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Notice

During the mid-1990's the Chesapeake Bay Program’s (CBP) Analytical Methods and Quality
Assurance Workgroup recommended that the CBP adopt new and more accurate analytical methods
for measuring total nitrogen, dissolved inorganic nitrogen, total phosphorus and dissolved inorganic
phosphorus. An recent examination of scatterplots of these parameters suggested that the adoption
of these news methods in 1994 may have resulted in step trends in concentrations of these
parameters. Since the presence of a step trend in the data would adversely affect the ability to detect
long-term trends, the CBP’s Tidal Monitoring and Assessment Workgroup (TMAW) recommended
a statistical protocol that could be used to identify and correct step trends caused by the method
changes in these parameters. This procedure would serve as a “stop-gap” protocol until more robust
statistical techniques could be developed and adopted for general use by the CBP for long term-trend
detection in such cases.

This report presents long-term trend results on nutrient data using TMAW’s “stop-gap” protocol
(see in Chapter III). Subsequent examinations of the results ofthese analyses by the TMAW indicate
that, in some cases, the method correction protocols may not have performed with the desired
validity. As a result, caution should be used in interpreting the long-term water quality trends
conducted on the method-corrected nutrient data provided in this report.

Results for dissolved inorganic nitrogen in tidal fresh and oligohaline segments indicated there were
no method change effects (see Table 3-1:Chapter III) and, as a result, long-term trend analyses
performed on these parameters within these salinity regimes should be valid. In addition, all long
term trends (1985 to 2001) presented for chlorophyll a, total suspended solids, secchi depth,
dissolved oxygen, salinity and temperature were not subjected to method correction protocols and
can be considered valid. All trends presented on data collected from 1995 through 2001 are valid.
A new method for assessing long term trends on data subjected to analytical method changes will
be used in all subsequent reports.



Preface

Thismaterid in this report was produced for the Virginia Department of Environmenta Qaulity inorder to
summarize patterns of satus and trendsinwater qudity, phytoplankton, primary productivity, zooplankton
and benthos collected as part of the Virginia Chesapeake Bay Program. There are three reports, referred
to as basin summaries, one each for the James River, the Y ork River and the Rappahannock River. These
basn summaries are intended to be eectronic reports that will be preiodicdly updated and they were
intended for an audience aready knowledgeable of the history and rationae of the program; design of the
program; field and laboratory methods; specidized parameters, eg. the Benthic Index of Biotic Integrity;
gtatus and trends andytica methods, etc.

In order to create a record of past patterns in status and trends and to make these data more widely
avalable, a printed verson of each basn summay was produced. To make the information more
interpretable we have added an introduction and a methods section. However, thisreport isadatareport
and is not acomprehensive, interpretive report. Therefore, thereis no discussion section to this report.

All three basin summaries and gppendices are available at the Old DominionUniversty Chesapeake Bay
Program website <www.chesapeakebay.odu.edu> under “Reports.” The James River Report includes
the Elizabeth River, the Chickahominy River and the Appomattox River. The York River Report includes
thetida Pamunkey River and Mattaponi River. The Rappahannock River Report includesthe Corrotoman
River. Also available at this website are gppendices that include (1) tables of satus for al parameters
measured at dl sations sampled by each program, (2) tablesof al parameters and metrics for whichthere
was aggnificant trend, and (3) scatter plotsof dl parameters over time. There are five gppendices. water
qudlity, phytoplankton, primary productivity, zooplankton and benthos.
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Summary

This summary includes materids provided by Rick Hoffman of the Chesapeake Bay Program of the
Virginia Department of Environmenta Quality. Environmenta information regarding other important
conditions in Chesgpeake Bay (e.g. submerged aguatic vegetation, fisheries, chemicd contaminants) has
beenreported previoudy (ChesapeakeBay and its Tributaries: Resultsof Monitoring ProgramsAnd
Satus of Resources; 2002 Biennial Report of the Secretary of Natural Resources to The Virginia
General Assembly).

TheVirginaChesapeakeBay and itstidd tributaries continue to show some environmenta trendsindicating
progresstoward restorationof a more balanced and hedthy ecosystem. However, the Bay systemremans
degraded and some areas and indicators show continuing degradation. Progressin reducing nutrient inputs
has made demonstrable improvements and we expect that continued progress toward nutrient reduction
gods, dong with appropriate fisheries management and chemical contaminant controls, will result in
additional improvements to the Bay. Findings from the last 17 years of the monitoring programs are
highlighted below. Petterns of nutrient and sediment loads are summarized in Table 1.

I Nonpoint sourceloads (estimates of contrallable and uncontrollable) of phosphorus, nitrogen, and
sediment as ca culated by the Bay Program Watershed Model, decreased by 7%, 9%, and 11%,
respectively, compared to the 1985 basdline loads.

I Point sourcenutrient loads were reduced by 57% for phosphorus and 25% for nitrogen, compared
to the 1985 basdine loads. This decrease in discharge may be partly due to ongoing drought
conditionsin Virginia

1 Combined nutrient loads were reduced by 26% for phosphorus and 15% for nitrogen, compared
to the 1985 basdline loads.

For phosphorus, there were improving trends at the river input stations of the James River,
Mattaponi River and Rapphannock River with a degrading trend in the Pamunkey River. The
improving trends areindicative of both point and nonpoint source nutrient reductions over the last
17 years. Although some improving trends were detected intidal waters, many degrading trends
in phosphorus were detected. Overdl, there were 12 areas with improving trends and 19 areas
with degrading trends in this parameter.

I For nitrogen, there were improving trends in the Mattaponi River and the Potomac River and a
degrading trend inthe Pamunkey River. Nitrogen levels showed improving trendsin much of the
tida Potomac River and Elizabeth River. Degrading trends occurred in much of the tidal Y ork
River and lower JamesRiver. Overdl, there were9 areas showing improving trendsand 10 areas
showing degrading trends for nitrogen.



Because of improvements made in andytica techniques indituted in 1995, a second st of trend
andyseson datafrom 1995 throughthe present were preformed inorder to use the most consstent
data record. Both phosphorus and nitrogen show many improving conditions throughout the
Virginia Chesapeake Bay whenthesemost recent sevenyearsare examined. Theseimprovements
are probably related to the management actions to reduce nutrient inputs as well as the generaly
decreased river flow that has occurred in recent years.

Chlorophyll levels are moderately highthroughout muchof the tidal waters. Degrading trendswere
widespread geographicaly and indicative of detrimentaly high nutrient levels. Overdl, nine areas
showed degrading trends in chlorophyll a while only one area showed an improving trend.

Leves of dissolved oxygen are improving in geographicaly widespread areas of thetiddl rivers.
However, conditions for dissolved oxygendill remain only far inmuchof the Virginia Chesapeake
Bay and afew of the river segments near the Bay. The Corrotoman River and Tangier Sound are
the only areas with degrading trends in dissolved oxygen. Overdl, there were 13 areas showing
improving trends and two areas showing degrading trends for dissolved oxygen conditions.

Water darity, avery important environmenta parameter, was generdly poor and degrading trends
were detected in many areas near and in the Virginia Chesapeake Bay. Thisis probably related
to high and scattered increasing levels of suspended solids. These degrading conditions in the
Virginia Chesapeske Bay may result in degradation of zooplankton populations and are amajor
impediment to restoration of submerged aquatic vegetation (SAV). Overdl, there were no areas
showing improving trends and 13 areas showing degrading trends in water clarity.

With regard to dgd levels, there are widespread increases in cyanobacteria abundance and
biomassand a so concernabout the poor status of dinoflage lates. However, there are widespread
improvements in rates of primary productivity.

Zooplankton community diversity showed generdly improving trends in upstream regions but
degrading trends at the mouths of al three rivers. These degrading trends are possibly related to
degrading trends in nitrogen, phosphorus, and water clarity indicators, and a decreasing trend in
inity.

Benthic community patterns differed greatly between therivers. In the James River there strong
improving trends upstream and continued good status down stream.  In the Elizabeth River there
was a strong improving trend athough the status of the benthic communities remains poor. In the
York River and the Rappahannock River there are degrading trends in the middle reaches.



Table 1. Nutrient and Sediment Loadsfor Virginia (2001). Modified from data provided by the
Virginia Department of Environmental Quality. Phosphorous and nitrogen loads are in
kglyear and sediment loads are metrictons/year. Percent change compares 2001 data
to 1985 data. Nonpoint source loads ar e results based onthe Y ear 2000 Progress Run
of Phase 4.3 of the Chesapeake Bay Watershed Model and calculated reductions for
calendar year 2001 Best Management Practices (BMPs) as monitored by the

Department of Conservation and Recreation.

2001 Per cent 2001 Per cent 2001 Per cent
Phosphorus Changein Nitrogen Changein Sediment Changein
River Basin Load Phosphorus Load Nitrogen L oad Sediment
A. Nonpoint Loads
Potomac 749,527 -10.5% 6,305,959 -10.1% 650,655 -13.4%
Rappahannock 396,532 -19.5% 3,372,686 -19.9% 297,812 -21.4%
York 297,250 -13.4% 3,089,427 -13.3% 126,172 -12.2%
James 2,037,523 -0.8% 10,316,677 -2.7% 1,085,925 -5.4%
Coastal 88,295 -14.2% 943,327 - 5.0% 17,581 -17.2%
Totals 3,569,127 - 7% 24,028,077 - 9% 2,178,145 -11%
B. Point Source Loads. In parentheses is the number of significant point source discharges.
Potomac (40) 251,218 -28% 5,336,045 +8%
Rappahannock (14) 21,850 -74% 247,132 +11%
York (9) 83,000 -59% 501,573 -20%
James (30) 619,655 -62% 6,138,200 -44%
Coastal (8) 66,482 -56% 826,527 +40%
Totals 1,042,205 -57% 13,049,477 -25%
C. Totd Loads. All river basins combined.
Nonpoint Source 3,569,127 -7% 24,028,077 -9% 2,178,145 -10.8%
Point Source 1,042,205 -57% 13,049,477 -25%
Combined Loads 4,611,332 -26% 37,077,555 -15% 2,178,145 -10.8%
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Chapter 1. Introduction

A marked dedlineinthe water qudity of the Chesgpeake Bay hasoccurred over the past severa decades.
Thedisappearanceof submerged aguatic vegetationin certain regions of the Bay, declinesintheabundance
of some commercidly and recregtionaly important species, increases in the incidence of low dissolved
oxygen events, changesin the Bay's food web, and other ecologica problems have been related to the
deteriorating water quality. The results of concentrated researcheffortsinthe late 1970s and early 1980s
dimulated the establishment of Federal and state directives to better manage the Chesapeake Bay
watershed. By way of the Chesgpeske Bay Agreements of 1983, the State of Maryland, the
Commonwedths of Virginia and Pennsylvania, and the Didrict of Columbia, agreed to share the
responsibility for improving environmenta conditions in the Chesapeske Bay. As part of this agreement,
a long-term monitoring program in the Chesapeske Bay was established in order to: 1) track long-term
trends in water qudity and living resource conditions over time, 2) assess current water qudity and living
resource conditions, and 3) establishlinkages betweenwater quaity and living resources communities. By
tracking long-term trends in water qudity and living resources, managers may be able to determine if
changesin water quadity and living resource conditions have occurred over time and if thosechangesare
areflection of management actions. Assessmentsof current status may adlow managersto identify regions
of concern that could benefit from the implementation of pollution abatement or management strategies.
By identifying linkages between water quaity and living resources it may be possible for managers to
determine the impact of water quaity management practices on living resource communities,

Water qudity and living resource monitoring in the VirginiaMainstem and tributaries began in 1985 and
has continued for 16 years. Detailed assessments of the status and long-term trends in water quaity and
living resources in Chesapeake Bay and its tributaries have been previoudly conducted (Alden et al.,
1991,1992; Carpenter and Lane, 1998; Dauer, 1997; Dauer et d., 1998a,1998b, 2002; Lane et al.,1998;
Marshall, 1994,1996; Marshall and Burchardt, 1998; Marshdl et d., 1998). An attempt was made to
determine if there was concordance in current conditions of, and long-term changes, in water qudity and
livingresources. The purpose of this project was to reassess the results of these studies by re-conducting
the andyses after adding data collected during 2001. Thisreport describes the status of water qudity and
living resource conditions for the Virginia Mainstem and tributaries, summarizesmgor long-termtrendsin
water quaity and measures of living resource community heslth.



Chapter 2. Monitoring Program Descriptions
l. Water Quality
A. Sampling L ocations and Procedures

As part of the U. S. Geologicd Survey's River Input Program, water quaity data have been collected at
five gtations near the fdl line and three Sations above thefdl lineinVirginia. Sampleswere taken at base-
flow twiceamonthand during high flows whenever possble between 1988 and 2001. Water quality data
have ds0 been callected by the Virginia Department of Environmenta Quality at three additiond stations
upstream of these River Input Stes (Figure 2-1). These stations had aminimum of three consecutive years
of samples taken between 1985 and 1996 with sampling occurring on at least amonthly basis.

Water qudity conditions were regularly monitored at 28 sitesinthe Bay Mainstembeginningin duly, 1985.
From 1985 until 1995 eight stations were sampled by Old Dominion Univergty (ODU) and 20 daions
were sampled by the Virginia Ingtitute of Marine Science (VIMS). From 1995 through the present,
Mainstem water quality monitoring was conducted by ODU. Tributary water quality monitoring was
conducted by the Department of Environmenta Quality at 28 Stesinthe James, Y ork (induding Mattaponi
and Pamunkey) and Rappahannock rivers (Figure 2-2). Inaddition, Sx permanent water quality monitoring
steswere established inthe Elizabeth River/Hampton Roads Harbor by ODU in February, 1989 (Figure
2-2).

The tempora sampling scheme for the water quality monitoring program changed severd times over the
14 year period (varying from 20 to 12 sampling events per year) as aresult of changes in the monitoring
programbudget. Ingenera, Mainstem sampling cruiseswere conducted semi-monthly from March through
October and monthly from November through February. Tributary sampling by the Virginia Department
of Environmenta Quality was generaly conducted 20 times per year. The Elizabeth River sations were
sampled monthly. Field sampling procedures used for ODU and VIMS water qudlity collections are
described in detail by Alden et d., 1992a Field sampling procedures for DEQ water quality collections
are described in detail in DEQ's Quality Assurance Project Plan for the Chesapeake Bay Program
(Applied Marine Research Laboratory, 1998).

B. L aboratory sample processing

Descriptions of laboratory sample processing and standard operating procedures for al water qudity
parameters are found in the Chesapeake Bay Program Quality Assurance Project Plans (QAPPS)
prepared by each of the participating |aboratories (Applied Marine Research Laboratory, 1998). Copies
of the QAPjPscan beobtained by contacting EPA's Chesapeake Bay Program Quality Assurance Officer.



. Phytoplankton
A. Sampling L ocations and Procedures

Seven gations were established in Chesapeake Bay in July 1985. These were CB6.1, CB6.4, CB7.3E,

CB7.4,LE5.5,WEA4.2, and LE3.6(Fgure2-3). From July, 1985 through September, 1990, phytoplankton
collections were taken from these stations twice a month from March through October, and monthly

November through February. From October, 1990, monthly samples were taken at all Bay stations.

Monthly sample collections and analysisin the James (TF5.5, RET5.2),

York (RET4.1, RET4.3), and Rappahannock (TF3.3, RET3.1) rivers began in March, 1986. InMarch,

1987, station RET4.1 in the Pamunkey River was replaced by station TF4.2, and in February, 1989,

monthly collections beganat two sations (SBE2, SBE5) inthe ElizabethRiver. Picoplankton andysiswas
included at severd trid tations in January, 1989, and was expanded to include al stationsin July, 1989.

Primary production analysis was added to al Bay and tributary stationsin July 1989.

At each dation, two vertica sets of three liter water samples were taken at five equidistant depths above
the pycnocline and placed in two separate carboys. The process was repeated at five depths below the
pycnocline. The water in each carboy was carefully mixed and replicate 500 ml sub-samples were
removed fromeach carboy, and fixed with Lugol'ssolution. A second set of 125 ml sub-sampleswereaso
taken above and below the pycnocline, preserved with glutaraldehyde and placed in a cooler. These
samples were taken to determine the concentrations of the autotrophic picoplankton population. An
additiond replicate set was aso taken from the same carboy set taken above the pycnocline for primary
productivity measurements.

B. Laboratory Sample Processng

Samplesfor phytoplanktonanayseswere passed through a seriesof settlingand s phoning stepsto produce
aconcentrate (or fraction of the concentrate) that was examined using a modified Uterméhl method with
an inverted plankton microscope (Marshal and Alden, 1990). The analysis procedure attained an
estimated precison of 85% (Venrick, 1978). The autotrophic picoplankton were processed through a
protocol that included ther collection on a 0.2 pu nucleopore filter, with subsequent andyds usng an
epifluorescent microscope, under ail at 1000x magnification, witha"green” and “blué’ filter sets (Marshal,
1995). Supplementa andyss with a scanning electron microscope was used in severd of the species
identifications. Methodology for the productivity measurementsis given in Marshall and Nesius (1996).
Appropriate quality assurance/quality control practicesinsample collection, andys's, and data entry were
employed throughout this period.



[Il.  Zooplankton
A. Sampling L ocations and Procedures

Microzooplankton communities were monitored monthly at sevensitesinthe Maingtemand Sx Stesin the
Virginia tributaries beginning in January, 1993 (Figure 3-3). Whole water samples were collected at all
gations. Before sampling, 10 ml of modified Lugol's solution was placed into two liter (L) bottles
designated for each station. The water was sampled through the use of a battery powered pump attached
to ahose. Two composte water samples, each totaling 15 L, were taken from five equidistant depths
above the pycnodine and collected in two carboys. Each carboy was thoroughly mixed and 1 L taken
from each (Samples A and B for each Station).

M esozoopl ankton communitieswere monitored monthly at seven Stesin the Maingtem beginning in uly,
1985 (Figure 3-3). Monthly mesozooplankton monitoring was conducted at Sx sitesinthe mgor Virginia
tributaries (Rappahannock, Y ork/Pamunkey, and James rivers) beginning in March, 1986 (one steonthe
Pamunkeywasorigindly sampled at RET4.1 but relocated to TF4.2 in February, 1987). 1n 1986 anew
sampling regime began that increased frequency to two samples per month during April, May, duly, and
Augud at dl thetidd freshwater stations (TF3.3, TF4.2, TF5.5). At the same time, sampling frequency
was increased to twice per month for July and August dso at stations RET3.1, RET4.3, RET5.2, LES.5,
and SBE5S in order to alow better characterization of zooplankton communities during Spawning periods
of commercidly important fish speciesin these aress.

Sngle mesozooplankton towswere conducted at each Ste usng abongo apparatus with202 1 mesh nets.
The nets were towed obliquely from the surface to 1 m above the bottom and back to the surface over a
period of gpproximately five minutes A calibrated flowmeter was attached to each net and flowmeter
readings were recorded just prior to net deployment and immediately upon net retrieval. Once onboard
the research vessd, the nets were "washed down" and the contents of the cod-ends were decanted into
pre-labeled one liter sample containers and preserved with 7% buffered formdin.  All sample numbers
were recorded on a sample chain-of-custody form before departing the Site.

B. Laboratory Sample Processng

The whole water samplestakenfor microzooplankton (<200u) andydswere processed through ascreen,
plus a series of settling and sphoning procedures (Park and Marshall, 1993). These steps removed the
larger zooplankters and debristo provide 3 sub-sets based on size to be analyzed. This method insured
the collection and andysis of the smal non-loricated ciliates to be included in the count.

The mesozoopl ankton sampleswere processed according to the coefficient of variation sabilizing (CVS)
method described by Alden et d. (1982). This method has numerous advantages over other zooplankton
enumeration techniques. The CVS method provides abundance estimates with equitable coefficients of
variation for species of interest in zooplankton subsamples. It is particularly ussful in incressing the
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precison of the estimates of numbers of large species of relaively low abundance that may be important
due to their biomass, their trophic postion, or their economic significance. The investigator can be quite
confident that the precision of the abundance estimatesis at least at the pre-determined leve for dl species
processed by the CVS method. The method dso has the advantage of dlowing the investigator to set a
leve of precison that is congstent with cost, manpower, or time condraints. Findly, the sSize class data
produced by the CVS method may provide information of intringc ecologica significance.

Briefly, the CVS method involves the Seve fractionation of the samples into size classes of 2000, 850,
650y, 300 , and 200u. This series was found useful for Bay mesozooplankton communities. An
additional Seve sze fraction between 200 and 63 was collected and andyzed beginning in 1998. This
fraction was added to dlow greater comparability withthe mesozooplankton data collected in Maryland.
However, these dataare incomplete and the results fromthis additiona sieve-size fractionwill be reported
beginning withthe 1999 data set. Theszeclassesappropriatefor wholecountsweretransferredto labeled
vids containing 7% buffered formalin and temporarily stored until counted. Theszedassdiquotsinwhich
the organisms were too numerous to count in their entirety were split witha Folsom plankton splitter until
an gppropriate sample size was achieved for satistically valid counts of the dominant species. A leve of
sampling error of 30% requires that each species of interest be counted to achieve arange of between 30
and 56 organiams counted in any given split. During the splitting process, reserve splits were labeed,
preserved in formain and retained until the counting procedurewas completed. Those species observed
in the final split were counted in the reserved splitsuntil al had achieved the range for the 30% error level
(see Alden et d., 1982 for detalls of CVS methodology). However, if commercialy important species
(e.g., bluecrab zoea) were encountered, they were counted to achieve the 30% error leve for thedtatigtica
modes. The samples were counted under a dissecting microscope in custom-designed counting tray's (60
mmtissue culturedishes). Taxonomic identificationswere made under compound or inverted microscopes
and reference collections and/or photographs were maintained for each taxon for documentation and
QA/QC purposes.

V.  Benthos
A. Fixed Location Sampling

Sixteen dations in the lower Chesapeske Bay were sampled quarterly (March, June, September,
December) from March 1985 through December 1995 as part of the Benthic Biologicd Monitoring
Program of the Chesapeake Bay Program. Beginning in 1996 sampling at the fixed stations occurred only
in June and September and a dtratified random sampling dement was added to the program. Power and
robustness andyses indicated that sampling during June and September would be sufficient for detecting
long-termtrends & the fixed locations while at the same time, dlow funding resourcesto be reallocated to
the probability-based random sampling regime (Alden et ., 1997). Stations were located within the
mainstemof the bay and the mgjor tributaries-the James, Y ork and Rappahannock rivers(Figure 2-3). In
the tributaries, stations were located within the tidal freshwater zone (TF5.5, TF4.2, TF3.3), turbidity
maximum(trangdtiond) zone (RET5.2, RET4.3, RET3.1), lower esuarine mesohdinemuds(LES.2, LE4.1,

2-4



LES3.2) and lower estuarine polyhdine slty-sands (LES.4, LE4.3). Thetidd freshwater Sationwithinthe
York River estuary was located in the Pamunkey River. Inthe Mainstem of the Bay three stations were
located off the mouths of the mgor tributaries (CB8.1, CB6.4, CB6.1) and two daions in the deeper
channdls near the bay mouth (CB7.3E) and above the Rappahannock River near the VirginiaMaryland
border (CB5.4).

In 1989, five additiond stations were added to the program: two stationsin the Southern Branch of the
Elizabeth River (SBE2, SBEDS) in regions exposed to contaminated sediments, a station in the trangtiona
region of the James River (LE5S.1), adtation in the lower York River exposed to low dissolved oxygen
events (LE4.3B), and agtation in the lower Rappahannock River exposed to low dissolved oxygenevents
(LE3.4).

For the fixed point stations three replicate box coresampleswerecollected for benthic community analysis.
Each replicate had a surface area of 184 cn?, a minimum depth of penetration to 25 cm within the
sediment, was sieved ona 0.5 mmscreen, relaxed indiluteisopropyl alcohol and preserved withabuffered
formain-rose bengd solution.

At each station on each collection date a 50g subsample of the surface sediment was taken for sediment
andyds. Sdinity and temperature were measured usng a Beckman RS5-3 conductive salinometer and
bottom dissolved oxygen was measured usng aY Sl Model 57 oxygenmeter. For theorigina 16 stations
see Dauer et d. (1992) for asummary of the pattern of bottom oxygen values, Dauer et a. (1993) for a
summary of the distribution of contaminants in the sediments and Dauer (1993) for a summary of sdinity,
water depth, and sedimentary parameters.

B. Probability-based Sampling

[N 1996 a probability-based sampling programwas added to estimate the area of the Virginia Chesapeake
Bay and itstributariesthat met the Benthic Restoration Goals as indicated by the B-1BI (Ranasingheet d.,
1994; Weisherget d., 1997; Aldenet d., 2002). Four stratawere defined and each stratum was sampled
by 25 randomly dlocated sites. The four stratawere: 1) the James River; 2) the Y ork River (induding the
Pamunkey and Mattaponi rivers); 3) the Rappahannock River; and 4) the Mainstem of the Chesapeake
Bay. Each year anew set of 25 random Sites was sdlected for each stratum.

Probability-based sampling within strata supplements data collected at fixed-point stations. Sampling
desgn and methods for probability-based sampling are based upon those developed by EPA's
Environmenta Monitoring and Assessment Program (EMAP, Weishberg et d., 1993) and alow unbiased
comparisons of conditions between drata (e.g., tributaries) of the Chesapeake Bay within the same
collectionyear and within tributaries for between different years. The congstency of samplingdesgnand
methodologies for probability-based sampling between the Virginia and Maryland benthic monitoring
programs alows bay-widecharacterizations of the conditionof the benthosfor the Chesapeake Bay (Dauer
1999; Dauer and Rodi 1998a, 1998b, 1999, 2001, 2002).



Within each probability-based stratum, 25 random locations were sampled using a0.04 n? Y oung grab.
At each station one grab samplewastakenfor macrobenthic community anaysis and asecond grab sample
for sediment particle 9ze andyss and the determination of total voldile solids. All sampling processing
for probability-based sampling sations were identica to those for the fixed ations. Physico-chemical
measurements were aso made at the random locations.

C. Laboratory Sample Processng

In the laboratory, each replicate was sorted and dl the individuas identified to the lowest possible taxon
and enumerated. Biomass was estimated for each taxon as ash-free dry weight (AFDW) by drying to
congtant weight at 60 °C and ashing at 550 °C for four hours. Biomass was expressed as the difference
between the dry and ashed weight.

The sand fraction of each sediment sample was dry seved and the slt-clay fraction was quantified by a
pipette andysis usng the techniques of Folk (1974). Total voldile solids for each sediment sample was
determined asthe AFDW weight of the sediment divided by the dry weight of the sediment, expressed as

apercentage.
V. Statistical Analyses

Inorder to ensurethat long-termtrendsin water quality and living resource data are correctly interpreted,
a unified approach for conducting the statistica analyses and interpreting their results was developed.
Statistical andlytical procedures used in this study were based on guiddines developed by the CBP
Monitoring Subcommittee's Tida Monitoring and Assessment Workgroup.

For both gatus and trend andyses, the stations were grouped into segments based on the segmentation
scheme developed by the Data Andysis Workgroup (Figure 2-2). Status and trend analyses were
conducted for different seasona time periods as defined for each monitoring component in Table 2-1.

A. Status Assessments

For the tiddl water qudlity stations, status andyseswere conducted using surface and bottomwater quaity
measurements for six parameters: total nitrogen, dissolved inorganic nitrogen, total phosphorus, dissolved
inorganic phasphorus, chlorophyll a, and total suspended solids. Status analyseswere also performed on
secchi depth and bottom dissolved oxygen. All analyseswere conducted using water quality datacollected
from dl of the Chesapeake Bay Mainstemand tributary collection ations from the January 1999 through
December of 2001 except for bottom dissolved oxygen for which analyses were conducted usng data
collected only during the summer months of June through September.

The relative gatus of each Sation and segment was determined by comparison to a benchmark data set

comprised of dl data collected from 1985 to 1990 by both the Virginia and Maryland monitoring
programs. Each station was rated as poor, fair, or good relative to the benchmark data. Theratings are
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obtained for data collected within each sdinity zone with sdinity zones being assgned using the Venice
classification system (Symposium on the Classification of Brackish Waters, 1958). For each parameter
in the benchmark data set, a transformation was chosen that yields a ditribution that was symmetric and
gpproximated by the logisic cumulaive digribution function (CDF).  In most cases, the logarithmic
transformation was selected. A logistic CDF based on the mean and variance of each parameter of the
benchmark data set was used to perform a probability integrd transform on dl data collected during the
period of January, 1998 through December, 2001. Thisresulted in datain theinterva (0,1) that follow a
uniform didribution. The three year median of these transformed data was computed as an indicator of
satus for the period specified. The median of n observations taken from auniform digtribution follows a
Beta digtribution with parameters (m,m) where:

m = (n+1)/2
and n is the number of obsarvations.

The transformed three year medians were compared to the Beta dendty distribution and status was
determined by the placement of the transformed medians dong the didribution.  If the median wasin the
upper third of the digtribution (where upper is chosen as the end of the distribution that is ecologicaly
desirable) then the satusrating is good, while amedianinthe middle third was rated fair, and amedian in
the lower third was rated poor. In most cases, seria dependence of the raw data resulted in greater than
expected variance in the Beta dengity of the medians. To adjust for this, the variance of the Beta density
was increased by afunction of the ratio of among station variance to within Sation variance.

Because sampling regimes between monitoring programs varied with repect to the number of collection
eventswithina given monthand the number of replicate samples collected a each station varied, auniform
cdculationprotocol was adopted for useby bothstatestoinsurethat the ca culations were not inadvertently
biased by these discrepancies. Firdt, replicate vaues were combined by calculating a median for each
station date and layer combination. Median vaues for each station month and year combination were
caculated to combine separate cruises per month. Findly, station specific or segment specific median
scores were calculated that were compared to the benchmark scae.

Statusfor phytoplankton, microzooplanktonand mesozoopl anktoninvolvedthe cal culationof relative satus
using the same technique as described for water qudity relaive status assessments.

For phytoplankton communities the following indicators were assessed: total phytoplankton community
abundance, total phytoplankton community biomass, diatom abundance, dinoflagellate abundance,
cyanobacteria abundance, picoplankton abundance, and primary productivity (carbon fixation).
Benchmarks for picoplankton abundance were made using data collected only in VirginiaSnce sampling
protocols for the Maryland program did not indude counts of epifluorescent picoplankton.
Microzooplankton parameters assessed included total microzooplankton abundance, copepod nauplii
abundance and rotifer abundance. Mesozooplankton parametersassessed included theMargaef diversity
index, the Shannon-Weiner divergty index, and total mesozooplankton abundance. Note that the
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benchmarksfor mesozoopl ankton datawere made using data collected only in Virginia sncethe sampling
protocols for the Maryland program does not include counts of epifluorescent picoplankton. A changein
[aboratory sample processing for the mesozooplankton

program occurred in 2000 and as a result only data collected through 1999 were used in bothstatus and
trend analyses for the mesozooplankton.

Status of benthic communities a each station was characterized using the three-year mean value
(1999-2001) of the B-IBI (Weisberg et d., 1997). The B-IBI indicates whether the macrobenthic
community meets the restoration goals devel oped for benthic habitats of the Chesapeake Bay. An index
vaue that exceeds or equas 3.0 indicates that the macrobenthic community meets or exceeds the
restoration goas devel oped for that habitat type while avaue below 3.0 indicates that the macrobenthic
community does not meet the restoration gods. Status of the benthic community was classified into four
levels based on the B-I1BI. Vaueslessthan or equal to 2 were classfied as severely degraded, vaues
from 2.0 to 2.6 were classified as degraded, vaues greater than 2.6 but less than 3.0 were classfied as
margina, and vaues of 3.0 or more were classfied as meeting gods.

Water qudity datawere assessed to determine if the SAV habitat requirements were met for the following
parameters: light attenuation (KD), percentage of required light at the leaf surface (PLL) (0.5 and 1.0 m),
total suspended solids, chlorophyll a, dissolved inorganic nitrogen, and dissolved inorganic phosphorus.
Three year medians for the SAV growing season were compared to the SAV habitat requirement values
(see Tdable 2-2) usng aMann-Whitney U-test. If the median values were sgnificantly higher (lower for
PLL) than the habitat requirement for that parameter then the parameter was considered to have faled to
met the SAV habitat requirementsand if the valueswere Sgnificantly lower (higher for PLL) thanthe habitat
requirement then the parameter was to considered to have met the SAV habitat requirement. If therewas
no sgnificant difference between the habitat requirements or there were insufficdent data to conduct the
anadysis, the parameter was considered borderline.

B. Long-term Trend Analyses

1. Non-tidd water quality

Trend analyses were conducted on data collected at nine stations at and above the fdl-linein the Virginia
tributaries. Concentrations of water-quality constituents are often correlated with sreamflow. Removal
of naturd flow varigbility dlows examination of changes in water qudity resulting from human activities
How-adjusted concentration trends were determined with a non-parametric Kendal-Theil andyss. The
trend dope was the overall median of the pairwisedopes of resduds from alog-linear-regression model
incorporating flow and season terms.  For data sets with greater thanfive percent censored data, arange
indope and magnitude was defined by twice computing the median dope - first, withcensored data equal
to zero and second, with censored data equal to the maximum detection limit. For data sets with greater
than twenty percent censored data, no results were reported. A p-value of 0.05 or less was considered
ggnificant for thisanayss.



Whenconsderingthe hedthof living resources, it is necessary to examine trendsin concentrations that may
be both flow- and human-induced. These concentrations were weighted, but not adjusted, for flow. The
flow-weighting resulted inamore representative monthly concentrationthan the one point per monthtypical
of many observed datasets. Thevolume of flow occurring between these infrequent sample datesislikely
to have a pronounced effect on average concentrations in the tidal estuaries and other mixed receiving
areas. Therefore trends in flow-weighted concentrations may correlate better with trends in estuarine
concentrations. Thelinear trend inflow-we ghted concentrationwas estimated by regressng flow-weighted
concentrations with time. In most cases, the data was log-transformed in order to meet the assumptions
of normdity, congtant variance, and linearity. A p-vaue of 0.01 or lesswas consdered sgnificant for this
andyss.

2. Tidd water quality

The datistical tests used for the trend analyses were the Seasond Kendall test for monotonic trends and
the Van Belle and Hughes (Gilbert, 1987) tests for homogeneity of trends between stations, seasons, and
station-season combinations. A p vaue of 0.05 was chosen as the Satistical test criterion for al trend
analyses. Recent studies on representative data sets from the Chesapeake Bay monitoring program have
indicated that these tests are very powerful and robust, evenwhendataviolate most of the assumptions of
parametric statistics (Alden et d., 1991; Alden et ., 1992b; Aldenet d., 1994; Alden and Lane, 1996).

Trend andyses were conducted on the same suite of water qudity parameters used for the datus
assessmentsand sdinity and water temperature. Prior to the trend analyses, datawere reduced to asingle
observationfor each stationmonthand layer combination by first calculating the medianof al replicatesfor
each layer by stationand date and then cdculating the median between dl dates for a given sation within
each month. For al gpplicable water qudity parameters, any vaues less then the highest detection limit
were st to one hdf of the highest detection limit. For calculated parameters, each congtituent parameter
that was below the detection limit was set to one hdf of the detection limit and the parameter was then
caculated.

Increasing trends in total nitrogen, dissolved inorganic nitrogen, total phosphorus, dissolved inorganic
phosphorus, chlorophyll a and total suspended solids should indicate increased eutrophication and asa
resut postive dopes in these parameters indicate degrading conditions while negative dopes indicate
improving water qudity conditions. Increasing trendsin secchi depth and bottom dissolved oxygenindicate
increesing water clarity and reduced eutrophication, respectively and, as a result, indicateimproving water
quaity conditions. Decreasing trends in these two parameters indicate degrading conditions.

3. Tidd water qudity method corrections

In 1994, changes in anaytical methods for estimating concentrations of tota nitrogen, dissolved inorganic
nitrogen, total phosphorus and dissolved inorganic phosphorus were implemented by the Department of
Environmentd Quality in order to improve the accuracy of concentration estimates. Procedural changes
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involvedtheimplementationof automated sample processing on a Scaar auto-andyzer for nitrites(NO2F),
nitrates-nitrites (NO23F), ammonia (NH4F) and orthophosphate (PO4F). In addition, particulate
nitrogen(PN), total dissolved nitrogen (TDN), particulate phosphorus (PHOSP) and total dissolved
phosphorus (TDP) were added to the suite of parameters measured viaauto-analyzer while total Kjeldahl
nitrogen (fixed and whole) and direct measurements of tota phosphorus (TP) were discontinued. These
changes resulted in step trends in the data for these parameters that must be accounted for prior to
conducting trend andyses.

Data were corrected for method changes by conducting a multiple regresson andysis on log trandformed
water quality datawiththe falowing terms: 1) alinear trend term(Time); 2) anon-linear trend term (Time?);
3) amonth term to control for the effect of seasona cycles; 4) a station term to control for the effect of
differences due to stationlocationand; 5) adummy variable termthat accountsfor the effect of any changes
in methods (O=prior to method change, 1=after method change). Andyses were conducted by sdinity
regime. For parameter/salinity regime combinations with a sgnificant method change effect (p. <0.05),
coefficents for this model termwere used as correctionfactorsthat were gpplied to the origind data The
resulting “method corrected” datawereandyzedforlong-termtrends using the seasonal Kendall trend test.
A comparison was made between the method corrected trends and trends conducted on the original data
to assess the effect of the method correction andysis ontrend andyssresults. For the Elizabeth River all
segments except the Elizabeth River Mouth segment used the newer andyticd methods fromthe inception
of this program in 1989. Therefore, method corrections were only gpplied to the Elizabeth River Mouth
segment.

4. Living resources

Trend andysesfor phytoplankton communitieswere conducted onthefallowing phytopl ankton community
indices. the phytoplankton IBI, total phytoplankton abundance (excluding picoplankton); tota
phytoplankton biomass (exduding picoplankton); the Margdef species diversty index, and C*
productivity. In addition, trend analyses were conducted on abundance and biomass values for the
fallowing taxonomic groups. diatoms; dinoflagellates; cyanobacteria; cryptomonads; chlorophytes; bloom
producing species, and toxic bloom producing species.

The Margaef species diversity index was calculated as follows:

5. S 1
" log:N

where Sisthe number of taxain the sample and N is the number of individuds (Margdef, 1958).

Trend andyses were conducted by station usng monthly medians of microzooplankton and
mesozooplankton data collected from the beginning of the respective monitoring programs through
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December of 2001 and December of 1999 for microzooplankton and mesozooplankton, respectively.
Microzooplankton bioindicators used for the trend anayses included: total microzooplanktonabundance;
rotifer abundance; copepod nauplii abundance; dligotrich abundance; tintinnid abundance; sarcodinia
abundance; and microzooplankton cladoceran abundance. Mesozooplankton bioindicatorsused for these
andyseswere: totd mesozooplankton abundance (excluding copepod nauplii); holoplankton abundance;
meroplankton abundance; indices of mesozooplankton community species diversty (including the tota
number of species collected, the Shannon-Weiner index, the Margalef diversity index, and Pidou's
evenness); cadanoid copepod abundance; cladoceran abundance; cyclopoid copepod abundance; Acartia
tonsa abundance; Bosmina longirostris abundance; Eurytemora spp. abundance; and crab zoea
abundance.

The Shannon Weiner diversty index (H') was cdculated asfollows:

OS

H=-a plog:p

i=1
where p; is the proportion of the ith species and Sis the number of species.
Fielou' s evenness index (J) was caculated using the equation:

J= i
- |ngS

where H' is the diversty index and Sis the total number of species collected. Increasing trends in
mesozoopl ankton abundance, holoplankton abundance, merozooplankton abundance and measures of
Species diversity indicate improving conditions while negative dopes indicate degrading conditions.

Trend andyses for benthic communities were conducted using the B-I1BI (Ranasinghe et a., 1994;
Weisherg et a., 1997) and on selected metrics of the B-1BI. Benthic restoration goa's were devel oped
for benthic habitats of the Chesapeake Bay based upon reference stes that were minimadly impacted by
low dissolved oxygen events and sediment contaminants. Goals were devel oped based upon data from
anindex period of July 15 through September 30. Therefore trendsin the value of the B-I1BI were based
uponSeptember cruiseva uesfor the 14 year period of 1985-1998. Sdlected benthic metricswere species
diversty (H’), community abundance, community biomass, pollution-indicative species abundance,
pollution+indi cative species biomass, pollution-sengtive speci es abundance, and pollution-sendtive species
biomass. See Weisherg et d. (1997) for alist of pollution-indicative and pollution-sengitive taxa
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1 Station 01668000 - Rappahannock River near Fredericksburg

2 Station 01666500 - Robinson River
3 Station 01674500 - Mattaponi River near Beulahville

4 Station 01671020 - North Anna River near Doswell
5 Station 01673000 - Pamunkey River near Hanover

6 Station 02035000 - James River at Cartersville
7 Station 02013100 - Jackson River at Covington

8 Station 02041650 - Appomattox River

Figure 2-1. Locations of the USGS sampling stations at and above the fall-line in each of the Virginia
tributaries.
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Figure 2-2. Map showing the locations of the water quality monitoring stations in the Virginia tributaries
and the Lower Chesapeake Bay Mainstem used in the statistical analyses. Also shown are
ellipses that delineate the Chesapeake Bay Program segmentation scheme.
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Figure 2-3. Location of living resource monitoring stations in the Virginia tributaries and the Lower
Chesapeake Bay Mainstem.
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Table2-1. Definitions of seasonal time periodsfor statusand trend analyses conducted for
of thetidal monitoring programs. A “x” indicates the analysis was conducted for
the season and par ameter group combinationwhilea - indicatesthat noanalysis
was conducted. Benthic status and trend analyses were conducted on data
collected from July 15 through September 30*.

Water Quality Plankton Benthos
SAV
Season Definition Status Trend Goals Status Trend Status Trend
Annual Entire year X X - X X - -
March through May and
SAVL September through November X X X X X i i
SAV2 April through October X X - X X - -
Summerl  June through September X X - X X X* X*
Summer2  July through September X X - X X - -
Springl March through May X X - X X - -
Spring2 April through June X X - X X - -
Fall October through December - X - X X - -
Winter January and February - X - X X - -
Table 2-2. Habitat requirements for growth and survival of SAV (from Batuik et al., 1992;
2000).
SAV Per cent Total R::O:rﬁ?: Dissolved

o Growth Light at Suspended  Chlorophyll a . 9 Inorganic
salinity Season Leaf  Solids(mg/l) (ug/l) Nitrogen by sephorus (mgl)
Regime g Ho (mg/l) i ’
Tidal Freshwater ~ Apr.-Oct. <2 <15 <15 none <0.02
Oligohaline Apr.- Oct. <2 <15 <15 none <0.02
Mesohaline Apr.-Oct. <15 <15 <15 <0.15 <0.01
Polyhaline Mar.-May, <15 <15 <15 <0.15 <0.01
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Chapter 3. Water Quality Method Correction Analyses
l. Method Change Effects

This chapter summarizes the effects of the changesin andytica methods for estimating concentrations of
total nitrogen, dissolved inorganic nitrogen, tota phosphorus and dissolved inorganic phosphorus
implemented by the Department of Environmenta Qudityin1994. Sgnificant method effectswere detected
for bothtotal nitrogen and tota phosphorusin al sdinity regimes. Correction factorsfor total nitrogen and
tota phosphorus indicate that the changes in andytical methodsfor thesetwo parameters resulted in data
that were lower in dl sinity regimes after 1994. Significant method change effects were detected for
disolved inorganic nitrogeninthe mesohdine (anincrease in concentration after 1994) and the polyhdine
(adecrease after 1994) dinity regimes. Significant method change effects were detected for dissolved
inorganic phosphorusindl sdinity regimes. Correction factorsfor this parameter indicate that the changes
in andytica methods resulted in datathat werelower inthe tidal freshwater and dligohdine sdinity regimes
and higher in the mesohaine and polyhdine salinity regimes after 1994 (Table 3-1).

. Trend Analysis Comparison
A. James River

Previous investigations using data collected through 2000 indicated widespread decreasing trends
throughout the James River. However, addition of data collected in 2001 and application of method
corrections for this parameter resulted in either the disappearance or reversd of the mgority of these
trends. The only improving trends which persisted in the corrected data set were detected in the Upper
JamesRiver (M STF, surface and bottom) and the Chickahominy River (CHKOH, surface only) (Teble
3-2).

Incontrast to tota nitrogen, trends in dissolved inorganic nitrogen for the “ corrected” datawere amilar to
those previoudly detected with the exception of the disgppearance of two improving trendsin the Lower
James River (IMSMH) (Table 3-2).

Nearly al of the previoudy detected improving trends in total phosphorus disgppeared or were reversed
after gpplication of the method corrections and addition of the data collected in 2001. In addition,
degrading trendsin* corrected” total phosphorus were detected inthe Middle James River (IMSOH) and
the Chickahominy River (CHKOH). Theimproving trendsin both surface and bottom total phosphorus
persisted in the Upper James River (IMSTF) despite the method correction and addition of the data
collected in 2001 (Table 3-3).

The direction or absence of trends in dissolved inorganic phosphorus perssted within dl tida freshwater

and digohdine segments. However, in the Lower James River (IMSMH) and James River Mouth
(IMSPH) previoudy detected improving trends reversed and disappeared, respectively, as a result of
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additiona data from 2001 and application of the method corrections (Table 3-2).
B. Elizabeth River

For the mgority of segments, no method corrections were gpplied and as a result few changes in pattern
were observed. However, in the Elizabeth River Mouth previoudy detected improving trends reversed
or disappeared (Table 3-3).

C. York River

As aresult of the method corrections and addition of data collected in 2001, most of the previousy
detected improving trendsin total nitrogen in the Y ork River ether reversed or disappeared. Inaddition,
degrading trends in both surface and bottom total nitrogen appeared in the Lower Pamunkey River
(segment PMK OH) and the L ower Mattaponi River (ssgment M PNOH) while degrading trendsinbottom
total nitrogen appeared in the Middle York River (segment Y RKPH) and Lower York River (ssgment
YRKPH) (Table 3-4).

Few trends in dissolved inorganic nitrogen were detected in the Y ork River through 2000. This pattern
persisted despite the addition of data for 2001 and the application of the method corrections.

Two improving trends in dissolved inorganic nitrogen were previoudy detected but both disappeared in
the method “ corrected” data (Table 3-4).

Asaresault of the addition of data collected in 2001 and the gpplication of the method corrections,
degrading trendsin total phosphorus gppeared in nearly al segments of the York River and aprevioudy
detected improving trend in the Lower York River wasreversed (Table 3-4).

Incontrast, previoudy detected degrading trends in dissolved inorganic phosphorusin the Pamunkey and
Mattaponi Rivers disappeared as aresult of the addition of data collected in 2001 and the application of
the method corrections. Two degrading trendsin dissolved inorganic phosphorus appeared in the Middle
York River (segment IMSOH) (Table 3-4).

D. Rappahannock River

Asaresult of the addition of the data collected in 2001 and the application of the method corrections,
nearly al improving trends in tota nitrogen in the Rappahannock River either disgppeared or were
reversed. Inaddition, two degrading trendsin bottomtotal nitrogen appeared inthe Middle Rappahannock
River (segment RPPOH) and the Corrotoman River (CRRMH) (Table 3-5).

Previoudy detected improving trends in dissolved inorganic nitrogen in the Middle Rappahannock River

(segment RPPOH) disappeared after addition of the data collected in 2001 and the application of the
method corrections. A degrading trend in bottom dissolved inorganic nitrogen appeared in the Upper
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Rappahannock River (segment IMSTF) (Table 3-5).

Although few trendsintotal phosphorus were detected in the data collected through 2000, the addition of
the data collected in 2001 and the application of the method corrections resulted in the appearance of
widespread degrading trends in both surface and bottom total phosphorus (Table 3-5).

There were no changes in trend andys's results for dissolved inorganic phosphorus as a result of the
addition of the data collected in 2001 and the application of the method corrections (Table 3-5).



Table 3-1.

M ethod change correctionfactor s for each salinity regime. An*“ns’ indicatesthe
method change effect was not significant (p>0.05). A “-“ indicatesthat nomethod
changeanalysis was per formedfor the parameter indicated. Inthesalinity regime
coumn, an TF =Tidal freshwater, O =Oligohaline, M=Mesohaline, and
P=Polyhaline.

Dissolved Dissolved
Inorganic Inorganic Total
Salinity Zone  Total Nitrogen Nitrogen  Phosphorus Phosphorus
TF 0.8894 ns 1.3748 0.8000
@) 0.7999 ns 1.0661 0.7821
M 0.8231 1.1003 0.8131 0.8424
P 0.7342 0.8209 0.6004 0.7115
Table 3-2. Changes in the pattern of water quality trends between 2001 and 2000 analyses
for the James River. Dark shading indicates a previoudy improving trend that
changes to a degrading trend. Light shading indicates either (1) a previous
improving trend that changes to no trend (Disappearance Improving), (2) or a
previous no trend changing to a degrading trend (Appear ance Degrading).
Appomattox Upper James | Chickahominy [ Middle James River Mouth
STN Disappearance Same Same Disappearance
Improving Improving Improving Improving
Disappearance Same Disappearance Appearance
BTN . . . .
Improving Improving Improving Degrading
SDIN SameNS same SameNS Same Disappearance| oo\ g
Improving Improving
BDIN SameNS same SameNS Same Disappearance| oo\ g
Improving Improving
Disappearance Same Appearance Appearance Disappearance
STP . . ) ) .
Improving Improving Degrading Degrading Improving
BTP Same Appearance Appearance Disappearance
Improving Degrading Degrading Improving
SDIP Same same SameNS SameNS Disappearance
Improving Improving Improving
BDIP Same same SameNS SameNS Disappearance
Improving Improving Improving
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Table 3-3. Changesin the pattern of water quality trends between 2001 and 2000 analyses
for the Elizabeth River. SeeTablelll-2 for shading explanation.

Western Branch Southern Eastern Branch Elizabeth River Elizabeth River
Branch Mainstem NStem Mouth
STN Seme Sang Same Improving Appeargnce Revers.d
Improving Improving Improving Degrading
BTN Seme Appeargnce Same Improving Appeargnce Revers.d
Improving Improving Improving Degrading
SDIN . Same. Same Improving | Same Improving Dlsappegrance
Improving Improving Improving
BDIN . Same_ Same Improving | Same Improving Dlwppegrance
Improving Improving Improving
Same Same . . Reversal
STP Improving Improving Same Improving | Same Improving Degraiing
Same Same . . Reversal
BTP Improving Improving Same Improving | Same Improving Degraing
SDIP . Semg Same Improving | Same Improving Dmppearance
Improving Improving Improving
BDIP ) Same. Same Improving | Same Improving Dlsappegrance
Improving Improving Improving

Table3-4.  Changesin the pattern of water quality trends between 2001 and 2000 analyses
for theYork River. SeeTablelll-2for shading explanation.

Upper Pamunkey | Lower Pamunkey | Upper Mattaponi | Lower Mattaponi Middle York Lower York Mobjack Bay
STN Disappearance Appearance Disappearance Appearance Reversd Reversal Disappearance
Improving Degrading Improving Degrading Degrading Degrading Improving
Disappearance Appearance . Appearance Appearance Appearance Reversd
BTN Improving Degrading Same Improving Degrading Degrading Degrading Degrading
SDIN Same NS Same NS Same NS Same NS Diseppearance Same NS Same NS
Improving
Di
BDIN Same NS Same NS Same NS Same NS Same NS Same NS |9ppeqawce
Improving
STP Appearance Appearance Appearance Appearance Appearance Appearance Appearance
Degrading Degrading Degrading Degrading Degrading Degrading Degrading
Appearance Appearance Appearance Appearance ) Reversal
BTP Degrading Degrading Degrading Degrading Same Degrading Degrading Same NS
Disgppearance Disappearance Disgppearance Disappearance Appearance
sbiP Degrading Degrading Degrading Degrading Degrading Same NS Same NS
Disagppearance Disappearance Disappearance Appearance
BDIP Degrading same NS Degrading Degrading Degrading same NS same NS
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Table 3-5.

Changesin the pattern of water quality trends between 2001 and 2000 analyses
for the Rappahannock River. See Tablelll-2 for shading explanation.

Upper

Middle

Lower

Rappahannock Rappahannock Rappahannock Corrotoman
STN Disappearance Disappearance Disappearance Reversal
Improving Improving Improving Degrading
BTN Same Improving Appeara?nce Dlsﬁppearance Appeargnce
Degrading Improving Degrading
SDIN SameNS Disappearance SameNs SameNsS
Improving
BDIN Appearance | - Disqppearance SameNS SameNS
Degrading Improving
Appearance Appearance Appearance
STP Same NS Degrading Degrading Degrading
BTP Disappearance Appearance Appearance Same
Improving Degrading Degrading Degrading
SDIP Same NS Same NS Same NS Same NS
BDIP Same NS Same NS Same NS Same NS




Chapter 4.  Rappahannock River Basin
l. Executive Summary
A. Summary of Basin Characteristics

The Rappahannock River, the second largest tributary to Chesgpeake Bay in Virginia, has awatershed of
7,368 kn that accounts for seven percent of the area of the state of Virginia. The Rappahannock River
begins in the Blue Ridge physographic region and extends through the Piedmont and Coastal Plain
physiographic regions where it emptiesinto Chesapeake Bay. Approximately 56% of the Rappahannock
River watershed is located above the fal-line at Fredericksburg. Over 56% of the totd area or
approximately 4,200 kn? of the watershed consists of primarily deciduous or mixed deciduous and
evergreenforests while 31% (2279 kn? is agricultura cropland. All other land usetypes account for only
14% of the total area of the watershed. Less than 150 knv was urban, most of which was low intensity
resdentid land. Approximately 7,200 km of the over 11,000 km of streambanks and shordine withinthe
watershed has a 30 m minimum riparian forest buffer. Human population in the watershed was 240,754
inthe year 2000 witha popul ationdensity of 32.7 individuds per knm?. Most of the populationisdistributed
in rurd areas within watershed and the largest population center is Fredericksburg, VA. Other townsin
the watershed include Culpeper, Falmouth, Orange and Tappahannock.

Total point and non-point source loadings of nitrogenwere estimated to be 3,620,000 kg/yr in2000. Tota
point and non-point source loadings of phosphorus and sedimentswere approximately 427,000 kg/yr and
304,814 metric tons/yr, respectively in2000. Point sourceloadingsof tota nitrogen and total phosphorus
to the Rappahannock River were 253,752 kglyr and 26,769 kg/yr in 1999, respectively. Dally freshwater
flow at the fal-line ranged from a minimum of 0.25 n*/sec to a maximum of 1,546 mé/sec for the period
of January 1, 1985 through December 31, 2001. Grand mean flow a the fal-line was 46.63 n/sec.
Figures 4-1 to 4-6 provide summary information of basin characteristics of the Rappahannock River.

B. Summary of Statusand Long Term Trends

Figures 4-7 to 4-10 provide summaries of water qudity status and trend andyses for the Rappahannock
River. Rdative status of nutrients and dissolved oxygen was good for nearly dl parameter/segment
combinations in the Rappahannock River main dem. Rdative status of al other parameter/segment
combinations in this region was ether fair or poor. Relative status was good for al parameters in the
Corrotoman River except for bottom dissolved oxygen for which the status was fair. SAV habitat
requirements were met for dl parameters in both the Lower Rappahannock River (RPPMH) and the
Corrotoman River (CRRMH). All parameters except dissolved inorganic phosphorus in the Upper and
Middle Rappahannock River ether did not met the SAV habitat requirements or were borderline.
Degrading trends weredetected insurface chlorophyll a inthe Middle Rappahannock River (RPPOH) and
insecchi depth and bottom dissolved oxygeninthe Lower Rappahannock River (RPPMH). Withrespect
tothe method corrected nutrient data, degrading trendsin surface and bottom tota nitrogen were detected
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in the Corrotoman River (CRRMH), as wdl as degrading trends in bottom total nitrogen in the Lower
Rappahannock River (RPPMH) and bottom dissolved inorganic nitrogen in the Upper Rappahannock
River. Degrading trends were detected in method corrected surface and bottom total phosphorus in dl
segments except the Upper Rappahannock River.

For data collected after the method correction (1995-2001), improving trends were detected in surface
and bottom measurements of total nitrogen in the Lower Rappahannock River (RPPMH) and the
CorrotomanRiver (CRRMH). Improving trendsin surface and bottom dissolved inorganic nitrogen were
detected in the Lower Rappahannock River (RPPMH). Degrading trends in surface chlorophyll a were
detected inthe Upper and Middle Rappahannock River (RPPTF and RPPOH). Degrading trendsin secchi
depth were detected in the Upper Rappahannock River and Corrotoman River (RPPTF and CRRMH).
A degrading trend in dissolved oxygen was detected in the Upper Rappahannock River (RPPTF).
Increasing trends in surface and bottom temperature were detected in both the Upper and Middle
Rappahanmnock River (RPPTF and RPPOH). Increasing trends in surface and bottom sdinity were
detected in al segments except the Upper Rappahannock River (RPPTF).

Figures 4-11 to 4-14 provide summaries of living resource status and trend analyses for the York River.
Improving trends for chlorophyte biomass, and the autotrophic picoplankton biomass were present in al
segments of theriver.  The diatomand cryptophyte biomasstrendswere favorable at both station TF3.3
and RET3.1, withno sgnificant trends at the downstreamstation. 1n contrast, there were degrading trends
indl river ssgments for cyanobacteria abundance and biomass. In generd total phytoplankton biomass
and abundance areincreasing in the river a the tidal freshwater and middle segments, with no trend inthe
lower segment. A mgor relationship to follow isthefuture cyanobacteriadeve opment, and to what degree
the diatom dominance is affected. The more desirable flora throughout the tidal river ssgments are the
diatoms and chlorophytes, in contrast to cyanobacteria and dinoflagellates. These data indicate mixed
trendsinthe dinoflagdllates, degrading downstream. These downstream regions are locations for seasonal
dinoflagellate blooms that may include species toxic to loca fauna

A degrading trend inrotifer abundance was detected inthe lower portion of the mesohdine Rappahannock
River (RPPMH) and dtatus for this microzooplankton indicator was poor for both the mesohaine and
oligohdine segments of the river. There were no trendsin copepod nauplii dbundance and satus for this
parameter was either good in the upper segments and poor in the mesohaline segment.

Although changes in sample processing methods precluded performing status and trend analyses on
mesozooplankton bioindicators, results of analyses conducted on data collected through 1999 indicate
improving trends in mesozooplankton diversity in the oligohdine Reppahannock River (RPPOH) and the
upper portion of the mesohdine Rappahannock River (RPPMH). Degrading trends in mesozooplankton
diversty and several other indicatorswere detected in the lower portion of the mesohaine Rappahannock
River (RPPMH).

A degrading trend inthe B-1BI and severd of its component metrics was detected in the upper portion of
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the mesohdine Rappahannock River (RPPMH) and status of the B-1BI ranged from margind to severdy
degraded. Although benthic community status within the oligohdine Rappahannock River (RPPOH) was
only margind, there were degrading trendsin pollution senstive species biomass and pollution indicetive
abundance.

C. Summary of Major Issuesin the Basin

Results suggest that the primary concern for water quaity in the Rappahannock River is water clarity.
Status of surface chlorophyll a, secchi depth and total suspended solidswas poor or fair indl segmentsin
the Rappahannock River except for the Corrotoman River (CRRMH) whereit wasgood. SAV habitat
requirements were either not met or were borderline for dl parameters except dissolved inorganic
phosphorus inboththe Upper and Middle Rappahannock River (RPPTF and RPPOH). Degrading trends
were detected in surface chlorophyll a in the Middle Rappahannock River (RPPOH) and in secchi depth
and bottom dissolved oxygen in the Upper Rappahannock River (RPPTF).

Degrading trendsinthe “method corrected” data were detected in both surface and bottomtotal nitrogen
and total phosphorus insevera segmentswithin the Rappahannock River; however, thesetrendswere not
detected in the data collected after the method change occurred. This coupled with an examination of
scatterplots of these parameters indicate that the possibility that the trends observed in the “method
corrected” data were an artifact of the method correction process cannot be diminated.

Degrading trends in cyanobacterial abundancesthroughout the river are of particular concern. Degrading
trends in microzooplankton and mesozooplankton indicators were detected in the lower portion of the
Lower Rappahannock River (RPPMH). Further consideration should be given to the ecological
implications of these trends specificdly as it might affect stocks of planktivorous feeding fish. Benthic
community status at dl sations monitored in the Lower Rappahannock River (RPPMH) ranged from
degraded to severely degraded and there were degrading trends in the B-IBI and nearly al of its
component metrics at station RET3.1 in this segment.  Benthic community status within the Middle
Rappahannock River (RPPOH) met the Benthic Restoration gods athough there was a degrading trend
in pollution sengtive species biomass.

. Management Recommendations

It is unclear whether or not there are sgnificant problems in nutrient concentrations in this tributary.
Although degrading trends in both method corrected total nitrogenand total phosphorus were detected in
several segments, these trends were not detected in data collected after the method change. Status of
nutrients was good and SAV habitat requirements for nutrients were met in most ssgments. At present,
the primary concernfor water qudity inthe main stemof Rappahannock River appearsto be water darity.
The datus of water clarity (secchi depth) wasfar inmost segmentsinthistributary and in haf the segments
the SAV habitat requirementsfor water clarity measurements suchaslight attenuation and the percent light
at the leaf surface were either not met or borderline.

4-3



Thereis no clear causefor water clarity problems inthe Rappahannock River. However, thewater clarity
issues may be caused by high concentrations of phytoplanktonand/or total suspended solidsasisindicated
by the fact that status for chlorophyll a and total suspended solids ranged from fair to poor in those
segmentswithfar water clarity status. Additiond evidenceimplicating phytoplankton asthe sourcefor the
water clarity problem is the increasing trends in total phytoplankton abundance found in the Upper and
Middle Rappahannock River segments. Specific phytoplankton groupswhich showed increasesin biomass
a one or more ddions were diatoms, cyanobacteria, and cryptophytes. Increasing trends in
cyanobacterid, autotrophic picoplankton, and chlorophyte abundance were detected at al stations.

Water qudity problemsin the Rappahannock River appear to be locdized in the upper segments of the
river. Poor relative status vaues and SAV habitat requirement violations were for the most part restricted
to these two segments. Point sourceloadingsfor both total nitrogen and total phosphorusare highest above
the fdl-line and decrease moving downstream suggesting a potentid link between water clarity and point
source nutrient loadings. It is possible the higher upstream loadings of nutrients result in higher
phytoplankton dengties which in turn result in poor water clarity. Alterndively, water clarity may be low
because non-point source suspended solid loads from agriculturd land are high. Agricultural non-point
sources account for over 60% of the total sediment loads to the Rappahannock River and most of
agriculturd land in the basinisfound above the fdl-line and in sub-watersheds surrounding the Upper and
Middle Rappahannock River ssgments. Thisaso suggestsapotentid link between agriculturd run-off and
poor water clarity in the upper reaches of the Rappahannock River. The low freshwater flows observed
during the last three years, may confound or amplify any potentid anthropogenic effects. These low flows
could contribute to the poor status of water clarity by reducing the export of suspended solids, nutrients,
and/or phytoplankton in the water column.

No direct link between any of these factors and water clarity can be made; however, a more thorough
investigation of existing data sets may help to identify potentia sources of the water clarity problems. An
andyss of trendsin both the fixed and volaile components of total suspended solids long withadtatistical
andyss of potentia relationshipsbetween secchi depth and various environmentd factors such as suspend
solids concentrations, freshwater flow and phytoplankton concentrations is recommended.  Without
additional information, specific management recommendations for solving this problemcannot be made but
both additiona point and non-point source controls may be required.

Degrading trends in the microzooplankton and mesozooplankton indicators in the lower portion of the
mesohdine Rappahannock River (RPPMH) may be related to the degrading trend in total phosphorus.
Poor statusin rotifer abundance may be related to poor status in total suspended solids

and chlorophyll a.



[1. Overview of Basin Characteristics

The Rappahannock River, the second largest tributary to Chesapeake Bay inVirginia hasawatershed of
7,368 kn that accounts for seven percent of the area of the state of Virginia. The Rappahannock River
beginsinthe Blue Ridge physiographic region and extends for 296 km through the Piedmont and Coasta
Painphysographic regionswhereit emptiesinto Chesapeake Bay. Magjor tributariesto the Rappahannock
River include the Ragpidan, Robinson, and Corrotomanrivers. Approximately 56% of the Rappahannock
River watershed is located above the fal-line at Fredericksburg.

The human populationinthe watershed has increased from just over 200,000 in 1990 to over 240,000 in
2000 and is projected to exceed 300,000 by the year 2010 (Figure 4-1a). Mogt of the population is
digtributed inrura areas within watershed and the largest popul ation center is Fredericksburg, VA. Other
towns in the watershed include Culpeper, Fmouth, Orange and Tappahannock. Population rangesfrom
approximately14. 1individuasper km? inthe Upper Rappahannock River sub-watershed to just under 100
individuals per kn? in the Middle Rappahannock River sub-watershed (RPPOH) (Figure 4-1b).

Nearly 57% or gpproximately 4,200 kn? of the watershed consists of primarily deciduous or mixed
deciduous and evergreenforests, In generd, the percentage of forested land within sub-watersheds of the
Rappahannock River decreases steadily from over 60% above the fdl-line to gpproximately 46% in the
Lower Rappahannock River (RPPMH) sub-watershed (Figure4-2a-b). Approximately 7,200 km of the
over 11,000 km (approximately 65%) of streambanks and shoreline within the watershed have a 30 m
minimumriparianforest buffer. Approximately 31% (2,279 kn¥) of the watershed is agricultura cropland.
This land-use type comprisesover 25% of the areain dl sub-watersheds within the Rappahannock River
basin; however, in terms of actua area, most agricultura land is located above the fdl-line (Figure 4-23).
Al other land use types account for only 14% of the total area of the watershed. Lessthan150 kn? was
urban, most of which waslow intengty resdentid land.

Based on calculations using the Chesgpeake Bay Programwater quality modd, total point and non-point
sourceloadings of nitrogenareestimated to be 3,620,000 kg/yr. Totd point and non-point sourceloadings
of phosphorus and sediments are approximately 427,000 kg/yr and 304,814 metric tons/yr, respectively.
Both nutrient and sediment loadings to the Rappahannock River are primarily from agricultura non-point
sources (Figure 4-3a-c). More detailed information concerning the distribution of non-point source
loadings of nutrientsand sedimentsis required in order to examine potentia relationships between these
sources of anthropogenic stress and water quaity conditions.

Point source loadings of nitrogenhave fluctuated fromapproximately 220,000 to 300,000 kg/yr over the
last decade with no clear trend in the data (Figure 4-44). Point source loadings of phosphorus declined
subgtantialy following the phosphate ban in 1989 and have remained rdatively stable at lessthan 40,000
kg/yr (Figure4-4b). Bothtotal nitrogenand total phosphorus loadings were highest above the fdl-line and
decreased steadily downstream (Figure 4-5a:-b).



Daily freshwater flow at the fall-line ranged from a minimum of 0.25 m?/sec to amaximumof 1,546 m?/sec
forthe period of January 1, 1985 through December 31, 2001. Grand meanflow at thefal-linewas46.63
m?/sec. Although there was no significant trend in freshwater flow a the Rappahannock River fal-ling, the
annud peaks in monthly mean flow during the last three years appear to be much lower than during
previous years and annua mean flow was gpproximately 20% to 25% lower than the grand mean flow
during the last three years (Figure 4-6).

V.  Overview of Monitoring Results

Rdative satus of nutrientsand dissolved oxygen was good for nearly dl parameter/segment combinations
in the Rappahannock River mangem. Rdative satusof al other parameter/segment combinationsin this
regionwas either far or poor. Relative statuswasgood for dl parametersin the Corrotoman River except
for bottom dissolved oxygen for which the status was fair. SAV habitat requirements were met for dl
parametersinboththe Lower Rappahannock River (RPPMH) and the Corrotoman River (CRRMH). All
parameters except dissolved inorganic phosphorus in the Upper and Middle Rappahannock River ether
did not met the SAV habitat requirements or were borderline. Degrading trendswere detected insurface
chlorophyll a in the Middle Rappahannock River (RPPOH) and in secchi depth and bottom dissolved
oxygen in the Lower Rappahannock River (RPPMH) (Figures 4-7 and 4-8).

Degrading trends in surface chlorophyll a were detected in the Upper and Middle Rappahannock River
(RPPTF and RPPOH). Degrading trendsin secchi depth weredetected inthe Upper Rappahannock River
and Corrotoman River (RPPTF and CRRMH). A degrading trend in dissolved oxygen was detected in
the Upper Rappahannock River (RPPTF). Increasing trends in surface and bottom temperature were
detected in both the Upper and Middle Rappahannock River (RPPTF and RPPOH). Increasing trends
in surface and bottom sdinity were detected in al segments except the Upper Rappahannock River
(RPPTF). With respect to themethod corrected nutrient data, degrading trendsin surface and bottom total
nitrogen were detected in the Corrotoman River (CRRMH), as well as degrading trends in bottom tota
nitrogen in the Lower Rappahannock River (RPPMH) and bottom dissolved inorganic nitrogen in the
Upper Rappahannock River. Degrading trends were detected in method corrected surface and bottom
total phosphorusin al segments except the Upper Rappahannock River (Figures 4-7 and 4-8).

For data collected after the method correction (1995-2001), improving trends were detected in surface
and bottom measurements of total nitrogen in the Lower Rappahannock River (RPPMH) and the
CorrotomanRiver (CRRMH). Improving trendsin surface and bottom dissolved inorganic nitrogen were
detected in the Lower Rappahannock River (RPPMH) (Figures 4-9 and 4-10).

There was a generd trend of increased biomass and abundance for the tota phytoplankton which was
associated with a pattern of increased diatoms as the dominant flora component, and the chlorophytes,
cyanophytes, picoplankton, and cryptophytes as prominent background categories.  Areas of flora
concernwithinthisriver sysslemwould be the increasing abundance and biomass of the cyanobacteriawith
additional increases associated with dinoflagellaes.  There was no dgnificant trends in the
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procaryote:eukaryote ratio, and only a few dgnificant trends associated with species diversity and
productivity. Downstream flora changed fromfreshwater speciesto dominant estuarine species, with the
diatoms il the dominant flora, with dinoflagdlates increesing in abundance. The lower reach of thisriver
was aso the ste for increased dinoflagellate blooms from late spring through early fal (Figure 4-11).

Zooplankton parameters continue the same degrading trend withrrespect to rotifer abundance at the mouth
with poor datus for this parameter in al segments monitored except the tida fresh. Copepod nauplii
abundance was good in the upper regions of the bay and poor at the mouth (Figure 4-12). A changein
methodology prevents acritical review of the status and trendsinthe mesozooplanktonmonitoring results.
However, plots of raw dataindicate that rel ative abundances and numbers of species of mesozooplankton
are modly unchanged from1999. The related water qudity trends of the adjacent mainstem (secchi depth
and dinity) have not changed subgtantialy from last year and therefore, it is likely that the generd
mesozooplankton status and trends have not changed much from 1999. Mesozooplankton diversity
continues to dedine at the mouth of the river which is associated with generdly poor clarity trendsin the
mainstem and declining sdinity. Figure 4-13 summarizes status and trendsin mesozooplankton indicators
through 1999.

Benthic community status was severely degraded at dl gations in the Lower Rappahannock River
(RPPMH). Thegatusobserved at these Sationsisrel ated to thefrequency of low dissolved oxygen events
that occur in this ssgment. A degrading trend in the B-1BI was detected at station RET3.1 in the upper
portion of this segment. Benthic community status was margind in the Middle Rappahannock (RPPOH)
but degrading trendsin pollution sensitive speciesbiomassand pollutionindi cative speciesabundance were
detected in this segment (Figure 4-14).

V. Detailed Overview of Status and Trends
A. Fall-Line

In the Rappahannock River at Fredricksburg, improving trendsinflow adjusted concentrations of nitrates-
nitrites (fixed) and total phosphorus (Table 4-1). A degrading trend in total suspended solidswas detected
a thisgaion. Inthe Robinson River a Locust Dde, improving trendsin flow adjusted and flow weighted
concentrations of tota nitrogen were detected. The trendsin tota nitrogen were related to reductionsin
the dissolved inorganic nitrogen species and not organic nitrogen compounds as is indicated by the
improving trends in flow adjusted concentrations, flow weighted concentrations and loadings of ammonia,
nitrate-nitrites (whole) and nitrates (whole) and by the degrading trend in flow weighted concentration of
total Kjeldahl nitrogen detected at this station.



B. M esohaline Rappahannock River (RPPMH - Lower Rappahannock)

1. Water qudlity for living resources

Status wasfair to good for dl water quality parametersinthe Lower Rappahannock segment (Table 4-2).
Status was good for surface and bottom total nitrogen, surface and bottom dissolved inorganic nitrogen,
and bottomdissolved inorganic phosphorus, and status was fair for surface and bottom total phosphorus,
surface dissolved inorganic phosphorus, surface chlorophyll a, surface and bottomtotal suspended solids,
secchi depthand bottom dissolved oxygen.  There were no significant overall trends for most parameters
(Table 4-3), but surface and bottom total phosphorus showed degrading trends. No parameters showed
improving trends.

2. Water qudity for SAV

Rdative datus of most parameters was far except for surface total nitrogen and dissolved inorganic
nitrogenfor whichrdative satus wasgood. SAV habitat requirements were met for al parameters (Table
4-4). Degrading trends in surface total nitrogen, totd phosphorus and the percentage of light at the leaf
surface at both 0.5 and 1.0 meters were detected in this segment (Table 4-5).

3. Water quality trends for 1995-2001

Improving trends were detected in surface and bottom measurements of both total and dissolved inorganic
nitrogen. Increasing trendsin surface and bottom sdinity were aso detected (Figure 4-9 and 4-10).

4. Living resources

Therewere no sgnificant trendsintotal phytoplankton biomass, abundance, or diversity at station LE3.6.
Y e, the gatus for total biomassand diversitywaspoor. Diatom biomass statuswasfair, with no sgnificant
trends for change. Thisregion isa commonstefor summer dinoflagellate blooms, and thereis atrend for
increased dinoflagellate biomass present, dong withpoor status for these flora. Another degrading trend
at thissteisfor increased biomass and abundance for cyanobacteria. The chlorophytesand autotrophic
picoplankton possess favorable biomass status, dong with favorable trends. No sgnificant trends were
associated with the prokaryote to eukaryote biomass ratio with the biomass to abundance ratio showing
a pogtive trend (Figure 4-11). The mgor concern at this station is the increased trends in both
cyanobacteria and dinoflagell ates.

Severd favorable trends were established at station RET3.1.  These included increased diatom,
chlorophyte, and cryptophyte biomass, and reduced biomass for the dinoflagellates and autotrophic
picoplankton. Ingenerd, thetota phytoplankton abundance and biomasswasincreasing. On the negative
sde, there were degrading trends of increased biomass and abundance of the cyanobacteria. The status
of divergty remained poor, with no sgnificant trends. Trends were aso absent for the poor status of
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biomassto abundanceratio, and the prokaryoteto eukaryoteratio (Figure4-11). Thedteremanshedthy
in reference to the phytoplankton composition, with diatoms remaining the dominant flora component.

At station RET3.1 in the upper portion of this segment, there were no significant annual trends in the
microzooplankton parameters. Status for copepod neuplii abundance was good while status for rotifer
abundance was poor (Figure4-11). Thismixed Satusis associated with the mixed status of water quaity
parameters that are good or fair for nutrients but poor to fair for water clarity and chlorophyll a.

At gation LE3.6 at the lowermost portion of this ssgment at the mouth of the river, adegrading trend in
micozooplanktonwas detected as seeninanincreaseinrotifer abundance (Figure 4-12). Thisisthe same
degrading trend detected last year and is associated with generdly degrading trendsinwater qudity in the
mainstem and declining sdinity. The water qudity at this station is probably best judged by adjacent
mainstem results since this station is averaged in with the other mesohaine stations of this segment.
Copepod nauplii abundance status changed from fair last year to poor this year while rotifer abundance
dtatus was poor indicating continued poor water quality.

At station RET3.1 in the upper portion of this segment, benthic community status was degraded. There
were degrading trends in the B-1BI and severd metrics of the IBI. In the lower portion of this ssgment

(stations LE3.2 and LE3.4), benthic community status was severely degraded. Both Sationsare strongly
impacted by low dissolved oxygen events (Figure 4-14).

C. Oligohaline Rappahannock River (RPPOH - Middle Rappahannock)

1. Water qudity for living resources

Status was fair to good for most of the water quaity parameters in the Middle Rappahannock segment
(Table 4-6): surface and bottom total nitrogen and total phosphorus, surface and bottom dissolved
inorganic nitrogen and dissolved inorganic phosphorus, and bottomdissolved oxygen. Status was fair for
surface total suspended solids and secchi depth, and poor for surface chlorophyll a, and bottom total
suspended solids.  There were no significant trends for most parameters (Table 4-7), but there were
degrading trends for bottom total nitrogen, surface and bottom total phosphorus, and surface chlorophyll
a. Bottom dissolved oxygen showed an improving trend.

2. Water qudity for SAV

Rdative datus for most parameterswas good or far except for surface chlorophyll a for whichthe reaive
satus was poor. Most parameters either did not meet the SAV habitat requirements or were borderline
withthe exception of dissolved inorganic phosphorus whichmet the SAV habitat requirement (Table 4-8).
Degrading trendsin surface total nitrogen, total phosphorus and chlorophyll aweredetected inthis ssgment
(Table 4-9).



3. Water quality trends for 1995-2001

A degrading trend in surface chlorophyll a was detected dong withincreasing trendsin surface and bottom
water temperature and sdinity (Figure 4-9 and 4-10).

4. Living resources

Thetotd phytoplankton biomass and abundance show increasing trends at this Site, dong withincreasing
(favorable) trends of biomass associated with the diatoms, chlorophytes, and cryptophytes. There were
no sgnificant trends for productivity or the prokaryote to eukaryote ratio. However, the status of
cyanobacteria and dinoflagellate biomass was poor, with degrading trends associ ated with cyanobacteria
biomass and abundance but dinoflagd late biomasshad adecreasing trend.  This continuing increaseinthe
presenceof cyanobacteria representsaconcernand a patternthat needsto befollowed. Further increases
incyanobacteria may influencethe trophic status at this ation. Thismay represent acyclic pattern, where
reduced concentrations may subsequently occur (Figure 4-11).

There were no sgnificant annud trends in the microzooplankton parameters. Status for copepod nauplii
abundance was good while status for rotifer abundance changed frompoor last year to good thisyear was
poor (Figure 4-12). This mixed status is associated withthe mixed status of water quaity parameters that
are good for nutrients but poor to fair for water clarity and chlorophyl a parameters.

Benthic community status was margind. Therewere degrading trends in pollution sengtive species biomass
and pollution indicative species abundance (Figure 4-14).

D. Tidal Freshwater Rappahannock (RPPTF - Upper Rappahannock)

1. Water qudlity for living resources

Status of surface and bottom total nitrogen, dissolved inorganic nitrogen, total phosphorus, dissolved
inorganic phosphorus and bottom dissolved oxygenwasgood. Status of bottomtotal suspended solidsand
water clarity wasfar. Status of surface chlorophyll a and surfacetotal suspended solids was poor (Table
4-10). Improving trendswere detected in surface and bottom total nitrogen, bottom total phosphorus, and
secchi depth. No degrading trends were detected (Table 4-11).

2. Water qudity for SAV

Although rdaive gtatus of dl surface nutrients was good, reative status for surface chlorophyll a, total
suspended solids and secchi depthwaspoor. Most parameters either met the SAV habitat requirements
or were borderline with the exception of dissolved inorganic phosphorus which did not meet the SAV
habitat requirement (Table 4-12). Improving trendsin the percentage of light at the leaf surface a both 0.5
and 1.0 metersweredetected inthis segment while a degrading trend is surface dissolved inorganic nitrogen
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was also detected (Table 4-13).

3. Water quality trends for 1995-2001

Improvingtrendsinsurfaceand bottomdissol vedinorganic phosphorus were detected; however, degrading
trendsinsurface chlorophyll a, secchi depth and bottom dissolved oxygenwere aso detected (Figure4-9
and 4-10).

4. Living resources

No living resources data are available for this segment.
E. Mesohaline Corrotoman River (CRRMH - Corrotoman River)

1. Water qudlity for living resources

Status of dl parameters was good except for surface total phosphorus and bottom dissolved oxygen for
which the datuswas fair (Table 4-14). Animproving season specific trend in surface tota nitrogen was
detected. Degrading trendsin bottom total phosphorus and secchi depth were dso detected. Decreasing
trends in surface and bottom sdlinity were detected in this segment (Table 4-15).

2. Water qudity for SAV

Rdative status of dl parameters was good and dl parameters met the SAV habitat requirements (Table
4-16). Degrading trends in surface total phosphorus secchi depth and the percentage of light a the leaf
surface at 1.0 meters were detected in this segment (Table 4-17).

3. Water quality trends for 1995-2001

Improving trendsinsurface and bottomtotal nitrogen were detected inthis segment; however, adegrading
trend in secchi depth was detected. Increasing trends in surface and bottom sdinity were also detected
(Figure 4-9 and 4-10).

4. Living resources

No living resources data are available for this segment.
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Figure 4-7. Map of the Rappahannock River basin showing summaries of the status and trend analyses for

each segment. Abbreviations for each parameter are: TN= total nitrogen: DIN=dissolved inorganic
nitrogen; TP=total phosphorus; DIP= dissolved inorganic nitrogen. The prefixes S and B refer to
surface and bottom measurements, respectively. All parameters shown were corrected for
potential method effects associated with changes to analytical techniques that occurred in 1994.
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Figure 4-8. Map of the Rappahannock River basin showing summaries of the status and trend analyses for each

segment. Abbreviations for each parameter are: CHLA=chlorophyll a: TSS=total suspended solids;
SECCHI=secchi depth; DO=dissolved oxygen; WTEMP=water temperature, SALIN=salinity. The
prefixes S and B refer to surface and bottom measurements, respectively.
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Figure 4-9. Map of the Rappahannock River basin showing summaries of the status and trend

analyses for each segment for the period after the method corrections were initiated
(1995-2001). Abbreviations for each parameter are: TN= total nitrogen: DIN=dissolved

inorganic nitrogen; TP=total phosphorus; DIP= dissolved inorganic nitrogen.

The

prefixes S and B refer to surface and bottom measurements, respectively.
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Figure 4-10. Map of the Rappahannock River basin showing summaries of the status and trend analyses for

each segment

SECCHI=secchi depth; DO=

The prefixes S and B refer to surface and bottom measurements, respectively.
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Abbreviations for each parameter are: CHLA=chlorophyll a: TSS=total suspended solids;
dissolved oxygen; WTEMP=water temperature, SALIN=salinity.
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Figure 4-11. Map of the Rappahannock River basin showing summaries of the status and
trend analyses for phytoplankton bioindicators for each segment.
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Figure 4-12. Map of the Rappahannock River basin showing summaries of the status and trend

analyses for microzooplankton bioindicators for each segment.
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Figure 4-13. Map of the Rappahannock River basin showing summaries of the status and

trend analyses for mesozooplankton bioindicators for each segment.
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Map of the Rappahannock River basin showing summaries of the status and
trend analyses for benthic bioindicators for each segment.




Table 4-1.  Water quality trends at Rappahannock River RIM stations 1668000
(Fredericksburg) and 1666500 (Robinson River at Locust Dale).

River Station Parameter Data Type Status Slope pValue Direction
Rappahannock River at Fredericksburg 1668000 NO23F FAC -- -0.0256 0.0118 IMPROVING
Rappahannock River at Fredericksburg 1668000 TP FAC -- -0.0201 0.0145 IMPROVING
Rappahannock River at Fredericksburg 1668000 TSSED FAC -- 0.2111 0.0004 DEGRADING
Robinson River at Locust Dale 1666500 TN FAC -- -0.0142 0.0015 IMPROVING
Robinson River at Locust Dale 1666500 TN FwWC 0.63001 -0.0140 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 TNH4 FAC -- -0.0321 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 TNH4 FwC 0.03281 -0.0320 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 TNH4 LOAD 0.11814 -0.0356 0.0094 IMPROVING
Robinson River at Locust Dale 1666500 TKN FAC -- 0.0280 0.0034DEGRADING
Robinson River at Locust Dale 1666500 TKN FwWC 0.35933 0.0251 0.0001 DEGRADING
Robinson River at Locust Dale 1666500 NO23W FAC -- -0.0473 0.0000 IMPROVING
Robinson River at Locust Dale 1666500 NO23W FwWC 0.24793 -0.0482 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 NO23W LOAD 0.99401 -0.0518 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 NO3W FAC -- -0.0513 0.0000 IMPROVING
Robinson River at Locust Dale 1666500 NO3W FwWC 0.23391 -0.0522 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 NO3W LOAD 0.93003 -0.0558 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 TP FAC -- -0.0264 0.0007 IMPROVING
Robinson River at Locust Dale 1666500 TP FwWC 0.04525 -0.0266 0.0001 IMPROVING
Robinson River at Locust Dale 1666500 TP LOAD 0.17120 -0.0301 0.0482 IMPROVING
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Table 4-2.  Water quality status in segment RPPMH (value is the median concentration,
secchi in meters, chlorophyll a in pg/l1 all other parameters in mg/1).

Segment Parameter Season SValue SScore SStatus BValue BScore  BStatus
RPPMH TN Annual 0.464 10.8 GOOD 0.519 13.9 GOOD
RPPMH TN Springl 0.463 6.4 GOOD 0.528 10.6 GOOD
RPPMH TN Spring2 0.466 8.8 GOOD 0.528 11.0 GOOD
RPPMH TN Summerl 0.511 14.9 GOOD 0.513 13.4 GOOD
RPPMH TN Summer2 0.517 15.5 GOOD 0.501 14.6 GOOD
RPPMH DIN Annual 0.012 1.5 GOOD 0.023 1.5 GOOD
RPPMH DIN Springl 0.014 0.5 GOOD 0.023 1.5 GOOD
RPPMH DIN Spring2 0.013 1.3 GOOD 0.018 1.5 GOOD
RPPMH DIN Summerl 0.009 2.1 GOOD 0.023 2.1 GOOD
RPPMH DIN Summer2 0.009 2.2 GOOD 0.027 2.5 GOOD
RPPMH TP Annual 0.038 46.2 0.048 48.2

RPPMH TP Springl 0.038 57.5 0.049 52.2

RPPMH TP Spring2 0.044 60.8 POOR 0.056 57.9 POOR
RPPMH TP Summerl 0.045 34.6 GOOD 0.059 47.1

RPPMH TP Summer2 0.043 29.8 GOOD 0.059 38.1 GOOD
RPPMH DIP Annual 0.005 39.4 0.006 37.9 GOOD
RPPMH DIP Springl 0.005 62.0 POOR 0.006 58.5 POOR
RPPMH  DIP Spring2 0.005 44.4 0.006 47.5

RPPMH DIP Summerl 0.005 38.0 GOOD 0.009 30.2 GOOD
RPPMH DIP Summer2 0.006 354 GOOD 0.010 32.7 GOOD
RPPMH CHLA Annual 8.722 48.7 - - -
RPPMH CHLA Springl 9.896 52.1 - - -
RPPMH CHLA Spring2 10.290 50.0 - - -
RPPMH CHLA Summerl 11.866 49.3 - - -
RPPMH CHLA Summer2 11.547 47.8 - - -
RPPMH  TSS Annual 7.770 44.1 15.040 51.2

RPPMH  TSS Springl 8.310 59.7 POOR 18.500 65.9 POOR
RPPMH TSS Spring2 13.375 67.4 POOR 18.500 73.2 POOR
RPPMH TSS Summerl 8.738 42.5 GOOD 16.456 61.6 POOR
RPPMH  TSS Summer2 7.540 36.0 GOOD 18.500 59.8 POOR
RPPMH SECCHI  Annual 1.175 47.3 - - -
RPPMH SECCHI  Springl 1.100 39.3 POOR - - -
RPPMH SECCHI  Spring2 1.100 38.2 POOR - - -
RPPMH SECCHI  Summerl 1.125 54.7 - - -
RPPMH SECCHI  Summer2 1.150 55.7 - - -
RPPMH DO Springl - - - 8.905 - GOOD
RPPMH DO Spring2 - - - 6.740 - GOOD
RPPMH DO Summerl - - - 4.320 -

RPPMH DO Summer2 - - - 4.220 -
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Table4-3. Water quality trends in segment RPPMH (only significant trends are displayed).

Segment Parameter Season Layer Baseline Slope %Change  %BDL  pValue Direction
RPPMH TN* Summerl S 0.545 0.0170 51.48 0.00 0.0054 DEGRADING
RPPMH TN* Spring2 S 0.566 0.0200 60.36 0.00 0.0296 DEGRADING
RPPMH TN* Summerl B 0.577 0.0250 73.11 0.00 0.0026 DEGRADING
RPPMH TN* Spring2 B 0.606 0.0280 78.49 0.00 0.0390 DEGRADING
RPPMH TP* Annual S 0.035 0.0020 81.96 0.93 <0.0001 DEGRADING
RPPMH TP* Summerl S 0.038 0.0010 63.45 0.00 0.0003 DEGRADING
RPPMH TP* Fall S 0.027 0.0020 132.79 0.00 0.0073 DEGRADING
RPPMH TP* Summer2 S 0.037 0.0020 83.29 0.00 0.0021 DEGRADING
RPPMH TP* Annual B 0.052 0.0010 39.06 0.00 0.0020 DEGRADING
RPPMH TP* Winter B 0.032 0.0020 120.95 0.00 0.0299 DEGRADING
RPPMH CHLA* Summerl S 8.50 0.169 33.86 0.00 0.0170 DEGRADING
RPPMH CHLA* Summer2 S 9.00 0.180 34.00 0.00 0.0170 DEGRADING
RPPMH TSS Summer2 S 9.70  -0.375 -65.72 0.00 0.0200 IMPROVING
RPPMH TSS Springl B 8.10 0.879 184.40 0.00 0.0100  DEGRADING
RPPMH TSS Spring2 B 7.70 0.923 203.69 0.00 0.0170 DEGRADING
RPPMH SALIN Annual S 14.96 -0.13 -14.99 0.00 0.0020 DECREASING
RPPMH SALIN Summerl S 17.16 -0.17 -16.96 0.00 0.0030 DECREASING
RPPMH SALIN Summer2 S 17.53 -0.18 -17.11 0.00 0.0030 DECREASING
RPPMH SALIN Annual B 16.60 -0.07 -6.81 0.00 0.0480 DECREASING
RPPMH WTEMP Summerl B 25.00 -0.06 -4.03 0.00 0.0130 DECREASING
RPPMH WTEMP Spring2 B 18.86 -0.10 -8.99 0.00 0.0130 DECREASING
RPPMH PLLOS Annual S 0.40 -0.004 -17.85 0.00 0.0260 DEGRADING
RPPMH PLLO5 Springl S 0.40 -0.011 -44.63 0.00 0.0100  DEGRADING
RPPMH PLLO5 Spring2 S 0.50 -0.011 -38.42 0.00 0.0010 DEGRADING
RPPMH PLLI10 Annual S 0.30 -0.004 -21.53 0.00 0.0040 DEGRADING
RPPMH PLLI10 Springl S 0.30 -0.009 -49.87 0.00 0.0080 DEGRADING
RPPMH PLL10 Spring2 S 0.30 -0.009 -51.57 0.00 0.0010 DEGRADING

4-28



Table 4-4. SAV season water quality status in segment RPPMH (value is the median
concentration; secchi in meters, chlorophyll @ in pg/l all other parameters in
mg/l).

SAYV Goal Habitat
Segment Parameter Value Score Status Value Requirement
RPPMH TN 0.485 12.1  Good - -
RPPMH DIN 0.010 2.2 Good 0.0107 Pass
RPPMH TP 0.043 46.5 - -
RPPMH DIP 0.005 43.7 0.0050 Pass
RPPMH CHLA 11.17 50.8 11.2 Pass
RPPMH TSS 8.31 42.6 8.4 Pass
RPPMH SECCHI 1.15 47.6 - -
RPPMH KD - - - 1.30 Pass
RPPMH PLLO5 - - - 0.348 Pass
RPPMH PLLI10 - - - 0.181 Pass

Table 4-5. SAV Season Water quality trends in segment RPPMH (only significant trends
are displayed).

Segment Parameter Season Layer Baseline  Slope %Change %BDL pValue Direction

RPPMH TN* SAVI S 0.570 0.0110 34.02 0.00 0.0099 DEGRADING

RPPMH TP* SAVI S 0.038 0.0010 62.65 0.00 0.0001 DEGRADING

RPPMH TP* SAV2 S 0.036 0.0010 66.27 0.00 0.0045 DEGRADING

RPPMH SALIN SAVI S 16.03  -0.16 -17.23 0.00 0.0010 DECREASING

RPPMH PLLOS SAVI S 0.40 -0.006 -25.07 0.00 0.0040 DEGRADING

RPPMH PLL10 SAVI S 0.30 -0.005 -29.47 0.00 0.0010 DEGRADING
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Table 4-6.  Water quality status in segment RPPOH (value is the median concentration,
secchi in meters, chlorophyll a in pg/l1 all other parameters in mg/1).

Segment Parameter Season SValue SScore SStatus BValue BScore  BStatus
RPPOH TN Annual 0.745 10.2 GOOD 0.816 11.7 GOOD
RPPOH TN Springl 1.036 17.0 GOOD 1.172 19.4 GOOD
RPPOH TN Spring2 0.811 11.6 GOOD 0.823 9.9 GOOD
RPPOH TN Summerl 0.627 9.3 GOOD 0.669 9.7 GOOD
RPPOH TN Summer2 0.584 8.1 GOOD 0.656 10.1 GOOD
RPPOH  DIN Annual 0.135 13.5 GOOD 0.175 17.4 GOOD
RPPOH  DIN Springl 0.512 28.1 GOOD 0.453 23.5 GOOD
RPPOH  DIN Spring2 0.186 12.9 GOOD 0.185 12.2 GOOD
RPPOH  DIN Summerl 0.008 1.1 GOOD 0.010 1.2 GOOD
RPPOH  DIN Summer2 0.004 0.6 GOOD 0.009 1.4 GOOD
RPPOH TP Annual 0.077 36.4 GOOD 0.092 34.2 GOOD
RPPOH TP Springl 0.103 52.7 0.144 57.7

RPPOH TP Spring2 0.103 50.6 0.119 41.1

RPPOH TP Summerl 0.069 23.6 GOOD 0.101 32.9 GOOD
RPPOH TP Summer2 0.064 19.9 GOOD 0.105 36.5 GOOD
RPPOH  DIP Annual 0.008 32.2 GOOD 0.008 324 GOOD
RPPOH  DIP Springl 0.012 55.3 0.011 50.5

RPPOH  DIP Spring2 0.012 49.7 0.011 45.2

RPPOH  DIP Summerl 0.009 34.6 GOOD 0.009 32.0 GOOD
RPPOH  DIP Summer2 0.009 359 GOOD 0.010 36.3 GOOD
RPPOH CHLA Annual 16.840 67.2 POOR - - -
RPPOH  CHLA Springl 8.955 40.1 GOOD - - -
RPPOH  CHLA Spring2 17.960 67.2 POOR - - -
RPPOH CHLA Summerl 18.695 59.7 POOR - - -
RPPOH CHLA Summer2 18.260 54.9 - - -
RPPOH  TSS Annual 26.000 57.0 50.000 65.8 POOR
RPPOH  TSS Springl 41.000 70.9 POOR 79.000 78.0 POOR
RPPOH  TSS Spring2 36.000 65.6 POOR 79.000 78.0 POOR
RPPOH  TSS Summerl 22.500 49.1 42.500 52.4

RPPOH  TSS Summer2 19.000 41.3 31.000 36.7 GOOD
RPPOH  SECCHI  Annual 0.400 44.7 - - -
RPPOH  SECCHI  Springl 0.300 35.6 POOR - - -
RPPOH  SECCHI  Spring2 0.300 29.3 POOR - - -
RPPOH SECCHI Summerl 0.475 53.9 - - -
RPPOH  SECCHI  Summer2 0.438 41.3 - - -
RPPOH DO Springl - - - 9.270 - GOOD
RPPOH DO Spring2 - - - 7.420 - GOOD
RPPOH DO Summerl - - - 6.635 - GOOD
RPPOH DO Summer2 - - - 6.560 - GOOD
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Table4-7. Water quality trends in segment RPPOH (only significant trends are displayed).

Segment Parameter Season Layer Baseline Slope %Change  %BDL  pValue Direction
RPPOH TN* Summerl S 0.479 0.0280 99.28 0.00 0.0027 DEGRADING
RPPOH TN* Spring2 S 0.592 0.0310 87.93 0.00 0.0302 DEGRADING
RPPOH TN* Summer2 S 0.527 0.0240 77.48 0.00 0.0239 DEGRADING
RPPOH TN* Annual B 0.698 0.0240 57.20 0.00 0.0010 DEGRADING
RPPOH TN* Summerl B 0.490 0.0420 144.43 0.00 0.0002 DEGRADING
RPPOH TN* Summer2 B 0.531 0.0400 128.13 0.00 0.0009 DEGRADING
RPPOH DIN* Winter S 0.915 -0.0400 -74.32 0.00 0.0348 IMPROVING
RPPOH TP* Annual S 0.058 0.0040 114.83 0.95 0.0001 DEGRADING
RPPOH TP* Summerl S 0.047 0.0040 141.29 0.00 0.0116 DEGRADING
RPPOH TP* Fall S 0.051 0.0050 152.16 0.00 0.0212 DEGRADING
RPPOH TP* Winter S 0.047 0.0040 141.29 6.67 0.0253 DEGRADING
RPPOH TP* Summer2 S 0.042 0.0040 144.47 0.00 0.0385 DEGRADING
RPPOH TP* Annual B 0.071 0.0060 132.38 0.00 <0.0001 DEGRADING
RPPOH TP* Summerl B 0.069 0.0070 159.52 0.00 0.0020 DEGRADING
RPPOH TP* Fall B 0.053 0.0050 165.42 0.00 0.0290 DEGRADING
RPPOH TP* Winter B 0.043 0.0080 308.28 0.00 0.0140 DEGRADING
RPPOH TP* Summer2 B 0.059 0.0070 205.78 0.00 0.0015 DEGRADING
RPPOH CHLA* Annual S 4.60 0.461 170.26 0.18 <0.0001 DEGRADING
RPPOH CHLA* Springl S 2.90 0.412 241.46 0.12 0.0070 DEGRADING
RPPOH CHLA* Summerl S 9.60 0.623 110.27 0.02 <0.0001 DEGRADING
RPPOH CHLA* Spring2 S 3.70 0.618 283.72 0.06 0.0040 DEGRADING
RPPOH CHLA* Summer2 S 9.90 0.617 105.86 0.02 0.0030 DEGRADING
RPPOH SECCHI Summer2 S 0.70 -0.01 -17.97 0.00 0.0460 DEGRADING
RPPOH DO Summerl B 6.30 0.06 15.43 0.00 0.0030 IMPROVING
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Table 4-8. SAV season water quality status in segment RPPOH (value is the median
concentration; secchi in meters, chlorophyll @ in pg/l all other parameters in

mg/l).

SAYV Goal Habitat
Segment Parameter Value Score Status Value Requirement
RPPOH TN 0.657 9.1 Good - -
RPPOH DIN 0.012 1.1  Good 0.0120 -
RPPOH TP 0.079 33.3  Good - -
RPPOH DIP 0.009 36.2  Good 0.0090 Pass
RPPOH CHLA 18.03 60.5  Poor 18.1
RPPOH TSS 26.00 55.6 26.0 Fails
RPPOH SECCHI 0.40 42.6 - -
RPPOH KD - - - 3.60 Fails
RPPOH PLLOS5 - - - 0.058
RPPOH PLLI10 - - - 0.010 Fails

Table 4-9. SAV Season Water quality trends in segment RPPOH (only significant trends

are displayed).
Segment Parameter Season Layer Baseline  Slope %Change %BDL pValue Direction
RPPOH TN* SAV1 S 0.558 0.0220 65.77 0.00 0.0043 DEGRADING
RPPOH TP* SAV1 S 0.047 0.0040 140.81 0.00 0.0005 DEGRADING
RPPOH TP* SAV2 S 0.062 0.0040 107.54 0.00 0.0289 DEGRADING
RPPOH CHLA* SAVI S 9.30 0.620 113.41 0.03 <0.0001 DEGRADING
RPPOH SALIN SAV1 S 3.99 -0.03 -14.19 0.00 0.0160 DECREASING
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Table 4-10. Water quality status in segment RPPTF (value is the median concentration,
secchi in meters, chlorophyll a in pg/l1 all other parameters in mg/1).

Segment Parameter Season SValue SScore SStatus BValue BScore  BStatus
RPPTF TN Annual 0.923 16.8 GOOD 0.933 13.4 GOOD
RPPTF TN Springl 0.891 14.6 GOOD 0.925 14.5 GOOD
RPPTF TN Spring2 0.923 13.0 GOOD 0.857 11.0 GOOD
RPPTF TN Summerl 0.938 16.4 GOOD 0.991 14.1 GOOD
RPPTF TN Summer2 0.932 15.4 GOOD 0.983 14.1 GOOD
RPPTF DIN Annual 0.482 30.8 GOOD 0.475 29.7 GOOD
RPPTF DIN Springl 0.530 24.1 GOOD 0.517 243 GOOD
RPPTF DIN Spring2 0.424 20.6 GOOD 0.446 18.8 GOOD
RPPTF DIN Summerl 0.260 21.8 GOOD 0.251 23.5 GOOD
RPPTF DIN Summer2 0.185 12.5 GOOD 0.191 15.7 GOOD
RPPTF TP Annual 0.074 32.5 GOOD 0.082 30.7 GOOD
RPPTF TP Springl 0.075 32.8 GOOD 0.080 30.4 GOOD
RPPTF TP Spring2 0.073 33.4 GOOD 0.091 32.6 GOOD
RPPTF TP Summerl 0.077 27.2 GOOD 0.089 32.6 GOOD
RPPTF TP Summer2 0.078 25.3 GOOD 0.089 31.9 GOOD
RPPTF DIP Annual 0.008 14.4 GOOD 0.007 21.0 GOOD
RPPTF DIP Springl 0.009 16.3 GOOD 0.009 24.0 GOOD
RPPTF DIP Spring2 0.007 9.6 GOOD 0.007 16.6 GOOD
RPPTF DIP Summerl 0.006 9.7 GOOD 0.006 12.8 GOOD
RPPTF DIP Summer2 0.006 10.3 GOOD 0.006 13.4 GOOD
RPPTF CHLA Annual 16.026 76.9 POOR - - -
RPPTF CHLA Springl 12.615 73.8 POOR - - -
RPPTF CHLA Spring2 19.260 81.7 POOR - - -
RPPTF CHLA Summerl  28.198 79.9 POOR - - -
RPPTF CHLA Summer2  28.875 80.8 POOR - - -
RPPTF TSS Annual 22.000 66.4 POOR 32.500 48.0

RPPTF TSS Springl 27.500 64.3 POOR 37.500 62.5 POOR
RPPTF TSS Spring2 23.500 66.8 POOR 39.000 64.1 POOR
RPPTF TSS Summerl  21.250 70.1 POOR 32.500 47.1

RPPTF TSS Summer2  22.000 71.1 POOR 33.500 47.4

RPPTF SECCHI  Annual 0.500 44.1 - - -
RPPTF SECCHI  Springl 0.500 25.7 POOR - - -
RPPTF SECCHI  Spring2 0.500 24.3 POOR - - -
RPPTF SECCHI  Summerl 0.500 40.8 - - -
RPPTF SECCHI  Summer2 0.500 40.3 POOR - - -
RPPTF DO Springl - - - 9.200 - GOOD
RPPTF DO Spring2 - - - 8.300 - GOOD
RPPTF DO Summerl - - - 6.905 - GOOD
RPPTF DO Summer2 - - - 6.855 - GOOD
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Table4-11. Water quality trends in segment RPPTF (only significant trends are displayed).

Segment Parameter Season Layer Baseline Slope %Change  %BDL  pValue Direction
RPPTF  TN* Annual B 0.947 -0.0170 -29.62 0.00 0.0308 IMPROVING
RPPTF  TN* Winter B 1.561 -0.0860 -93.99 0.00 0.0023 IMPROVING
RPPTF  DIN* Summerl S 0.198 0.0260 221.14 19.44 0.0448 DEGRADING
RPPTF  DIN* Summer2 S 0.120 0.0380 539.12 25.93 0.0200 DEGRADING
RPPTF  DIN* Annual B 0.435 0.0130 50.46 7.69 0.0303 DEGRADING
RPPTF  DIN* Springl B 0.563 0.0190 55.83 0.00 0.0492 DEGRADING
RPPTF  DIN* Summerl B 0.216 0.0260 207.26 16.67 0.0206 DEGRADING
RPPTF  DIN* Summer2 B 0.120 0.0340 474.58 22.22 0.0148 DEGRADING
RPPTF  TP* Winter B 0.096 -0.0080 -141.66 0.00 0.0234 IMPROVING
RPPTF  SECCHI Summerl S 0.40 0.01 21.25 0.00 0.0200 IMPROVING
RPPTF DO Springl B 8.70 0.07 12.90 0.00 0.0150 IMPROVING
RPPTF  PLLOS Summerl S 0.00 0.002 0.00 0.00 0.0160 IMPROVING
RPPTF  PLLI10 Annual S 0.00 0.001 0.00 0.00 0.0280 IMPROVING
RPPTF  PLLI10 Summerl S 0.00 0.001 0.00 0.00 0.0070 IMPROVING
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Table 4-12. SAV season water quality status in segment RPPTF (value is the median
concentration; secchi in meters, chlorophyll @ in pg/l all other parameters in

mg/l).

SAYV Goal Habitat
Segment Parameter Value Score Status Value Requirement
RPPTF TN 0.932 16.6  Good - -
RPPTF  DIN 0.336 26.2 Good 0.4575 -
RPPTF TP 0.074 28.6  Good - -
RPPTF  DIP 0.007 11.5 Good 0.0070 Pass
RPPTF  CHLA 23.90 81.7  Poor 19.6
RPPTF  TSS 22.00 69.7  Poor 17.0
RPPTF SECCHI 0.50 23.1  Poor - -
RPPTF KD - - - 2.90 Fails
RPPTF  PLLOS - - - 0.070
RPPTF  PLLI10 - - - 0.019 Fails

Table 4-13. SAYV Season Water quality trends in segment RPPTF (only significant trends

are displayed).
Segment Parameter Season Layer Baseline  Slope %Change %BDL pValue Direction
RPPTF  DIN* SAV1 S 0.258 0.0220 146.85 14.29 0.0069 DEGRADING
RPPTF  PLLOS SAV1 S 0.00 0.002 0.00 0.00 0.0370 IMPROVING
RPPTF  PLL10 SAVI S 0.00 0.001 0.00 0.00 0.0110 IMPROVING
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Table 4-14. Water quality status in segment CRRMH (value is the median concentration,
secchi in meters, chlorophyll a in pg/l1 all other parameters in mg/1).

Segment Parameter Season SValue SScore SStatus BValue BScore  BStatus
CRRMH TN Annual 0.468 10.1 GOOD 0.477 11.0 GOOD
CRRMH TN Springl 0.403 2.9 GOOD 0.421 3.4 GOOD
CRRMH TN Spring2 0.472 7.2 GOOD 0.502 7.9 GOOD
CRRMH TN Summerl 0.498 12.5 GOOD 0.517 14.3 GOOD
CRRMH TN Summer2 0.513 14.1 GOOD 0.496 13.2 GOOD
CRRMH DIN Annual 0.007 0.7 GOOD 0.009 0.2 GOOD
CRRMH DIN Springl 0.007 0.1 GOOD 0.008 0.1 GOOD
CRRMH DIN Spring2 0.007 0.5 GOOD 0.013 0.5 GOOD
CRRMH DIN Summerl 0.006 1.0 GOOD 0.013 0.6 GOOD
CRRMH DIN Summer2 0.007 1.4 GOOD 0.034 4.2 GOOD
CRRMH TP Annual 0.029 29.1 GOOD 0.037 33.4 GOOD
CRRMH TP Springl 0.026 35.7 GOOD 0.034 37.1 GOOD
CRRMH TP Spring2 0.032 39.0 GOOD 0.042 47.3

CRRMH TP Summerl 0.039 26.0 GOOD 0.054 41.5

CRRMH TP Summer2 0.042 26.3 GOOD 0.054 34.2 GOOD
CRRMH DIP Annual 0.003 32.2 GOOD 0.004 29.6 GOOD
CRRMH DIP Springl 0.004 48.4 0.004 44.8

CRRMH DIP Spring2 0.005 50.2 0.004 36.1 GOOD
CRRMH DIP Summerl 0.004 29.1 GOOD 0.006 22.7 GOOD
CRRMH DIP Summer2 0.004 27.2 GOOD 0.006 20.4 GOOD
CRRMH CHLA Annual 6.020 25.5 GOOD - - -
CRRMH CHLA Springl 4.300 13.5 GOOD - - -
CRRMH CHLA Spring2 8.350 35.6 GOOD - - -
CRRMH CHLA Summerl 8.465 29.0 GOOD - - -
CRRMH CHLA Summer2 8.510 28.1 GOOD - - -
CRRMH TSS Annual 4.000 14.4 GOOD 8.000 21.9 GOOD
CRRMH TSS Springl 4.000 13.3 GOOD 6.000 11.4 GOOD
CRRMH TSS Spring2 10.000 54.2 12.000 41.6 GOOD
CRRMH TSS Summerl 4.500 12.5 GOOD 9.500 329 GOOD
CRRMH TSS Summer2 4.000 8.5 GOOD 8.000 23.6 GOOD
CRRMH SECCHI  Annual 1.600 69.8 GOOD - - -
CRRMH SECCHI  Springl 1.700 73.0 GOOD - - -
CRRMH SECCHI  Spring2 1.200 52.6 - - -
CRRMH SECCHI  Summerl 1.350 72.8 GOOD - - -
CRRMH SECCHI  Summer2 1.400 76.6 GOOD - - -
CRRMH DO Springl - - - 8.820 - GOOD
CRRMH DO Spring2 - - - 6.750 - GOOD
CRRMH DO Summerl - - - 3.925 -

CRRMH DO Summer2 - - - 3.900 -
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Table 4-15. Water quality trends in segment CRRMH (only significant trends are

displayed).
Segment Parameter Season Layer Baseline Slope %Change  %BDL  pValue Direction
CRRMH TN* Annual S 0.509  0.0060 20.69 0.00 0.0172 DEGRADING
CRRMH TN* Winter S 0.326  0.0260 135.90 0.00 0.0056 DEGRADING
CRRMH TN* Spring2 S 0.466 0.0180 64.91 0.00 0.0283 DEGRADING
CRRMH TN* Annual B 0.472 0.0170 59.41 0.94 0.0007 DEGRADING
CRRMH TN* Summerl B 0.517 0.0210 67.73 0.00 0.0317 DEGRADING
CRRMH TP* Annual S 0.026 0.0010 71.43 5.66 <0.0001 DEGRADING
CRRMH TP* Springl S 0.028 0.0010 54.35 3.70 0.0380 DEGRADING
CRRMH TP* Summerl S 0.031 0.0010 60.20 0.00 0.0096 DEGRADING
CRRMH TP* Fall S 0.017 0.0010 107.30 3.70 0.0034 DEGRADING
CRRMH TP* Summer2 S 0.030 0.0010 78.84 0.00 0.0048 DEGRADING
CRRMH TP* Annual B 0.027 0.0010 87.44 0.94 <0.0001 DEGRADING
CRRMH TP* Summerl B 0.032 0.0020 111.94 0.00 0.0037 DEGRADING
CRRMH TP* Fall B 0.020 0.0010 118.96 0.00 0.0060 DEGRADING
CRRMH TP* Winter B 0.017  0.0020 191.71 6.25 0.0310 DEGRADING
CRRMH TP* Summer2 B 0.031 0.0020 114.53 0.00 0.0059 DEGRADING
CRRMH TSS Summerl S 7.50 -0.150 -34.00 0.32 0.0160 IMPROVING
CRRMH TSS Summer2 S 9.00 -0.375 -70.83 0.35 <0.0001 IMPROVING
CRRMH TSS Summer2 B 16.00 -0.500 -53.13 0.22 0.0230 IMPROVING
CRRMH SECCHI Annual S 2.00 -0.01 -11.31 0.00 0.0090 DEGRADING
CRRMH SECCHI Spring2 S 1.90 -0.02 -17.89 0.00 0.0020 DEGRADING
CRRMH DO Summerl B 5.00 -0.12 -39.17 0.00 0.0060 DEGRADING
CRRMH SALIN Annual S 16.51 -0.15 -15.45 0.00 0.0010 DECREASING
CRRMH SALIN Summerl S 18.17 -0.23 -21.19 0.00 <0.0001 DECREASING
CRRMH SALIN Summer2 S 18.77 -0.24 -21.50 0.00 0.0010 DECREASING
CRRMH SALIN Annual B 16.84 -0.09 -9.41 0.00 0.0200 DECREASING
CRRMH SALIN Summerl B 18.24 -0.14 -13.26 0.00 0.0110 DECREASING
CRRMH SALIN Summer2 B 19.03 -0.14 -12.58 0.00 0.0210 DECREASING
CRRMH WTEMP Summerl B 25.50 -0.11 -7.11 0.00 0.0020 DECREASING
CRRMH WTEMP Spring2 B 20.20 -0.11 -9.64 0.00 0.0020 DECREASING
CRRMH PLLOS Annual S 0.50  -0.002 -7.82 0.00 0.0360 DEGRADING
CRRMH PLLO05 Spring2 S 0.50 -0.006 -21.42 0.00 0.0140 DEGRADING
CRRMH PLL10 Annual S 0.40 -0.003 -12.75 0.00 0.0250 DEGRADING
CRRMH PLLI10 Spring2 S 0.40  -0.006 -26.35 0.00 0.0120 DEGRADING
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Table 4-16. SAYV season water quality status in segment CRRMH (value is the median
concentration; secchi in meters, chlorophyll @ in pg/l all other parameters in
mg/l).

SAYV Goal Habitat
Segment Parameter Value Score Status Value Requirement
CRRMH TN 0.478 10.3  Good - -
CRRMH DIN 0.008 1.2 Good 0.0075 Pass
CRRMH TP 0.035 31.5 Good - -
CRRMH DIP 0.004 342  Good 0.0040 Pass
CRRMH CHLA 8.42 34.1 Good 8.4 Pass
CRRMH TSS 4.00 10.9 Good 4.0 Pass
CRRMH SECCHI 1.40 68.1 Good - -
CRRMH KD - - - 1.00 Pass
CRRMH PLLO05 - - - 0.465 Pass
CRRMH PLL10 - - - 0.277 Pass

Table4-17. SAYV Season Water quality trends in segment CRRMH (only significant trends
are displayed).

Segment Parameter Season Layer Baseline  Slope %Change %BDL pValue Direction

CRRMH TP* SAVI S 0.030 0.0010 62.72 0.00 0.0010 DEGRADING

CRRMH TP* SAV2 S 0.025 0.0010 81.15 3.70 0.0011 DEGRADING

CRRMH SECCHI  SAVI 8 1.80  -0.01 -12.56 0.00 0.0070 DEGRADING

CRRMH SALIN SAVI S 17.48  -0.20 -19.45 0.00  <0.0001 DECREASING

CRRMH PLL10 SAVI S 0.30 -0.003 -15.87 0.00 0.0360 DEGRADING
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Glossary of Important Terms

Anoxic - condition in which the water column is characterized by a complete absence of oxygen. Anoxic conditions
typically result from excessive decomposition of organic material by bacteria, high respiration by
phytoplankton, stratification of the water column due to salinity or temperature effects or a combination ofthese
factors. Anoxic conditions can result in fish kills or localized extinction of benthic communities.

Anthropogenic - resulting from or generated by human activities.

Benthos - refers to organisms that dwell on or within the bottom. Includes both hard substratum habitats (e.g. oyster
reefs) and sedimentary habitats (sand and mud bottoms).

B-IBI - the benthic index of biotic integrity of Weisberg et al. (1997). The B-IBI is a multi-metric index that compares
the condition of a benthic community to reference conditions.

Biological Nutrient Removal (BNR) - A temperature dependent process in which the ammonia nitrogen present in
wastewater is converted by bacteria first to nitrate nitrogen and then to nitrogen gas. This technique is used to
reduce the concentration of nitrogen in sewage treatment plant effluents.

Biomass - a quantitative estimate of the total mass of organisms for a particular population or community within a given
area at a given time. Biomass for phytoplankton is measured as the total carbon within a liter of water.
Biomass for the benthos is measured as the total ash-free dry weight per square meter of sediment habitat.

Chlorophyll a - a green pigment found in plant cells that functions as the receptor for energy in the form of sunlight.
This energy is used in the production of cellular materials for growth and reproduction in plants. Chlorophyll
a concentrations are measured in pg/L and are used as estimate of the total biomass of phytoplankton cells in
the water column. In general, high levels of chlorophyll @ concentrations are believed to be indicative of
excessive growth of phytoplankton resulting from excess nutrients such as nitrogen and phosphorus in the water
column.

Calanoid copepod - crustaceans of the subclass Copepoda and order Calanoida that are the dominant group of the
mesozooplankton in marine systems. Copepods in this group (e.g. Acartia tonsa) are one of the most important
consumers of phytoplankton in estuarine systems.

Chlorophytes - algae belonging to the division Chlorophyta often referred to as true “green algae.” Chlorophytes occur
in unicellular, colonial and filamentous forms and are generally more common in tidal freshwater and
oligohaline portions of estuaries.

Cladocerans - crustaceans of the class Branchipoda and class Cladocera commonly referred to as “water fleas.”
Although cladocerans are primarily found in tidal freshwater areas in estuaries, blooms of marine cladocerans
periodically occur in higher salinity areas. Some smaller species such as Bosmina longirostris are believed to
be indicators of poor water quality conditions.

Cryptomonads -algae belonging to the division Cryptophyta that have accessory pigments in addition to chlorophyll
a which give these small flagellated cells a red, brown or yellow color.

Cyanobacteria - algae belonging to the division Cyanophycea that are procaryotic and that occur in single-celled ,
filamentous and colonial forms. In general, high concentrations of cyanobacteria are considered to be indicative
of poor water quality.



Cyclopoid copepod - crustaceans of the subclass Copepoda and order Cyclopoida that are the dominant group of the
mesozooplankton in marine systems. Copepods in this group (e.g. Mesocyclops edax) are one of the most
important consumers of phytoplankton in estuarine systems.

Diatoms - algae belonging to the division Bacillariophyta that have a cell wall that is composed primarily of silica and
that consists of two separate halves. Most diatoms are single-celled but some are colonial and filamentous
forms. Diatoms are generally considered to be indicative of good water quality and are considered to be
appropriate food for many zooplankton.

Dinoflagellates - biflagellated, predominately unicellular protists which are capable of performing photosynthesis.
Many dinoflagellates are covered with cellulose plates or with a series of membranes. Some dinoflagellates
periodically reproduce in large numbers causing blooms thatare often referred to as “red tides.” Certain species
produce toxins and blooms of these forms have been implicated in fish kills. High concentrations of
dinoflagellates are generally considered to be indicative of poor water quality.

Dissolved oxygen (DO) - the concentration of oxygen in solution in the water column, measured in mg/L. Most
organismsrely on oxygen for cellular metabolism and as a resultlow levels of dissolved oxygen adversely affect
important living resources such as fish and the benthos. In general, dissolved oxygen levels decrease with
increasing pollution.

Dissolved inorganic nitrogen (DIN) - the concentration of inorganic nitrogen compounds including ammonia (NH,),
nitrates (NO;) and nitrites (NO,) in the water column measured in mg/L. These dissolved inorganic forms of
nitrogen are directly available for uptake by phytoplankton by diffusion without first undergoing the process
of decomposition. High concentrations of dissolved inorganic nitrogen can result in excessive growth of
phytoplankton which in turn can adversely effect other living resources.

Dissolved inorganic phosphorus (PO4F) - the concentration of inorganic phosphorus compounds consisting primarily
of orthophosphates (PO,), The dissolved inorganic forms of phosphorus are directly available for uptake by
phytoplankton by diffusion without first undergoing the process of decomposition. High concentrations of
dissolved inorganic phosphorus can result in excessive growth of phytoplankton which in turn can adversely
effect other living resources.

Estuary - A semi-enclosed body of water that has a free connection with the open sea and within which seawater is
diluted measurably with freshwater derived from land drainage.

Eucaryote - organisms the cells of which have discrete organelles and a nucleus separated from the cytoplasm by a
membrane.

Fall-line - location of the maximum upstream extent of tidal influence in an estuary typically characterized by a
waterfall.

Fixed Point Stations - stations for long-term trend analysis whose location is unchanged over time.

Flow adjusted concentration (FAC) - concentration value which has been recalculated to remove the variation
caused by freshwater flow into a stream. By removing variation caused by flow, the effects of other factors such
as nutrient management strategies can be assessed.

Holoplankton - zooplankton such as copepods or cladocerans that spend their entire life cycle within the water column.

Habitat - a local environment that has a community distinct from other such habitat types. For the B-IBI of Chesapeake

Bay seven habitat types were defined as combinations of salinity and sedimentary types - tidal freshwater,
oligohaline, low mesohaline, high mesohaline sand, high mesohaline mud, polyhaline sand and polyhaline mud.
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Hypoxic - condition in which the water column is characterized by dissolved oxygen concentrations less than 2 mg/L
but greater than 0 mg/L. Hypoxic conditions typically result from excessive decomposition of organic material
by bacteria, high respiration by phytoplankton, stratification ofthe water column due to salinity or temperature
effects or a combination of these factors. Hypoxic conditions can result in fish kills or localized extinction of
benthic communities.

Light attenuation (KD) - Absorption, scattering, or reflection of light by dissolved or suspended material in the water
column expressed as the change in light extinction per meter of depth. Light attenuation reduces the amount
of light available to submerged aquatic vegetation.

Loading - the total mass of contaminant or nutrient added to a stream or river generally expressed in lbs/yr.

Macrobenthos - a size category of benthic organisms that are retained on a mesh of 0.5 mm.

Meroplankton - temporary zooplankton consisting of the larval stages of organisms whose adult stages are not
planktonic.

Mesohaline - refers to waters with salinity values ranging between 0.5 and 18.0 ppt.

Mesozooplankton - zooplankton with a maximum dimension ranging between 63 pm and 2000 pm. This size category
consists primarily of adults stages of copepods, cladocerans, mysid shrimp, and chaetognaths, as well as, the
larval stages of a variety of invertebrates and fish.

Metric - a parameter or measurement of community structure (e.g., abundance, biomass, species diversity).

Microzooplankton - zooplankton with a maximum dimension ranging between 2 um and 63 pm. This size category
consists primarily of single-celled protozoans, rotifers and the larval stages of copepods, cladocerans and other
invertebrates.

Nauplii - earliest crustacean larval stage characterized by a single simple eye and three pairs of appendages.

Non-pointsource - a source of pollution thatis distributed widely across the landscape surrounding a water body instead
of being at a fixed location (e.g. run-off from residential and agricultural land).

Oligohaline - refers to waters with salinity values ranging between 0.5 and 5.0 ppt.

Oligotrich - protists of the phylum Ciliophora and order Oligotricha. These ciliates are important predators of small
phytoplankton in marine systems.

Percent of light at the leaf surface (PLL) - the percentage of light at the surface of the water column that reaches the
surface of the leaves of submerged aquatic vegetation generally estimated for depths of 0.5 m and 1.0 m.
Without sufficient light at the leaf surface, submerged aquatic plants cannot perform photosynthesis and hence
cannot grow or reproduce.

Phytoplankton - that portion of the plankton capable of producing its own food by photosynthesis. Typical members
of the phytoplankton include diatoms, dinoflagellates and chlorophytes.

Picoplankton - phytoplankton with a diameter between 0.2 and 2.0 pm in diameter. Picoplankton consists primarily

of cyanobacteria and high concentrations of picoplankton are generally considered to be indicative of poor
water quality conditions.
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Pielou’s evenness - an estimate of the distribution of proportional abundances of individual species within a community.
Evenness (J) is calculated as follows: J=H /InS where H’ is the Shannon - Weiner diversity index and S is the
number of species.

Plankton - aquatic organisms that drift within and that are incapable of movement against water currents. Some
plankton have limited locomotor ability that allows them to change their vertical position in the water column.

Point source - a source of pollution that is concentrated at a specific location such as the outfall of a sewage treatment
plant or factory.

Polyhaline - refers to waters with salinity values ranging between 18.0 and 30 ppt.

Primary productivity - the rate of production of living material through the process of photosynthesis that for
phytoplankton is typically expressed in grams of carbon per liter of water per hour. High rates of primary
productivity are generally considered to be related to excessive concentrations of nutrients such as nitrogen and
phosphorus in the water column.

Probability based sampling - all locations within a stratum have an equal chance of being sampled. Allows estimation
of the percent of the stratum meeting or failing the benthic restoration goals.

Procaryote - organisms the cells of which do not have discrete organelles or a nucleus (e.g. Cyanobacteria).

Pycnocline - a rapid change in salinity in the water column indicating stratification of water with depth resulting from
either changes in salinity or water temperature.

Random Station - a station selected randomly within a stratum. In every succeeding sampling event new random
locations are selected.

Recruitment - The successful dispersal settlement and development of larval forms of plants or animal to a reproducing
adult.

Reference condition - the structure of benthic communities at reference sites.

Reference sites - sites determined to be minimally impacted by anthropogenic stress. Conditions at theses sites are
considered to represent goals for restoration of impacted benthic communities. Reference sites were selected
by Weisberg et al. (1997) as those outside highly developed watersheds, distant from any point-source
discharge, with no sediment contaminant effect, with no low dissolved oxygen effect and with a low level of
organic matter in the sediment.

Restoration Goal - refers to obtaining an average B-IBI value of 3.0 for a benthic community indicating that values for
metrics approximate the reference condition.

Riparian Buffer - An area of trees and shrubs a minium of 100 feet wide located up gradient, adjacent, and parallel
to the edge ofa water feature which serves to: 1) reduce excess amounts of sediment, organic matter, nutrients,
and other pollutants in surface runoff, 2) reduce soluble pollutants in shallow ground water flow, 3) create shade
along water bodies to lower aquatic temperatures, 4) provide a source of detritus and large woody debris aquatic
organisms, 5) provide riparian habitat and corridors for wildlife, and 6) reduce erosion of streambanks and
shorelines.
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Rotifer - small multicellular planktonic animal of phylum Rotifera. These organisms are a major component of the
microzooplankton and are major consumers of phytoplankton. High densities of rotifers are believed to be
indicative of high densities of small phytoplankton such as cyanobacteria and as such are believed to be
indicative of poor water quality.

Salinity - the concentration of dissolved salts in the water column measured in mg/L, ppt or psu. The composition and
distribution of plant and animal communities is directly affected by salinity in estuarine systems. The effects
of salinity on living resources must be taken into consideration when interpreting the potential effects of human
activities on living resources.

Sarcodinians - single celled protists of the subphylum Sarcodina which includes amoeba and similar forms,
characterized by possession of pseudopodia. Planktonic forms of sarcodinians typically have a external shell
or test constructed of detrital or sedimentary particles and are important consumers of phytoplankton.

Secchi depth - the depth of light penetration expressed in meters as measured using a secchi disk. Light penetration
depth directly affects the growth and recruitment of submerge aquatic vegetation.

Shannon Weiner diversity index - a measure of the number of species within a community and the relative abundances
of each species. The Shannon Weiner index is calculated as follows:

H=- Z plog:ps
i=1
where p, is the proportion of the ith species and S is the number of species.

Stratum - a geographic region of unique ecological condition or managerial interest.

Submerged aquatic vegetation (SAV) - rooted vascular plants (e.g. eelgrass, widgeon grass,sago pondweed) that grow
in shallow water areas. SAV are important in marine environments because they serve as major food source,
provide refuge for juvenile crabs and fish, stabilize sediments preventing shoreline erosion and excessive
suspended materials in the water column, and produce oxygen in the water column.

Threshold - a value of a metric that determines the B-IBI scoring. For all metrics except abundance and biomass, two
thresholds are used - the lower 5" percentile and the 50" percentile (median) of the distribution of values at
reference sites. Samples with metric values less than the lower 5™ percentile are scored as a 1. Samples with
values between the 5™ and 50" metrics are scored as 3 and values greater than the 50" percentile are scored as
5. For abundance and biomass, values below the 5" and above the 95™ percentile are scored as 1, values
between the 5™ and 25™ and the 75™ and 95™ percentiles are scored as 3 and values between the 25™ and 75"
percentiles are scored as 5.

Tidal freshwater - refers to waters with salinity values ranging between 0 and 0.5 ppt which are located in the upper
reaches of the estuary at or just below the maximum upstream extent of tidal influence.

Tintinnid - protists of phylum Ciliophora and order Oligotricha. These ciliates are important predators of small
phytoplankton in marine systems. Tintinnids are distinguished from other members of this group because they
create an exoskeleton or test made of foreign particles that have been cemented together.

Total nitrogen (TN) - the concentration of both inorganic and organic compounds in the water column which contain
nitrogen measured in mg/L. Nitrogen is a required nutrient for protein synthesis. Inorganic forms of nitrogen
are directly available for uptake by phytoplankton while organic compounds must first be decomposed by
bacteria prior to being available for use for other organisms. High levels of total nitrogen are considered to be
detrimental to living resources either as a source of nutrients for excessive phytoplankton growth or as a source
of excessive bacterial decomposition that can increase the incidence and extent of anoxic or hypoxic events.
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Total phosphorus (TP) - the concentration of both inorganic and organic compounds in the water column which
contain phosphorus measured in mg/L. Phosphorus is a required nutrient for cellular metabolism and for the
production of cell membranes. Inorganic forms of phosphorus are directly available for uptake by
phytoplankton while organic compounds must first be decomposed by bacteria prior to being available for use
for other organisms. High levels of total nitrogen are considered to be detrimental to living resources either
as a source of nutrients for excessive phytoplankton growth or as a source of excessive bacterial decomposition
that can increase the incidence and extent of anoxic or hypoxic events.

Total suspended solids (TSS) - the concentration of suspended particles in the water column, measured in mg/L. The
composition of total suspended solids includes both inorganic (fixed) and organic (volatile) compounds. The
fixed suspended solids component is comprised of sediment particles while the volatile suspended solids
component is comprised of detrital particles and planktonic organisms. The concentration of total suspended
solids directly affects water clarity which in turn affects the development and growth of submerged aquatic
vegetation.

Zoea - last planktonic larval stage of crustaceans such as crabs and shrimp. Numbers of crab zoea may reflect the
recruitment success of adult crabs.

Zooplankton - the animal component of the plankton which typically includes copepods, cladocerans, jellyfish and many
other forms.
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