' 1.0 0.0
.CY 25'l'H . 0 •.0 0.0 11.2 1.0 1.0 I.'
lIuillUII 0.0 0.0 11.2 0.0 0.' 1.0

--------------~-------------~-----,..---------~-------9~~1~b~••lroa Cpp.) ---------- •• --...--------...----- ~-----------------

Up,ec
I.ilr. ladiaa St. ltacUa ArUUda.

QuaeUI•• 'oplllaUoD. .h.r Riyer La,ooa•.

IIAIIIIUII JIIOO 3noo nooo UIIO
.CY 1ST. nooo neoo 12000 27100
II.DiA. nooo 32100 10Z4O 23100
JCY UTII IOJOO UI" 1410 lO100
lIuillVII Uti 1540 1410 uto

• •••1ei..'
D.lawar.,

3)500
30100
lUOO
'190
4550

••••i ....'
lI.crlaa ci

usu
21.,0

. 14410
l1OtO

U40



Dtl•••re,".rylaael e•••tat ••ys - SedheAt ela.alatry ,..dable.
"I&i.v., 75tb '.rc.atUe, Redlaa, 25th .ecceJlltil., aael lIiIl1•••

-.::---- "arla~le.L.a4 (p,a) .. . . - - -- . --
U'pper

Inth. Illdlaa St. lIuti. Artificial I ..allllia, ••aaiai.,
Qua.•tU.. 'opulation liv.r ai".r La,o••• D.I...ac. lI.ryl•.ad

IIdI"UK 5I.n 45.0 21." U.4 51.60 U.IO
'C7 15ft 40.50 43 ., 21.10 40.' 40.5' 3'.20
IIIDiu 24.00 u.s 1I.n 31.11 It.OS 23.70
fa 25ft 15." !t.0 15.50 11.' U.S. 12.'0 "
"l.ilMl '.56 15.' 15.50 1.2 1.11 •• Sf

~_~ . ~ ,~~~ ,.ari.blo~Li.daft. - .....- ••e (ppb) ----------------------~--------------~~-------_

"pper:
laU". ladl.a St. lIutin Artificial ••••i.l.g •••daia,

Qu••ti,l" ,opu1.tho Iher: li".r Lagooa. Delavu. lIarylalllei-,

QXlicUK 5.UO 5:311 0.516 2.100 i.n 0,•.4U
~CY 75'1'1 O.IU l.nO I.'" ,1'.530 t.OI 0.000

r. _ ,-

0.'10 0."12 1.2U '0.1., '.01 0.010NlDIU
"a_2~~. 0.000, 0.55. '.,000 0.536 0.00 ,,0.10.0
1I1.I..UII '.001 ',.000 .. , 0.000. o.cioo 0.'0 '0'. too

t:l
Ib6 .,... .,.,---~----,----~,:'".----~~~--~--~uhbl."!' ...a9.~~a. (pp~t ---~-------,---------------------,--- '

upper
latire . l.diaa St ....rtia Artifici.l ••••iaiag •••dai.,

,Qu.atil,.a 'opu.latha li"or .h.1' La,ooa. D.l~"a're lIarYl••d

.~IIIUK "312 293 1'7.0 2" 354 172
fa 75'1'. ZU ZIt 1'7.1 :135 j'25 " JU
MDiAit ' 235 115 155.5 103 u. us
"a 25n In zu 144.1 12. 110 254
lII.iKUII U ~n IU.t. "u. Ht '121

------"':"':-----,.,.---':"-----..-.--_:"..---"..... ,..---:.,.,---~-- V.ri.ble",..ercwl'lF." Cpp.,» --~-..----:---~------..",..-.------------

Uppal'
a••datatsaUre IDclh. st. lIuUa Artificial .: ....i.iD.

Q•••til•• 'opule,Uo1l 1i~.1' .i••r LagGo•• D.lava... lI.rrhad
" ~"'-"

JlAZIIlUII 0.',,, O.fU · " •• Ot~5' 0.1111
,a' 75ft ' .•61. o.ti, · , .....00 '.15tO
..IDiu 0.1521 0.12' · I 0.15115 1.1514
'C'l' 25U 0.0151 .' . '.11', · I",,,, o.ntlo ,'.011'
..1.iIlUK 0.,... '.11' · • ' ,0:1 0000 '.0110 '



:' 'I:'
I--o

Delaware/llaryland coastal '.ys - Sedi.eat Che.t.tcl V.riable.
lIa.iau., 15th 'erceatile, lIediaa, 25th 'erceatile, aad 1I1ai.u.

------------------------------------------------------- V_riabl.~lIire. Cppbt ------------------------------------------ _

Upper
Illtho' IDdha. St. II_CUll Artificial •••aiaiaC) I ••liaiag

Qua.tUe. 'opulatloa ai.or It.,.r L·90~a. Del••aro lIarylalld

....X...... 1.02 0.151. 0 O.U t.'" 1.02 .r

fC'f·-15". 0.00 0.000 0 0.00 '.000 0.00'
IIIDIU 0.00 '.000 0 0.00 '.000 o.to
.~ 25" 0.00 0.000 .0 .... 1.000 0.00
..1.1",,11 0.00 0.000 • 0 ••0 0.000 '.00

.---------------..----------------~----------------- Vaclabl.-lIoaobutyltla (,pbt ---~----~------------------__----------------- _

Upp.r
lath. In.ia. st. lIutie ArUficial ••••1.1.' •••dala,

Qu••tU.. ••••laU••. Il••e al••c L.,oo•• D.I .... r. lIaryl.act

"1",,11 n.J · · 0 11.3 I
.~ 71ft 1.0 · · • .'.1 •DDiu t.O · · 0 0.0 0
.~ IS". I.' · · 0 ••1 . O.

·.•I.iJani t.1 · · • 1.1 0

,... .-~-~----,.------~--.-----.---------V.e i.bl.......tlt.l•••. (Ipb t --,.:---------------__-------------,-_.- _

upper
lath. Ia.l•• ale...etla Aetificial ••••l.lag • •••i.l••

guaatU•• '.palaU•• li••r 11•• r LagoGa. D.l•••e. lI.ryl··4

MalllUll 131.0 In.t 0 U.t Jt.50 21.'
.a 15';. 2t.' J'.2 I 2'.J 21.ft 21.1
MDiu 16.' 13.1 0 11.' 11.05 1'.'.a.;.25"11 .. 0.' 31.3 I I.' 2.U '.1
III.IIIUJI t.1 13.' 0 •• 0 1.0' t.O

-----------------------------------------_------ Vartaltl•••lcl.l (p,at ~-------------------------------------- • _

Upp.r
laUr. ladlaa St. Kartin Artificial I._ialn, ••aalala,

Qa••tU•• 'opu1atio~ at.er Il.ac La,oo•• D.l•••~. .u~lilll'

MaIIlUIl n.l0 2'~51 1." 21.00 n.ll 21.1
tc'l' 15". 13." U ••I 1." 13.te n.to 21.'
IIIDiu 11.010 25.'" l.U 20." U.15 11.1
fC'f 25"8·· '.11 •• t!I 6.11 1.52 0.00 G.O
111.111811 0.00 5.tl '.11 0.01 0.00 ·.0.0



D.1a".r./lt&ryla~d Coastal "rs - Sedl."'l\lt Cb••Lstcr "adabl••
Ituiau., 15th ,accantUa, ltediaD, 25th rarc.ntU., aDel ltiDi.lUI

_______________________________ \'ubble.,el Congelller lOl (I'Pb) ----------
.. ----------

Upper
Entin IaeliaD st. ".rtin -Artificial a ••aining ••••1&\11119

Quaatihs 'opulatioQ • iver .h.1:' L'/joon• Del ...are "aryla.nd

ft1IUltfJ!l 2.510 2.510 a 1.150 1.0'0 0.15
.ef 15ft 0.493 1.122 0 0.52t O.Ul 0.3'
IIIOIU 0.11Il0 0.5" a 0.000 1.000 1.00
.Cf 25ft •• 011 0.43' a 0.000 '.000 0.00

"11ilMt O.GGI 1Il.010 0 0.800 0.100 0.1.

_________________________________________________ variabl••rCa Cong.n.r 105 (,pb' ------------------------------------------ _

Upper
Intire I.elian St. lIel:'tin Artificial •••dning ••••iainCJ

. QllantU•• .opdatioll .her ai•• lt' L.,oona Del,,,alt'. ".rylaad

JlAJ:IIIUft l.nl 1.100 I.J350 3.120 a••" 0.233
'<:'f 151'. 1.1'0 1.350 I.U50 1.UO 1.322 0.100
IIIDIU 0.322 1.090 0.ln5 1.060 0.000 0.000
'<:'f 251'11 0.001 0.344 1.'000 '.105 1.000 0.0"
IIIalliUM 0.000 0.000 0.0000 1.000 0.100 0.100

Upper
laUre Indhn St. "'I:'ti" Artificial ••••iaiag a•••iftiag

Quaatil•• 'opul.tioll aivel:' ai".r L••ooa. Oel."ar.' lI.rylaa4

KUIMQN 1.700 1.nO 0 1.700 1.210 1.411
.a 75~H 0.75' 0.596 0 1.040 1.&41 0.452
.oiu 1.2U 0.510 0 0.313 0.32' O.IGO

'<:'f 25~. 1.000 < 0 ••00 0 0.000 '.000 0.1.0

"uilWll 1.000 0.000 0 0.000 0.000 1.010

ti V.riable.pca coageaer III (,pbl ------------------------------------------------
I '

~

_________________________________________________ Variable.fea Con,e••r 12& (,pb) ----------~------~-------_-------- - __

Uppel:'
SlttLr. I.diali St ....rtia Artificial a••aiaia, ae.aining

Quaatile. 'OPl&laUo. ai".r a1".r La,ooD8 O.l."are lIarylelid

WJIIUII :LUO 0.21 O.lUO l.t50 1.209 a
'<:'f 75t'1 1.123 O.GO I.un O.Ut 0.000 o.
IIIDiAl! 1.000 '.00 '.1615 0.312 1.100 0
.<:t 25TH '.000 1.00 1.0000 1.000 1.000 a
1118111UII •• 000 1.00 0.0000 '.Oot O.toO a



D.l.va~./II.ryland Coastal 8ays - S.di••at Ch.at.try Variabl••
lIaxia... ,' 75th P.rcentile, "ediaa, 25th '.rc.atil., .nd 1I1ni.u.

_________________________________________________ Variabl••'CB cong.ner 131 .,pb) ----------------------------------------------- _

Upper
I/lUn ladiaa St. lIartin Artificial •••daiag ••••iaia!

Qqantil•• Population .i11',. r • t •• r La,ooll. Del••ar• lI.ryland

JlUIIIUII 2.100 1.030 0.316 2.160 a.111 0.5&1
P<:7 150rll 1.103 LUI 0.31' 1.190 0.'" 0.421
dDiA. 1.000 O.U4I 0.193 0.504 0.000 0.0,00
PCt norH 1;000 0.000 0.000 0.010 0.000 0.000
III.iIlUII 1.000 0.000 0.000 0.000 0.000 0.000

_____________________________• ~ ~ ~ Vari.ble.fCI Congener 153 (,pb) --------------------------------_----_---------__~

Upper
latire Indian St. lIartin ArtUicial a••alaift! ' ••••iain!

QuantU•• POllia lation Riv.r • iv.r L.goon. D.la.ar• lI.ryl.nd

NAXIllall 3.250 1.110 0 3.250 1.1300 0.540
PCT 150ra 0.U1 1.500 0 1.UO 0.1"0 0.441
III DIU 0.312 0.931 0 0.U4 0.4115 0.324
'eT 25TH 0.000 O.HO ,0 0.326 0.0000 0.000
IIUIIIUII 0.000 0.000 0 0.000 0.0000 0.000

U".I:
I"tir. Indian st. ".rUn Artificial ••••iai 09 ••••,illial)

Qua.til•• Populat"on .iv.r Riv.r Le,ooa. Del•••r. lIaryland

JlUIIIUII r. 510 1.130 0 2.510 1.at 0.']]
fer 150rB 0.U3 0.505 0 0.'" 0.10 0.000
QDIA. 1.000 0.000 0 0.5U 1.00 0.000
PCT 25TH 0.000 0.000 0 '.000 1.00 0.000
IIUIIIUII 0.000 0.000 0 '.000 0.00 0.000

~ Vari.bl••PCa Con,.o.r 1'0 .,pb) ------------------------------------------------__
~
~

-- ~_ Vari.bl.-PCB Coag.o.r It Cppb) --------------------------------------------- _

Up,.r
EnUn ladiao St. lIerUn ArtUichl •••daia. • ••• ta..nl)

Quantile. 'opulaUoa .iy.r .iver La,oonl D.1."ar. lIary1&ad

PUllUM 1.110 1.11 • 1.nO 0.65' 1.190
fer 15TH O.Ut 0.00 0 0.1" O.tU 0.3&5
IIIDIU 0.000 0.00 0 O.Jft 0.000 0.000
rCT 25rH G.OOO 0.'0 0 0.100 0.000 0.000
IIIIIIIIUII 0.000 0." 0 0.000 0.000 0.000



n.la.au/It.rylaad Coastal a.ys - S.,dl.'.At: cla••lstry Vari.ble.
".da\:l'., 15th rare••UI., It,dia,., 25th '.rcellltlh, lad "1.1.\:1.

_____________________ ".riabla."CB Co,.,a••r 1.0 Ip,pb) ----. ..--.. ..------

Upp.r
Satir. ladian st. "uti. .rtiUclal •••.ai.lag •••,aiaia,

(I...tU•• 'o,ulaUoa al".r Ii".r: LI,oo•• D.la"ata .atylaad

IlUIMrK 1.UO l.U. 0 1.1U1 1.nO 0
,el' 751'. 11I.254 O.t1Z • t.U' 0.241 0
IICDIU 0 .... 1.111 0 0.11I00 0 .... 0
,el' Z51'. 1.1Il0 1.1II0G 0 ..OOD '.GOO III

.III.IIMI I~III'III 0.001 0 1.11I011 0.11I00 I

_________...___..,._ .,.d.bl••fCa COR,e".1r III lppbl ---------------------

Upp.r
I.tire I"dlao 51:. Ilar:U. Ar:tiUclal a••ailililllJ a••dllli.,

a••• tll•• 'opulaUolil ah.r ai••r LalJooaa D.la"alr' "arylaad

1Id1...1l 1.110 1.1'0 I 3.11 0.7ua 0.191
'C1' 75~. 0.U2 0.'03 0 1.50 ....10 0.252
MDid 0.252 ••121 0 1.08 ..1315 0.000
'C1' 251'11 '.100 1.'00 0 •• to '.0000 0.000
IlI.iwll 1.101 1.000 0 1.00 0.0000 0.100

--- -----------

~
~ ~-~--- ~.riabl •••Ca Con,.a.r 195 Ippbl -----------:------..,.~-~------------~------..,.

rv
Upp.r

latilra ladi... St. Ilarti. Artificial •••• I ..ia9 •••dal..,
(I••atil•• 'opulatioft liwar liv.c La,ooa. D.l••ar. ".ryl.a4

aulliull 1." 0 1."1 1.U' 1.5 •
'C1' 151'. 0.30 0 1."0 t.U2 0;0 •
MDid 0.00 0 ....5 t.UO t.1 0
'C1' 25ft 0.01 0 1.100 0.00' 1.0 I
IlI.iJlUIl 0.00 a t.OGt '.000 1.0 t

_________________________~-------------------"ari.bl•••cacoa,ea.r 20' I,pb) --------------------------------------------------

VIP·r:
C..tin 1.. 4la.. st. lIacU.. AcliUchl ••••1.. iD' ' ••aiaia,

(la.aUie, .o,ul.UoD liver li••r ta,ooa. Dal•••c. ".rlha4

IlAJ:IKUIl 0.'2 -0.351 .0 '.Z" I.U O.ZO'
'eT 15TH 0.00 o.Zu 0 '.000 1.00 0.000
,,&DiA. 0.00 I.H1 • 0.000 0.00 0.000
'CT 15U 0.00 0.0'0 0 0.100 0.10 0.100.
lu.i"u.. 0.01 0.'00 .0 0.00' .0.'0 '.00'

.



D.I.va~.,"a~yland Coa.tal 8ays - s.di••nt Cb••ist~y Variabl••
",.i.v•• 15th ••,e••til•• ".di••• 1St' ••re.ntile. aad Niai.u.

-------------------------------------------------"va'iabl••pCa Coft,.n.r 10' ,ppb) -----------------------------------------------~__

Upp.r
latir. Indian st. "artia Artificial •••aiaia, ' ••d~ia,

QuaatU.. ' 'opuhtioa alv.r ai".r La900'U Del••ar. "uylaDd
,

0.58')MAZI"U" , 1.513 0.214 0
"

,0 O.Z"
,a "'1i 0.100 0.140 0 0 0.3to 0.11'
IIIDi.. O.toO 0.000 0 0 0.000 O~OOO

.a 25'1'. 0.'00 0.000 0 > 0 0.000 0.000
III.iliUll ' 0.100 O~OOO , 0 0 '0;000 0.000

---------~-----------------------------.V.riabl••'C. co",eaer ·ZI (ppb) ,-------~---..-,..--------------------------- ,

Up,.c
latire l.cUa. st ...artin Artificial ....i.ia' • ••aia1a,

tu••til•• '0'. latloa • i ••e .1••r '.'00.' Dela.ae• "arrla.d

IlUINU" . u.ioO 0 0 is.lO 3.1nO O.nl
.,a_75~ 0.'17 0 0 '.11I 1.,S4IO O.iU
IIDIU 0.000 0 0 0." 0.1515 0.000
,a 25'1'1. 0.000 0 I 0.00 0.0000 0.000
IIIaiNU" 0.000. 0 0 0.00 0.0000 ' 0.000

t1
I

~ ---,..----------_---_------:---,.-.,..-~--------.,..'1.dable.'C. Co".e•• r .. 4 •ppb)---.,...-----------------__--..---__~-..---------

Uppee
.aUre Iadia. st. hrUa Artificial ••••1.1•• la.ai.in,

Qua.tU•• 'OpulatiOD ahat .i".r La900a. D.!"•••,. "arrhAd

'KAZDU" 3.210 0 0.314 3.2'0 1.510 0,a 75.,. 1.12' 0 0.314 0.451 ••Ul 0
IIIDiu '.000 0 0.1'1 1.100 t.l05 0
.a 15U 0.000 0 O.t'O 0.100 t.Oot I
IIlat",," 0.000 t 1.000 0.'00 0.000, 0

- ....----------------------------~------~---~-------V.clabl•••C. Coa,.ae, 51 'ppb) ------------------------ ------ _

Upper
...tire IDdiaft St. "art1.. AcUUc:ial ' ••alai., a••alaia,

Qu.atile. 'apul.tioa li.eE 'heE La,oo•• De1."are "ar!'laad

ilutllUII 15.400 5.110 0.51 15.40' 1.no 0.211
'C'I 15T. 1.UO 0.411 0.51 t.l1' t.Ul 0."0
"801u 0.155 0.U5 •. U Z.," '.000 '.000
,a 25TH 0.000 0.'00 0.00 0.105 l.tOO 0.000
III RiJlUJI 0.000 1.000 O.GO ,000 ....0 0.000



Delav'ue,Ha.:rlaJ:ld Coastal '.ra - 'edl.eat Cb••htcy Vachble.
"&&1811., 75th 'erc.,.tlle, a.dlla, Z5th 'ncellltU., aad III.l.u.

---------------- Variable"C' COlllgener " (ppb) .. - ---------------------
Upper

laUn ladl•• St. lIarUft Artificial •••dldlllg I ••aiaiat
Q\I••tU.. 'Op.hUOD .i"er Ihar r.a,oon. Dela••re "arylaad

IlUIIIU.. 3.340 Z.'" 0 3.3Cl11 1.0700 0.55'.a 15'r' 1.713 1.417 I I.UO '.U,. 0.522
alDIU I.IICIG 0.321 0 0.713 0.1525 0.000.a 25U 1.11100 O.ClOI I 0.000 O.IOU 0.000
U.IIIOII 0.1l00 0.000 0 0.100 1.0011 a.QQI

__________________....__.... Variabl••,el C08g••• r • (ppb) ------------------------------------- _

.pp.r
I.the I_dia. st. "uti. Artificial • ••• lala9 ••••lniAl)

Q•••tlh. ••,1I1.tiOD li.er llYn La,ooa. D.lav.r. "acylaad

IlUIIIUII 2." 0 • 2." 1.1" '.t".a ?S'r' 0.00 0 I .... '.'01 CI.t"
UDiu 0.00 0 • '.00 0.'" '.000
•a 25U 0.00 • • 1.00 O.eo. '.100
luillu.. 0.0' 0 0 '.00 I.OOt '.100

t:'
I

~. --------------- ------------------------ Yari~ble.'.ryl.ae (ppbJ --------~---------------~------------------

appar
laUr. ladie. St. lIuti. ArUUc:hl ••••i.i.9 .a.daiIl9

Qu••til.. ••pulaU.a ai••r ai"ar La,oo•• Delavar• "arylalld

IlUIIIUII 127.' 117.0 17 •• U7.' 117.00 -51.'
'C'f 75'r' ".1 11'.0 17 •• '71.4 54.50 53.1
UDiu 15.1 22.5 '.7 55.' n.15 •• 0
'C'f 25l'1 0.0 It.' 0 •• 15.1 0.00 1.0
.UIIIUll 0.0 I .• ••• 0.0 '.00 ..0

------------7"-----':'" "ar.iabl••'b.~.a.tllr•••. C,pb J ------------~::_-":'-----------------:------

U••ac
latire " IDdta. st. lIuU. ArtUicial ••••i.l•• ••••1all1•.

Qlla.tile. 'opII1.UOD • i.ar .hac La.oois. Delavar• lIarylalad

ILUIIIUII -" 3:Z' •• 11~50 11.5 Ut•• 12.0 7'.3
'C'f 15ft 7'.3 15.50 11.5 111.1 .5.' 11.&
IIIOIY 31.' J•• CO 11.' n.) 21.5 21 ••
,a 25TH 11.1 n." 11.1 12.' 13.7 0.0
IIUIIlUIl 0.0 2.'1 11.1 n .• '.0 •• 0



Delaware/llaryland Co.stal eays - S.di••at Cb••i.try Variabl••
1I•• iau., 75tb Perc.ntil., "edian, 25th 'erc.ntile. and "ini.u.

______________________________________________________ V.riable*Pyr.a••,pb) ---------------------------------------------------~---

Upper
latire Iadian st. lIartia Artificial ••••i.ia9 a••aillin9

Qu.ntih. • opul'.tioll &iver aiver L·9ooal Del."er• II. r,yland

IUdIIlVIl 121lJ. a 121.' 11.50 1210.8 U5.to 1'.7
.et' 15\'1 155.0 19.4 U.50 nl.o '1.10 It.'
IIDIAII JI.l 51.' H.15 101.0 It.1S U.S

.CY 15'" 12.t 11.2 1t.1t 11t.O 0.00 0.0
1I11111U1I 0.' 12.' 1t.1I 5'.1 0.00 0.0

_.... ........ Yariabl••SCII - Cad.iu. (,p., - ....-----....------------------------------------~----

Upper
latire India. st. lIartin Artificial ....i a i a9 •••allling

Qu.ntlle. populatloll River ai•• r La900n. D.l.".r. lIarylaad

DXIIIVIl 1.1100 0.5060 '.21 0.111 1.11 0
IC'I 15'11 O.tlts 0."10 0.24 0.50 1.U a
1I10lAII 0.1200 o.un 0.12 0.191 1.13 0

ICT ZS'lR 0.0000 0.1115 0.00 0.000 0.00 0

Illli.UII 0.0000 0.1000 0.00 0.000' 0.10 •

Upper
laUn Indian St. lIartin Artificial aeaainin9 •••aiaia9

QuaaUl•• • opulatloa .iv.... .,..... La,oo•• D.l."ar. lIarylaad

IlUIIIUII if.100 1.150 1.2 if.1' a 1."'0
'eT 15'1. 1.U5 5."0 1.2 t.n 0 1.3150
IIIDiAII 1.115 1.U5 0.' 2.t. I 1.5'"
'eT 25'1. t.OOO 2.004 •• 0 0.01 0 0.01115
IIllillUll 0.000 O.tO' 0.' 0.10 • 0.0000

~ , Variabl••SIIi - Copp.r (ppa, ------------------------------....--------------------
I

N
In

______________________________________________________ 9a~iabl••SII1 - Le.d (pp., -----------------------------------------------------

Upp.~

lrath. Indiaa st. lIartira ArUUc:lal •••• irain. •••aiala,
Quaratil•• 'o,ulaUo.. .i•• r It••r La900•• D.l."are II.C'yl.ad

IlUIIlUIl 21.100 10.500 4.no !J.l0 21.1 13.4000
'eT15'f1 10.'00 t.110· t .110 10.11 21.1 11.1010
IIIDiu ,.OOS t.005 1...5 1.15 11.1 5.4115
'eT 25". 2.101 5.505 '.100 i .s» 0.0 0.4105
III.illUll 1.000 2.otO 1.000 0.00 0.0 0.0100



D.hv.r./K....yh..d Coastal lay. - Sedi••Glt Clte,.btr:y Vadabl••
"ubua, 75th ••rc."tU., ".diaa, 15th 'ucaRtU., allld "bi.",.

------------------------------- Vuhbh.S!" - ..Lchl o(ppa) --. ------ . _.. _ _ _

Wpp.r
Entire Iadh,Q st. "utiQ Artificial

Qu.ntU.. population livar ah'.r L.g'oon.

ItAXJIW" 11.2110 l.750 2.B 11.20
'CT 75'l" 4.270 a.sss 2.B '.n
ODIU 2.115 2.n5 2.01 3.U
'CT 15'l'l1 1.160 2.205 1.12 2.30
.. IIIHU" 0.000 1."0 loU O.GG

a••aiall1g
D.1a"ar.

7."7."
4.61
O.GO
'.01

••••illing
"arylaDd

2.350
1 •.,G
0.115
0.000
0.000

--------------------------------------------------- V.riabl••SEM - line (pp.) ------------------------------ _

Upper
Entir. ladian st. "u'tin Artificial ••••laing •••aiDII1C)

QuafttU•• 'opulatio. aiv.r aiv.r La900•• Oa1a.ar. "aryland

NAXJHUK 11t.IOO 41.00 14.380 52.10 114.00 31.100
,'C'I' 75'l'H It.150 41.11 14.300 40.30 114.00 21.150
MEDIA. n.700 n.75 10.415 31.20 U.30 U.110
.e'l' 15'1'H '.195 19.12 '.530 U.40 1.57 4.145
III.I"UH 1.950 7.34 '.530 4.61 1.57 1.t5'

o
I

~. ------------------------------------------------- Variabl.·S.liniua (pp.) ---------------------- _

Uppal'
Entir. ladiaa st. Harti. Artificial ••••1111ag a••dning

CluaBtU•• .op1llatl0. liv.r .i•• r La900•• Dal•••r. lIar71an4

IlUJIIUH 1.1500 l.lnO • •.no last 0.'".a 75'1" .'-"71 '.3415 0 '.U3 o.In 0.'57
IIIDiu 0.3525 •. Jtts 0 •. uz 0.'12 O'.lU
.a 25'1'. •• 0010 •. 1505 0 O.t•• 0.110 ••000
III.IIIUK "~aOlI '.0000 0 '.GOO 0.". 0.081

-----------------------....------------------------------ Variabl••Sllv.r 4pp.) ---------------....-------. --------------- _

Upp.r
I.th. ladla. It. lIuti. Artificial ••••i.in9 •••d .. in9

Q.niil•• 'op1l1a~io. Ii••r alwei La90oa. D.h"are lIaryland

JlUt",," 0.3'710 0.2UO •• oS45 1.1110 1.'912 .0.11_20
l'C'I' 75~. I.U20 O.UIO 0.1545 0~17S0 0.0152 0.01'3
"loiAli'" 0:0,'45 0.1]70 0.0445 0.Ul0 0.0404 0.'365
'C'I' 1ST. .G.UU 0 ••U5 0.0145 ,:-,:-::1: r-

~ 1,.'000 __~.OZ03.
,UaIJlU" '0,0000· '.0000 ",0]45 O.OOO~ :~--"IO'0~C!,",,: 7' "f ,-',

,-.~ , -

~~\ .&'"- •• -,-

..".: ';:'

',;. - i-:~ ~ "~""

.;:;,,,.'~- ~.~:.;

.\:-~

-



Oolavaro/Maryland Coa.~al 'ays - Sodi.o.t Ch••i.~r7 .arlabl••
lIaai.a., 15th 'are••tila, lIadia., 25t~ 'oreaatil., ••dlliai.u.

________________________________________________________ ••rl.bl••~i. Cpp•• --------------------------------------------------------

upper
Intin Jndhll st. IlarUa

Qu••Ul.. ,opuhtion • iver ~ivu

~lllUil 1.51 2.260 1.1100
.a 15ft 2.51 2.110 1.1100
IIIDiu I.U 1.'05 1.9115
.a 259 1.11 1.'11 ....50
1I1.i1lUil O~OO t.l" 0.1450

Artificial
La,oo••

2."
2.51
2.11
1.21
0.00

•••• iniaCJ
a.l•.v.ra

1.5'0
2.ut
i.,.o
t.721
0.5J5

••••.1.1a'
Karylaad

2.'to
2.no
2.020
1.UO
O;Ul

_________________________________________________ ••rl.bl••t'otal 2-aia. tARa (p,bl ~....---------------------------------------------

Upper
latin Indian St. lI.rtia

g•••Ules 'opuhUoa ·'.·i"ar Ri".r

~tllUil nt.20 U;;20 0
'C'I 15". 1S.1O '123.40 0
IIIDiu 53.tO li•• IO 0
• Ct' U'f1I 2.... 10." 0
III.iIlUII 0.00 U.u 0

Artificial
""ooa.

11'~10

UI.IO
55.10
21.11
0.00

••••i.iaCJ
D.I....r.

ft.'10
7•• 510
JI.U5

2.040
O.OOt

••••i.la9
II. ryland

82.10
n.J!
.... 10

0.00
0.00

••••i.ln.
lIar71&n4

••••ininC)
D.I·."ar.

Artificial
La,ooa•

St. llarUa
aivar

Intin
.opulationQuant.U••

_________________________________________________ •• ri.bl••'I'o~al 1-~ia9 'Ala (ppbl -------------------~--------------------....-------

Upper
ladlan
• 1ver

~.,
N
-....]

RAX1IIUII
'C'I 15'1'H
1I10iA.
tet' 25'1'8
III.iIlUII

1003.00
111.20
II.U
11.10
0.00

US.OO
111. ]0
11."
11."
12.'4

11.5
11.5
11.1
11.1
11.1

lon.oo
211.60
11 •• 10

55.11
3.0.10

113.200
11.100
11.145
11.100
O.eoo

".2t
41.22
28."
0.01
0.00

_____________________________________.... ". r i.blo.~.ot.l .-lira9 PAllaC,pb t -----------------------------------------

Qu.ntiles
I.tin

topulaUoa

Upp.r
Iadia.
aiv.r

st. lI.rtin
Riv.r

ArUficial
L.,~on.

••••i.i·9
Dal.".r.

•••drain!
lIarrlaDd

IlUIIIUII
,CT 151H
"SDIA..
,eT Z'S'r1l
1I1.I"U"

4140.0
..n.'
100.0
n.t

0_0

114;1

23'.'
117.1

51.5
U.1

'5.5
'5.5
14.]
5].1
5].1

n40.0
lOSl.0
554.6
311."
116.2

tll.t
15•• 5

61.1
0.0
0.0

u.s
11.1
1'.1
0.0
0.0



oe1avar./PlaryJ••cS Coutal .aya - Sedl••,at eke.latty Vadable.
Pllxla",.a, 15tb 'erceatile, K.dha, 25th ,erceaUI., a.e! Pllalau.

- •••••••.--- .- -------------- .. Vari.ble-Total 5-ala9 .~. Cppb) ----••••--- .-- . ._---------
upp.r

btlr. ladla. St. IIlrtllll
Qvaatil.. .apuI.tioa 'h.r .1.,.1'
IlUIImt UOl.lO 453.10 ".2'.a 15". 31t.'0 31t.to ".2'
IIIDiu 110.20 ltO.20 '0.15
'C1' 151'. 14.11 51.15 !l1.1I
1I1.i'1IVII .... 32••0 !l1.1I

Artificial
Lagoo••

1101.00
'''.71
511.51
1G1.0I
231.10

•••atalD9
Del.... r.

500.tOI
21f....0
14.lt!l
••••0
....0

' ••,aial a'll
"arylalll4

UZ.30
In.12

1.05
1.10
t.OO

--------------------------- .ariable~ota1 '-ailllfJ .AII. C,p.) ------------------------ _

upp.C'
latir. l.dlaD St. lIuti.

Q•••til•• 'oplaU.a .h.C' U".C'

1lU11lU1l 221.' SI.I U.ZI
.a 15ft It.' II.' 13.20
IIIDiAil 1'.1 11.5 12."
.a 25ft ••• 1.1 12.10
1II.i'IIUII ••• I.t U.IO

A~Unda1

L.gooa.

221.'
'1.1
]5.'

t .•

•••

• •••1.11l9
D.I••a~.

55 ••
U.l
1.0
1.0
'.0

••adBi.'ll
"ICl'la.d

21.2U.,
0.0
1.0
'.1

t:I
I

N
00 -----.--------------------- .arhbl.~ota1 alltyl Ua. Cpp") ----------- --- _

Uppec
latir. I.dba • t. lIacU. Artificial a••aiaia• • •••1.1.,

Qua.tU•• '.plliatio. 81".r It".c La,o••• "la..ac. lIacyl••d

IlUJKUII 1'1." · · 0 In.l. 1].'
.a 15". 13.n · · • I1.U n.o
IIIDIU '.'0 · · 0 2'.t. •• 0
.a 25" .... · · 0 0." •• 0
III.i_ e.l. · · 0 •••• e.'

-------------------.-------------~------- .arl.bl••"ot.l Cklorda.. Cppb' ----------------------- _

",per
••th. laellaa st. llacU. .ttUlclal a•••lala, ••••11111.,

Qu••tU•• 'opIII.tio. ah.c al".c La90••• D.la..ar. lIaryl.ad

IlUIJlVII I1.UI 2.flO '.uoo 5.515 11.120 o.ln.e" 15ft 1 .... 1..... I.UOO 3.UO f.no 0.010
IIIDtAII o.ln 1.102 ....15 Z.nl I.US '.GOG
'C1'.2S"" 0.001 11.151 0.2050 1.510 O.Oot 1.010
III.IIIUII 0.000 o.no 0.205' 0.'01 . '.010 .·~OO.



Delaware/Maryland Coastal .aye - S.di••at Che.ietry Vaei.bl••
Ka.i.u., 75th 'ercantile, lIedian, 25tb 'arcantila, and lIiai.u.

_____________________________________________________ Variabl.-Total DOD (ppb) -----------------------------------------------------

Upper
Inth. lacilla St. lIactin ~ctUlcial I ••ainla, ••••1.i a9

Qu.at1~.. 'O,ulaUOII .i".r aivac LaCJoon. D.1.".ce lIactla.et

IlAZIfIU" 11.310 2;"0 a 10.7"0 Blllll 0.531

• et' 75". 2."0 1.19• a 4.550 J.011 a••"
.DIu 0.516 1.'12 a 2."0 0.257 O.UO

'C'I 25" 0.000 0.412 a 1.2ft O.Oto O.tOO
lIi.I",," 0.000 0.000 0 0.575 0.00' 0.000

_____________________________________________________ Vaciabl.-Total DOl (,pb, --------------------------------------~--------------

UJP·r
laUra IndlaD st. lIarUD Artificlal ••••l.ln' ' ••alaia,

Q'*aDtU.. .o,ulatioa .har livar La,ooa. Dal."aca "aerlaad

BuIIlDII 17.19 1.no a 2.UO 17.190G 1.170

.et' 75". 1.51 1.317 a 1.511 J.45OG LitO

"IOlU 1.14 1.UO 0 1.1411 1.n55 0;5t7

'C'I 25'1. 0.00 1.040 a t.7It 0.0000 0.000
·1I1.IItu" 0.00 0'.000 a t.OOO O.tooo ' 0.000

. :

u".r
IDUr. IDdlaa St. lI.rtie Artifici.l la.ai.lng ' ••aiaia,

Qu..t~l.. 'o,ulatioa aiver livee Latoo•• Dalavara "acylaDei

lIAZJIlU" H.no 5.011 a u.no 21.'101 2.UO

.'C'l15". 5.1" t.I" • 7.710 I.U7I 1."5
IIIDIU 2.37' J.l19 0 5.1" 2.5025 1.015

.a 25". 0.57' 2.7U • 2.31' 0.0000 0.100
"1.1_ 0.000 1.04' 0 "'.51' 0.0000 0.000

~
~ variabl.-"otal DD'I (pp~1 -------------------------------------------------------
\0

_________________________________________________. Var.iabl••"otal DD" pareat ("b' --------------------------------------------------
Upper

Inth. tadia. St. lIuU. ActUici.l 'e.d.ia, • ••aiDlag
Qua.Uh. 'o,ulat.!o. 'her li.,.e La~ooa. D.lav.re lIaryla.eI

IlUIIIUII ].4U 2.217 a 1.4'1 2.1f0 0.13
.a 15"a 1'.140 I.U' 0 1.5" 0.142 G.OO
"IOlU O.GOO 0.101 0 0.572 0.0" 0.00
.a 2St'8 0.000 0.000 a O.J21 ....0 0.1'
III.IRUII O.otO 0.000 0 0.010 0.000 0.00



IIII1avare/Jtuyhnd coastal '.ys - s,eli •••t dIl,.1stry Varla"l••
••d.u., 15tb ...ee••tU., ",diaa, 25tb '.rc.,lIItU" alllel Jtbi.u•

--- --_ ......... • 'fuiabh-Total ligb !tolecwhr Weig'bt 'Ua (,pb) -- - ---------
Uppae

latire ladi.a st. "utha Artificial ••••iaial) •••a1alag
Ou••til,. . PopulaUoa aiv.r ahar Lag..... Del.".e. Jtuylaftcl

!lUIIIU'IC !lin.' In.oo 1'1.1 9On.Ot J040.20 310.40
'CT 75n Ill .• n'.n 1'1.1 2IU." 412.5' 2n.52
llcoiu 310.4 3U.eo 141.1 12:U.51 112.41 37.75
'CT 25n 14.' 101.45 132.5 512." 0.00 o•lUI
III.ittUN '.1 14.JO 132.5 451.20 0.10 0.00

----------------------- ----------- V.ei.bl,-Total Lo" "ol,cular Weigbt .... (,pbl ~--------------------_--_--- _

Q,ullltU,a

!lUlllUN .
.a 751'1
lIuiu
'C'I 251'.
1118illUli

Upp.e
latin I.elia. St ....etia Artificial ••••ial·9 .,.aiaiag

,opulaUoa aivee • h,e La'ooa• Dela".el lI.r!,laacl

1135.' 552.5 11.5 IUS.' 111.21 It1.'5
In.5 241.4 U.S JJ4.2 113.11 114.U
111.1 1f1.1 11.1 117.5 U.tt n.1O
30.t .... 17.1 10'.5 13.10 1.00
!I.I U.I 17.1 10.t 2.14 0.00

t:1
I

VJo
-- -------------------------------~-Vari.b.I.-Total O'D01' (ppb) --------------------------- _

Upp.,"
latin Iaeliaa St. lIarUa Artificial •••••aia' a ••aiaiftg

Qu••til.. ~opulatioa aiver .iv.r La.,ooa' Dala"arl lIarylaacl

!lUllIUII 1.'00, 4.070 ° '.'00 5.0400 0.311
.a 751'a Z.•IIO 3.141 O. ••110 1.4550 0.000
IIIDiu G.U7 2.2" 0 2.5U I.UlS G.OOO

. 'CI' 251'1 G.OeG 0.1'7 0 1.142 0 ••0•• G.'OO
IIIIill.1I 0.010 0.080 0 1.000 O.'OOt G.OOO.

----------------------------------------------- 9.~i.hl••~otal Or9.Di~ C.rbo. (pp.) ----------------------------------- _

Upp.l'
IDUn laelia. It •••eUa ArUt1~1al ••••ialn' •••• lain'

Qu••tU.. 'opulaUoa .1".1' ai•• r La '00.' "l."are Jtuyhlld

IlAZIIIUII UUO lt700 U100 40000 '140G U411
'eT 15"a l2UO 21300 U100 HU' 22110 1110.
IIIDiu 11000 10900 11UO UfOO 16601 UOOO
.eT 15ft 1560. lUOO 9510 lUtl '110 ,.4100
lIuillull 1200 tuo 9510 lStO 1200 - 1UO



D.l.war./"a~ylaad Coastal Bays - Sedia.at Ch.aistry Y.rtables
Ma.taua. 15th 'ere.atile. Median. ~5th '.rc.atil•• and Miaiau.

____________________________________________________ Variabl.aTotal PA•• (ppbt --------------------------~---------------------- _

Upp.r
Intir. Iadiall St. lIartin Artificial ••aaiaiag •••aialng

Quaatl1•• populaUoa aiv... • iv... L.gooa• Dela"ar. 1I...yland

IUIlJlUIl lO196.1O .lU5.to 110.2 101".60 Uot.GO 402.20
.(~ 15ft 1015.10 951.10 110.2 2Ut .•0 5H.le '11.96
..IDIU 402.20 ''1.50 16«.t U06.54 ZU.U 115.10
'C'I' 25., • 154.35 159.70 lU.6 115.20 69.20 0.00
..I.IIIU" 0.00 154.35 lU.6 600.'0 2.04 0.00

_________________________________________________ variabl••Total pca. (Sual. (ppbl ---------------------~---------~------------------

Upp...
latir. ladian St ......tia Artificial ••••laing ••••1.. ing

Qu.ntU•• Popul.tion • lv.r .iver La9 0 0 •• D.la".r• ".ltyland

1U1lI1IU.. 41.257 15.35' J.U4 41.251 U.J5. . 5.001
Pel n.,H U.5'6 . n.576 J.l14 21.173 t.l]6 J.tn
..CDIU· 5.001 .t.01i 1.11t 14."0 5.6U l.U4
'C'I' 25'1'H 0.". 1.015 '.U4 t.253 0.000 0.00.
III.I..oit 0.010 e., ..o 0.U4 0.126 '.000 0.000

Upp.1t
Inth. I.di.n st ...uti. Artificial ••••1.1.g •••• i .. in9

QII••tU•• 'opll1.tion • her al".r "S,OOIl. D.la".r• ".ryla~cI

IlUIIIUII ~o ...o 2.'02 0 '.J'" :i..... 2.010
.C~ 15.,. 2.U' l.n. 0 J.020 '.U' 1.U5
..IDIU 1..15 1."0 • I.'U 2.JU l.OU
.a 151'ft 0.402 O.ut • .0.617 ••••0 •• 01C!
..III..UII '.t•• 0.114 0 ..~U 0.000 0.0"

tj ~-----------------~~-----~9.fi.bl••~ot.l.•'DO'!' (ppb) ----------------~---------------~------------------I ' -., .

~
~

-----------~------.--------~-------~~~-~~------~- variabl••'1'r•••-Io••cblor. (,pbl ------------~-~--------------_-------------------

Upper
IQUn I.dl... st. lIuti. Artifici.l a••ai.lo, • •••iDin'

Q".ntUe. 'opal.Uon .helt al".r ".'OOIlS Del.".re llaltylallcl

IlAZI..U.. J .JlO 1.140 O.uoo 2.650 ,.U 0
•a 151'" ..... 0.152 0 •.u00 1.UO 0.41 a
"101M 0.205 0.121 ....,5 0.... '.00 0
pa 251'. 0.000 0.•000 '.2050 '.612 '.10 0
..UIIIV.. 0.000 0.000 0.20S0 0.000 0.00 0



Deh"ar./ftlryland Coastal 'ays - S.,U••lIlt CJiI••istry Varhbl••
Kad.u. , 75th ,.rceAtU. , "_41alll, 25tb r.rc.lIltll., lad "bai•••

------------------ Varhble lll1'dbutylUa Ippbt ----------_____ __

QuaRtU..

!lAXI"Uilt
'C'r 751'11
HIDiAi
'C'r 15~.

HI.illUll

latir.
'op~latlo",

153.000
4.,.5
1.100
O.OOt
0.1110

Upp.r:
I:adiaa
liy.r:

..

st. KartiA Artificial •••daba, ••••11111°9
liv.r £a.,oon. Dell"'u N&l:yllnd

0 153.10 5'.'
0 15.10 1'.1• '.It 0.0
0 1.10 0.0
0 1.10 0.0

--------------------------------------------------- Vari.bl••:illlc(pp.t ------------------------------- ~_

Upp.r:
laUn ladian St. Hartia' Artificial ••••1I'i• ., •••• ining

QUlntU•• 'opul.tion .lv.r: .iv.r: £agoolll. Dal.".r:. Haryl.nd

!lAX11Mt U'.tO 141.0 13.'0 145.0 136.'0 fl.10
'C'r 75Y. 116.11 136.0 n.to 13l.t 106.10 U.to .
flCDiu 16.3' 11'.0 U.S5 114.' ".'5 ".to
.et' 25TH 32.10 52.4 12.10 41.6 11.10 22.'0
IIUIIIU.. '.11 zt.t 12.10 U.2 ,." , .If

t:lW ------------------------------------------------:----- v. r.i·.bl.-o., p, DDD,( ppb I ----------------------- '- _
N

Upp.r:
latit:. Indi.n se. lIa rUn At:tUichl •••aiai.g •••• ining

Quantil•• 'opulation .iv.r: liv.r: Lagoon. D.lav.l'. lIuyland

NAU"U" 4.37 1.41 0 4.170 2.510 0
.et' 15TR 1.11 1.22 0 3.200 1.1" 0
HEDiAl 0.00 I.U 0 1.0l0 O.toO 0
.et' 251'8 0.10 0.'0 0 0.614 0.000 0
.. 1.iHUIl 0.11 0.00 0 0.0'00 0;001 11

-------....------------------------------------~~---....- Variabl.-o,p,DDC (ppbt -----........---------------- _

Upp.r:
IAt!;t:. Illdlan se, Ral'tin Artificial •••ainiag ••••i.lng

QuantU•• Population al"ar .1v.r LaCjoon. D.1av.r. "aryland
-

UUJlUfI 2.UO I.U 0 2.UO 2.190 0.317
PC,. 15'18 1.UO 1.19 0 1.510 o.~n 0.000
"lOlA. D.227 1.14 0 1.140 0.000 0.000
.CT un 0.000 0.00 0 0.714 0.000 0.000
"uiftu.. 0.000 0.00 0 O.otO. 0.000 0.000



O.lava~./".~yland Coastal e.ys - Sedi••nt cb.ai.t~y Va~i.ble.

aa.iau., 75tb Pe~centile, aedian, 25th Pe~c.Dtile, .nd aiaiau.

----- ~----------- V.riabl.-o", DD~ (ppbl --------------------------------~------------------_

Upp.l'
lAth. Illdi.n st. aartin Artificial •••• inirat •••• ininW

Qua.tile. ,opuhtion ai.er aivel' LalJoGIl. O.la"ar. "al'yland

IlUIIIUJI 2.510 1.660 0 2.'70 0 •
fC'f "'f. 0.131 0.167 0 1.590 0 •_DiAlr 0.000 0.101 0 O.Hl 0 •
fC't 35'f. 0.000 0.000 a 0.'00 0 0
lI1.ia"" O.CltO 0.000 0 0.000 a •

_____________________________________________________ variabl••p", DDD(ppbl ---------------------~---------------------------~----

Uppel'
lathe ladlell St. "uU. Artificial •••• i.1119 • •••i.iIl9

Qu••UI•• 'op.laUea ai... l' ai".l' La,ooa. Oel.".re a.rylaad

1lAZ11I"" '.100 1.210 0 '.310 '.10' 1.518
K'f 15ft 1.210 0.114 0 2.120 2.'" o.uo
.oiu 0.514 0.'12 0 O.tll O.US 0.110
.a 15'f• 0.000 0.412 0 0.611 '.000 0.000
..1.iJlU.. 0.000 0.000 0 0.40::1 ..000 '.otO

t'
~ ----------------------------------------------------- Vari.ble.p,p, DDI (ppb) ------------------------------------------- ~ _w "

Upp.1
laUre IDcli.D st. a.rtia AcUticlel •••• i .. i ...lJ a••aloin9

au.atU.. 'opulatioQ .lv.e ai.,.el' La9GOa. 0.1.".1'. "ecrl.ael

IlUXIIUIi 15.000 1.040 0 a 15.000 1.Jl0
.a 15'f. 0.113 0.241 0 0 5.4!0 1.140
_Diu 0.000 0.000 0 a 1.5U 0.541
fC'f 15ft 0.'0' 0.000 0 a 0.000 O.GOO
IIx.ill"" 0.'00 0.000 0 0 '.000 O.too

----------------------------------------------~------Vaciabl••p,p, DD~ fpp') -~--------------------------~--------------~---_-----

Upper
laUr. Illellaa St. lIartia Artificial a...inla9 ••••iain'

QuanUle. 'opulatiOft liver ainl' LalJoon. Dele•• re "arrl.ad

flAXlau.. l.U 1.52 0 1.410 ::1.190 o.n
'C'f 7S~1 0.5' 0.00 0 '.191 0.'42 0.00
"KDrU . 0.00 0.00 a 0.000 0.000 '.00
.CY 25TH 0.10 0.00 0 0.000 0.000 0.10
"1IIiau.. 0.00 0.00 0 0.080 O.OOt 0.00



Oda"are/n.erl••" Co••tal '.ys - 'e,atbic nacroi••ert&bc.t. ,.c.·••t.c.
lIaxi••,., 15tk r.rc.atil., If.dbn, 25tk '.cce.til., aDd 111.1.101.

---- . -- - - -- ------ ....d.bl••l!Ju,.d.Rc. (1/."2) .. , -- ---
Upper

latir. IRdba St. KarUD I'r.ppe Ce.ek Al:tif1ci.l ••,.ab,la9 •••aiDlag
Gu••UI.. 'O,UhtloD .iv.1: ah.1: ••vpoct ••~ La,ooaa D.I.v.r. "aeyl.ad

KUIIII111 114411.12 1"431.12 114.".11 50411.:11 ZZ5U.U nU2.73 1"11.21
.a 7!1'" 25500.'0 t2311.11 5UOt •., 2513' .3' 5tlt.1t ZlIZ2.13 235tCl.t1
"IDIU 11510." 4U54.55 13715.45 lun,Ot 2'13.14 1Z5".J1 1134111.11
.a 25.,. 5141.n 25500.00 7045.45 "u.n U.U un.n !It54.55
"UIIIVII .... 5••••0 111.12 UC.55 •••• ZZ.73 1501."

----------------------------------------------- ••ri.bl•••io•••• (I Der Wt/.**Zt ----------- .• -- --------------------~---------

Upp.r
lath. ladiaD St. lIactia I'npp. Cn.k Artificial

Qaa.tU.. 'opulatloa ah.r aher • 'vpOl't .ay L·900••

1tU11lU1l 114.111 . ZO.zt1O 53.1045 CO.I041 5.3Un
ICI' 15". 1.274 10.4OZ0 5.U55 12.1592 •.•un
IIII:DiU 4,0'0 5.1155 3.1S10 '.5559 '.lUn
1<:1' 25.,. loUt 4.1101 z.son 1.1'51 0.'04lt
IIllfiKUll 0.000 0.01'3 0.002' 0.0041 0 ••00••

••••hiIDg
Del.v.r.

114.131
4.U'
2.4U
1.lt5
• •••1

• •••iDiag
lIar~la.d

1U.51t
10.175
'.lt3
].'15
1.U'

~
I
W .~ .... Vaei.ble.llIA. '.at~ie lad•• 1 ---------------~....~-------------- _

Upper
IDtit. Iadiaa Sl. K.~tiD 1'~.pp. Cra.1e A~tif1eia1 ••••iain! a••ailllacj

Q.antil•• 'o,.latioa aivee .i••1' 'evpol't ••" La,oo•• D.lav.e. 1I.~yland

IlUIKUIl 1.Ull 0."'0 3.0169 1.4'465 '.I5ZU 1.1UU 3.4131•.
'C'f 151'11 1.1311 -0.41" . I.UtI 1.0155Z -0.42211 '.5"'1 1.1Ult
UOIU 0.0115 -Z.lt" -'.0". 0.41171 ...."11. -'.unt 1.19.U
'C'Il'''. - ....10 -'.UlI -5.Un. -O.U'90 -t. ltlU -'.U5U 0.IOU1
III.IlfU" -11.1051 ...1I.U57 -11.4251 ...2.'1575 -:1.11413 -'.1412t -'.lIlt.

---------------------------------~-------~-Yaelabl.-Kean .0. of I.fa••al .,.&. t'el' S.apl.t -----------------~---.--- _

Upp.1'
I.til" Iadi•• St. lIartia

QuaatUa. fopulatloD .i".r al".~

IlAXIIiVil 51 2' n
'C., 15". 2' Z2 15
"II:DIU 10 20 11
'C'I 15". 13 15 15
III.iIlUII • 4 1

"r.pp. C~••1c
••vpOl't .ay

35
Z1
25
n,

Al'tUlcld •••aiaia! ••••iDi.!
La,00a8 Dalavar. lIarylaDei

11 34 51
10 Z3 11

3 11 Z,
1 13 2Z
·f 1 1]



Delaware/Narylaad coastal lay. - ••ntbic Naeroin••rt.br.ta 'ara••tars
lIa.ia••, 15th .erceatil•• lI.dian. 25th 'erc••tll., .n4 lIinl.u.

______~ V.riabl••Shannon-We.v.r Oiver.ity tnd•• (Lo.2) -------------------------------------~- _

Upper
Intir. I.dian St. "utin ~r.ppe Cre.t Artificial •••• i.in' •••ainlllC)

Q....tU•• lopul.tioa .i".r Il•• r ••wport ••, La,ooaa O.l....r. lIaryla.d

NUIJlUII t.21070 1.51115 4.UUI 1.n0l' 3.401U l.15709 t .210'70
'C775,. 2.12Ul 2.2541' l.QUU S.OltH I.U511 2.U079 l.4UU
aDIU 2.UnO 1.151U 2.15141 2.USU 1.13060 z.:U"S 2.ttlft
'C1' J5\'. I.UnO 1.51051 1.an1 I.U'U 0.0041 1.UOU '2.51517
III.IIIUII '.10'00 1.11512 0.00000 1.19116 0.00000 0.00000 1.nOn

_________________________________________--------- v.ri.bl••Silt-Clay Cont.nt (t. --------------------------------------------------

U,pu
Intir. Indian St. ".rUn ~I'app. Cr••k Artificial ••••i.i.' 1•••i.laC)

QlI...tU~. ,.,alatloa alv.r Ri•• r ....ort ••' L.goo•• 0.1....1'. ".rylaad

RUIIIU.. tt.U21 1t.112' 91.1'725 '5".IUO ta~100' ".7UO It.un
.nlS,. .O.UU I1.Ull 1'.un 1S,.U25 13.2U5 1I.Utl U.Ull
IIIDtU ".U" ".un U.lIlt '74.UU ",.nil 12.Ull 21.0301
.n25". 15.'U1 " .1231 35. 21St u.un 1'7.1051 5.2270 '.5170
1I18IIIUII 1.31l1t 1.5061 t.1312 2~50to Z.UIt 2.0UO 1.3.01

0
I

W
Ul





APPENDIXE

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 ill recently availed itself of that
benefit to evaluate current benthic
macro invertebrate 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 ill 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-l). 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-l).

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).

E-2
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AppendixTable E-1. Area-weightedmeans of benthic macroinvertebrates parameters (90% confidence intervals)

Entire Population Artificial La200ns Turville Creek

Abundance (#/m2
) 18,724 ± 2,551 1,917± 1,354 3,111 ± 627

Biomass (g/m2) 10.57 ± 3.03 0.43 ± 0.33 0.29± 0.09

NumberofSPOC~s(#fflamplcl 24.25 ± 1.19 3.6 ± 2.6 8.76 ± 1.39

Shannon-Wiener Index 2.73 ± 0.10 0.59 ± 0.49 1.68 ± 0.31

EMAPIndex 0.48 ± 0.25 -0.57 ± 0.25 -0.10 ± 0.14




