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Executive Summary

l. James River
A. Overview
1 Summary of Basin Characteristics

The James River basin isthe largest river basin in Virginia covering 26,422 km? or nearly 25% of
the Commonwealth’ s total area. The James River begins in the Allegheny Mountains where it is
formed by the confluence of the Jackson and Cowpasturerivers. From its sources, the James River
flows 547 km in a southeasterly direction to the fall-line near Richmond and for an additional 180
km to Hampton Roads where it enters Chesapeake Bay. Approximately 61% of the entire basin is
covered with forests and an additional 17% of the watershed is covered by agricultural land. The
population in the James River basin for 2000 is projected to be 2,522,485 people. Most of the
basin’s population is concentrated in approximately 11% of the watershed which consists of
residential and industrial land found in the urban areas of Tidewater, Richmond, Petersburg,
Lynchburg and Charlottesville. Annual mean flow rates for the James River at the fall-line is
approximately 7,000 cfs (Belval et a. 1994). Annual precipitation within the James River basinis
approximately 108 cm (Bishop, 1985). The James River contributes about 12% of the streamflow,
5% of thetotal nitrogen load, and 20% of the total phosphorus|oad to Chesapeake Bay. Over 50%
of total nitrogen and total phosphorus loads to the river are from point sources or urban run-off.

2. Summary of Status and Long Term Trends

Improving trends in surface and bottom total nitrogen were detected in nearly all segmentsin the
JamesRiver and statusfor these parameterswasgood in all segments but the polyhaline JamesRiver
(JIMSPH) where it was fair. Improving trends in surface and bottom dissolved inorganic nitrogen
were detected in all segments in the James River mainstem except for the Polyhaline James River
(JMSPH). No trends in dissolved inorganic nitrogen were detected in the Appomatox and
Chickahominy Rivers (segments APPTF and CHKOH). Statusof dissolved inorganic nitrogen was
goodinmost segmentsof the JamesRiver. Improving trendsin surface and bottom total phosphorus
and dissolved inorganic phosphorus were detected in most segments of the James River. Statusfor
these parameters was either good to fair in the tidal freshwater James River (JMSTF) but
predominately poor inthelower segmentsof theriver. Degrading trendsin surface and bottom total
suspended solids were detected in the Chickahominy River (CHKOH) and degrading trends in
surfacetotal suspended solids and bottom total suspended solids were detected in polyhaline James
River (JM SPH) and the mesohaline James River (JIMSMH), respectively. Statusof total suspended
solids was either fair or poor throughout the James River and its tributaries.

Improving trends in both total and dissolved inorganic nitrogen and phosphorus were detected in
nearly al segmentsof the Elizabeth River; however, statusof these parametersisgenerally poor. No
trendswere detected in surface and bottom total suspended solidsand status of these parameterswas
generaly fair or poor. A degrading trend in secchi depth was detected in the Polyhaline Elizabeth
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River (ELIPH) and status of this parameter was poor throughout the Elizabeth River. Improving
trendsin bottom dissolved oxygen were detected inthree of thefive segmentsin the Elizabeth River.

Themajority of long term trendsin phytoplankton bioindicators suggest that conditionsin the James
River are improving with respect to phytoplankton communities. Improving trends in primary
productivity, diatom biomass and chlorophyte biomass were detected at most or all stationswithin
the JamesRiver. Additional improving trendsin theratio of biomassto abundance and cryptophyte
biomass were detected at stations TF5.5 and RET5.2 located in the Tidal Freshwater James River
(IMSTF) andthe Oligohaline JamesRiver (JM SOH). Despitetheseimprovements, degrading trends
in cyanophyte abundance were detected at all stations in the James River and status for most
phytoplankton parameters was either fair or poor at most stations.

Degrading trends in both copepod nauplii and rotifer abundance were detected at station LES.5in
the Polyhaline JamesRiver (JM SPH) and in copepod nauplii inthe Southern Branch of the Elizabeth
River (SBEMH). Status of copepod nauplii abundance was good at all stationsin the James River
except at SBES in the Southern Branch of the Elizabeth River (SBEMH) whereit was poor. Status
of rotifer abundance was either fair or poor in the mainstem of the James River but status for this
parameter was good in the Southern Branch of the Elizabeth River (SBEMH).

Although changesin sample processing methods precluded performing status and trend analyseson
mesozooplankton bioindicators, results of analyses conducted on data collected through 1999
indicate improving trends in meszooplankton species diversity in both the Tidal Freshwater James
River (JMSTF) and the Oligohaline James River (JMSOH). Degrading trends in meszooplankton
diversity indiceswere detected in the Polyhaline James River (JIM SPH) and the Southern Branch of
the Elizabeth River. Degrading trends were detected in nearly all mesozooplankton bioindicators
in the Polyhaline James River (JMSPH).

Improving trendsin thebenthic 1Bl weredetected in thethe Tidal Freshwater JamesRiver (IMSTF),
the Oligohaline James River (JM SOH) and the Southern Branch of the Elizabeth River. Thebenthic
IBI either met goals or was marginal within the main stem of the James River while status of the
benthic IBI within the Elizabeth River was degraded.

3. Summary of Mgjor Issuesin the Basin

With respect to water quality, the primary concerns within the James River main stem are the fair
to poor status of water clarity throughout theriver and poor statusin total phosphorus and dissolved
inorganic phosphorus in the lower segments of the James. Nearly all segmentsin the James River
basin had at least one parameter that did not meet the SAV habitat requirements. In addition,
although many improving trendsin water quality were detected in the Elizabeth River, the status of
most parameters was poor. With regard to algal levels, increasing cyanobacterial abundances
throughout the river are of particular concern. Degrading trends in both microzooplankton and
mesozooplankton bioindicators at the mouth of the river were associated with water clarity and
salinity declines. Further consideration should be given to the ecological implications of these
zooplankton trends specifically as it might affect stocks of planktivorous feeding fish. Although
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there was a significant improving trend in the B-I1BI within the oligohaline James River at one
station, the status of the B-1BI at both stations in this segment was marginal. Despite a significant
improving trend in the B-IBI at one station, the status of the B-1BI within the Southern Branch of
the Elizabeth River remains degraded.

B. M anagement Recommendations

Improving trends in concentrations of nitrogen and phosphorus in this river basin are probably
related primarily to reductions in point source loadings caused by the phosphate ban and the
implementation of Biological Nutrient Removal at wastewater treatment plants. Despite the
improvements, problems both with respect to water quality and living resources are still evident in
the James River. Many of these appear to be localized primarily in the mesohaline and polyhaline
segments of the James River and/or the Elizabeth River including: 1) fair relative status of nitrogen
in the Polyhaline James River (JM SPH); 2) fair and poor relative status of phosphorus; 2) fair and
poor relative status of secchi depth and total suspended solids; 3) degrading trends in secchi depth
and total suspended solids; 4) poor status and degrading trends in microzooplankton and
mesozooplankton indicatorsand; 5) degraded benthic community status. Thesesegmentsarelocated
in or near the largest concentration of urban land in the state of Virginia. This suggests that the
environmental problemsin these areas may be the result of their proximity to the point sources and
urban run-off in this population center. Additional controlson point source and urban run-off should
help alleviatethese problems. If nutrient concentrationsare not limiting inthese areas, water clarity
may be reduced by a high concentrations of total suspended solids and/or high phytoplankton
concentrations caused by existing nutrient levels. Additional point and non-point nutrient controls
could also ameliorate water clarity problems within these segments.

In contrast, problems with phytoplankton communities tended to be more widespread as exhibited
by: 1) the occurrence of long-term degrading trends in cyanobacteria abundance; 2) the fair to poor
status of cyanobacteria biomass and; 3) the poor status of the biomass to abundance ratio at all
stationsin thisbasin. Problemswith SAV habitat requirements also tended to be widespread. All
segments except the polyhaline James River and the Western Branch of the Elizabeth River had at
least one parameter which failed to meet the SAV Habitat Requirements. Within thelower portions
of the James River and the segments|ocated in the Elizabeth River, these problems are most likely
caused by nutrient loadings from point sources and urban run-off. In upper portions of the James
River (segmentsJM SOH and JM STF) the percentage of agricultural land rangesfrom approximately
6 to 7 times the amount of developed land suggesting that the water quality and living resource
problems within these segments may be due primarily to non-point source run-off from agricultural
land. Thecauseof water quality and living resource problemsinthe A ppottomax and Chickahominy
rivers is unclear. Percentages of developed and agricultura land within these watersheds are
approximately equal. A more concerted effort should be placed on designing studies that can
determine the cause of the water quality and living resource problems in these segments.

Specific recommendations shoul d be devel oped for goal sfor phytoplankton biomassor productivity,
chlorophyll a, nutrients, and suspended solids for each segment of the James River. Additional
studies should be conducted that examinethe spatial distribution of point sourcesand land-usetypes
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inrelation to water quality concentrationsand the benthic IBI. Additional resources should be used
to increase the spatial coverage of other living resource monitoring components within the James
River. Spatial distribution of point sourcesalong with the magnitudes and timing of their discharges
should be compared to the location of the existing plankton monitoring program stations to
determineif therearepotential rel ationshipsbetween trendsand statusin plankton indicatorsat these
Sites.

. York River
A. Overview
1 Summary of Basin Characteristics

The York River watershed consists of approximately 3,269 square miles and has an estimated
population of 372,488. Mg or population centers within the watershed include Ashland, Gloucester
Point, Hampton, and West Point. Forested and agricultural lands are the most abundant in the
watershed accounting for nearly 61% and 21% of thetotal land cover inthebasin, respectively. The
percent contributions of total nitrogen loadings were approximately equally divided between
agricultural non-point sources (36%) and the combination of point and urban non-point sources
(41%). Agricultural non-point source and urban non-point source contributionsto total phosphorus
loadings were approximately equal at 39% and 37%, respectively. Point sources contributions
account for an additional 20% of total phosphorus loadings to this tributary. Percentage of
households within this basin is nearly equally divided between urban and rural areas, at 53% and
46%, respectively.

2. Summary of Status and Long Term Trends

Improving trendsin total nitrogen were detected in al segments of the Y ork River basin except the
oligohaline segments of the Pamunkey and Mattaponi Rivers (PMKOH and MPNOH). Status of
both total nitrogen and dissolved inorganic nitrogen was good in the majority of segments of this
tributary. Incontrast, degradingtrendsin either total phosphorusor dissolved inorganic phosphorus
weredetected in al but two segments. Status of these two parameterswaseither fair or poor except
total phosphorusin thetidal freshwater segments of the Pamunkey and Mattaponi River (PMKTF
and MPNTF). Degrading trendsin surface chlorophyll awere detected in the oligohaline M attaponi
(MPNOH) and MesohalineY ork River (YRKMH). Ingeneral, statusfor surface chlorophyll a, total
suspended solids, and secchi depth declined from good to poor moving downstream from the
oligohaline segments of the Pamunkey and Mattaponi (PMKOH and MPNOH) to the Polyhaline
York River (YRKPH). Degrading trends in surface chlorophyll a were detected in the oligohaline
Mattaponi (MPNOH) and the Mesohaline Y ork River (Y RKOH).

Improving trends in chlorophyte biomass were detected in all segments with monitoring stations.
Improving trends in picoplankton and cryptophyte biomass were detected in the tidal freshwater
Pamunkey River (PMKTF) andthemeoshalineY ork River (Y RKMH). Improving trendsin primary
productivity were detected in the tidal freshwater Pamunkey (PMKTF) and Mobjack Bay
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(MOBMH). Incontrast, degrading trendsin cyanobacteriaabundance were detected in all segments
withmonitoring stations. Relative status of the majority phytoplankton bioindicatorswaseither fair
or poor.

Degrading trends in rotifer abundance were detected in the mesohaline Y ork River (YRKMH) and
polyhaline York River (YRKPH). Status of rotifer abundance was poor in both of these segments
but good in the tidal freshwater Pamunkey (PMKTF). There were no trends in copepod nauplii
abundance. Status of this parameter ranged from poor in the tidal freshwater Pamunkey River
(PMKTF) tofairinthe Maobjack Bay (MOBPH) and good inthemesohaline Y ork River (YRKMH).

Although changesin sample processing methods precluded performing statusand trend analyseson
mesozooplankton bioindicators, results of analyses conducted on data collected through 1999
indicateimproving trendsin species diversity were detected in thetidal freshwater Pamunkey River
(PMKTF) and the mesohaline Y ork River (YRKMH). Status of both of these parameters was good
in these two segments. Degrading trends in species diversity, total abundance, and several other
indicatorsweredetected in Mobjack Bay (MOBPH). Statusof speciesdiversity wasfair while status
for total mesozooplankton abundance was poor.

In the tidal freshwater Pamunkey River (PMKTF) benthic community status was good with
improving trends in species diversity, abundance and biomass. In the mesohaline York River
(YRKMH), benthic community status varied from good to degraded and degrading trendsin the B-
IBI, species diversity, and pollution sensitive species were detected at both stations. 1n the Lower
Y ork River (YRKPH), benthic community status ranged from degraded at station LE4.3B to good
at station LE4.3. Thedegraded statusat station LE4.3B wasrel ated to the short-term hypoxic events
that occur at this station.

3. Summary of Mgor Issuesin the Basin

The status of total suspended solidsand water clarity was either fair or poor in most segments of the
York River basin. The relative status of nearly all water quality parameters in the mesohaline and
polyhaline Y ork River (segments Y RKMH and Y RKPH) was either fair or poor. Degrading trends
in dissolved inorganic phosphorus or total phosphorus were detected in al segments except the
polyhaline York River (YRKPH) and Mobjack Bay (MOBPH). In most segments nearly all
parameters either failed to meet the SAV requirements or were borderline. Degrading trends in
bottom total suspended solids were detected in both the mesohaline and polyhaline York River
(segments YRKMH and Y RKPH) and adegrading trend in water clarity was detected in Mobjack
Bay. Continued trends of increased cyanobacteria populations represent an unfavorable pattern
along with the poor status of dinoflagellates, however, favorable diatom populations remain
dominant in the river basin. Degrading trendsin rotifer abundance were detected in Mobjack Bay
and the mesohaline Y ork River. These degrading trends are possibly related to degrading trendsin
water clarity as measured by secchi depth and/or a decreasing trend in salinity. Both benthic
monitoring stationsin the mesohaline Y ork River showed degrading trendsin the B-IBI. Status of
benthic communitiesin the deep water areas of the polyhaline Y ork River (Y RKPH) was degraded
primarily as aresult of hypoxic events.
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B. M anagement Recommendations

In general, the water quality conditions were better in the tidal freshwater segments of the
Pamunkey and Mattaponi rivers and Mobjack Bay. Degrading trends and poor status of dissolved
inorganic phosphorusandtotal phosphoruswerefound inthe oligohaline segments of the Pamunkey
and Mattaponi rivers, aswell as, themesohalineand polyhalineY ork River (segments Y RKMH and
YRKPH). Statusof chlorophyll a, total suspended solids and secchi depth wasfair or poor and most
parameterseither failed to meet the SAV habitat requirements or were borderlinein these segments.
The predominant source of total phosphoruswithin thistributary is estimated to be agricultural run-
off. However, the percent contribution from agricultural sources has declined from 1985 to 2000
while percent contribution of point sources and urban run-off hasincreased. Although therewasa
substantial decline in point source loadings of total phosphorus following the phosphate ban,
loadingsfor this parameter have begunto increase beginningin 1993 and continued to do so through
1999. Although a direct casual relationship between the degrading trends in phosphorus and
potential sources of phosphorus cannot be clearly identified, additional controlsof point source and
non-point source controls may be required to aleviate the degrading trends and poor relative status
of phosphorus concentrationsin thistributary. Additional information will be required to develop
specific strategies to reduce phosphorus concentrations in the York River. Spatial distribution of
point sources aong with the magnitudes and timing of their discharges should be compared to
changesin concentration over time at stationswithin their vicinity to determineif there are potential
relationships between changes in loadings and trends in ambient concentrations of phosphorus.
Spatial distribution of land-use patterns could also be examined to determine those areas most in
need of non-point source controls.

Another primary concern for management of the York River is extensive problem of poor water
clarity throughout thistributary. As previously mentioned, relative status of secchi depth wasfair
in the oligohaline portions of the Pamunkey and Mattaponi rivers and poor in all segments of the
York River main stem. In addition, at least one measure of water clarity either failed to meet the
SAV requirements or was borderlinein all segments of the Y ork River. Water clarity problemsin
the York River may explain the degrading trends in microzooplankton and mesozooplankton
indicators and also why SAV growth has not met the Tier | goalsin the polyhaline Y ork River and
Mobjack Bay. The source of water clarity problem is unclear. It may be the result of increased
sediment input from a variety of sources. Alternatively, the decrease in water clarity may be
influenced by an increase in the abundance of phytoplankton in the water column. Degrading
(increasing) trendsin cyanobacterial abundance were detected at all stations monitored inthe Y ork
River and degrading trends in surface chlorophyll a concentrations were also detected in two
segments of the York River. A more thorough investigation of existing data sets may help to
identify potential sources of the water clarity problems. Ananalysisof trendsin both the fixed and
volatile components of total suspended solids along with a statistical analysis of potential
relationships between secchi depth and various environmental factors such as suspend solids
concentrations, flow regime and phytoplankton concentrations is recommended.

With respect to benthic communities problemswere located in the mesohaline and polyhaline Y ork
River. In the mesohaline York River benthic community status was either degraded (at station
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LE4.1) or evidence suggests that benthic communities are degrading as evidenced by degrading
trendsinthe B-1BI and other indicatorsat station RET4.3. Additional informationisrequired before
conclusions regarding management actions related to the benthos can be made. In the polyhaline
Y ork River degraded benthic communitieswere found at station LE4.3B where short-term hypoxic
events occur on aregular basis. The cause of anoxic events at this station may be related 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 of these factors.

Specific recommendati ons should be devel oped for goal sfor phytoplankton biomassor productivity,
chlorophyll a, nutrients, and suspended solids for each segment of the York River. Additional
studies should be conducted that examinethe spatial distribution of point sourcesand land-usetypes
inrelation to water quality concentrationsand the benthic IBI. Inaddition, the relationship between
physical stress and benthic community condition in the York River should be further clarified.
Additional resources should be used to increase the spatial coverage of other living resource
monitoring components within the Y ork River particularly in the lower portions of the mesohaline
York River and in the Polyhaline York River where most of the water quality problems for this
tributary appear to be located.

[11.  Rappahannock River
A. Overview
1 Summary of Basin Characteristics

The Rappahannock River basin consists of 2,845 square miles and has an estimated population of
240,754 individuals. Magjor population centers in the basin include Fredericksburg, Culpeper,
Falmouth, Orange, and Tappahannock. Forested and agricultural lands are the most abundant inthe
watershed accounting for nearly 61% and 33% of the total land cover in the basin, respectively.
Agricultural run-off is the primary source of total nitrogen and total phosphorus to the river
accounting for 53% and 66% of the loadings of these two nutrients, respectively. Point sources
account for lessthan 10% of the total loadings for both of these nutrients. Over 66% of households
were located in rural areas and most remaining households were in urban areas.

2. Summary of Water Quality Status and Long Term Trends

Improving trends in total nitrogen were detected in every segment in the Rappahannock River.
Improving trendsin surface and bottom dissol ved i norganic nitrogen weredetected intheoligohaline
Rappahannock River (RPPOH). Animproving trend in surface total phosphoruswas detected inthe
tidal freshwater Rappahannock River (RPPTF). Status of all nutrients was good in nearly all
segments. In contrast to the nutrients, status of chlorophyll a, total suspended solids and secchi
depth was either fair or poor in all segments except for the Corrotoman River where statusfor these
parameters was good. In general, nutrient and chlorophyll a concentrations either met the SAV
habitat requirements in all segments or were borderline. Water clarity measures failed to meet the
SAV habitat requirementsin the tidal freshwater and oligohaline segments but were borderlinein
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the mesohaline Rappahannock River (RPPMH) and met the SAV requirements in the Corrotoman
River (CRRMH).

Improving trends in chlorophyte biomass were detected in all segments with monitoring stations
while degrading trends in cyanobacteria abundance were also in all segments with monitoring
stations. Improving trends in diatom biomass and cryptophyte biomass were detected in the
oligohaline Rappahannock River (RPPOH) and in the upper portion of the mesohaline
Rappahannock River. An improving trend and a degrading trend in dinoflagellate biomass was
detected in the lower portion and upper portions of the mesohaline Rappahannock River (RPPMH),
respectively. An improving trend in phytoplankton diversity was detected in the oligohaline
Rappahannock River (RPPOH). Statusfor the majority of phytoplankton bioindicatorswerefair or
poor inthelower portion of themesohaline Rappahannock River (RPPMH), fair intheupper portion
of the mesohaline Rappahannock River (RPPMH), and poor in the oligohaline Rappahannock River
(RPPOH).

A degrading trend in rotifer abundance was detected in the lower portion of the mesohaline
Rappahannock River (RPPMH) and statusfor this microzooplankton indicator was poor throughout
the river. There were no trends in copepod nauplii abundance and status for this parameter was
either good or fair.

Although changesin sample processing methods precluded performing status and trend analyseson
mesozooplankton bioindicators, results of analyses conducted on data collected through 1999
indicate improving trends in mesozooplankton diversity in the oligohaline Rappahannock River
(RPPOH) and the upper portion of the mesohaline Rappahannock River (RPPMH). Degrading
trends in mesozooplankton diversity and several other indicators were detected in the lower portion
of the mesohaline Rappahannock River (RPPMH).

A degrading trend in the B-1BI and severa of its component metrics was detected in the upper
portion of the mesohaline Rappahannock River (RPPMH) and status of the B-1BI ranged from
degraded to severely degraded. Although benthic community status within the oligohaline
Rappahannock River (RPPOH) was good, there was a degrading trends in pollution sensitive
species biomass.

3. Summary of Major Issuesin the Basin

Status of surface chlorophyll a was poor in the tidal freshwater Rappahannock River (RPPTF).
Status for secchi depth and total suspended solid was poor or fair in al segments in the
Rappahannock River except the Corrotoman River (CRRMH) where it was good. With regard to
algal levels, degrading trends in cyanobacterial abundances throughout the river are of particular
concern. Degrading trendsin microzooplankton and mesozooplankton indicators were detected in
the lower portion of the mesohaline Rappahannock River (RPPMH). Further consideration should
be given to the ecological implications of these zooplankton trends specifically as it might affect
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stocks of planktivorous feeding fish. Benthic community status at all stations monitored in the
mesohaline Rappahannock River (RPPMH) ranged from degraded to severely degraded and there
were degrading trendsin the B-1BI and nearly all of its component metricsat station RET3.1inthis
segment. Benthic community status within the oligohaline Rappahannock River (RPPOH) met the
Benthic Restoration goals although there was a degrading trend in pollution sensitive species
biomass.

B. M anagement Recommendations

There do not appear to be significant problems with nutrient concentrations in this tributary. All
trends in nitrogen were improving and there was only one degrading trend in bottom total
phosphorus. In addition, the status of nutrients was good in most segments and SAV habitat
requirementsfor nutrientswere met in most ssgments. The primary concern for water quality inthe
main stem of Rappahannock River iswater clarity. The status of secchi depth wasfair to poor inthe
majority of segments in this tributary and in half the segments the SAV habitat requirements for
water clarity measurements such as light attenuation and the percent light at the leaf surface were
not met.

Thereisno clear cause for water clarity problemsin the Rappahannock River. However, the water
clarity issues may be related to high total suspended solids concentrations as indicated by the fair
to poor statusfor this parameter throughout theriver. Run-off from agricultural |and constitutesthe
primary source of suspended sediments to the Rappahannock River. Additional non-point source
controls may help to ameliorate water clarity problemsin this tributary. High concentrations of
phytoplankton could also adversely influencewater clarity. Increasingtrendsintotal phytoplankton
abundance were found at all monitoring stations. Specific phytoplankton groups which showed
increases in biomass at one or two stations were diatoms, dinoflagellates, and cryptophytes.
Increasing trends in cyanobacterial and chlorophyte abundance were detected at all stations. No
direct link between these factors can be made; however, a more thorough investigation of existing
data sets may help to identify potential sources of the water clarity problems. Ananalysisof trends
in both the fixed and volatile components of total suspended solids along with a statistical analysis
of potential relationships between secchi depth and various environmental factors such as suspend
solids concentrations, freshwater flow and phytoplankton concentrationsisrecommended. Without
additional information, specific management recommendations for solving this problem can be
made.

Degrading trendsin the microzooplankton and mesozoopl ankton indicatorsin the lower portion of
the mesohaline Rappahannock River (RPPMH) may be related to poor water clarity, the degrading
trend in bottom total phosphorus, or perhaps changes in phytoplankton community composition.
Poor statusin rotifer abundance may berelated to poor statusin secchi depth, total suspended solids,
and chlorophyll a.

The cause of the degrading trends and degraded status of benthic communities in the mesohaline
Rappahannock River and the degrading trend in pollution sensitive species biomass in the
oligohaline Rappahannock River is unknown. Without additional information, no management
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recommendations for solving this problem can be made.

Specific recommendations shoul d be devel oped for goal sfor phytopl ankton biomassor productivity,
chlorophyll a, nutrients, and suspended solids for each segment of the Rappahannock River.
Additional studies should be conducted that examine the spatial distribution of point sources and
land-use typesin relation to water quality concentrations and the benthic IBI. Additional resources
should be used to increase the spatial coverage of other living resource monitoring components
within the Rappahannock River.
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l. I ntroduction

A marked decline in the water quality of the Chesapeake Bay has occurred over the past several
decades. Thedisappearance of submerged aguatic vegetation in certain regions of the Bay, declines
in the abundance of some commercially- and recreationally-important species, increases in the
incidence of low dissolved oxygen events, changes in the Bay’s food web, and other ecological
problems have been related to the deteriorating water quality. The results of concentrated research
effortsinthe late 1970s and early 1980s stimul ated the establishment of Federal and state directives
to better manage the Chesapeake Bay watershed. By way of the Chesapeake Bay Agreements of
1983, the State of Maryland, the Commonwealths of Virginiaand Pennsylvania, and the District of
Columbia, agreed to share the responsibility for improving environmental conditions in the
Chesapeake Bay. Aspart of thisagreement, along-term monitoring program inthe Chesapeake Bay
was established in order to: 1) track long-term trendsin water quality and living resource conditions
over time, 2) assess current water quality and living resource conditions, and 3) establish linkages
between water quality and living resources communities. By tracking long-term trends in water
quality and living resources, managers may be able to determine if changesin water quality and
living resource conditions have occurred over time and if those changes are a reflection of
management actions. Assessments of current status may allow managers to identify regions of
concern that could benefit from the implementation of pollution abatement or management
strategies. By identifying linkages between water quality and living resourcesit may be possiblefor
managers to determine the impact of water quality management practices on living resource
communities.

Water quality and living resource monitoringinthe VirginiaMainstem and tributariesbeganin 1985
and has continued for 16 years. Detailed assessments of the status and long-term trends in water
quality and living resources in Chesapeake Bay and its tributaries have been previously conducted
(Carpenter and Lane, 1998; Dauer, 1997; Dauer et a., 1998a,1998b; Lane et a.,1998; Marshall,
1994,1996; Marshall and Burchardt, 1998; Marshall et al., 1998). An attempt was made to
determineif there was concordance in current conditions of and long-term changesin water quality
and living resources. The purpose of this project was to reassess the results of these studies by
re-conducting the analyses after adding data collected during 2000. Thisreport describesthe status
of water quality and living resource conditions for the Virginia Mainstem and tributaries,
summarizes major long-term trends in water quality and measures of living resource community
health.

. Monitoring Program Descriptions

A. Water Quality

1 Sampling locations and procedures

Aspart of theU. S. Geological Survey’sRiver Input Program, water quality data have been collected
at five stations near the Fall Linein Virginia. Sampleswere taken at base-flow twice a month and

during high flows whenever possible between 1988 and 2000. Water quality data have also been
collected by the VirginiaDepartment of Environmental Quality at threeadditional stationsupstream



of these River Input sites (Figure 1). These stations had a minimum of three consecutive years of
samples taken between 1985 and 1996 with sampling occurring on at |east a monthly basis.

Water quality conditions were regularly monitored at 28 sites in the Bay Mainstem beginning in
July, 1985. From 1985 until 1995 eight stationswere sampled by Old Dominion University (ODU)
and 20 stations were sampled by the Virginia Institute 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 Environmental Quality at 28 sitesin the
James, Y ork (including Mattaponi and Pamunkey) and Rappahannock rivers(Figure2). Inaddition,
Six permanent water quality monitoring siteswereestablished inthe Elizabeth River/Hampton Roads
Harbor by ODU in February, 1989 (Figure 2).

Thetemporal sampling schemefor thewater quality monitoring program changed several timesover
the 14 year period (varying from 20 to 12 sampling events per year) as aresult of changesin the
monitoring program budget. In general, Mainstem sampling cruises were conducted semi-monthly
from March through October and monthly from November through February. Tributary sampling
by the Virginia Department of Environmental Quality was generally conducted 20 times per year.
The Elizabeth River stations were sampled monthly. Field sampling procedures used for ODU and
VIMS water quality collections are described in detail by Alden et al., 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).

2. Laboratory sample processing

Descriptions of laboratory sample processing and standard operating procedures for all water
quality parameters are found in the Chesapeake Bay Program Quality Assurance Project Plans
(QAPjPs) prepared by each of the participating |aboratories (Applied Marine Research Laboratory,
1998). Copies of the QAPPs can be obtained by contacting EPA’s Chesapeake Bay Program
Quality Assurance Officer.

B. Phytoplankton
1 Sampling locations and procedures

Seven stations were established in Chesapeake Bay in July 1985. These were CB6.1, CB6.4,
CB7.3E,CB7.4, LE5.5, WE4.2, and LE3.6 (Figure 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. In
March, 1987, station RET4.1inthe Pamunkey River wasreplaced by station TF4.2, andin February,



Figure 1.

/J Jf Chesapeake
\/1' Wm/_ch:_cetcr 7 Bay Basin
e j s ~~
g e d ,/J A Del
;e [ ®Vienna
cal S/ !

Vi .

ST
4 ey ey,
f 1
3 \\\ "{}%L@mn‘y
\ e
W\

i .
SNV
& R e N VN

,é R

E“ \""‘"\,‘ 050100150 KILOMETERS
bl 1
ALy
80°00) A Lo
8030 e o
A3 ) = -\ﬁ.\,z
y :
i/
'{) )
>/ ¥
.
- R i~ S -
A\ g R § [ e
Py e e ‘
- }5 L e 1“;,“,‘,.\_.U.:.ﬂf.f\~
) Ny eRichmanl L\ 4
Ry, = —]
Ny { P \ %
I A ~7\x A
f SN 3‘ / o hivety Lo T &
amey , Snd S0 A 7 i R 7 Hopewell
Wt NS W A AN
EAN \\Nr" »‘\MJA"“«—\W»{;Q A Ve = hbk
Tyfchburg! > 3 / A
. S ", S
\.‘.hf Pz N ,)"'\'- e
It l.-.‘.-l - < v
oot
+37°00

2I0 40 GIO BIU MILES

T T
20 40 60 80 KILOMETERS

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

Map showing the locations of the USGS sampling stations atand above the fall-line in each of the
Virginia tributaries.
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Figure 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. Alo shown are ellipses that
delineate the Chesapeake Bay Program segmentation scheme.
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1989, monthly collectionsbegan at two stations (SBE2, SBES) inthe Elizabeth River. Picoplankton
analysis was included at several trial stations in January, 1989, and was expanded to include all
stations in July, 1989. Primary production analysis was added to all Bay and tributary stationsin
July 1989.

At each station, two vertical 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 from each carboy, and fixed with Lugol’s solution. A second set of 125
ml sub-sampleswere a so taken above and bel ow the pycnocline, preserved with glutaral dehyde and
placed in a cooler. These samples were taken to determine the concentrations of the autotrophic
picoplankton population. An additional replicate set was al so taken from the same carboy set taken
above the pycnocline for primary productivity measurements.

2. Laboratory sample processing

Samplesfor phytoplankton analyses were passed through a series of settling and siphoning stepsto
produce aconcentrate (or fraction of the concentrate) that was examined using amodified Utermohl
method with an inverted plankton microscope (Marshall and Alden, 1990). The analysis procedure
attained an estimated precision of 85% (Venrick, 1978). The autotrophic picoplankton were
processed through a protocol that included their collection on a 0.2 « nucleopore filter, with
subsequent analysis using an epifluorescent microscope, under oil at 1000x magnification, with a
"green” filter set (Marshall, 1995a). Supplemental analysis with a scanning electron microscope
was used in several of the speciesidentifications. Methodology for the productivity measurements
isgiven in Marshall and Nesius (1996). Appropriate quality assurance/quality control practicesin
sample collection, analysis, and data entry were employed throughout this period.

C. Zooplankton
1 Sampling locations and procedures

Microzooplankton communitiesweremonitored monthly at sevensitesintheMainstemand six sites
in the Virginia tributaries beginning in January, 1993 (Figure 3). Whole water samples were
collected at all stations. 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 composite water samples, each totaling 15 L, were taken
from five equidistant depths above the pycnocline and collected in two carboys. Each carboy was
thoroughly mixed and 1 L taken from each (Samples A and B for each station).

M esozooplankton communities were monitored monthly at seven sites in the Mainstem beginning
in July, 1985 (Figure 3). Monthly mesozooplankton monitoring was conducted at six sitesin the
major Virginiatributaries (Rappahannock, Y ork/Pamunkey, and James River) beginningin March,
1986 (one site on the Pamunkey was originally 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

6



month during April, May, July, and August at al the Tidal Fresh stations (TF3.3, TF4.2, TF5.5).
At the same time, sampling frequency was increased to twice per month for July and August also
at stationsRET3.1, RET4.3, RET5.2, LES.5, and SBES in order to allow better characterization of
zooplankton communities during spawning periods of commercially important fish speciesin these
areas.

Single mesozooplankton towswere conducted at each site using abongo apparatuswith 202 ¢ 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 approximately 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 vessel, the nets were "washed down" and the contents of the
cod-endsweredecanted into pre-label ed oneliter sample containersand preserved with 7% buffered
formalin. All sample numbers were recorded on a sample chain-of-custody form before departing
the site.

2. L aboratory sample processing

The whole water samples taken for microzooplankton (<200w.) analysis were processed through a
screen, plus a series of settling and siphoning procedures (Park and Marshall, 1993). These steps
removed thelarger zooplankters and debristo provide 3 sub-sets based on sizeto be analyzed. This
method insured the collection and analysis of the small non-loricated ciliates to be included in the
count.

The mesozooplankton samples were processed according to the coefficient of variation stabilizing
(CVS) method described by Alden et a. (1982). This method has numerous advantages over other
zooplankton enumeration techniques. The CVS method provides abundance estimates with
equitablecoefficientsof variation for speciesof interest in zooplankton subsamples. Itisparticularly
useful in increasing the precision of the estimates of numbers of large species of relatively low
abundance that may be important due to their biomass, their trophic position, or their economic
significance. Theinvestigator can be quite confident that the precision of the abundance estimates
isat least at the pre-determined level for all speciesprocessed by the CVSmethod. The method also
has the advantage of allowing the investigator to set alevel of precision that is consistent with cost,
manpower, or time constraints. Finally, the size class data produced by the CVS method may
provide information of intrinsic ecological significance.

Briefly, the CV S method involves the sieve fractionation of the samplesinto size classes of 2000,
850w, 6501, 300w , and 200... Thisserieswasfound useful for Bay mesozooplankton communities.
An additional sieve size fraction between 200 and 63¢. was collected and analyzed beginningin
1998. This fraction was added to allow greater comparability with the mesozooplankton data
collected in Maryland. However, these data are incomplete and the results from this additional
sieve-size fraction will be reported beginning with the 1999 data set. The size classes appropriate
for whole counts were transferred to labeled vial s containing 7% buffered formalin and temporarily
stored until counted. The size class aliquotsin which the organisms were too numerousto count in
their entirety were split with a Folsom plankton splitter until an appropriate sample size was
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achieved for statistically valid counts of the dominant species. A level of sampling error of 30%
requiresthat each species of interest be counted to achieve arange of between 30 and 56 organisms
counted in any given split. During the splitting process, reserve splits were labeled, preserved in
formalin and retained until the counting procedure was completed. Those species observed in the
final split were counted in thereserved splitsuntil all had achieved the range for the 30% error level
(see Alden et a., 1982 for details of CVS methodology). However, if commercially important
species (e.g., blue crab zoea) were encountered, they were counted to achieve the 30% error level
for the statisticdl models. The samples were counted under a dissecting microscope in
custom-designed counting trays (60 mm tissue culture dishes). Taxonomic identifications were
made under compound or inverted microscopes and reference collections and/or photographs were
maintained for each taxon for documentation and QA/QC purposes.

D. Benthos
1 Fixed location sampling

Sixteen stations in the lower Chesapeake Bay were sampled quarterly (March, June, September,
December) from March 1985 through December 1995 as part of the Benthic Biological Monitoring
Program of the Chesapeake Bay Program. Beginningin 1996 sampling at thefixed stationsoccurred
only in June and September and a stratified random sampling element was added to the program.
Power and robustness analyses indicated that sampling during June and September would be
sufficient for detecting long-term trends at the fixed locationswhile at the sametime, allow funding
resources to be reallocated to the probability-based random sampling regime (Alden et al., 1997).
Stations were located within the mainstem of the bay and the major tributaries - the James, Y ork
and Rappahannock rivers (Figure 3). In the tributaries, stations were located within the tidal
freshwater zone (TF5.5, TF4.2, TF3.3), turbidity maximum (transitional) zone (RET5.2, RET4.3,
RET3.1), lower estuarine mesohaline muds (LES.2, LE4.1, LE3.2) and lower estuarine polyhaline
silty-sands (LES.4, LE4.3). Thetidal freshwater station within the Y ork River estuary was |located
in the Pamunkey River. Inthe Mainstem of the Bay three stations were located off the mouths of
the major tributaries (CB8.1, CB6.4, CB6.1) and two stations in the deeper channels near the bay
mouth (CB7.3E) and above the Rappahannock River near the Virginia-Maryland border (CB5.4).

In 1989, five additional stations were added to the program: two stationsin the Southern Branch of
the Elizabeth River (SBE2, SBES5) in regions exposed to contaminated sediments, a station in the
transitional region of the James River (LES.1), a station in the lower York River exposed to low
dissolved oxygen events (LE4.3B), and a station in the lower Rappahannock River exposed to low
dissolved oxygen events (LE3.4).

For the fixed point stations three replicate box core samples were collected for benthic community
analysis. Each replicate had a surface area of 184 cm?, a minimum depth of penetration to 25 cm
within the sediment, was sieved on a 0.5 mm screen, relaxed in dilute isopropyl acohol and
preserved with a buffered formalin-rose bengal solution.

At each station on each collection date a 50g subsample of the surface sediment was taken for
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sediment analysis. Salinity and temperature were measured using a Beckman RS5-3 conductive
salinometer and bottom dissolved oxygen was measured using aY SI Model 57 oxygen meter. For
theoriginal 16 stationssee Dauer et a. (1992) for asummary of the pattern of bottom oxygen values,
Dauer et al. (1993) for a summary of the distribution of contaminants in the sediments and Dauer
(1993) for asummary of salinity, water depth, and sedimentary parameters.

2. Probability-based sampling

In 1996 a probability-based sampling program was added to estimate the area of the Virginia
Chesapeake Bay and itstributariesthat met the Benthic Restoration Goal s asindicated by the B-1BI
(Ranasinghe et al., 1994; Weisberg et al., 1997). Four strata were defined and each stratum was
sampled by 25 randomly allocated sites. The four stratawere: 1) the James River; 2) the Y ork River
(including 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 selected for each stratum.

Probability-based sampling within strata supplements data collected at fixed-point stations.
Sampling design and methodologies for probability-based sampling are based upon procedures
developed by EPA’s Environmental Monitoring and Assessment Program (EMAP, Weisberget dl .,
1993) and allow unbiased comparisons of conditions between strata (e.g., tributaries) of the
Chesapeake Bay within the same collection year and within tributaries for data collected between
different years. The consistency of sampling design and methodologies for probability-based
sampling between the Virginia and Maryland benthic monitoring programs allows bay-wide
characterizations of the condition of the benthos for the Chesapeake Bay.

Within each probability-based stratum, 25 random locations were sampled using a0.04 m? Y oung
grab. At each station onegrab samplewastaken for macrobenthic community analysisand asecond
grab sample for sediment particle size analysis and the determination of total volatile solids. All
sampling processing for probability-based sampling stations were identical to those for the fixed
stations. Physico-chemical measurements were also made at the random locations.

3. Laboratory sample processing

In the laboratory, each replicate was sorted and al the individuals identified to the lowest possible
taxon and enumerated. Biomass was estimated for each taxon as ash-freedry weight (AFDW) by
drying to constant 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 sieved and the silt-clay fraction was quantified
by a pipette analysis using the techniques of Folk (1974). Total volatile solids for each sediment
sample was determined as the AFDW weight of the sediment divided by the dry weight of the
sediment, expressed as a percentage.

E. Statistical Analyses



In order to ensure that long-term trends in water quality and living resource data are correctly
interpreted, a unified approach for conducting the statistical analysesand interpreting their results
was developed. Statistical analytical procedures used in this study were based on guidelines
developed by the CBP Monitoring Subcommittee' s Data Analysis Workgroup.

1. Status assessments

For the tidal water quality stations, status analyses were conducted using surface and bottom water
quality measurements for six parameters. total nitrogen, dissolved inorganic nitrogen, total
phosphorus, dissolved inorganic phosphorus, chlorophyll a, and total suspended solids. Status
analyses were aso performed on secchi depth and bottom dissolved oxygen. All analyses were
conducted using water quality datacollected fromal of the Chesapeake Bay Mainstem and tributary
collection stations from the starting date of each monitoring program through December of 1998.
Status for bottom dissolved oxygen were conducted using data collected only during the summer
months of June through September. For both status and trend analyses, the stations were grouped
into segments based on the segmentation scheme developed by the Data Analysis Workgroup
(Figure 2).

The status of each station and segment was determined by comparison to a benchmark data set
comprised of all data collected from 1985 to 1990 by both the Virginiaand Maryland monitoring
programs. Each station wasrated as poor, fair, or good relative to the benchmark data. Theratings
are obtained for datacollected within each salinity zonewith salinity zones being assigned using the
V eni ceclassification system (Symposium on the Classification of Brackish Waters, 1958). For each
parameter in the benchmark data set, atransformation was chosen that yields a distribution that was
symmetric and approximated by thelogistic cumulativedistribution function (CDF). Inmost cases,
thelogarithmictransformation wasselected. A logistic CDF based onthe mean and variance of each
parameter of the benchmark data set was used to perform aprobability integral transform on all data
collected during the period of January, 1998 through December, 2000. Thisresulted in datain the
interval (0,1) that follow a uniform distribution. The three year median of these transformed data
was computed as an indicator of statusfor the period specified. The median of n observationstaken
from a uniform distribution follows a Beta distribution with parameters (m,m) where:

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

The transformed three year medians were compared to the Beta density distribution and status was
determined by the placement of the transformed medians along the distribution. |f the median was
in the upper third of the distribution (where upper is chosen as the end of the distribution that is
ecologically desirable) then the status rating is good, while a median in the middle third was rated
fair, and amedianinthelower third wasrated poor. In most cases, serial dependence of theraw data
resulted in greater than expected variance in the Beta density of the medians. To adjust for this, the
variance of the Beta density was increased by a function of the ratio of among station variance to
within station variance.
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Because sampling regimes between monitoring programs varied with respect to the number of
collection eventswithin agiven month and the number of replicate samplescollected at each station
varied, a uniform calculation protocol was adopted for use by both states to insure that the
calculations were not inadvertently biased by these discrepancies. First, replicate values were
combined by calculating amedian for each station date and layer combination. Median values for
each station month and year combination were cal culated to combine separate cruises per month.
Finally, station specific or segment specific median scores were calculated that were compared to
the benchmark scale.

Status for phytoplankton, microzooplankton and mesozooplankton involved the calculation of
relative status using the same technique as described for water quality relative 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). Benchmarksfor picoplankton abundance were made using datacollected only in Virginia
since sampling protocols for the Maryland program did not include counts of epifluorescent
picoplankton. Microzooplankton parameters assessed included total microzooplankton abundance,
copepod nauplii abundanceand rotifer abundance. Mesozooplankton parametersassessed included
the Margalef diversity index, the Shannon-Weiner diversity index, and total mesozooplankton
abundance. Note that the benchmarks for mesozooplankton data were made using data collected
only in Virginiasince the sampling protocols for the Maryland program does not include counts of
epifluorescent picoplankton. A change in laboratory sample processing for the mesozooplankton
program occurred in 2000 and as aresult only data collected through 1999 were used in both status
and trend analyses for the mesozoopl ankton.

Status of benthic communities at each station was characterized using the three-year mean value
(1998-2000) of the B-1BI (Weisberg et a., 1997). The B-IBI indicates whether the macrobenthic
community meets the restoration goals devel oped for benthic habitats of the Chesapeake Bay. An
index value that exceeds or equals 3.0 indicates that the macrobenthic community meets or exceeds
the restoration goals developed for that habitat type while a value below 3.0 indicates that the
macrobenthic community does not meet the restoration goals. Status of the benthic community was
classified into four levels based on the B-IBI. Values less than or equal to 2 were classified as
severely degraded, valuesfrom 2.0 to 2.6 were classified as degraded, values greater than 2.6 but
lessthan 3.0 wereclassified asmarginal, and valuesof 3.0 or morewere classified asmeeting goals.

2. Long-term trend analyses

Trend analyses were conducted on data collected at nine stations at and above the fall-line in the
Virginia tributaries. Concentrations of water-quality constituents are often correlated with
streamflow. Removal of natural flow variability allows examination of changes in water quality
resulting from human activities. Flow-adjusted concentration trends were determined with a non-
parametric Kendall-Theil analysis. The trend slope was the overall median of the pairwise slopes
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of residuals from alog-linear-regression model incorporating flow and season terms (Helsel and
Hirsch, 1992). For data sets with greater than five percent censored data, a range in slope and
magnitude was defined by twice computing the median slope - first, with censored dataequal to zero
and second, with censored dataequal to the maximum detection limit (Helsel and Hirsch, 1992). For
datasetswith greater than twenty percent censored data, no resultswerereported. A p-valueof 0.05
or less was considered significant for this analysis.

When considering the health of living resources, it is necessary to examine trendsin concentrations
that may be both flow- and human-induced. These concentrationswere weighted, but not adjusted,
for flow. Theflow-weighting resulted in a more representative monthly concentration than the one
point per month typical of many observed data sets. The volume of flow occurring between these
infrequent sample datesislikely to have a pronounced effect on average concentrationsin the tidal
estuaries and other mixed receiving areas. Therefore trends in flow-weighted concentrations may
correlate better with trends in estuarine concentrations. The linear trend in flow-weighted
concentration was estimated by regressing flow-wei ghted concentrationswith time. 1n most cases,
the datawas | og-transformed in order to meet the assumptions of normality, constant variance, and
linearity. A p-value of 0.01 or less was considered significant for this analysis.

The statistical tests used for the trend analyses were the Seasonal 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 value of 0.05 was chosen as the statistical test
criterionfor all trend analyses. Recent studies on representative data sets from the Chesapeake Bay
monitoring program have indicated that these tests are very powerful and robust, even when data
violate most of the assumptions of parametric statistics (Alden et al., 1991; Alden et a., 1992b;
Alden et al., 1994; Alden and Lane, 1996).

Trend analyses were conducted on the same suite of water quality parameters used for the status
assessments and salinity and water temperature. Prior to the trend analyses, data were reduced to
asingle observation for each station month and layer combination by first calculating the median
of all replicatesfor each layer by station and date and then cal culating the median between all dates
for agiven station within each month. For all applicable water quality parameters, any valuesless
then the highest detection limit were set to one half of the highest detection limit. For calculated
parameters, each constituent parameter that was below the detection limit was set to one half of the
detection limit and the parameter was then calculated. This protocol was used to prevent the
detection of step trends resulting from changes in detection limits over time.

Increasing trends in total nitrogen, dissolved inorganic nitrogen, total phosphorus, dissolved
inorganic phosphorus, chlorophyll a and total suspended solids should indicate increased
eutrophication and asaresult positive slopesinthese parametersindicate degrading conditionswhile
negative slopesindicate improving water quality conditions. Increasing trendsin secchi depth and
bottom dissolved oxygen indicate increasing water clarity and reduced eutrophication, respectively
and as a result indicate improving water quality conditions. Decreasing trends in these two
parameters indicate degrading conditions.
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Trend analyses for phytoplankton communities were conducted on the following phytoplankton
community indices: thephytoplankton 1B, total phytoplankton abundance (excluding picoplankton);
total phytopl ankton biomass (excluding picoplankton); the M argal ef speciesdiversity index, and C*
productivity. Inaddition, trend analyses were conducted on abundance and biomass values for the
following taxonomic groups. diatoms; dinoflagell ates; cyanobacteria; cryptomonads; chlorophytes,
bloom producing species; and toxic bloom producing species.

The Margalef species diversity index was calculated as follows:

_ S-1
" log:N

where Sisthe number of taxain the sample and N is the number of individuals (Margalef, 1958).

Trend anayses were conducted by station using monthly medians of microzooplankton and
mesozooplankton data collected from the beginning of the respective monitoring programsthrough
December of 2000 and December of 1999 for mi crozooplankton and mesozooplankton, respectively.
Microzooplankton bioindicators used for the trend analyses included: total microzooplankton
abundance; rotifer abundance; copepod nauplii abundance; oligotrich abundance; tintinnid
abundance; sarcodiniaabundance; and microzooplankton cladoceran abundance. Mesozooplankton
bioindicators used for these analyses were: total mesozooplankton abundance (excluding copepod
nauplii); holoplankton abundance; meroplankton abundance; indices of mesozooplankton
community species diversity (including the total number of species collected, the Shannon-Weiner
index, the Margalef diversity index, and Pielou’s evenness); calanoid copepod abundance;
cladoceran abundance; cyclopoid copepod abundance; Acartia tonsa abundance; Bosmina
longirostris abundance; Eurytemora spp. abundance; and crab zoea abundance.

The Shannon Weiner diversity index (H ) was calculated as follows:
S
H’= —z plog:p
1=1
where p, isthe proportion of the ith species and Sis the number of species.
Pielou’ s evenness index (J) was calculated using the equation:
J= Al
" log.S

where H “isthe diversity index and Sis the total number of species collected. Increasing trendsin
mesozooplankton abundance, hol oplankton abundance, merozoopl ankton abundance and measures
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of species diversity indicate improving conditions while negative slopes indicate degrading
conditions.

Trend analyses for benthic communities were conducted using the B-1Bl (Ranasinghe et al., 1994,
Weisberg et al., 1997) and on selected metrics of the B-IBI. Benthic restoration goals were
developedfor benthic habitats of the Chesapeake Bay based uponreferencesitesthat wereminimally
impacted by low dissolved oxygen events and sediment contaminants. Goal swere devel oped based
upon data from an index period of July 15 through September 30. Therefore trends in the value of
the B-1BI were based upon September cruise valuesfor the 14 year period of 1985-1998. Selected
benthic metricswere speciesdiversity (H'), community abundance, community biomass, pollution-
indicative species abundance, pollution-indicative species biomass, pollution-sensitive species
abundance, and pollution-sensitive species biomass. See Weisberg et a. (1997) for a list of
pollution-indicative and pollution-sensitive taxa.

[11. JamesRiver
A. Basin Overview

Population in the James River basin for 2000 is projected to be 2,522,485 people. Approximately
80 percent of the housing in the basin is urban and a similar percentage of housing relies on
municipal sewage treatment facilities. Asaresult, point sources have historically been the largest
sourcesof nutrient loadingsin the basin. Reductions have been madein point source loadings since
1985. Biological Nitrogen Removal has been implemented at 5 of the 19 active municipal sewage
systems in the basin. Point sources still account for nearly half of the nitrogen and phosphorus
loadings (Figure 4).

The James River’ s high flow rate in conjunction with its shallow waters (3.3 meters as opposed to
4.3 and 4.8 metersin the Y ork and Rappahannock, respectively) prevent extensive nutrient related
oxygen depletion. Asaresult, nutrient loadings and concentrations are not the most critical issue
facing the James River. Water clarity impairment due to sediment loadings is a much more
significant issuein this basin.
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Sprague et al. (1999) described the James River Basin as follows:

"The James River Basin, at 10,200 mi?, isthe third largest tributary basin to Chesapeake Bay. The
JamesRiver originatesin the Appal achian Mountainsnear the Virginia-West Virginiaborder, flows
through the Valley and Ridge, the Blue Ridge, the Piedmont, and the Coastal Plain physiographic
provinces, and joins Chesapeake Bay near the city of Norfolk in southeastern Virginia. Two RIM
stations, JamesRiver at Cartersville (02035000) and Appomattox River at Matoaca (02041650), are
located in the James River Basin. The RIM station in the James River sub-basin is located
approximately 40 mi upstream from the Fall Line in Cartersville, Va.. This station was selected
based on the availability of along-term discharge record; no major streams enter the river between
Cartersville and the Fall Line. This monitoring station receives drainage from about 60 percent of
the James River Basin.

The Appomattox River, located in another sub-basin of the JamesRiver Basin, joinsthe JamesRiver
downstream from Richmond near the city of Hopewell, after flowing through a small area of the
Coastal Plain physiographic province. The RIM station islocated in Matoaca, Va The monitoring
station receives drainage from about 84 percent of the 1,600-mi?> Appomattox River basin. The
Appomattox River RIM station islocated 2.8 mi downstream from the Lake Chesdin Dam, which
serves to dampen and delay the hydrologic response of the Appomattox River at the RIM station
during storm events.

Land use upstream of both RIM stations is dominated by forest, at 80 percent upstream from the
James River station and 72 percent upstream from the Appomattox River station (table 3).
Agricultureisthesecondlargest land use, at 16 percent and 20 percent, respectively. Theagricultural
areas above the RIM stations are concentrated in the western part of the basin around Rockbridge,
Botetourt, and Nelson Counties, and in the southeastern part of the basin around Amelia County.

Of the nine rivers monitored, the James River contributes about 12 percent of the streamflow, 5
percent of the total nitrogen load, and 20 percent of the total phosphorus load to Chesapeake Bay,
making it the third largest streamflow and nutrient source to the Bay after the Susguehannaand the
Potomac Rivers (Belval and Sprague, 1999). The contribution of the Appomattox River is much
smaller, with 2 percent of thetotal streamflow and approximately 1 percent of both thetotal nitrogen
and the total phosphorus load entering the Bay from thisriver."

B. Overview of Monitoring Results

Long-termtrend and statusanalysisresultsfor water quality are summarized for all stationsin James
River in Figures 5 and 6. In tidal waters, the status of surface and bottom total and dissolved
inorganic nitrogen was good or fair in all segments of the James River. Improving trendsin surface
and/or bottom total nitrogen were detected in all segments of the James River. Improving trendsin
surface and bottom dissolved inorganic nitrogen were detected in all mainstem segments of the
James River basin except for the James River Mouth (JIMSPH). The status of surface and bottom
total phosphorus varied in al portions of the James River while dissolved inorganic phosphorus
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Figure 4. 1985 and 2000 a) total nitrogen and b) total phosphorus contribution to the James River by source.
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declined from good to poor aong the length of theriver towardstheriver mouth. Improving trends
in either surface or surface and bottom total phosphorus were detected in all segments of the James
River. Improving trends in either surface or surface and bottom dissolved inorganic phosphorus
weredetected in all segments of the James River except for the Chickahominy River (CHKOH) and
the Middle James River (IMSOH). The status of surface chlorophyll a ranged from good to poor
in the mainstem of the James River and was poor in both the Appomattox River (APPTF) and
Chickahominy River (CHKOH). Thestatusof surface and bottom total suspended solidswaseither
fair or poor in all segments of the James River basin. Degrading trendsin surface total suspended
solidswere detected in the Chickahominy River (CHK OH) and the polyhaline segment of the James
River (JMSPH). Degrading trends in bottom total suspended solids were detected in the
Chickahominy River (CHKOH) and in the Lower James River (JIMSMH). The status for water
clarity was fair in the Appomattox River and the tidal freshwater portion of the James River
(JMSTF), good in the Chickahominy River (CHKOH) and the Middle James River (JM SOH) and
poor in the Lower James River (IMSMH) and the James River Mouth (JM SPH).

A degrading trend in water clarity was detected at the mouth of James River (JMSPH). The status
of bottom dissolved oxygen was good in all segments of the James River and animproving trend in
bottom dissolved oxygen was detected in the Upper James River (JMSTF).

Long-term trend and status analysis results for water quality are summarized for all segmentsin the
Elizabeth River in Figures 7 and 8. The statusfor most parameter segment combinationswithin the
Elizabeth River basin was poor. However, the status of bottom dissolved oxygen was classified as
good in all segmentsof the Elizabeth River basin except for the Southern Branch (segment SBEMH)
for which the status was fair. Improving trends in surface and bottom total nitrogen and dissolved
inorganic nitrogen were detected in nearly all segments of the Elizabeth River. Improving trends
in surface and bottom total phosphorus and dissolved inorganic phosphorus were detected in all
segments of the Elizabeth River. Improving trendsin bottom dissolved oxygen were detected in all
segments of the Elizabeth River except for the Eastern Branch and the Elizabeth River mouth
(segment ELIPH). Anmproving trend in surface chlorophyll a was detected in the Western Branch
(WBEMH) of the Elizabeth River. A degrading trend in water clarity was detected in the Elizabeth
River mouth (ELIPH). A decreasing trend in surface salinity was detected in the Elizabeth River
Mouth (ELIPH).

Long-term trend and status analysis results for living resources are summarized for al stationsin
James River in Figures 9 through 12. Long term trends indicate a general pattern of increased
phytoplankton abundance and biomass. Contributing to thisincrease are acombination of favorable
and unfavorable categories of algae. In genera diatoms, chlorophytes, and cryptophytes represent
the more favorable components that show increased biomass, but these are accompanied by theless
favorable increase of cyanobacteria abundance. Also, less favorable is the poor status associated
with the dinoflagellates and cyanobacteria.  However, the procaryote to eukaryote ratio shows no
significant change, withimprovement indicated in the biomassto abundanceratio. Withintheriver
there were no significant changes in species diversity, with a general pattern of a decreasing trend
in productivity, possibly associated with increased suspended solids in the system. The floral
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Figure5. Map of the James River basin showing summaries of the status and trend analyses for each
segment. Abbreviationsfor each parameter are: TN=total nitrogen: DIN=dissolvedinorganicnitrogen;
TP=total phosphorus; DIP=dissolved inorganic nitrogen. The prefixes S and B refer to surface and
bottom measurements, respectively.
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Figure 6. Map of the James 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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Figure7. Map of the Elizabeth 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.
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Figure 8. Map of the Elizabeth 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, WTEM P=water temperature, SALIN=salinity. The prefixes
S and B refer to surface and bottom measurements, respectively.
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Figure 9. Map of the James River basin showing summaries of the status and trend analyses for
phytoplankton bioindicators for each segment.

22



Status (1998 to 2000)

Trends (1993 to 2000)

O Good
O Fair
@ Poor

«=: z A< P>

Increasing (Improving)
Increasing (Degrading)
Decreasing (Improving)
Decreasing (Degrading)
Not significant

Season specific trend
Increasing

Decreasing

y 2
)
TF5.5 RET5.2 LE5.5 SBES
Total Abundance NS NS NS J
Total Biomass NS NS NS 3
C d Nauplii
Abundance O N[O n|O VIOV
Rotifer Abundance ’ A O NS . A O NS
Oligotrich Abundance NS NS NS J
Cladoceran Abundance NS NS NS NS
Tintinnid Abundance NS NS NS J
Polychaeta Larvae
Abundance NS NS + +

Figure 10. Map of the James River basin showing summaries of the status and trend analyses for

microzooplankton bioindicators for each segment.
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Figure 11. Map of the James River basin showing summaries of the status and trend analyses for
mesozooplankton bioindicators for each segment.
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Figure 12. Map of the James River basin showing summaries of the status and trend analyses for benthic
bioindicators for each segment.
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composition within this river goes through a transition from predominantly fresh water species to
estuarinefloradownstream. Upstream the composition isdominated by diatoms, with chlorophytes
and cyanobacteria background species, and dinoflagellates less common. Moving downstream,
estuarinediatoms (adifferent composition), dinoflagel | ates, chlorophytes, and cyanobacteriareplace
the fresh water forms. The Elizabeth River florais most similar to that of the lower Chesapeake
Bay. Becoming more abundant in the lower reaches of the James River and various inlets are
frequent dinoflagellate blooms.

Microzooplankton trends were unchanged from last year with degrading trends in both copepod
nauplii abundance and rotifer abundance at the mouth of the Jameswith adegrading trend in rotifer
abundanceinthetidal fresh segment. The degrading trendsin thelower part of the basin were most
probably related to thewater quality trendsevident in the mainstem, such as degrading secchi depth,
total suspended solids, and decreased salinity. Microzooplankton status was poor for rotifer
abundance and good for copepod nauplii abundance throughout the James River basin. A change
in methodology prevents a critical review of the status and trends in the mesozooplankton
monitoring results. However, plots of raw data indicate that relative abundances and numbers of
speci es of mesozooplankton weremostly unchanged fromlast year. Therelated water quality trends
(mostly secchi depth and salinity) have not changed much from last year and therefore it is likely
that the general mesozooplankton status and trends did not change much from last year. Therefore,
itislikely that mesozooplankton diversity continued to declinein the lower part of the basin while
the upper part of the basin should have continued to improve.

Microzooplanktontrendsfor the Elizabeth River were degrading for copepod nauplii and decreasing
for most other parameters: total abundance, oligotrich abundance, tintinnid abundance, and
polychaetalarvae abundance. Although rotifer abundance statuswasgood, the poor copepod nauplii
statusand decreasi ng trendsin most microzooplankton parametersreflected the generally poor status
of most water quality indices.

Benthic community status in al segments of the James River was good except for station RET5.2
intheMiddle JamesRiver (JM SOH) wherethe status was marginal. Improving trendsin the B-1BI
were detected at station TF5.5 inthe Upper James River (JIMSTF) and station RET5.1intheMiddle
James River (JIMSOH). Benthic community statusin the Southern Branch (SBEMH) was poor at
both station SBES and station SBE2. Animproving trend in the B-1BI was detected at station SBE5
and wasrelated to improving trendsin several metrics measuring community compositionincluding
pollution indicative and pollution sensitive species biomass and abundance.

C. Detailed Overview of Statusand Trends

1 Fall Line

Inthe JamesRiver, improving trendsin flow adjusted concentrations, flow weighted concentrations
andloadingsof total nitrogen weredetected abovethefall-lineat Cartersville. Improvementsintotal
nitrogen at this station may have been related to improving trends in flow-adjusted concentrations,

flow weighted concentrations, and loadings of nitrate-nitrites (whole). Improving trends in total
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phosphorus and dissolved inorganic phosphorus flow adjusted concentrations and |oadings were
detected at thisstation. Inaddition, animproving trendinflow weighted concentrations of dissolved
inorganic phosphorus was detected. Improving trends in flow adjusted concentrations, flow
weighted concentrations, loadings of total suspended solids were detected at this station. At Bent
Creek degrading trendsin flow adjusted and flow weighted concentrations of total Kjeldahl nitrogen
weredetected whileimproving trendsin flow adjusted concentrations, flow weighted concentrations
and loadings of nitrates (whole) and nitrate-nitrites (whole) were detected. Improving trendsin flow
weighted concentrations and loadings of ammonia (filtered) were detected at this station. In
addition, flow adjusted and flow weighted concentrations of total phosphorus were also detected.
At Scottsville, improving trendsin flow adjusted concentrations, flow weighted concentrations and
loadings of nitrateswere detected, aswell as, flow weighted concentrations and loadings of nitrate-
nitrites. Improving trendsinloadingsof ammonia(filtered) and flow adjusted concentrationsof total
phosphorus were a so detected at this station (Table 1).

In the Appomattox River, improving trendsin flow-weighted concentrations of total nitrogen were
detected above the fall-line as well as flow weighted and flow adjusted concentrations of nitrate-
nitrites (filtered) and dissolved inorganic phosphorus (Table 1).

2. Polyhaline James River (JMSPH - River Mouth)

Water Quality for Living Resources

Degrading trends in surface bottom total suspended solids and water clarity were detected in this
segment (Table 2). A decreasing trend in bottom salinity was al so detected. Statusof all parameters
was either fair or poor except for bottom dissolved oxygen which was good. Improving trends were
detected in surface total nitrogen, surface and bottom total phosphorus and surface and bottom
dissolved inorganic phosphorus (Table 3).

Water Quality for SAV

Animprovingtrend in surfacetotal phosphoruswas detected in this segment while degrading trends
in surface total suspended solids and secchi depth were also detected (Table 4). Status for all
parameters ranged from fair to poor. Although SAV habitat requirements were met for surface
dissolved inorganic nitrogen, surface dissolved inorganic phosphorus, and surface chlorophyll a,
surfacetotal suspended solidsand all measures of water clarity (light attenuation and percentage of
light at the leaf surface for both 0.5 meters and 1.0 meters) failed to meet the SAV habitat
requirements (Table J5).

SAV
SAV areain JIM SPH increased from 31.35 hato 38.13 ha in 2000 and the Tier | goal was achieved.

Living Resources
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Thetrend of increased phytopl ankton biomassnoted inthe 1999 dataset wasnot indicated; however,
therewasatrend for increased total abundance. Thischangein the biomasstrend was accompani ed
by astatus changefor the category from poor to fair, with the biomass to abundance ratio remaining
poor. The diatom and chlorophyte biomass showed favorable increasing trends, but these were
countered by increased trendsin the biomass and abundance of the cyanobacteria. Thediatom status
remained fair, and the dinoflagellates still had poor status.

Uniform degrading trends continued for this segment for the two major microzooplankton
parameterswith decreasing copepod nauplii abundance and increasing rotifer abundance. Thiswas
probably reflective of degrading trends in water quality parameters.

Benthic community status was good with no trend in the B-1BI.
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Tablel- Water quality trendsat James RIM stations 2026000 (James River at Bent Creek) 2029000
(James River at Scottsville), 2035000 (James River at Cartersville), 2041650 (Appomattox River
at Matoaca). A "*" next to the parameter name indicates the parameter was not |og-transformed
prior to analysis. In the Data Type column, FAC refersto flow adjusted concentrations, FNVC refers
to flow weighted concentrations, and LOAD refers to loadings.

Station Name Parameter DataType Baseline Status Slope %Change pValue  Direction

James River at Cartersville TN FAC -- -- -0.016 -18.00 0.0014
James River at Cartersville TN FWC 0577 1209 -0.034 -31.24 0.0001
James River at Cartersville TN LOAD 1500 0882 -0.074 -55.82 0.0008
James River at Cartersville NO23F FAC -- -- -0.039 -39.00 0.0000
James River at Cartersville NO23F* FWC 0236 1111 -0.382 -39.36  0.0001
James River at Cartersville NO23F LOAD 0620 0279 -0.111 -7059  0.0001
James River at Cartersville TP FAC -- -- -0.056  -50.00 0.0000
James River at Cartersville TP LOAD 0390 0147 -0.111 -70.65 0.0001
James River at Cartersville DIP FAC -- -- -0.091 -68.00 0.0000
James River at Cartersville DIP* FWC 0139 0074 -0.107 -46.30 0.0001
James River at Cartersville DIP LOAD 0300 0063 -0.112 -70.89  0.0001
James River at Cartersville TSS FAC -- -- -0.03 -28.00 0.0075
James River at Cartersville TSS FWC 1548 2943 -0.11 -69.28  0.0009
James River at Cartersville TSS LOAD 4130 1985 -0.15 -80.26  0.0015
James River at Cartersville FLOW FLOW  5060.00 434150 -0.04 -35.75 0.0065

James River at Bent Creek TKNW FAC -- -- 0.027 53.00 0.0000 DEGRADING

James River at Bent Creek TKNW FWC 0237 0387 0.026 48,05 0.0001 DEGRADING
James River at Bent Creek TNH4F FWC 0.113 0036 -0.042 -46.61 0.0001
James River at Bent Creek TNH4F LOAD 0252 0.068 -0.047 -50.58 0.0001
James River at Bent Creek NO3W FAC -- -- -0.065 -64.00 0.0000
James River at Bent Creek NO3W FWC 0312 0161 -0.066 -62.87  0.0001
James River at Bent Creek NO3W LOAD 0623 0268 -0.071 -65.63  0.0001
James River at Bent Creek NO23W FAC -- -- -0.065 -65.00 0.0000
James River at Bent Creek NO23W FWC 0242 0125 -0.066 -62.79  0.0001
James River at Bent Creek NO23W LOAD 0436 0232 -0.071 -6555 0.0001
James River at Bent Creek TP FAC -- -- -0.075 -70.00 0.0000
James River at Bent Creek TP FWC 0229 0095 -0.075 -67.74 0.0001
James River at Scottsville TNH4F LOAD 0230 0053 -0.074 -67.05 0.0001
James River at Scottsville NO3W FAC -- -- -0.043  -50.00 0.0001
James River at Scottsville NO3W FWC 0337 0184 -0.044 -4867 0.0001
James River at Scottsville NO3W LOAD 0.733 0374 -0.047 -50.69 0.0014
James River at Scottsville NO23W FWC 0345 0122 -0.043 -47.43 0.0001
James River at Scottsville NO23W LOAD 0748 0256 -0.046 -4950 0.0085
James River at Scottsville TP FAC -- -- -0.065 -65.00 0.0000
Appomattox River at Matoaca TN* FWC 0.593 1404 -0.133 -7.09 0.0009
Appomattox River at Matoaca NO23F FAC -- -- -0.019 -20.00 0.0222
Appomattox River at Matoaca NO23F FWC 0179 0395 -0.018 -16.20 0.0002
Appomattox River at Matoaca DIP FAC -- -- -0.021 -21.00 0.0047
Appomattox River at Matoaca DIP* FWC 0.013 0.083 -0.007 -15.81 0.0003
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Table 2 -Water quality trendsin segment JIMSPH (only significant trends are displayed).

Segment  Parameter Season Layer Slope %Change pValue Direction
JMSPH TN ANNUAL S -0.0053 -0.180 0.002 IMPROVING
JMSPH TP SUMMER2 S -0.0014 -0.367 0.002 IMPROVING
JMSPH TP SUMMERL1 S -0.0011 -0.307 0.001 IMPROVING
JMSPH TP ANNUAL S -0.0012 -0.366 <0.001 |IMPROVING
JMSPH TP ANNUAL B -0.0013 -0.331 <0.001 |IMPROVING
JMSPH TP SUMMER1 B -0.0014 -0.346 <0.001 |IMPROVING
JMSPH TP SUMMER2 B -0.0016 -0.395 0.001 IMPROVING
JMSPH PO4F ANNUAL S  -<0.0015 . <0.001 |IMPROVING
JMSPH PO4F SUMMERL S -0.0013 -0.904 <0.001 |IMPROVING
JMSPH PO4F SUMMER2 S -0.0016 -0.975 <0.001 |IMPROVING
JMSPH PO4F SUMMER2 B -0.0016 -0.861 <0.001 |IMPROVING
JMSPH PO4F ANNUAL B -<0.0013 . <0.001 |IMPROVING
JMSPH PO4F SUMMER1 B -0.0013 -0.770 <0.001 |IMPROVING
JMSPH CHLA SUMMER1 S 0.4132 1.668 <0.001 DEGRADING
JMSPH CHLA SUMMER2 S 0.4807 1.998 <0.000 DEGRADING
JMSPH CHLA ANNUAL B 0.1823 0.430 0.009 DEGRADING
JMSPH CHLA SUMMER2 B 0.4979 1.879 <0.000 DEGRADING
JMSPH CHLA SUMMER1 B 0.4660 1.383 <0.001 DEGRADING
JMSPH SECCHI SPRING2 S -0.0200 -0.267 0.009 DEGRADING
JMSPH SECCHI  ANNUAL S -0.0200 -0.249 <0.001 DEGRADING
JMSPH SECCHI SUMMER2 S -0.0250 -0.323 <0.000 DEGRADING
JMSPH SECCHI SUMMER1 S -0.0250 -0.323 <0.001 DEGRADING
JMSPH TSS ANNUAL S 0.2040 0.396 <0.000 DEGRADING
JMSPH TSS SPRING2 S 0.4181 0.693 0.010 DEGRADING
JMSPH PLLO5 SUMMER1 S -0.0055 -0.304 0.003 DEGRADING
JMSPH PLLO5 SPRING2 S -0.0067 -0.352 0.004 DEGRADING
JMSPH PLL1I0 SUMMER2 S -0.0042 -0.415 0.009 DEGRADING
JMSPH PLLI0 SUMMER1I S -0.0055 -0.541 <0.001 DEGRADING
JMSPH PLL10 SPRING2 S -0.0055 -0.480 0.002 DEGRADING
JMSPH  SALINITY SUMMER2 S -0.2199 -0.146 0.005
JMSPH  SALINITY SUMMERL S -0.2176 -0.149 0.002
JMSPH  SALINITY SUMMER1 B -0.2038 -0.129 0.006
JMSPH  SALINITY SUMMER2 B -0.2260 -0.140 0.009
JMSPH  SALINITY ANNUAL B -0.1910 -0.123 <0.001
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Table 3 - Water quality status in segment IMSPH (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

JMSPH CHLA ANNUAL 8.73 64.2 POOR - - -
JMSPH CHLA SPRING1 7.89 39.2 - - -
JMSPH CHLA SPRING2 9.05 58.6 POOR - - -
JMSPH CHLA SUMMER1 1243 835 POOR - - -
JMSPH CHLA SUMMER2 1249 81.0 POOR - - -
JMSPH DIN ANNUAL 0.050 554 0.043 42.1

JMSPH DIN SPRING1 0.050 66.2 POOR 0.049 70.9 POOR
JMSPH DIN SPRING2 0.036 67.3 POOR 0.049 63.3 POOR
JMSPH DIN SUMMER1  0.033 48.0 0.035 15.6

JMSPH DIN SUMMER2  0.033 65.3 POOR 0.040 10.7

JMSPH DO SPRING1 - - - 8.27 -

JMSPH DO SPRING2 - - - 7.77 -

JMSPH DO SUMMER1 - - - 6.32 -

JMSPH DO SUMMER2 - - - 6.24 -

JMSPH PO4F ANNUAL 0.009 72.1 POOR 0.009 60.0

JMSPH PO4F SPRING1 0.008 49.5 0.007 52.1

JMSPH PO4F SPRING2 0.008 48.3 0.008 46.1

JMSPH PO4F SUMMER1 0.012 67.5 POOR 0.016 41.6

JMSPH PO4F  SUMMER2  0.017 69.5 POOR 0.018 32.7

JMSPH SECCHI  ANNUAL 1.05 12.9 POOR - - -
JMSPH SECCHI  SPRING1 1.05 8.3 POOR - - -
JMSPH SECCHI  SPRING2 1.00 5.0 POOR - - -
JMSPH SECCHI SUMMER1  0.98 10.7 POOR - - -
JMSPH SECCHI SUMMER?2 1.05 11.6 POOR - - -
JMSPH TN ANNUAL 0.431 41.7 0451 48.1

JMSPH TN SPRING1 0.436 444 0.462 48.5

JMSPH TN SPRING2 0.436 43.2 0.414 48.0

JMSPH TN SUMMER1  0.448 425 0471 47.8

JMSPH TN SUMMER2  0.447 42.2 0.478 45.8

JMSPH TP ANNUAL 0.041 775 POOR 0.048 62.1 POOR
JMSPH TP SPRING1 0.036 80.9 POOR 0.047 63.8 POOR
JMSPH TP SPRING2 0.041 85.7 POOR 0.047 73.8 POOR
JMSPH TP SUMMER1  0.052 78.1 POOR 0.060 67.0 POOR
JMSPH TP SUMMER2  0.055 76.8 POOR 0.062 62.6 POOR
JMSPH TSS ANNUAL 10.81 58.3 22.37 50.1

JMSPH TSS SPRING1 15.13 73.0 POOR 23.02 67.9 POOR
JMSPH TSS SPRING2 15.13 71.8 POOR 24.90 70.6 POOR
JMSPH TSS SUMMER1 11.89 61.8 POOR 25.48 52.2

JMSPH TSS SUMMER2  10.78 60.9 POOR 26.05 46.5
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Table 4 - SAV Season Water quality trends in segment IMSPH (only significant trends are
displayed).

Segment Parameter Season L

Q

yer Slope % Change pValue Direction

JMSPH TP SAV?2 S -0.0010 -0.317 0.000
JMSPH TSS SAV?2 S 0.3668 0.857 0.001 DEGRADING
JMSPH  SECCHI SAV2 S -0.0211 -0.250 0.001 DEGRADING

Table 5 - SAV season water quality statusin segment IM SPH (value is the median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score  Status Value Requirement
JMSPH TN 0.4465 44.3 -
JMSPH DIN 0.0812 70.8 POOR 0.0850
JMSPH TP 0.0432 78.4 POOR -
JMSPH PO4F 0.0112 80.7 POOR 0.0140

JMSPH CHLA 7.1389 45.5 6.2

JMSPH  SECCHI 1.05 115 POOR - -
JMSPH TSS 12.925 64.4 POOR 11.0

JMSPH KD - - - 1.30

JMSPH PLLOS - - - 0.211

JMSPH PLL1O - - - 0.114

3. Mesohaline James River (JIMSMH - Lower James)

Water Quality for Living Resources

Improving trends in surface and bottom total nitrogen and dissolved inorganic nitrogen were
detected, as were improving trends in surface total phosphorus and surface and bottom dissolved
inorganic phosphorus. A degrading trend was detected for bottom total suspended solids(Table J6).
Status was good for surface and bottom total nitrogen, surface and bottom dissolved inorganic
nitrogen, surface chlorophyll a and summer bottom dissolved oxygen, and poor for surface and
bottom total phosphorus, surface and bottom dissolved inorganic phosphorus, surface and bottom
total suspended solids and water clarity (Table 7).

Water Quality for SAV

Improving trends in surface total nitrogen, surface dissolved inorganic nitrogen, and surface
dissolved inorgani c phosphoruswere detected in thissegment (Table 8). Statusfor most parameters
was poor except for surface total nitrogen and surface chlorophyll a which was good and surface
dissolved inorganic nitrogen which wasfair. The SAV habtitat requirementsfor surface dissolved
inorganic nitrogen and surface chlorophyll a concentrations were met while the remaining
parameters either failed to meet the SAV requirements or were borderline (Table 9).
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SAV

SAV areain this segment decreased from 1.15 hain 1999 to 0.97 hain 2000. The Tier | goal has
not been established for this segment.

Living Resources

Phytoplankton and zooplankton monitoring is not conducted within this segment..
Benthic community status at station LES5.2 was good with no trend in the B-1BI.

Table 6 -Water quality trendsin segment IMSMH (only significant trends are displayed).

Segment Parameter  Season

,_
2

er Sope %Change pValue Direction

JMSMH TN SUMMER1 -0.0159 -0.424 <0.001
JMSMH TN SPRING2 -0.0167 -0.475 0.001
JMSMH TN SPRING1 -0.0257 -0.605 <0.001
JMSMH TN SUMMER2 -0.0169 -0.444 <0.001
JMSMH TN ANNUAL -0.0215 -0.546 <0.001
JMSMH TN ANNUAL -0.0144 -0.372 <0.001
JMSMH TN SPRING1 -0.0150 -0.381 0.009
JMSMH TN SUMMER2 -0.0113 -0.304 0.002
JMSMH TN SUMMER1 -0.0096 -0.263 0.005
JMSMH DIN ANNUAL -0.0086 -0.734 <0.001
JMSMH DIN ANNUAL -0.0073 . <0.001
JMSMH DIN  SUMMER1 -0.0031 0.003

-0.0013 -0.347 <0.001

-0.0012 -0.197 0.005

-0.0013 -0.640 0.004

-0.0010 -0.492 0.001

-0.0011 . 0.002

-0.0017 -0.427 0.001

1.1250 0.127 <0.001 DEGRADING
-0.0581 -0.107 0.003 DEGRADING

JMSMH TP ANNUAL
JMSMH PO4F  ANNUAL
JMSMH PO4F SUMMER2
JMSMH PO4F SUMMER?2
JMSMH PO4F  ANNUAL
JMSMH PO4F SUMMER1
JMSMH TSS  ANNUAL
JMSMH DO SPRING1

WOWITIT OO TTBTOOOOWON
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Table 7 - Water quality status in segment IMSMH (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

JMSMH CHLA ANNUAL 5.18 221 GOOD - - -

JMSMH CHLA SPRING1 4.54 247 GOOD - - -

JMSMH CHLA SPRING2 5.18 15.6 GOOD - - -

JMSMH CHLA SUMMER1 7.00 18.0 GOOD - - -

JMSMH CHLA SUMMER2 7.27 17.0 GOOD - - -

JMSMH DIN ANNUAL 0.102 384 GOOD 0.079 18.8 GOOD
JMSMH DIN SPRING1 0.147 24.6 GOOD 0.144 29.0 GOOD
JMSMH DIN SPRING2 0.113 334 GOOD 0.102 253 GOOD
JMSMH DIN SUMMER1 0.072 38.5 GOOD 0.052 9.6 GOOD
JMSMH DIN SUMMER2  0.043 29.3 GOOD 0.056 9.9 GOOD
JMSMH DO SPRING1 - - - 8.03 - GOOD
JMSMH DO SPRING2 - - - 6.90 - GOOD
JMSMH DO SUMMER1 - - - 6.18 - GOOD
JMSMH DO SUMMER?2 - - - 6.15 - GOOD
JMSMH POAF ANNUAL 0.020 92.6 POOR 0.018 84.0 POOR
JMSMH PO4F SPRING1 0.019 96.2 POOR 0.014 93.9 POOR
JMSMH POAF SPRING2 0.020 95.1 POOR 0.018 90.9 POOR
JMSMH PO4F SUMMER1 0.024 921 POOR 0.027 77.6 POOR
JMSMH PO4F SUMMER2  0.030 91.7 POOR 0.031 76.9 POOR
JMSMH  SECCHI  ANNUAL 0.90 25.9 POOR - - -

JMSMH  SECCHI  SPRING1 0.70 11.0 POOR - - -

JMSMH  SECCHI  SPRING2 0.60 10.7 POOR - - -

JMSMH  SECCHI SUMMER1  0.95 354 POOR - - -

JMSMH  SECCHI SUMMER2  0.95 41.2 - - -

JMSMH TN ANNUAL 0471 10.1 GOOD 0.513 13.6 GOOD
JMSMH TN SPRING1 0.530 7.7 GOOD 0.590 135 GOOD
JMSMH TN SPRING2 0.441 55 GOOD 0.551 12.6 GOOD
JMSMH TN SUMMER1  0.452 7.3 GOOD 0.519 12.3 GOOD
JMSMH TN SUMMER2  0.475 9.7 GOOD 0.526 13.3 GOOD
JMSMH TP ANNUAL 0.057 68.9 POOR 0.070 724 POOR
JMSMH TP SPRING1 0.061 79.9 POOR 0.073 80.1 POOR
JMSMH TP SPRING2 0.056 72.1 POOR 0.073 79.6 POOR
JMSMH TP SUMMER1  0.064 56.9 0.078 77.0 POOR
JMSMH TP SUMMER2  0.065 57.4 0.078 74.6 POOR
JMSMH TSS ANNUAL 12.75 70.0 POOR 31.00 83.7 POOR
JMSMH TSS SPRING1 20.00 89.5 POOR 52.00 93.9 POOR
JMSMH TSS SPRING2 18.25 85.9 POOR 59.50 94.1 POOR
JMSMH TSS SUMMER1  11.50 61.1 POOR 31.25 85.2 POOR
JMSMH TSS SUMMER2  11.75 58.8 POOR 31.50 84.7 POOR



Table 8 - SAV Season Water quality trends in segment IMSMH (only significant trends are
displayed).

Segment Parameter Season L

Q

yer Slope % Change pValue Direction

JMSMH TN SAV1 S -0.0165 -0.435 0.000
JMSMH DIN SAV1 S -0.0053 -0.590 0.002
JMSMH POAF SAV1 S -0.0005 -0.346 0.007

Table9 - SAV season water quality statusin segment IM SMH (value isthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
JMSMH TN 0.4425 7.8 - -
JMSMH DIN 0.0913 48.9 0.1130
JMSMH TP 0.0615 66.3 POOR - -
JMSMH PO4F 0.022 93.2 POOR 0.0245 FAILS
JMSMH CHLA 5.9 16 5.7
JMSMH  SECCHI 0.9 227 POOR - -
JMSMH TSS 13.25 711 POOR 14.0
JMSMH KD - - - 1.80 FAILS
JMSMH PLLO5 - - - 0.136
JMSMH PLL10 - - - 0.054 FAILS

4. Oligohaline James River (JIMSOH - Middle James)

Water Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen and dissolved inorganic
nitrogen, as well as surface total phosphorus and surface total suspended solids (Table 10). The
status was good for surface and bottom total nitrogen, surface and bottom dissolved inorganic
nitrogen and surface total phosphorus. The status of surface and bottom dissolved inorganic
phosphorus and bottom total suspended solids was poor. The status of water clarity, bottom
dissolved oxygen, surface chlorophyll awasgood. The status of surfacetotal suspended solidsand
bottom total phosphorus was fair (Table 11).

Water Quality for SAV

Improving trends in surface total nitrogen and surface dissolved inorganic nitrogen were detected
in this segment (Table 12). Status of most parameters was good except for surface dissolved
inorganic phosphorusfor which statuswas poor and total suspended solidsfor which statuswasfair.
SAV habitat requirements were met for surface chlorophyll a, borderline for surface dissolved
Inorgani c phosphorus but not met for surfacetotal suspended solidsand all measuresof water clarity
(Table 13).
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SAV

No SAV were mapped inthis segment during 1999 asa result of the combination of delayed surveys
and asalinity-related die-off of freshwater SAV species. Therewere 3.97 haof SAV in2000. The
Tier | goal has not been established for this segment.

Living Resources

In comparisonto the 1999 survey, therewas evidence of improvement among several phytoplankton
categories. Thestatusof thetotal floral biomassand diatom biomass changed from poor to fair, and
the chlorophytesfrom poor to good status. However, the status of the dinoflagell ates remained poor,
with the cyanobacteria biomass status degrading from good to fair. There were overall trends of
increasing total phytoplankton biomass and abundance, along with increasing biomass of
cryptophytesand chlorophytes (both favorable), pluscyanobacteriaabundance (unfavorable). There
were no significant trends in diversity, but a seasonal trend of decreasing productivity.

Therewere no significant microzooplankton trendsfor this part of the basin. The statusof the major
indicators was mixed with poor rotifer abundance and good copepod nauplii abundance. This may
reflect the generally poor to fair suspended solid status but good to fair nutrient status of this
segment.

Benthic community status was marginal with an improving trend B-IBI at station (RET5.2).

Table 10 -Water quality trends in segment JIM SOH (only significant trends are displayed).

Segment Parameter Season Layer Slope %Change pValue Direction
JMSOH TN SPRING2 S -0.0325 -0.560 <0.001
JMSOH TN SUMMER2 S -0.0267 -0.527 <0.001
JMSOH TN SPRING1 S -0.0330 -0.514 <0.001
JMSOH TN ANNUAL S -0.0325 -0.523 <0.001
JMSOH TN SUMMER1 S -0.0290 -0.553 <0.001
JMSOH TN ANNUAL B -0.0208 -0.342 <0.001
JMSOH DIN SPRING2 S -0.0244 -1.111 <0.001
JMSOH DIN SUMMERL S -0.0088 . <0.001
JMSOH DIN SPRING1 S -0.0226 -0.921 <0.001
JMSOH DIN SUMMER2 S -0.0045 . 0.008
JMSOH DIN ANNUAL S -0.0170 -0.636 <0.001
JMSOH DIN ANNUAL B -0.0169 -0.659 <0.001
JMSOH DIN SPRING2 B -0.0202 -0.912 <0.001
JMSOH DIN SUMMER2 B -0.0057 . 0.001
JMSOH DIN SUMMER1 B -0.0091 . <0.001
JMSOH DIN SPRING1 B -0.0215 -0.838 <0.001
JMSOH TP ANNUAL S -0.0017 -0.357 0.001
JMSOH TSS ANNUAL S -0.8000 -0.019 0.010
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Table 11 - Water quality status in segment IMSOH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
JMSOH CHLA  ANNUAL 8.62 42.3 - - -
JMSOH CHLA SPRING1 17.75 56.2 - - -
JMSOH CHLA SPRING2 8.60 45.3 - - -
JMSOH CHLA SUMMER1 9.30 34.1 - - -
JMSOH CHLA SUMMER2 10.31 31.9 - - -
JMSOH DIN ANNUAL 0.188 19.3 0.180 17.3

JMSOH DIN SPRING1 0.171 4.9 0.180 4.9

JMSOH DIN SPRING2 0.140 85 0.160 8.8

JMSOH DIN SUMMER1 0.078 22.0 0.108 24.4

JMSOH DIN SUMMER2  0.059 13.0 0.084 19.6

JMSOH DO SPRING1 - - - 9.10 -

JMSOH DO SPRING2 - - - 7.12 -

JMSOH DO SUMMERL1 - - - 6.55 -

JMSOH DO SUMMER2 - - - 6.45 -

JMSOH PO4F ANNUAL 0.021 714 POOR 0.021 724 POOR
JMSOH PO4F SPRING1 0.014 57.1 0.013 59.6 POOR
JMSOH PO4F SPRING2 0.016 63.8 POOR 0.017 66.7 POOR
JMSOH PO4F SUMMER1 0.026 74.5 POOR 0.027 74.8 POOR
JMSOH PO4F SUMMER2 0.027 77.2 POOR 0.028 75.7 POOR
JMSOH  SECCHI ANNUAL 0.55 63.4 - - -
JMSOH  SECCHI  SPRING1 0.50 63.9 - - -
JMSOH  SECCHI  SPRING2 0.50 79.2 - - -
JMSOH  SECCHI SUMMER1  0.60 74.4 - - -
JMSOH  SECCHI SUMMER2  0.60 70.2 - - -
JMSOH TN ANNUAL 0.565 45 0.757 7.8

JMSOH TN SPRING1 0.595 29 0.782 4.1

JMSOH TN SPRING2 0.534 35 0.782 5.0

JMSOH TN SUMMER1  0.506 3.6 0.636 6.6

JMSOH TN SUMMER2  0.498 3.8 0.621 7.3

JMSOH TP ANNUAL 0.070 30.5 0.108 40.9

JMSOH TP SPRING1 0.073 32.2 0.122 46.8

JMSOH TP SPRING2 0.070 24.2 0.160 40.9

JMSOH TP SUMMER1  0.069 23.8 0.119 345

JMSOH TP SUMMER2  0.069 24.8 0.107 355

JMSOH TSS ANNUAL 25.50 52.6 65.50 72.0 POOR
JMSOH TSS SPRING1 39.00 64.6 POOR 91.75 81.1 POOR
JMSOH TSS SPRING2 27.75 49.3 112.00 77.6 POOR
JMSOH TSS SUMMER1  21.00 443 60.75 70.3 POOR
JMSOH TSS SUMMER2  17.75 37.9 56.00 70.5 POOR
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Table 12 - SAV Season Water quality trends in segment IMSOH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
JMSOH TN SAV1 S -0.0292 -0.548 0.000
JMSOH DIN SAV1 S -0.0125 . 0.000

Table13 - SAV season water quality statusin segment JM SOH (value isthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
JMSOH TN 0.5195 4.6 - -
JMSOH DIN 0.1105 17.1 0.1065 -
JMSOH TP 0.0699 25 - -
JMSOH PO4F 0.0255 74.4 POOR 0.0225
JMSOH CHLA 8.94 35.8 9.9
JMSOH  SECCHI 0.55 63.4 - -
JMSOH TSS 23.75 49.3 235 FAILS
JMSOH KD - - - 2.90 FAILS
JMSOH PLLO5 - - - 0.060 FAILS
JMSOH PLL10 - - - 0.015 FAILS

5. Tidal Fresh James River (JMSTF - Upper James)

Water Quality for Living Resources

Improving trends in surface and bottom total nitrogen, dissolved inorganic nitrogen, total
phosphorus, dissol ved inorgani c phosphorusand bottom dissolved oxygen weredetected (Table 14).
The water quality status in this segment was good for surface and bottom total nitrogen and
dissolved inorganic nitrogen, surfacetotal phosphorusand bottom dissolved oxygen. Statuswasfair
for bottom total phosphorus, surface and bottom dissolved inorganic phosphorus, surface total
suspended solids and secchi depth. Status for surface chlorophyll a and bottom total suspended
solids was poor (Table 15).

Water Quality for SAV

Improving trends in surface total nitrogen, surface dissolved inorganic nitrogen, surface total
phosphorus, and surface dissolved inorganic phosphorus were detected in this segment (Table 16).
Status was good for surface total nitrogen, surface dissolved inorganic nitrogen and surface total
phosphorus and fair for the remaining parameters. All parameters either failed to meet the SAV
habitat requirements or were borderline (Table 17).
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SAV

This segment was mapped for thefirst timein 1998 and 36.00 ha of SAV were reported during this
survey. No SAV were mapped in this segment during 1999 as aresult delayed surveys. A total of
26.84 hawere reported during 2000. A Tier | goal has not been established for IMSTF.

Table 14 -Water quality trends in segment IMSTF (only significant trends are displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
IJMSTF TN SUMMER2 S -0.0432 -0.501 <0.001
JMSTF TN SUMMERL S -0.0415 -0.481 <0.001
IJMSTF TN ANNUAL S -0.0345 -0.497 <0.001
JMSTF TN SPRING2 S -0.0262 -0.404 <0.001
IJMSTF TN SPRING1 S -0.0224 -0.380 <0.001
JMSTF TN SUMMER1 B -0.0442 -0.456 <0.001
JMSTF TN SPRING1 B -0.0187 -0.272 0.001
JMSTF TN ANNUAL B -0.0334 -0.389 <0.001
IJMSTF TN SUMMER2 B -0.0475 -0.467 <0.001
JMSTF TN SPRING2 B -0.0209 -0.284 <0.001
IJMSTF DIN SPRING1 S -0.0166 -0.528 <0.001
JMSTF DIN SUMMER2 S -0.0382 -0.950 <0.001
IJMSTF DIN  SUMMER1 S -0.0350 -0.873 <0.001
JMSTF DIN ANNUAL S -0.0275 -0.685 <0.001
IJMSTF DIN SPRING2 S -0.0215 -0.590 <0.001
JMSTF DIN SPRING2 B -0.0255 -0.567 <0.001
IJMSTF DIN ANNUAL B -0.0300 -0.614 <0.001
JMSTF DIN SUMMER1 B -0.0381 -0.779 <0.001
IJMSTF DIN SPRING1 B -0.0193 -0.504 <0.001
JMSTF DIN SUMMER2 B -0.03%4 -0.836 <0.001
IJMSTF TP SPRING2 S -0.0036 -0.490 <0.001
JMSTF TP SPRING1 S -0.0039 -0.552 <0.001
IJMSTF TP  SUMMER1 S -0.0040 -0.459 <0.001
JMSTF TP  SUMMER2 S -0.0042 -0.463 <0.001
IJMSTF TP ANNUAL S -0.0047 -0.552 <0.001
JMSTF TP ANNUAL B -0.0044 -0.412 <0.001
IJMSTF TP SPRING2 B -0.0042 -0.418 0.001
JMSTF TP SPRING1 B -0.0040 -0.474 0.001
IJMSTF TP SUMMER1 B -0.0035 -0.314 0.001
JMSTF PO4F SUMMER2 S -0.0027 -0.514 <0.001
IJMSTF PO4F SPRING2 S -0.0024 -0.593 <0.001
JMSTF PO4F SUMMER1 S -0.0023 -0.492 <0.001
IJMSTF PO4F SPRING1 S -0.0025 -0.593 <0.001
JMSTF PO4F ANNUAL S -0.0024 -0.471 <0.001
JMSTF PO4F SUMMERL B -<0.0017 -0.150 <0.001
JMSTF PO4F SPRING1 B -0.0023 -0.566 <0.001
JMSTF PO4F SUMMER2 B -<0.0017 -0.143 0.002
JMSTF PO4F ANNUAL B -0.0015 -0.314 <0.001
IJMSTF PO4F SPRING2 B -0.0014 -0.325 <0.001
JMSTF DO SUMMER1 B 0.0667 0.167 <0.001

39



Table 15 - Water quality status in segment IMSTF (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

JMSTF CHLA ANNUAL 8.55 57.7 POOR - - -
JMSTF CHLA SPRING1 5.75 50.0 - - -
JMSTF CHLA SPRING2 9.00 55.7 POOR - - -
JMSTF CHLA SUMMER1 17.42 60.9 POOR - - -
JMSTF CHLA SUMMER2 18.90 57.5 POOR - - -
JMSTF DIN ANNUAL 0.345 18.4 0.372 18.6

JMSTF DIN SPRING1 0.336 10.2 0.365 9.5

JMSTF DIN SPRING2 0.294 8.7 0.338 8.0

JMSTF DIN SUMMER1 0.184 15.7 0.262 223

JMSTF DIN SUMMER2  0.166 17.3 0.238 29.0

JMSTF DO SPRING1 - - - 9.22 -

JMSTF DO SPRING2 - - - 8.21 -

JMSTF DO SUMMER1 - - - 7.20 -

JMSTF DO SUMMER2 - - - 7.10 -

JMSTF POAF ANNUAL 0.022 47.1 0.021 56.2

JMSTF PO4F SPRING1 0.022 46.5 0.021 53.6

JMSTF POAF SPRING2 0.023 42.3 0.018 49.2

JMSTF PO4F SUMMER1  0.023 48.0 0.024 58.1

JMSTF PO4F SUMMER2  0.022 48.0 0.024 60.6 POOR
JMSTF  SECCHI  ANNUAL 0.60 60.6 - - -
JMSTF  SECCHI  SPRING1 0.60 59.6 - - -
JMSTF  SECCHI  SPRING2 0.50 43.3 - - -
JMSTF  SECCHI SUMMER1  0.60 58.8 - - -
JMSTF  SECCHI SUMMER2  0.60 58.0 - - -
JMSTF TN ANNUAL 0.749 8.3 0.865 10.3

JMSTF TN SPRING1 0.664 8.2 0.750 9.1

JMSTF TN SPRING2 0.674 8.1 0.796 11.0

JMSTF TN SUMMER1 0.791 9.9 0.927 12.9

JMSTF TN SUMMER2  0.803 9.2 0.950 13.8

JMSTF TP ANNUAL 0.077 35.8 0.098 458

JMSTF TP SPRING1 0.073 39.6 0.096 50.7

JMSTF TP SPRING2 0.078 34.8 0.096 50.3

JMSTF TP SUMMER1  0.080 31.6 0.108 42.9

JMSTF TP SUMMER2  0.078 29.8 0.130 46.9

JMSTF TSS ANNUAL 14.50 58.1 36.00 58.5 POOR
JMSTF TSS SPRING1 18.00 56.2 42.00 69.7 POOR
JMSTF TSS SPRING2 17.00 53.6 35.50 47.7

JMSTF TSS SUMMER1 1350 43.1 33.00 40.4

JMSTF TSS SUMMER2  13.25 37.0 34.50 54.4
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Table 16 - SAV Season Water quality trends in segment IMSTF (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
JMSTF TN SAV1 S -0.0356 -0.505 0.000
JMSTF DIN SAV1 S -0.0310 -0.773 0.000
JMSTF TP SAV1 S -0.0042 -0.502 0.000
S

JMSTF PO4F SAV1 -0.0024 -0.484 0.000

Table 17 - SAV season water quality statusin segment IMSTF (value is the median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
JMSTF TN 0.7563 85 - -
JMSTF DIN 0.2385 16.6 0.2610 -
JMSTF TP 0.0775 30.3 - -
JMSTF PO4F 0.021 45 0.0200
JMSTF CHLA 10.68 525 10.7
JMSTF  SECCHI 0.6 58.9 - -
JMSTF TSS 14.5 51.1 16.0
JMSTF KD - - - 2.40 FAILS
JMSTF PLLO5 - - - 0.086
JMSTF PLL10 - - - 0.029 FAILS

Living Resources

Therewere several significant changesin the status and trends within the phytoplankton community
compared to trends through 1999. These included an increase trend in total phytoplankton
abundance along with increased and favorabl e trendsin the presence of diatoms, chlorophytes, and
cryptophytes, in addition to theincreased abundance of cyanophytes(unfavorable). Concernswere
associated with the changing status of dinoflagellates and cyanobacteria to poor, along with the
continuing status of poor for the autotrophic picoplankton. However, there were no significant
trendsin cyanobacteriabiomass. There wasimprovement of statuswith the background category of
chlorophytes from poor to good. There were no significant trends associated with productivity.

Microzooplankton indicated adegrading trend and poor statusinrotifer abundance. Thismay relate
to the generally fair to poor status of chlorophyl a, suspended solids, and secchi depth for this
segment. However, the good status of copepod nauplii abundance may havereflected the generally
good to fair status of the major nutrients.

Benthic community status was good with a strongly improving trend in the B-1BI and most of the
benthic metrics of the B-IBI.
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6. Tidal Fresh Appomattox (APPTF - Appomattox)
Water quality for living resources

Improving trends in surface and bottom total nitrogen, total phosphorus, and dissolved inorganic
phosphorus were detected (Table 18). Status was good for surface and bottom total nitrogen,
dissolved inorganic nitrogen, dissolved inorganic phosphorus and bottom dissolved oxygen. While
status was fair for surface and bottom total phosphorus, bottom total suspended solids and water
clarity, status was poor for surface chlorophyll a and surface total suspended solids (Table 19).

Woater quality for SAV

Improving trendsin surfacetotal nitrogen and surfacetotal phosphorusweredetected in thissegment
(Table 20). Status of surface total nitrogen, surface dissolved inorganic nitrogen and surface
dissolved inorganic phosphorus was good while status of surface chlorophyll a, secchi depth and
surfacetotal suspended solidswas poor. Although surface dissolved inorganic phosphorus met the
SAV habitat requirements and surface chlorophyll a was borderline, surface total suspended solids
and all measures of water clarity failed to met the SAV habitat requirements (Table 21).

SAV

SAV was not mapped and ground survey datawas not reported for APPTF in 2000. The Tier | goal
has not been established for this segment.

Living Resources

Living resource monitoring is not conducted within this segment.

Table 18 -Water quality trends in segment APPTF (only significant trends are displayed).
Segment Parameter Season Layer Slope %Change pValue Direction

APPTF TN ANNUAL S -0.0119 -0.199 <0.001
APPTF TN SPRING1 B -0.0100 -0.190 0.006
APPTF TN ANNUAL B -0.0154 -0.253 <0.001
APPTF TN SUMMER1 B -0.0219 -0.261 0.002
APPTF TN SPRING2 B -0.0136 -0.221 0.001
APPTF DIN SPRING1 B -0.0087 -0.592 0.002
APPTF TP SUMMER1 S -0.0021 -0.258 0.005
APPTF TP SPRING2 S -0.0033 -0.384 <0.001
APPTF TP SPRING1 S -0.0033 -0.422 <0.001
APPTF TP ANNUAL S -0.0025 -0.333 <0.001
APPTF TP ANNUAL B -0.0027 -0.346 <0.001
APPTF TP SPRING1 B -0.0033 -0.515 <0.001
APPTF TP SPRING2 B -0.0034 -0.389 <0.001
APPTF PO4F ANNUAL S -<0.0012 . 0.007
APPTF PO4F ANNUAL B -<0.0014 . 0.005
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Table 19 - Water quality status in segment APPTF (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

APPTF CHLA ANNUAL 14.10 74.8 POOR - - -
APPTF CHLA SPRING1 7.40 61.1 POOR - - -
APPTF CHLA SPRING2 13.70 74.0 POOR - - -
APPTF CHLA SUMMER1 45.60 89.0 POOR - - -
APPTF CHLA SUMMER2  49.56 89.2 POOR - - -
APPTF DIN ANNUAL 0.251 117 0.243 9.3

APPTF DIN SPRING1 0.217 4.6 0.196 2.8

APPTF DIN SPRING2 0.197 4.7 0.194 3.0

APPTF DIN SUMMER1 0.212 14.9 0.185 11.9

APPTF DIN SUMMER2  0.203 16.7 0.184 152

APPTF DO SPRING1 - - - 9.20 -

APPTF DO SPRING2 - - - 8.40 -

APPTF DO SUMMER1 - - - 8.66 -

APPTF DO SUMMER2 - - - 8.71 -

APPTF POAF ANNUAL 0.014 30.7 0.014 36.7

APPTF PO4F SPRING1 0.014 314 0.016 449

APPTF POAF SPRING2 0.014 29.7 0.013 34.0

APPTF PO4F SUMMER1 0.014 304 0.013 34.8

APPTF PO4F SUMMER2 0.014 30.9 0.015 414

APPTF  SECCHI ANNUAL 0.50 4.1 - - -
APPTF  SECCHI  SPRING1 0.50 43.4 - - -
APPTF  SECCHI  SPRING2 0.50 43.3 - - -
APPTF  SECCHI SUMMER1  0.40 22.0 POOR - - -
APPTF  SECCHI SUMMER2  0.40 219 POOR - - -
APPTF TN ANNUAL 0.880 15.3 0.894 11.7

APPTF TN SPRING1 0.663 7.6 0.699 6.3

APPTF TN SPRING2 0.799 12.8 0.815 9.5

APPTF TN SUMMER1 1.043 22.8 0.949 135

APPTF TN SUMMER2  0.989 19.4 1.009 16.9

APPTF TP ANNUAL 0.087 452 0.096 42.8

APPTF TP SPRING1 0.072 37.7 0.068 250

APPTF TP SPRING2 0.080 38.9 0.076 24.7

APPTF TP SUMMER1 0.101 47.2 0.118 50.6

APPTF TP SUMMER2  0.100 43.8 0.114 46.5

APPTF TSS ANNUAL 23.00 72.8 POOR 29.00 521

APPTF TSS SPRING1 20.00 62.9 POOR 23.00 37.7

APPTF TSS SPRING2 30.00 82.6 POOR 32.50 52.8

APPTF TSS SUMMER1  30.00 85.0 POOR 33.00 55.1

APPTF TSS SUMMER2  29.00 83.2 POOR 30.50 50.5



Table 20 - SAV Season Water quality trends in segment APPTF (only significant trends are
displayed).
Segment Parameter Season Layer Slope % Change pValue Direction

APPTF TN SAV1 S -0.0129 -0.165 0.007
APPTF TP SAV1 S -0.0028 -0.332 0.000

Table 21 - SAV season water quality status in segment APPTF (valueisthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
APPTF TN 0.934 18.7 - -
APPTF DIN 0.217 125 0.2170 -
APPTF TP 0.0932 46.1 - -
APPTF PO4F 0.012 25.1 0.0120
APPTF CHLA 36.46 88.9 POOR 36.5
APPTF  SECCHI 0.45 32.3 POOR - -
APPTF TSS 29 82 POOR 29.0 FAILS
APPTF KD - - - 3.25 FAILS
APPTF PLLO5 - - - 0.021 FAILS
APPTF PLL10 - - - 0.003 FAILS

7. Oligohaline Chickahominy River (CHKOH - Chickahominy)

Water Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen and degrading trends were
detected in surface and bottom total suspended solids (Table 22). Status of surface and bottom total
nitrogen, dissolved inorganic nitrogen and total phosphorus was good as was the status of water
clarity and bottom dissolved oxygen. Status of surface and bottom dissolved inorganic phosphorus
and total suspended solids was fair while the status of surface chlorophyll a was poor (Table 23).

Table 22 -Water quality trends in segment CHKOH (only significant trends are displayed).

Slope %Change pValue Direction
-0.0172 -0.272 <0.001
CHKOH TN ANNUAL -0.0229 -0.405 <0.001
CHKOH TN  SUMMERL -0.0261 -0.406 <0.001

Segment Parameter Season Layer
S
S
S
CHKOH TN SUMMER2 S -0.0261 -0.426 0.001
S
B
B
S
S
B

CHKOH TN SPRING2

CHKOH TN SPRING1 -0.0193 -0.330 0.001
CHKOH TN ANNUAL -0.0217 -0.351 <0.001
CHKOH TN SUMMER1 -0.0242 -0.356 0.008
CHKOH TSS SUMMER2 0.8333 0.773 0.009 DEGRADING
CHKOH TSS  ANNUAL 0.6364 0.582 0.005 DEGRADING
CHKOH TSS  ANNUAL 15714 0.931 <0.001 DEGRADING



Table 23 - Water quality status in segment CHKOH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
CHKOH CHLA  ANNUAL 16.88 67.3 POOR - - -
CHKOH CHLA SPRING1 13.88 59.8 POOR - - -
CHKOH CHLA SPRING2 17.50 66.4 POOR - - -
CHKOH CHLA SUMMER1 17.48 56.8 - - -
CHKOH CHLA SUMMER2 17.69 53.5 - - -
CHKOH DIN ANNUAL 0.065 5.3 0.065 4.8

CHKOH DIN SPRING1 0.052 0.5 0.060 0.6

CHKOH DIN SPRING2 0.051 18 0.049 15

CHKOH DIN SUMMER1 0.013 2.0 0.018 2.7

CHKOH DIN SUMMER2  0.012 2.4 0.012 21

CHKOH DO SPRING1 - - - 9.00 -

CHKOH DO SPRING2 - - - 6.70 -

CHKOH DO SUMMERL1 - - - 6.23 -

CHKOH DO SUMMER2 - - - 6.30 -

CHKOH PO4F ANNUAL 0.010 41.6 0.010 41.3

CHKOH PO4F SPRING1 0.010 46.7 0.009 415

CHKOH PO4F SPRING2 0.010 41.3 0.009 36.5

CHKOH PO4F SUMMER1 0.011 27 0.012 41.6

CHKOH PO4F SUMMER2 0.012 48.0 0.012 435

CHKOH  SECCHI  ANNUAL 0.50 63.4 - - -
CHKOH SECCHI  SPRING1 0.60 90.1 - - -
CHKOH  SECCHI  SPRING2 0.60 89.4 - - -
CHKOH SECCHI SUMMER1  0.50 58.8 - - -
CHKOH  SECCHI SUMMER2 0.50 54.0 - - -
CHKOH TN ANNUAL 0.635 6.3 0.690 7.1

CHKOH TN SPRING1 0.618 3.7 0.691 3.9

CHKOH TN SPRING2 0.657 6.1 0.712 6.3

CHKOH TN SUMMER1 0.628 9.4 0.712 11.8

CHKOH TN SUMMER2  0.570 7.7 0.758 16.0

CHKOH TP ANNUAL 0.075 34.9 0.093 34.8

CHKOH TP SPRING1 0.082 375 0.093 30.3

CHKOH TP SPRING2 0.079 30.9 0.092 255

CHKOH TP SUMMER1 0.072 26.2 0.091 26.8

CHKOH TP SUMMER2  0.085 375 0.098 321

CHKOH TSS ANNUAL 22.00 47.8 35.50 49.5

CHKOH TSS SPRING1 19.00 27.2 40.00 48.4

CHKOH TSS SPRING2 19.00 25.6 40.00 454

CHKOH TSS SUMMER1  21.00 44.4 33.00 39.2

CHKOH TSS SUMMER2  22.00 50.9 47.00 56.2
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Water quality for SAV

Animprovingtrendin surfacetotal nitrogen wasdetected in thissegment (Table 24). Status of most
parameters was good except for surface dissolved inorganic phosphorus for which status was fair
and surface chlorophyll a for which status was poor. Most parameters either failed to meet the SAV
habitat requirements or were borderline except for surface dissolved inorganic phosphorus which
met the SAV habitat requirements (Table 25).

SAV

Survey data collected in 1999 were not directly comparable with those collected in 2000. A total
of 216.54 hawere reported in this segment during 2000. The Tier | goal for this segment was met.

Living Resources

Living resource monitoring is not conducted within this segment.

Table 24 - SAV Season Water quality trends in segment CHKOH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
CHKOH TN SAV1 S -0.0228 -0.361 0.000

Table25- SAV season water quality statusin segment CHKOH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
CHKOH TN 0.632 8.1 - -
CHKOH DIN 0.016 1.6 0.0160 -
CHKOH TP 0.0786 33.2 - -
CHKOH PO4F 0.01 40.7 0.0100
CHKOH  CHLA 175 59.3 POOR 175
CHKOH  SECCHI 0.55 705 - -
CHKOH TSS 20 39.2 20.0 FAILS
CHKOH KD - - - 2.65 FAILS
CHKOH  PLLO5 - - - 0.083
CHKOH  PLL10O - - - 0.024 FAILS

46



8. Polyhaline Elizabeth River (ELIPH - River Mouth)

Woater Quality for Living Resources

A degrading trend in water clarity and improving trends in surface and bottom total nitrogen,
dissolved inorganic nitrogen, total phosphorus and dissolved inorganic phosphorus were detected
inthissegment. A decreasing trend in surface salinity was detected in this segment (Table 26). The
status of all water quality parametersin this segment was poor except for bottom dissolved oxygen
for which status was good and surface total suspended solids for which status was fair (Table 27).

Table 26 -Water quality trends in segment ELIPH (only significant trends are displayed).

Segment Parameter  Season Layer Slope % Change pValue Direction
ELIPH TN SPRING1 S -0.0215 -0.486 0.002
ELIPH TN ANNUAL S -0.0221 -0.478 0.000
ELIPH TN SUMMER2 S -0.0200 -0.416 0.006
ELIPH TN SPRING2 S -0.0219 -0.502 0.001
ELIPH TN SUMMERL1 S -0.0200 -0.432 0.001
ELIPH TN SUMMER2 B -0.0241 -0.466 0.000
ELIPH TN SUMMERL1 B -0.0197 -0.393 0.000
ELIPH TN SPRING1 B -0.0145 -0.327 0.007
ELIPH TN ANNUAL B -0.0185 -0.403 0.000
ELIPH DIN ANNUAL S -0.0130 -1.040 0.000
ELIPH DIN SPRING2 S -0.0116 -1.108 0.003
ELIPH DIN SUMMERL1 S -0.0145 -1.105 0.000
ELIPH DIN SUMMER2 S -0.0146 -1.005 0.007
ELIPH DIN ANNUAL B -0.0113 -0.964 0.000
ELIPH DIN SUMMERL1 B -0.0082 -0.719 0.006
ELIPH DIN SPRING1 B -0.0115 -1.067 0.004
ELIPH TP SUMMERL1 S -0.0017 -0.311 0.001
ELIPH TP SUMMER2 S -0.0024 -0.415 0.001
ELIPH TP ANNUAL S -0.0016 -0.394 0.000
ELIPH TP SUMMER2 B -0.0023 -0.377 0.007
ELIPH TP ANNUAL B -0.0014 -0.345 0.000
ELIPH TP SUMMERL1 B -0.0022 -0.440 0.001
ELIPH PO4F SUMMER2 S -0.0018 -0.524 0.000
ELIPH PO4F SUMMER1 S -0.0017 -0.573 0.000
ELIPH PO4F  ANNUAL S -0.0009 -0.480 0.000
ELIPH PO4F SPRING1 B -0.0007 -0.640 0.000
ELIPH PO4F  ANNUAL B -0.0008 -0.512 0.000
ELIPH SECCHI SUMMER1 S -0.0125 -0.182 0.003 DEGRADING
ELIPH SECCHI ANNUAL S -0.0143 -0.208 0.000 DEGRADING
ELIPH SECCHI SUMMER2 S -0.0143 -0.203 0.003 DEGRADING
ELIPH TSS SUMMER2 S -0.8333 -0.773 0.004
ELIPH SALINITY SUMMER2 S -0.2850 -0.189 0.002
ELIPH SALINITY SUMMER1 S -0.2667 -0.182 0.001
ELIPH SALINITY ANNUAL S -0.1720 -0.131 0.003
ELIPH SALINITY SUMMER1 B -0.1786 -0.113 0.009
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Table 27 - Water quality status in segment ELIPH (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

ELIPH CHLA ANNUAL 9.63 70.1 POOR - - -
ELIPH CHLA SPRING1 9.40 58.5 POOR - - -
ELIPH CHLA SPRING2 9.40 63.2 POOR - - -
ELIPH CHLA SUMMER1 10.59 79.9 POOR - - -
ELIPH CHLA SUMMER2 13.62 89.0 POOR - - -
ELIPH DIN ANNUAL 0.133 85.6 POOR 0.119 80.7 POOR
ELIPH DIN SPRING1 0.178 89.9 POOR 0.124 87.2 POOR
ELIPH DIN SPRING2 0.110 86.4 POOR 0.119 89.2 POOR
ELIPH DIN SUMMER1  0.057 76.3 POOR 0.143 80.7 POOR
ELIPH DIN SUMMER2  0.155 93.5 POOR 0.148 7.7 POOR
ELIPH DO SPRING1 - - - 7.78 - GOOD
ELIPH DO SPRING2 - - - 6.70 - GOOD
ELIPH DO SUMMER1 - - - 5.18 - GOOD
ELIPH DO SUMMER?2 - - - 5.20 - GOOD
ELIPH POAF ANNUAL 0.016 85.3 POOR 0.020 82.3 POOR
ELIPH PO4F SPRING1 0.010 82.9 POOR 0.011 84.7 POOR
ELIPH POAF SPRING2 0.013 89.6 POOR 0.015 88.0 POOR
ELIPH PO4F SUMMER1  0.021 85.2 POOR 0.041 88.3 POOR
ELIPH PO4F SUMMER2  0.032 90.7 POOR 0.043 87.2 POOR
ELIPH SECCHI  ANNUAL 0.90 55 POOR - - -
ELIPH SECCHI  SPRING1 0.80 4.1 POOR - - -
ELIPH SECCHI  SPRING2 0.85 4.0 POOR - - -
ELIPH SECCHI SUMMER1  0.90 6.8 POOR - - -
ELIPH SECCHI SUMMER2  0.90 74 POOR - - -
ELIPH TN ANNUAL 0.535 68.9 POOR 0.511 65.6 POOR
ELIPH TN SPRING1 0.552 73.1 POOR 0.511 69.7 POOR
ELIPH TN SPRING2 0.527 68.9 POOR 0.498 69.4 POOR
ELIPH TN SUMMER1 0.551 69.4 POOR 0.561 69.9 POOR
ELIPH TN SUMMER2  0.593 74.9 POOR 0.567 67.6 POOR
ELIPH TP ANNUAL 0.053 88.4 POOR 0.065 84.4 POOR
ELIPH TP SPRING1 0.049 93.0 POOR 0.068 94.0 POOR
ELIPH TP SPRING2 0.052 93.3 POOR 0.068 94.4 POOR
ELIPH TP SUMMER1 0.070 93.1 POOR 0.083 88.2 POOR
ELIPH TP SUMMER2  0.075 93.3 POOR 0.087 88.0 POOR
ELIPH TSS ANNUAL 10.00 56.9 23.00 69.2 POOR
ELIPH TSS SPRING1 13.00 77.1 POOR 45.50 96.2 POOR
ELIPH TSS SPRING2 13.50 82.2 POOR 29.00 88.7 POOR
ELIPH TSS SUMMER1 1250 69.6 POOR 21.00 56.9

ELIPH TSS SUMMER2  10.00 51.2 19.00 443



Water Quality for SAV

Improving trends in surface total nitrogen, surface dissolved inorganic nitrogen, surface total
phosphorus and surface dissolved inorganic phosphorus (Table 28). A degrading trend in secchi
depth was detected in this segment. Status of most parameters was poor except for surface
chlorophyll a and surface total suspended solids for which status was fair. All parameters either
failed to meet the SAV habitat requirements or were borderline (Table 29).

SAV

In 2000, SAV was not mapped and ground survey information was not reported for this segment.
The Tier | goa has not been established for this segment.

Living Resources

Living resource monitoring is not conducted within this segment.

Table 28 - SAV Season Water quality trends in segment ELIPH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction

<

ELIPH TN SAV2 -0.0229 -0.505 0.000
ELIPH DIN SAV2 -0.0121 -0.968 0.000
ELIPH TP SAV?2 -0.0014 -0.358 0.000

ELIPH PO4F SAV2
ELIPH  SECCHI SAV?2

-0.0007 -0.448 0.000
-0.0143 -0.199 0.003 DEGRADING

nunmnnn

Table 29 - SAV season water quality statusin segment ELIPH (value is the median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement

ELIPH TN 0.548 70.6 POOR - -
ELIPH DIN 0.172 89 POOR 0.0847
ELIPH TP 0.054 89.8 POOR - -
ELIPH PO4F 0.022 89.8 POOR 0.0165
ELIPH CHLA 6.55 49.4 114
ELIPH  SECCHI 0.9 4.9 POOR - -
ELIPH TSS 9.5 55.1 26.5 FAILS
ELIPH KD - - - 2.90 FAILS
ELIPH PLLO5 - - - 0.032 FAILS
ELIPH PLL10 - - - 0.010 FAILS
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9. Mesohaline Elizabeth River (ELIMH - River Mainstem)

Woater Quality for Living Resources

Improving trends were detected for surface and bottom dissolved inorganic nitrogen, total
phosphorus, dissolved inorganic phosphorus and bottom dissolved oxygen (Table 30). Status of
surface and bottom total nitrogen, bottom dissolved inorganic nitrogen, surface chlorophyll a and
bottom dissolved oxygen was good. However, status of all remaining parameters was poor except
for surface dissolved inorganic nitrogen which was fair (Table 31).

Table 30 -Water quality trendsin segment ELIMH (only significant trends are displayed).

Segment Parameter  Season L ayer Slope % Change pValue Direction
ELIMH DIN ANNUAL S -0.0105 -0.469 0.000
ELIMH DIN SUMMERL1 S -0.0122 -0.505 0.008
ELIMH DIN ANNUAL B -0.0090 -0.665 0.000
ELIMH DIN SUMMERL1 B -0.0090 -0.498 0.005
ELIMH TP ANNUAL S -0.0019 -0.483 0.000
ELIMH TP SUMMER2 S -0.0027 -0.386 0.003
ELIMH TP SUMMERL1 S -0.0022 -0.340 0.001
ELIMH TP ANNUAL B -0.0014 -0.325 0.002
ELIMH PO4F  ANNUAL S -0.0013 -0.555 0.000
ELIMH PO4F SUMMER1 S -0.0025 -0.571 0.001
ELIMH PO4F SUMMER2 S -0.0034 -0.697 0.004
ELIMH PO4F SUMMER1 B -0.0032 -0.652 0.000
ELIMH PO4F  SUMMER2 B -0.0038 -0.715 0.000
ELIMH PO4F SPRING1 B -0.0007 . 0.009
ELIMH PO4F  ANNUAL B -0.0014 -0.747 0.000
ELIMH DO SUMMERL1 B 0.1723 0.672 0.000
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Table 31 - Water quality status in segment ELIMH (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

ELIMH CHLA ANNUAL 7.01 33.0 GOOD - - -
ELIMH CHLA SPRING1 5.52 215 GOOD - - -
ELIMH CHLA SPRING2 5.52 16.8 GOOD - - -
ELIMH CHLA SUMMER1 6.74 18.3 GOOD - - -
ELIMH CHLA SUMMER2 647 16.3 GOOD - - -
ELIMH DIN ANNUAL 0.138 45.1 0.130 34.5 GOOD
ELIMH DIN SPRING1 0.146 23.7 GOOD 0.161 34.3 GOOD
ELIMH DIN SPRING2 0.128 34.3 GOOD 0.154 37.0 GOOD
ELIMH DIN SUMMER1 0.169 78.1 POOR 0.154 49.8

ELIMH DIN SUMMER2  0.256 91.9 POOR 0.237 73.3 POOR
ELIMH DO SPRING1 - - - 8.30 - GOOD
ELIMH DO SPRING2 - - - 7.28 - GOOD
ELIMH DO SUMMER1 - - - 5.84 - GOOD
ELIMH DO SUMMER?2 - - - 5.82 - GOOD
ELIMH POAF ANNUAL 0.014 86.0 POOR 0.019 85.1 POOR
ELIMH PO4F SPRING1 0.009 85.6 POOR 0.009 86.0 POOR
ELIMH POAF SPRING2 0.009 817 POOR 0.015 89.9 POOR
ELIMH PO4F SUMMER1 0.031 924 POOR 0.034 84.3 POOR
ELIMH PO4F SUMMER2  0.046 96.0 POOR 0.041 84.0 POOR
ELIMH SECCHI  ANNUAL 0.85 225 POOR - - -
ELIMH SECCHI  SPRING1 0.60 11.0 POOR - - -
ELIMH SECCHI  SPRING2 0.60 10.7 POOR - - -
ELIMH SECCHI SUMMER1  0.80 25.7 POOR - - -
ELIMH SECCHI SUMMER2  0.80 26.2 POOR - - -
ELIMH TN ANNUAL 0.631 29.0 GOOD 0.584 24.6 GOOD
ELIMH TN SPRING1 0.563 12.0 GOOD 0.595 16.2 GOOD
ELIMH TN SPRING2 0.563 14.8 GOOD 0.576 151 GOOD
ELIMH TN SUMMER1  0.669 36.8 GOOD 0.621 314 GOOD
ELIMH TN SUMMER2  0.677 38.7 GOOD 0.634 36.4 GOOD
ELIMH TP ANNUAL 0.049 62.5 POOR 0.061 67.0 POOR
ELIMH TP SPRING1 0.050 74.5 POOR 0.060 72.6 POOR
ELIMH TP SPRING2 0.048 66.8 POOR 0.063 73.0 POOR
ELIMH TP SUMMER1 0.073 69.8 POOR 0.077 69.2 POOR
ELIMH TP SUMMER2  0.079 71.3 POOR 0.079 66.4 POOR
ELIMH TSS ANNUAL 13.35 71.2 POOR 18.75 62.6 POOR
ELIMH TSS SPRING1 16.40 78.4 POOR 29.60 80.3 POOR
ELIMH TSS SPRING2 15.63 76.7 POOR 29.60 82.1 POOR
ELIMH TSS SUMMER1 1357 68.0 POOR 20.54 70.0 POOR
ELIMH TSS SUMMER2  13.40 65.3 POOR 21.68 71.2 POOR
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Water Quality for SAV

Improving trends in surface dissolved inorganic nitrogen, surface total phosphorus, and surface
dissolved inorganic phosphoruswere detected in thissegment (Table 32). Statusof most parameters
was poor except for surfacetotal nitrogen and surface chlorophyll afor which statuswasgood. SAV
habitat requirementswere met for surface dissolved inorganic nitrogen and surface chlorophyll a but
the remaining parameters failed to meet the SAV habitat requirements (Table 33).

SAV

In 2000, SAV was not mapped and ground survey information was not reported for this segment.
The Tier | goal has not been established for this segment.

Living Resources

Phytoplankton and zoopl ankton monitoring isnot conducted withinthissegment. Itisrecommended
that monitoring stations for these components be added to this segment.

Table 32 - SAV Season Water quality trends in segment ELIMH (only significant trends are
displayed).

Q

Segment Parameter Season Layer Slope % Change pValue Direction

ELIMH DIN SAV1 S -0.0109 -0.512 0.001
ELIMH TP SAV1 S -0.0015 -0.318 0.000
ELIMH PO4F SAV1 S -0.0017 -0.469 0.000

Table 33 - SAV season water quality statusin segment ELIMH (value isthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
ELIMH TN 0.6536 329 - -
ELIMH DIN 0.1722 65.3 POOR 0.4387 FAILS
ELIMH TP 0.0634 70.5 POOR - -
ELIMH PO4F 0.0204 90.7 POOR 0.0362 FAILS
ELIMH CHLA 6.2745 19.9 35
ELIMH  SECCHI 0.8 22.7 POOR - -
ELIMH TSS 14.2 71.8 POOR 9.7
ELIMH KD - - - 1.80 FAILS
ELIMH PLLO5 - - - 0.095 FAILS
ELIMH PLL10 - - - 0.044 FAILS
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10.  Western Branch of the Elizabeth River (WBEMH - Western Branch)

Woater Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen, dissolved inorganic nitrogen,
total phosphorus, and dissolved inorganic phosphorus, surface chlorophyll a, and bottom dissolved
oxygen. No degrading trendswere detected (Table 34). Statusof surface and bottom total nitrogen,
dissolved inorganic nitrogen, and bottom dissolved oxygen was good. Status of bottom total
phosphorus and surface chlorophyll awasfair. Statusof the remaining parameterswas poor (Table

35).

Table 34 -Water quality trends in segment WBEMH (only significant trends are displayed).

Segment Parameter Season Layer Slope %Change pValue Direction
WBEMH TN SPRING1 S -0.0265 -0.475 0.006
WBEMH TN SPRING2 S -0.0235 -0.491 0.001
WBEMH TN SUMMER1 S -0.0180 -0.340 0.003
WBEMH TN ANNUAL S -0.0186 -0.372 <0.001
WBEMH TN ANNUAL B -0.0146 -0.295 <0.001
WBEMH TN SPRING2 B -0.0227 -0.439 0.002
WBEMH DIN ANNUAL S -0.0065 -0.525 0.001
WBEMH DIN ANNUAL B -0.0087 -0.542 0.004
WBEMH TP  SUMMER2 S -0.0064 -0.726 <0.001
WBEMH TP ANNUAL S -0.0027 -0.520 <0.001
WBEMH TP SUMMERL1 S -0.0064 -0.734 <0.001
WBEMH TP SPRING2 S -0.0031 -0.624 0.001
WBEMH TP SUMMER2 B -0.0061 -0.610 0.002
WBEMH TP ANNUAL B -0.0024 -0.483 <0.001
WBEMH TP SUMMERL1 B -0.0060 -0.608 <0.001
WBEMH PO4F SPRING2 S -0.0012 <0.001
WBEMH PO4F  SPRING1 S -<0.0016 . <0.001
WBEMH PO4F ANNUAL S -0.0012 -0.557 <0.001
WBEMH PO4F SUMMER2 S -0.0050 -1.032 <0.001
WBEMH PO4F SUMMERL S -0.0038 -0.89%4 <0.001
WBEMH PO4F  SPRING1 B -<0.0017 0.001
WBEMH PO4F SPRING2 B -0.0012 . <0.001
WBEMH PO4F SUMMER1 B -0.0040 -0.895 <0.001
WBEMH PO4F ANNUAL B -0.0015 -0.727 <0.001
WBEMH PO4F SUMMER2 B -0.0047 -0.934 <0.001
WBEMH CHLA ANNUAL S -0.6286 -0.437 0.005
WBEMH CHLA SPRING2 S -1.2092 -1.198 0.006
WBEMH DO SUMMER1 B 0.2000 0.727 0.003

53



Table 35 - Water quality statusin segment WBEMH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
WBEMH CHLA  ANNUAL 9.87 52.7 - - -
WBEMH CHLA SPRING1 6.95 31.6 - - -
WBEMH CHLA SPRING2 12.46 59.4 POOR - - -
WBEMH CHLA SUMMER1 11.84 49.5 - - -
WBEMH CHLA SUMMER2 1121 44.0 - - -
WBEMH DIN ANNUAL  0.081 26.1 0.112 28.0

WBEMH DIN SPRING1  0.077 9.2 0.108 19.2

WBEMH DIN SPRING2  0.062 13.9 0.084 15.6

WBEMH DIN SUMMER1 0.067 42.3 0.143 455

WBEMH DIN SUMMER2 0.131 76.5 POOR 0.195 64.6 POOR
WBEMH DO SPRING1 - - - 8.30 -

WBEMH DO SPRING2 - - - 8.09 -

WBEMH DO SUMMERL1 - - - 6.09 -

WBEMH DO SUMMER2 - - - 5.88 -

WBEMH PO4F ANNUAL  0.010 77.8 POOR 0.013 73.9 POOR
WBEMH PO4F SPRING1  0.004 55.2 0.004 46.3

WBEMH PO4F SPRING2  0.004 49.4 0.004 37.3

WBEMH PO4F SUMMER1 0.023 90.0 POOR 0.028 79.5 POOR
WBEMH PO4F SUMMER2 0.037 94.3 POOR 0.037 81.8 POOR
WBEMH SECCHI ANNUAL 0.55 6.6 POOR - - -
WBEMH  SECCHI  SPRING1 0.50 6.7 POOR - - -
WBEMH SECCHI  SPRING2 0.40 3.2 POOR - - -
WBEMH SECCHI SUMMER1  0.50 5.2 POOR - - -
WBEMH SECCHI SUMMER2  0.50 5.2 POOR - - -
WBEMH TN ANNUAL  0.612 26.4 0.614 29.4

WBEMH TN SPRING1  0.617 17.1 0.626 19.8

WBEMH TN SPRING2  0.617 21.0 0.630 22.2

WBEMH TN SUMMER1 0.708 433 0.722 51.2

WBEMH TN SUMMER2 0.771 54.3 0.796 66.3 POOR
WBEMH TP ANNUAL  0.054 68.3 POOR 0.053 57.3

WBEMH TP SPRING1  0.056 80.2 POOR 0.052 64.9 POOR
WBEMH TP SPRING2  0.056 75.4 POOR 0.065 75.3 POOR
WBEMH TP SUMMER1 0.090 81.7 POOR 0.098 82.3 POOR
WBEMH TP SUMMER2  0.097 825 POOR 0.109 85.9 POOR
WBEMH TSS ANNUAL 18.68 83.9 POOR 23.32 72.6 POOR
WBEMH TSS SPRING1  26.50 91.4 POOR 29.93 80.7 POOR
WBEMH TSS SPRING2  26.50 91.6 POOR 39.80 894 POOR
WBEMH TSS SUMMERL 27.93 92.6 POOR 38.64 89.2 POOR
WBEMH TSS SUMMER2 28.80 92.7 POOR 41.85 90.7 POOR



Water Quality for SAV

Improving trends in surface dissolved inorganic nitrogen, surface total phosphorus, and surface
dissolved inorganic phosphorus were detected in this segment (Table 36). Although the status of
most parameters was poor, status of surface total nitrogen and surface dissolved inorganic nitrogen
was good and status of surface chlorophyll awasfair. Although surface chlorophyll a met the SAV
habitat requirements the remaining parameters were borderline (Table 37).

SAV

In 2000, SAV was not mapped and ground survey information was not reported for this segment.
The Tier | goa has not been established for this segment.

Living Resources

Phytoplankton and zooplankton monitoring is not conducted within this segment.

Table 36 - SAV Season Water quality trends in segment WBEMH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction

WBEMH TN SAV1 S -0.0200 -0.3%4 0.000
WBEMH DIN SAV1 S -0.0074 -0.482 0.004
WBEMH TP SAV1 S -0.0040 -0.584 0.000
WBEMH PO4F SAV1 S -0.0021 -0.659 0.000

Table37- SAV seasonwater quality statusin segment WBEMH (valueisthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per .).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
WBEMH TN 0.686 38.1 - -
WBEMH DIN 0.0847 375 0.1720
WBEMH TP 0.0719 774 POOR - -
WBEMH PO4F 0.0165 87 POOR 0.0220
WBEMH  CHLA 11.392 525 6.6
WBEMH  SECCHI 0.5 53 POOR - -
WBEMH TSS 26.5 91.9 POOR 9.5
WBEMH KD - - - 1.60
WBEMH  PLLO5 - - - 0.160
WBEMH  PLL10 - - - 0.071
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11. Southern Branch of the Elizabeth River (SBEMH - Southern Branch)

Woater Quality for Living Resources

Improving trends were detected in surface total nitrogen, surface and bottom dissolved inorganic
nitrogen, total phosphorus, dissolved inorganic phosphorus, and bottom dissolved oxygen. In
addition, an increasing trend in bottom water temperature was detected in this segment (Table 38).
Status of the majority of parameters was poor except surface chlorophyll a and bottom total
suspended solidsfor which statuswasgood and surfacetotal suspended solidsand bottom dissolved

oxygen for which status was fair (Table 39).

Table 38 -Water quality trends in segment SBEMH (only significant trends are displayed).

Segment Parameter Season Layer  Slope % Change pValue Direction
SBEMH TN SUMMER1 S -0.0305 -0.377 0.004

SBEMH TN ANNUAL S -0.0286 -0.343 <0.001

SBEMH TN SUMMER1 B -0.0151 -0.211 0.006

SBEMH DIN ANNUAL S -0.0271 -0.588 <0.001

SBEMH DIN  SUMMER1 S -0.0217 -0.486 0.006

SBEMH DIN ANNUAL B -0.0129 -0.353 <0.001

SBEMH DIN SUMMER1 B -0.0190 -0.460 0.006

SBEMH TP SPRING2 S -0.0016 -0.392 0.001

SBEMH TP ANNUAL S -0.0023 -0.501 <0.001

SBEMH TP  SUMMER1 S -0.0031 -0.464 <0.001

SBEMH TP  SUMMER2 S -0.0039 -0.541 0.002

SBEMH TP SUMMER1 B -0.0044 -0.520 <0.001

SBEMH TP ANNUAL B -0.0026 -0.528 <0.001

SBEMH TP SPRING2 B -0.0024 -0.489 <0.001

SBEMH TP SUMMER2 B -0.0050 -0.579 <0.001

SBEMH PO4F ANNUAL S -0.0018 -0.603 <0.001

SBEMH PO4F SUMMERL1 S -0.0033 -0.702 <0.001

SBEMH PO4F SPRING2 S -0.0015 -0.627 0.009

SBEMH PO4F SUMMER2 S -0.0034 -0.667 0.001

SBEMH PO4F SPRING1 B -0.0014 -0.700 0.002

SBEMH PO4F SPRING2 B -0.0024 -0.942 <0.001

SBEMH PO4F ANNUAL B -0.0022 -0.737 <0.001

SBEMH PO4F SUMMER2 B -0.0048 -0.786 <0.001

SBEMH PO4F SUMMER1 B -0.0042 -0.738 <0.001

SBEMH DO SPRING1 B 0.1700 0.467 0.002

SBEMH DO SUMMER1 B 0.1622 0.979 0.002

SBEMH WTEMP SPRING2 B 0.4933 0.433 <0.001 INCREASING
SBEMH WTEMP SPRING1 B 0.4788 0.642 <0.001 INCREASING
SBEMH WTEMP ANNUAL B 0.2317 0.217 <0.001 INCREASING
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Table 39 - Water quality status in segment SBEMH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
SBEMH CHLA  ANNUAL 2.49 5.3 - - -
SBEMH CHLA SPRING1 2.99 7.4 - - -
SBEMH CHLA SPRING2 3.03 85 - - -
SBEMH CHLA SUMMER1  4.09 8.1 - - -
SBEMH CHLA SUMMER2 350 3.9 - - -
SBEMH DIN ANNUAL 0.464 834 POOR 0.379 81.9 POOR
SBEMH DIN SPRING1 0.447 67.1 POOR 0.380 74.2 POOR
SBEMH DIN SPRING2 0.419 77.3 POOR 0.380 76.6 POOR
SBEMH DIN SUMMER1  0.425 96.3 POOR 0.384 87.2 POOR
SBEMH DIN SUMMER2  0.444 975 POOR 0.392 89.4 POOR
SBEMH DO SPRING1 - - - 757 -

SBEMH DO SPRING2 - - - 6.40 -

SBEMH DO SUMMERL1 - - - 4.74 -

SBEMH DO SUMMER2 - - - 4.50 -

SBEMH PO4F ANNUAL 0.023 94.0 POOR 0.024 90.0 POOR
SBEMH PO4F SPRING1 0.019 96.0 POOR 0.017 95.9 POOR
SBEMH PO4F SPRING2 0.016 94.5 POOR 0.019 94.2 POOR
SBEMH PO4F SUMMER1 0.044 96.3 POOR 0.047 90.1 POOR
SBEMH PO4F SUMMER2 0.052 96.2 POOR 0.052 88.3 POOR
SBEMH  SECCHI  ANNUAL 0.83 19.2 POOR - - -
SBEMH  SECCHI SPRING1 0.70 16.3 POOR - - -
SBEMH  SECCHI  SPRING2 0.70 16.5 POOR - - -
SBEMH  SECCHI SUMMER1  0.88 354 POOR - - -
SBEMH  SECCHI SUMMER2  0.85 36.2 POOR - - -
SBEMH TN ANNUAL 1.001 76.6 POOR 0.855 61.3 POOR
SBEMH TN SPRING1 1.003 67.3 POOR 0.884 58.2

SBEMH TN SPRING2 0.962 67.9 POOR 0.908 58.3

SBEMH TN SUMMER1 0.934 78.4 POOR 0.873 71.0 POOR
SBEMH TN SUMMER2  0.975 82.8 POOR 0.893 72.7 POOR
SBEMH TP ANNUAL 0.050 66.3 POOR 0.055 61.4 POOR
SBEMH TP SPRING1 0.047 68.2 POOR 0.050 63.0 POOR
SBEMH TP SPRING2 0.047 67.8 POOR 0.058 68.9 POOR
SBEMH TP SUMMER1  0.079 76.0 POOR 0.089 76.9 POOR
SBEMH TP SUMMER2  0.090 76.1 POOR 0.094 79.9 POOR
SBEMH TSS ANNUAL 8.18 47.9 12.60 37.9

SBEMH TSS SPRING1 9.25 49.3 14.08 321

SBEMH TSS SPRING2 9.70 54.1 14.10 49.4

SBEMH TSS SUMMER1 9.24 47.3 13.88 50.0

SBEMH TSS SUMMER2  8.83 4.7 13.56 45,7
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Water Quality for SAV

Improving trends in surface total nitrogen, surface dissolved inorganic nitrogen, surface total
phosphorus, and surface dissolved inorganic phosphorus were detected in this segment (Table 40).
Status for most parameter was poor except for surface chlorophyll a for which status was good and
surface total suspended solids for which status was fair. Only surface chlorophyll a met the SAV
habitat requirements (Table 41).

SAV

In 2000, SAV was not mapped and ground survey information was not reported for this segment.
The Tier | goal has not been established for this segment.

Living Resources

This is one of the most polluted rivers in Virginia with a phytoplankton composition that is
dominated by flora common to the Chesapeake Bay. However, the mgority of the trends are
favorable. The phytoplankton abundance trend was increasing, with no significant trends present
for total biomass. This was accompanied by a decreasing ratio of total biomass to total floral
abundance, with aunfavorable decreasing trend present. Favorable trendsincluded anincreasein
diatoms and chlorophytes, with their status fair and good respectively. There were also favorable
decreasing trendsin dinoflagellate and picoplankton biomass. There were no significant trendsin
species diversity, with productivity showing good status and a favorabl e trend.

Microzooplanktontrendsfor the Elizabeth River were degrading for copepod nauplii and decreasing
for most other parameters. Although rotifer abundance status was good, the poor copepod nauplii
statusand decreasing trendsin most mi crozoopl ankton parametersreflected the generally poor status
of most water quality indices.

Benthic community statuswas degraded with animproving trend in the B-1BI at station SBES. The
improving trend in the B-IBI was the result of trendsin nearly all metrics measuring the health of
benthic community composition.

Table 40 - SAV Season Water quality trends in segment SBEMH (only significant trends are
displayed).

Segment Parameter Season Layer Slope  %Change pValue Direction
SBEMH TN SAV1 S -0.0259 -0.327 0.002
SBEMH DIN SAV1 S -0.0220 -0.501 0.000
SBEMH TP SAV1 S -0.0023 -0.370 0.000
S

SBEMH POAF SAV1 -0.0023 -0.547 0.000
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Table4l - SAV season water quality statusin segment SBEMH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment  Parameter Value Score Status  Value Requirement
SBEMH TN 0.962 77.8 POOR - -
SBEMH DIN 0.4444 89.1 POOR 0.1722
SBEMH TP 0.063 722 POOR - -
SBEMH PO4F 0.0356 96.4 POOR 0.0204
SBEMH CHLA 3.026 5.4 6.3
SBEMH  SECCHI 0.85 15.5 POOR - -
SBEMH TSS 9.25 50.2 14.2
SBEMH KD - - - 180 FAILS
SBEMH PLLO5 - - - 0.080 FAILS
SBEMH PLL10 - - - 0.040 FAILS

12.  Eastern Branch of the Elizabeth River (EBEMH - Eastern Branch)

Woater Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen, dissolved inorganic nitrogen,
total phosphorus, and dissolved inorganic phosphorus. No degrading trends were detected (Table
42). Status of bottom total nitrogen, surface chlorophyll a, and bottom dissolved oxygen was good.
Status of surface total nitrogen, surface total phosphorus, and surface and bottom total suspended
solidswas fair. All other parameters were poor (Table 43).

Water Quality for SAV

Improving trendsin surfacetotal nitrogen, surfacetotal phosphorus, and surfacedissolved inorganic
phosphorus were detected in this segment (Table 44). Status of most parameters was poor except
for surface chlorophyll a for which status was fair and surface total nitrogen and surface total
suspended solids for which statuswas good. All parameters except surface chlorophyll a failed to
meet the SAV habitat requirements (Table 45).

SAV

In 2000, SAV was not mapped and ground survey information was not reported for this segment.
The Tier | goal has not been established for this segment.

Living Resources

Phytoplankton and zooplankton monitoring is not conducted within this segment.
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Table 42 -Water quality trends in segment EBEMH (only significant trends are displayed).

Segment Parameter Season Layer  Slope % Change pValue Direction

EBEMH TN ANNUAL S -0.0208 -0.320 <0.001 IMPROVING
EBEMH TN ANNUAL B -0.0188 -0.352 <0.001 IMPROVING
EBEMH TN SUMMER1 B -0.0194 -0.287 0.006 IMPROVING
EBEMH DIN ANNUAL S -0.0175 -0.552 <0.001 IMPROVING
EBEMH DIN  SUMMERL S -0.0161 -0.493 0.008 IMPROVING
EBEMH DIN SUMMER1 B -0.0224 -0.630 <0.001 IMPROVING
EBEMH DIN ANNUAL B -0.0190 -0.620 <0.001 IMPROVING
EBEMH DIN SUMMER2 B -0.0210 -0.590 <0.001 IMPROVING
EBEMH TP SUMMER2 S -0.0028 -0.395 0.003 IMPROVING
EBEMH TP SPRING1 S -0.0023 -0.553 0.001 IMPROVING
EBEMH TP  SUMMER1 S -0.0026 -0.370 0.001 IMPROVING
EBEMH TP SPRING2 S -0.0019 -0.490 0.005 IMPROVING
EBEMH TP ANNUAL S -0.0023 -0.494 <0.001 IMPROVING
EBEMH TP SUMMER2 B -0.0034 -0.435 0.001 IMPROVING
EBEMH TP SUMMER1 B -0.0029 -0.382 <0.001 IMPROVING
EBEMH TP ANNUAL B -0.0022 -0.476 <0.001 IMPROVING
EBEMH PO4F SUMMER1 S -0.0028 -0.567 0.005 IMPROVING
EBEMH PO4F ANNUAL S -0.0015 -0.552 <0.001 IMPROVING
EBEMH PO4F SPRING1 B -<0.0019 -0.543 0.005 IMPROVING
EBEMH PO4F SUMMER2 B -0.0041 -0.737 <0.001 IMPROVING
EBEMH PO4F ANNUAL B -0.0018 -0.633 <0.001 IMPROVING
EBEMH PO4F SPRING2 B -0.0020 -0.790 0.003 IMPROVING
EBEMH PO4F SUMMER1 B -0.0035 -0.651 <0.001 IMPROVING
EBEMH DO SPRING1 B 0.1714 0.409 0.002 IMPROVING
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Table 43 - Water quality status in segment EBEMH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
EBEMH CHLA  ANNUAL 3.56 8.9 - - -
EBEMH CHLA SPRING1 3.38 8.4 - - -
EBEMH CHLA SPRING2 3.38 5.8 - - -
EBEMH CHLA SUMMER1  4.08 5.7 - - -
EBEMH CHLA SUMMER2  4.01 55 - - -
EBEMH DIN ANNUAL 0.292 73.0 POOR 0.228 62.4 POOR
EBEMH DIN SPRING1 0.255 45.6 0.286 61.6 POOR
EBEMH DIN SPRING2 0.253 61.1 POOR 0.286 65.9 POOR
EBEMH DIN SUMMER1 0.254 88.5 POOR 0.289 78.3 POOR
EBEMH DIN SUMMER2  0.326 94.7 POOR 0.307 82.7 POOR
EBEMH DO SPRING1 - - - 7.94 -

EBEMH DO SPRING2 - - - 7.05 -

EBEMH DO SUMMERL1 - - - 5.25 -

EBEMH DO SUMMER2 - - - 5.19 -

EBEMH PO4F ANNUAL 0.021 93.2 POOR 0.026 90.4 POOR
EBEMH PO4F SPRING1 0.013 93.3 POOR 0.012 91.6 POOR
EBEMH PO4F SPRING2 0.014 924 POOR 0.022 95.6 POOR
EBEMH PO4F SUMMER1 0.047 97.1 POOR 0.047 89.7 POOR
EBEMH PO4F SUMMER2 0.054 97.0 POOR 0.051 88.2 POOR
EBEMH SECCHI ANNUAL 0.90 259 POOR - - -
EBEMH SECCHI SPRING1 0.70 16.3 POOR - - -
EBEMH SECCHI  SPRING2 0.70 16.5 POOR - - -
EBEMH SECCHI SUMMER1  0.80 25.7 POOR - - -
EBEMH SECCHI SUMMER2 0.80 26.2 POOR - - -
EBEMH TN ANNUAL 0.722 42.3 0.666 38.1

EBEMH TN SPRING1 0.688 25.3 0.677 26.6

EBEMH TN SPRING2 0.688 304 0.688 31.2

EBEMH TN SUMMER1 0.748 49.9 0.696 46.1

EBEMH TN SUMMER2  0.749 50.7 0.763 61.0 POOR
EBEMH TP ANNUAL 0.048 61.4 0.055 60.4 POOR
EBEMH TP SPRING1 0.043 66.7 POOR 0.042 49.6

EBEMH TP SPRING2 0.043 59.6 0.057 67.2 POOR
EBEMH TP SUMMER1  0.080 75.8 POOR 0.084 74.9 POOR
EBEMH TP SUMMER2  0.085 75.9 POOR 0.093 77.9 POOR
EBEMH TSS ANNUAL 10.12 57.1 14.40 49.0

EBEMH TSS SPRING1 12.00 64.3 POOR 15.28 49.3

EBEMH TSS SPRING2 12.10 64.7 POOR 17.30 60.3 POOR
EBEMH TSS SUMMER1 10.84 55.1 18.05 64.2 POOR
EBEMH TSS SUMMER2  10.40 50.0 19.30 65.9 POOR
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Table 44 - SAV Season Water quality trends in segment EBEMH (only significant trends are

displayed).
Segment Parameter Season Layer Slope  %Change pValue Direction
EBEMH DIN SAV1 S -0.0181 -0.546 0.001
EBEMH TP SAV1 S -0.0021 -0.391 0.000
EBEMH PO4F SAV1 S -0.0021 -0.509 0.001

Table45 - SAV season water quality statusin segment EBEMH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
EBEMH TN 0.747 47.7 - -
EBEMH DIN 0.3012 82.2 POOR 0.3012 FAILS
EBEMH TP 0.074 78.8 POOR - -
EBEMH PO4F 0.0327 95.8 POOR 0.0327 FAILS
EBEMH CHLA 3.4132 5.1 34
EBEMH SECCHI 0.8 22.7 POOR - -
EBEMH TSS 10.96 57.7 11.0
EBEMH KD - - - 1.80 FAILS
EBEMH PLLO5 - - - 0.089 FAILS
EBEMH PLL10 - - - 0.037 FAILS

V. York River
A. Basin Overview

TheY ork watershed encompasses 3,270 square miles. PopulationintheY ork River Basin for 2000
IS projected to be 372,488. Major population centers within the watershed include Ashland,
Gloucester Point, Hampton, and West Point, Va. Percentage of households within this basin is
nearly equally divided between urban and rural areas, at 53% and 46%, respectively. Nutrient and
sediment loadings to the Y ork River are primarily from agricultural non-point sources (Figurell).
Sprague et al. (1999) described the York River Basin asfollows:

"TheY ork River Basin, at 2400 mi?, isthefifth largest tributary basinto Chesapeake Bay. TheY ork
River is formed by the confluence of the Pamunkey and Mattaponi Rivers near West Point, Va.
Because these two sub-basins have distinct hydrogeological characteristics, they are monitored
separately. The Pamunkey River beginsin the eastern part of the Piedmont Physiographic Province
and flows into the Coastal Plan Physiographic Province. The Pamunkey River RIM station
(01673000) near Hanover, Va., receives drainage from about 45 percent of the Y ork River Basin.
ThePamunkey River sub-basinisof relatively low relief and contains L ake Annaapproximately 60
miles upstream from the monitoring station. Lake Annaservesto dampen and delay the hydroponic
response of the Pamunkey River at the RIM station during storm events.”
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"The Mattaponi River sub-basin islocated north of the Pamunkey River sub-basin, in the Piedmont
and Coastal Plain Physiographic provinces. Because arelatively large percentage of the sub-basin
isin the Coastal Plain, is of low relief, and contains expanses of wetlands, the Mattaponi River
typically experiences lower streamflows and lower concentrations and yields of nutrients relative
to the Pamunkey River and the other riversdraining to Chesapeake Bay. The Mattaponi River RIM
station (01674500) near Beulahville, Va., receivesdrainagefrom about 25 percent of the Y ork River
Basin."

"Aswith the other tributary basinsin Virginia, land use in both sub-basinsis dominated by forest.
Forest makes up 68 percent of the land use upstream of the Pamunkey RIM station and 69 percent
upstream of the Mattaponi River RIM station. Agriculture, the second largest land use at 24 percent
and 19 percent respectively, is distributed sporadically throughout the sub-basins."”

"Of the nine rivers monitored, the Pamunkey River contributes about 2 percent of the streamflow,
less than 1 percent of the total nitrogen load, and 2 percent of the total phosphorus load delivered
annually fromthenontidal part of the Chesapeake Bay Watershed. The Mattaponi River contributes
less than 1 percent of the total streamflow, the total nitrogen load, and the total phosphorus load
entering the Bay."

B. Overview of Monitoring Results

Long-term trend and status analysisresultsfor water quality are summarized for all stationsin Y ork
RiverinFigures12 and 13. Ingeneral, the status of water quality parametersintheY ork River basin
was better in the Pamunkey and Mattaponi rivers and Mobjack Bay than in the York River
mainstem. The status of surface and bottom total nitrogen and dissolved inorganic nitrogen was
good throughout the Pamunkey and Mattaponi rivers and good to fair in the Y ork River mainstem.
The status of total phosphorus fell from good to fair or poor proceeding down the Pamunkey and
Mattaponi rivers to the York River mainstem. From the lower Pamunkey and Mattaponi rivers
throughout the Y ork River mainstem, the status of dissolved inorganic phosphorus was poor. The
status of total suspended solids was poor in the lower Pamunkey and lower Mattaponi rivers and
ranged from fair to poor in the mainstem segments of the Y ork River. Status of surface chlorophyll
a was good in the upper Pamunkey and Mattaponi rivers and Mobjack Bay but fair to poor in the
other segments of the Y ork River system.

The mgjority of improving trends were detected in the Pamunkey and Mattaponi rivers. In the
mainstem of the Y ork River there were improving trends in total nitrogen, adegrading bottom total
phosphorustrend in the middle Y ork and an improving bottom phosphorustrend in thelower Y ork,
and a degrading trend in bottom total suspended solids. These results suggest that management
actionswithintheY ork River Basin should befocused on thelower Pamunkey and M attaponi rivers
aswell asthe mainstem of the York River. Aswith the James River, water clarity appearsto be a
major problem in the York River as the mgjority of segments had a status of only poor or fair for
both total suspended solids and secchi depth.
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Figure 13. 1985 and 2000 a) total nitrogen and b) total phosphorus contribution to the Y ork River by source.
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Figure14. Map of the Y ork River basin showing summaries of the status and trend analysesfor each segment.
Abbreviations for each parameter are; TN= total nitrogen: DIN=dissolved inorganic nitrogen; TP=total
phosphorus; DI P=dissolved inorganic nitrogen. The prefixes Sand B refer to surface and bottom measurements,
respectively.

65



Status (1998 to 2000) Trends (1985 to 2000)

Increasing (Improving)
Increasing (Degrading)
Decreasing (Improving)
Decreasing (Degrading)
Not significant

Season specific trend
Decreasing

O Good
O Fair
‘\ @® Poor

7 A< P>

Upper Lower Upper Lower Middle Lower |Mobjack
Parameler | Pamunkey | Pamunkey | Mattaponi | Mattaponi York York Bay
SCHLA O s O NS O s QO A O A @® =~ O NS
STSS QO s O NS O ns @ NS @ s O s ) NS
BTSS O V| @ ~ | O «ns @ s @ A @ ~ |[O s
SECCHI | O «w~s | @© s | O ns Q s @ =~s ® - |® V
BDO O s | O s | O »s O A 1O A O ~» |O A
SWTEMP NS NS Ns NS NS NS NS
BWTEMP NS NS NS NS NS NS NS
SSAT.IN NS NS NS NS NS J 3
BSALIN NS NS NS NS NS NS 4

Figure 15. Map of the York 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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Long-term trend and status analysisresultsfor water quality are summarized for al stationsin Y ork
River in Figures 14 through 17. A mgjor concern regarding the phytoplankton composition is the
poor status prevailing with the dinoflagellates and the increasing trends associated with
cyanobacteria abundance. This condition is associated with the frequent summer blooms of
dinoflagellates. The dominant phytoplankton throughout the river are the diatoms with the tidal
fresh species also associated with increased biomass of the cyanobacteria. Downstream the
freshwater diatomsarereplaced by estuarinediatomsand dinoflagel latesthat are common to the Bay
waters.

Microzooplankton monitoring resultsindicate acontinued degradation in themiddle Y ork and mouth
in terms of increasing rotifer abundance. These degrading trends are associated with continued
degrading water clarity trends and decreasing salinity. However, degrading trends in copepod
nauplii abundance that were evident last year in these segments have disappeared and may indicate
someimprovement. A changein methodology preventsacritical review of the status and trendsin
the mesozooplankton monitoring results. However, plots of raw data indicate that relative
abundances and numbers of species of mesozoopl ankton are mostly unchanged from last year. The
related water quality trends (mostly secchi depth and salinity) have not changed substantially from
last year and therefore it is likely that the general mesozooplankton status and trends have not
changed much from last year. Therefore, it is likely that mesozooplankton diversity continues to
decline in the lower part of the basin while the upper part of the basin should have continued
improving trends.

In the tidal freshwater Pamunkey River (PMKTF) benthic community status was good with
improving trends in species diversity, abundance and biomass. In the mesohaline York River
(YRKMH), benthic community status varied from good to degraded and degrading trendsin the B-
IBI, species diversity, and pollution sensitive species were detected at both stations. In the Lower
Y ork River (YRKPH), benthic community status ranged from degraded at station LE4.3B to good
at station LE4.3. Thedegraded statusat station L E4.3B wasrel ated to the short-term hypoxic events
that occur at this station.

C. Detailed Overview of Statusand Trends
1. Fal Line

In the Pamunkey River above the fall-line, degrading trends were detected in flow adjusted
concentrations of total nitrogen, nitrate-nitrites, total phosphorus, and dissolved inorganic
phosphorus and total suspended solids. Degrading trends were also detected in flow weighted
concentrations of total phosphorus and dissolved inorganic phosphorus. In the Mattaponi River
above the fal-line, improving trends were detected in flow-adjusted and flow wieghted
concentrations of total nitrogen and nitrate-nitrites (filtered). Degrading trends in flow weighted
concentrations of total phosphorus and flow adjusted concentrations of dissolved inorganic
phosphorus were detected; however, an improving trend in flow weighted concentrations of total
phosphorus was also detected. Degrading trendsin flow weighted concentrations of total nitrogen
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Figure 16. Map of the York River basin showing summaries of the status and trend analyses for phytoplankton

bioindicators for each segment.
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Figure17. Map of theY ork River basin showing summaries of the status and trend analysesfor microzooplankton
bioindicators for each segment.
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Figure 18. Map of the Y ork River basin showing summaries of the status and trend analysesfor mesozooplankton
bioindicators for each segment.
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Figure 19. Map of the York River basin showing summaries of the status and trend analyses for benthic
bioindicators for each segment.
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and nitrates were detected, as well as flow adjusted and flow weighted concentrations of total
Kjeldahl nitrogen were detected in the North Anna River. Improving trends in flow adjusted
concentrations, flow weighted concentrations and loadings of total phosphorus were also detected

(Table 46).

Table46 - Water quality trendsat Y ork RIM stations 1674500 (Mattaponi River near Beulahville),
1673000 (Pamunkey River at Hanover), and 1671020 (North Anna River at Doswell).

Station Name Parameter Data Basdine Status Slope % Change pValue Direction
Type

Pamunkey River at Hanover TN FAC -- -- 0.013 16.00 0.0005 DEGRADING
Pamunkey River at Hanover ~ NO23F FAC -- -- 0.024 31.00 0.0000 DEGRADING
Pamunkey River at Hanover TP FAC -- -- 0.033 46.00 0.0000 DEGRADING
Pamunkey River at Hanover ~ TP* FWC 0.082 0.131 0.099 77.80 0.0001 DEGRADING
Pamunkey River at Hanover  DIP FAC -- -- 0.069 121.00 0.0000 DEGRADING
Pamunkey River at Hanover  DIP* FWC 0.017 0.024 0.068 581.28 0.0001 DEGRADING
Pamunkey River at Hanover  TSS FAC -- -- 0.04 50.00 0.0039 DEGRADING
Mattaponi River at Beulahville TN FAC -- -- -0.015 -15.00 0.0000

Mattaponi River at Beulahville TN* FWC 0.697 1319 -0.283 -13.95 0.0001

Mattaponi River at Beulahville NO23F FAC -- -- - 0.029 -27.00 0.0001

Mattaponi River at Beulahville NO23F* FWC 0.172 0.343 -0.126 -22.52 0.0001

Mattaponi River at Beulahville TP FAC -- - -0.011 -12.00 0.0414 DEGRADING
Mattaponi River at Beulahville TP* FWC 0.063 0.222 -0.027 -12.94 0.0011

Mattaponi River at Beulahville DIP FAC -- -- 0.017 21.00 0.0099 DEGRADING
North AnnaRiver at Doswell TN FWC 0.305 0.376  0.029 5354 0.0001 DEGRADING
North AnnaRiver at Doswell TKNW?* FAC -- -- 0.011 20.00 0.0383 DEGRADING
North Anna River at Doswell. TKNW FWC 0.270 0.301 0.003 14.80 0.0001 DEGRADING
North Anna River at Doswell NO3W FWC 0.153 0.082 -0.024 -29.76 0.0002

North AnnaRiver at Doswell TP FAC -- -- -0.106 -82.00 0.0000

North AnnaRiver at Doswell TP FWC 0.110 0.020 -0.109 -80.45 0.0001

North AnnaRiver at Doswell TP LOAD 0158 0.016 -0.118 -82.97 0.0001
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2. Mobjack Bay (MOBPH)

Water quality for living resources

Improving trendswere detected in surface and bottom total nitrogen, bottom dissolved nitrogen, and
bottom dissol ved oxygen but adegrading trend was detected inwater clarity. Inaddition, decreasing
trendsin surface and bottom salinity were detected (Table 47). Statusfor all parameters was good
or fair except for water clarity for which status was poor and degrading (Table 48).

Table 47 -Water quality trends in segment MOBPH (only significant trends are displayed).

Segment  Parameter Season Layer Slope %Change pValue Direction

MOBPH TN ANNUAL S -0.0045 -0.157 0.001

®OBPH TN ANNUAL B -0.0046 -0.149 <0.001 G
MOBPH DIN ANNUAL B -<0.0019 -0.238 <0.001 G
MOBPH DIN SUMMER2 B -0.0016 -0.470 0.004 G
MOBPH SECCHI SPRING2 S -0.0286 -0.333 0.004 DEGRADING
MOBPH SECCHI ANNUAL S -0.0208 -0.228 <0.0010 DEGRADING
MOBPH DO SUMMER1 B 0.0506 0.132 0.003

MOBPH PLLO5 SPRING2 S -0.0070 -0.320 0.006 DEGRADING
MOBPH PLLO5 ANNUAL S -0.0039 -0.179 0.003 DEGRADING
MOBPH PLL10 ANNUAL S -0.0038 -0.289 0.001 DEGRADING
MOBPH PLL10 SPRING2 S -0.0066 -0.513 0.005 DEGRADING
MOBPH SALINITY  ANNUAL S -0.1467 -0.107 <0.001 DECREASING
MOBPH SALINITY SUMMER2 S -0.1931 -0.136 0.002 DECREASING
MOBPH SALINITY SUMMER1L S -0.2212 -0.155 <0.001 DECREASING
MOBPH  SALINITY  SPRING2 S -0.2675 -0.210 0.007 DECREASING
MOBPH  SALINITY  ANNUAL B -0.1392 -0.098 <0.001 DECREASING
MOBPH  SALINITY  SPRING2 B -0.1866 -0.141 0.010 DECREASING
MOBPH SALINITY SUMMER1L B -0.1821 -0.126 <0.001 DECREASING
MOBPH  SALINITY SUMMER2 B -0.1668 -0.116 0.006 DECREASING

73



Table 48 - Water quality status in segment MOBPH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
MOBPH CHLA  ANNUAL 5.64 41.4 - - -
MOBPH CHLA SPRING1 441 221 - - -
MOBPH CHLA SPRING2 4.87 33.2 - - -
MOBPH CHLA SUMMER1 9.95 73.6 POOR - - -
MOBPH CHLA SUMMER2 10.00 74.0 POOR - - -
MOBPH DIN ANNUAL 0.012 12.1 0.016 9.3

MOBPH DIN SPRING1 0.006 8.3 0.012 13.8

MOBPH DIN SPRING2 0.010 231 0.012 17.0

MOBPH DIN SUMMER1 0.013 23.9 0.025 10.1

MOBPH DIN SUMMER2  0.012 20.0 0.026 5.3

MOBPH DO SPRING1 - - - 9.50 -

MOBPH DO SPRING2 - - - 8.65 -

MOBPH DO SUMMERL1 - - - 6.62 -

MOBPH DO SUMMER2 - - - 6.53 -

MOBPH PO4F ANNUAL 0.002 12.8 0.002 9.4

MOBPH PO4F SPRING1 0.001 5.2 0.001 6.5

MOBPH PO4F SPRING2 0.002 17.4 0.002 12.7

MOBPH PO4F SUMMER1 0.002 16.1 0.003 6.5

MOBPH PO4F SUMMER2 0.002 16.1 0.004 3.8

MOBPH  SECCHI ANNUAL 1.20 18.2 POOR - - -
MOBPH SECCHI  SPRING1 1.30 19.4 POOR - - -
MOBPH  SECCHI  SPRING2 115 16.6 POOR - - -
MOBPH SECCHI SUMMER1  1.03 15.7 POOR - - -
MOBPH SECCHI SUMMER2  1.00 14.1 POOR - - -
MOBPH TN ANNUAL 0.427 40.1 0.432 45.9

MOBPH TN SPRING1 0.382 29.4 0.397 45.8

MOBPH TN SPRING2 0.477 52.9 0.479 62.6 POOR
MOBPH TN SUMMER1 0.481 55.3 0.493 56.5

MOBPH TN SUMMER2  0.490 55.7 0.494 54.1

MOBPH TP ANNUAL 0.027 41.4 0.030 25.0

MOBPH TP SPRING1 0.022 39.1 0.026 30.2

MOBPH TP SPRING2 0.027 48.3 0.032 4.7

MOBPH TP SUMMER1 0.039 55.3 0.046 355

MOBPH TP SUMMER2  0.040 53.0 0.046 274

MOBPH TSS ANNUAL 9.06 51.7 13.43 36.6

MOBPH TSS SPRING1 7.96 53.3 15.45 53.1

MOBPH TSS SPRING2 8.49 57.3 POOR 15.45 56.6 POOR
MOBPH TSS SUMMER1  11.55 64.7 POOR 19.59 51.2

MOBPH TSS SUMMER2  12.58 60.8 POOR 19.95 485
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Water quality for SAV

Animprovingtrendin surfacetotal nitrogen and degrading trendsin secchi depth and the percentage
of light at the leaf surface at 1.0 m were detected in this segment (Table 49). Status for most
parameterswas good except for secchi depth for which statuswas poor and surface total suspended
solids for which status was fair. Although surface dissolved inorganic nitrogen and surface
chlorophyll a met the SAV habitat requirements, the majority of parameterswere borderline (Table
50).

SAV

In 2000, SAV areain MOBPH increased to 3,693.51 ha, 3% more than in 1999 (3,584.49 ha). The
Tier | goal was not achieved for MOBPH.

Table 49 - SAV Season Water quality trends in segment MOBPH (only significant trends are
displayed).

Segment Parameter Season L
MOBPH TN SAV2
MOBPH  SECCHI SAV2
MOBPH PLL10 SAV2
MOBPH SALINITY  SAV2

er Slope  %Change pValue Direction
-0.0052 -0.183 0.010
-0.0267 -0.238 0.001 DEGRADING
-0.0049 -0.296 0.004 DEGRADING
-0.1613 -0.120 0.003

wnnon

Table50- SAV season water quality statusin segment MOBPH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat

Segment Parameter  Value Score Status Value Requirement
MOBPH TN 0.3943 34 - -
MOBPH DIN 0.0112 8.3 0.0815

MOBPH TP 0.0252 371 - -
MOBPH PO4F 0.0015 111 0.0090

MOBPH  CHLA 5.3567 40.2 6.4

MOBPH  SECCHI 12 16.2 POOR - -
MOBPH TSS 8 51.2 105

MOBPH KD - - - 1.50

MOBPH  PLLO5 - - - 0.229

MOBPH  PLL10 - - - 0.114

Living Resources

Although there were no significant trendsin total phytoplankton biomass or abundance, there were
increases in diatoms and chlorophytes biomass, and cyanobacteria abundance. The dinoflagellate
biomass and cyanobacteria biomass both had poor status, without any trends. The
procaryote:eucaryoteratio status remainsfair, showing no significant trendsin the balance between
these categories. Species diversity did not indicate any change, with productivity rates with a
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declining trend.

Degrading annual trends are evident in microzooplankton parameters as an increase in rotifer
abundance. Thisparameter also had poor status. Thisislikely associated with continued poor water
clarity parameters and declining salinity. However, copepod nauplii abundance was good and a
degrading trend in this parameter that appeared last year has disappeared this year indicating that
there may be some improvement in this region.

Benthic monitoring is not conducted within this segment and it is recommended that monitoring of
benthic communities be conducted within this segment.

3. Polyhaline Y ork River (YRKPH- Lower Y ork)

Water quality for living resources

An improving trend was detected in surface total nitrogen while a degrading trend in surface total
phosphorus was also detected (Table 51). The status of most parameters was either fair or poor.
Phosphorus parameters were poor at all depths (Table 52).

Table 51 - Water quality trends in segment Y RKPH (only significant trends are displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
YRKPH TN ANNUAL S -0.0096 -0.272 <0.001

YRKPH TN SUMMERL1 S -0.0091 -0.270 0.005

YRKPH TP ANNUAL B 0.0011 0.335 0.001 DEGRADING
YRKPH PLLO5 SPRING1 S -0.0177 -0.704 <0.000 DEGRADING
YRKPH PLLO5 SPRING2 S -0.0147 -0.504 0.003 DEGRADING
YRKPH PLL10 SPRING2 S -0.0108 -0.530 0.003 DEGRADING
YRKPH PLL10 SPRING1 S -0.0131 -0.783 <0.001 DEGRADING
YRKPH SALINITY ANNUAL S -0.1429 -0.111 0.002

YRKPH SALINITY SUMMERL S -0.2500 -0.176 0.001

YRKPH SALINITY SUMMER2 S -0.2650 -0.185 0.002

YRKPH SALINITY SUMMERL B -0.2187 -0.146 0.002

YRKPH SALINITY SUMMER2 B -0.1907 -0.126 0.010

YRKPH WTEMP  SPRING2 B -0.1354 -0.115 0.009

Water quality for SAV

Notrendsinwater quality parametersweredetected inthis segment during the SAV growing season.
Status for all parameterswas either fair or poor. Only surface dissolved inorganic nitrogen met the
SAV habitat requirements (Table 53).
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SAV

INn 2000, SAV areain Y RKPH increased to 308.39 ha, 17% morethanin 1999 (264.55 ha). The Tier
| goal was not met for YRKPH.

Table 52 - Water quality status in segment YRKPH (value is the median concentration, secchi in
meters, chlorophyll ain ug per I, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

Y RKPH CHLA ANNUAL 7.75 61.0 POOR - - -

Y RKPH CHLA SPRING1 6.52 36.3 - - -

Y RKPH CHLA SPRING2 7.00 47.3 - - -

Y RKPH CHLA SUMMER1  9.93 76.3 POOR - - -

Y RKPH CHLA SUMMER2 995 77.9 POOR - - -

Y RKPH DIN ANNUAL 0.046 521 0.048 43.2

Y RKPH DIN SPRING1 0.017 26.1 0.030 57.3

Y RKPH DIN SPRING2 0.043 62.2 POOR 0.036 58.8

Y RKPH DIN SUMMER1  0.066 83.3 POOR 0.102 48.0

Y RKPH DIN SUMMER2  0.067 .7 POOR 0.148 51.7

Y RKPH DO SPRING1 - - - 7.85 -

YRKPH DO SPRING2 - - - 7.08 -

Y RKPH DO SUMMERL1 - - - 3.88 -

Y RKPH DO SUMMER?2 - - - 3.90 -

Y RKPH PO4F ANNUAL 0.012 74.4 POOR 0.015 721 POOR
Y RKPH POAF SPRING1 0.007 68.2 POOR 0.006 521

Y RKPH PO4F SPRING2 0.007 72.6 POOR 0.008 68.1 POOR
Y RKPH PO4F SUMMER1 0.018 81.3 POOR 0.033 83.5 POOR
Y RKPH PO4F SUMMER2  0.024 85.1 POOR 0.041 83.8 POOR
YRKPH  SECCHI  ANNUAL 110 12.9 POOR - - -
YRKPH  SECCHI SPRING1 0.90 6.6 POOR - - -
YRKPH  SECCHI  SPRING2 0.90 7.9 POOR - - -
YRKPH  SECCHI SUMMERL1 1.00 10.7 POOR - - -
YRKPH  SECCHI SUMMER?2 1.00 14.2 POOR - - -

Y RKPH TN ANNUAL 0.459 447 0.530 62.9 POOR
Y RKPH TN SPRING1 0.444 44.8 0.585 69.5 POOR
Y RKPH TN SPRING2 0.444 48.5 0.585 75.4 POOR
Y RKPH TN SUMMER1  0.497 53.6 0.582 70.9 POOR
Y RKPH TN SUMMER2  0.523 63.7 POOR 0.586 717 POOR
Y RKPH TP ANNUAL 0.047 83.7 POOR 0.069 834 POOR
Y RKPH TP SPRING1 0.039 84.1 POOR 0.050 84.8 POOR
Y RKPH TP SPRING2 0.043 86.8 POOR 0.054 86.9 POOR
Y RKPH TP SUMMER1 0.072 924 POOR 0.087 89.4 POOR
Y RKPH TP SUMMER2  0.077 92.0 POOR 0.091 89.6 POOR
Y RKPH TSS ANNUAL 12.25 56.9 25.75 74.7 POOR
Y RKPH TSS SPRING1 18.00 84.2 POOR 29.00 82.2 POOR
Y RKPH TSS SPRING2 13.50 78.6 POOR 29.00 93.9 POOR
YRKPH TSS SUMMER1  11.50 554 26.50 834 POOR
Y RKPH TSS SUMMER2  10.50 51.2 23.50 69.3 POOR
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Table53 - SAV season water quality statusin segment Y RKPH (value isthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
YRKPH TN 0.4695 49.1 - -
YRKPH DIN 0.0705 69.3 POOR 0.0830
YRKPH TP 0.0462 81.6 POOR - -
YRKPH PO4F 0.0113 66.6 POOR 0.0210 FAILS
YRKPH CHLA 6.515 a47.7 16.1
YRKPH  SECCHI 1 7.8 POOR - -
YRKPH TSS 12 60.6 POOR 25.0 FAILS
YRKPH KD - - - 2.90 FAILS
YRKPH PLLO5 - - - 0.055 FAILS
YRKPH PLL10 - - - 0.013 FAILS

Living Resources

Phytoplankton and zoopl ankton monitoringisnot conducted within thissegment. Itisrecommended
that additional monitoring stations for these programs be added to this segment.

Benthic community statuswasdegraded. The degraded statuswasfound at the station in the channel
subjected to short-term hypoxia while the station with good status was located on the shoal .

4. Mesohaline York River (YRKMH - Middle Y ork)

Water quality for living resources

Improving trends in surface total nitrogen, surface dissolved inorganic nitrogen, and bottom
dissolved oxygen were detected. Degrading trendsin bottom total phosphorus, surface chlorophyll
a, and bottom total suspended solids were detected (Table 54). Status of surface total nitrogen,
surface and bottom dissolved inorganic nitrogen, and bottom dissolved oxygen was good. Status
of bottomtotal nitrogenwasfair. Statusof surfaceand bottom total phosphorus, dissolvedinorganic
phosphorus and total suspended solids along with surface chlorophyll a and secchi depth was poor
(Table 55).

Water quality for SAV

No trends in water quality parameters were detected in this segment (Table 56). Status for most
parameterswas poor except surfacetotal nitrogen and surfacedissolvedinorganic nitrogenfor which
status was good. No parameters met the SAV habitat requirements (Table 57).

SAV

No SAV has been mapped by the aerial survey for YRKMH since 1974.
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Living Resources

There areincreasing trendsin the total phytoplankton biomass and abundance, with both having a
poor status. Compared to 1999, improved status was associated with diatoms (poor to fair status),
with negative patterns associated with cyanobacteria (good to fair) and autotrophic picoplankton
(goodtofair). Thedinoflagellate biomassremained poor. However, therewereno significant trends
with the biomass:abundance and procaryote:eukaryote ratios. There were no significant trends
associated with species diversity or productivity rates.

Annual trends are degrading for microzooplankton as seen in an increase in rotifer abundance and
poor rotifer abundance status. However, adegrading trend in copepod nauplii abundance that was
evident from last year has disappeared, and copepod nauplii abundance status is good indicating
some improvement for this region.

Benthic community status varied from good to degraded and both benthic monitoring stations
showed degrading trends in the B-1BI, species diversity and pollution sensitive species.

Table 54 -Water quality trendsin segment Y RKMH (only significant trends are displayed).

Segment Parameter Season Layer Slope %Change pValue Direction
YRKMH TN ANNUAL S -0.0075 -0.178 0.001

YRKMH TN SPRING2 B 0.0227 0.565 0.008 DEGRADING
YRKMH DIN ANNUAL S -0.0032 . 0.006

YRKMH TP ANNUAL B 0.0024 0.452 <0.000 DEGRADING
YRKMH TP SPRING2 B 0.0043 0.809 0.010 DEGRADING
YRKMH CHLA ANNUAL S 0.2795 0.469 0.010 DEGRADING
YRKMH TSS ANNUAL B 2.3939 0.909 0.001 DEGRADING
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Table 55 - Water quality statusin segment YRKMH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
YRKMH CHLA  ANNUAL 15.98 76.6 POOR - - -
YRKMH CHLA SPRING1 15.45 79.2 POOR - - -
YRKMH CHLA SPRING2 17.09 75.4 POOR - - -
YRKMH CHLA SUMMER1 1827 71.2 POOR - - -
YRKMH CHLA SUMMER2 19.43 69.0 POOR - - -
YRKMH DIN ANNUAL 0.081 30.0 GOOD 0.090 17.4 GOOD
YRKMH DIN SPRING1 0.071 16.3 GOOD 0.058 2.7 GOOD
YRKMH DIN SPRING2 0.063 18.9 GOOD 0.051 12.1 GOOD
YRKMH DIN SUMMER1  0.067 41.9 0.083 234 GOOD
YRKMH DIN SUMMER2  0.079 46.3 0.083 255 GOOD
YRKMH DO SPRING1 - - - 8.20 - GOOD
YRKMH DO SPRING2 - - - 6.15 - GOOD
YRKMH DO SUMMERL1 - - - 5.07 - GOOD
YRKMH DO SUMMER2 - - - 4.85 -

YRKMH PO4F ANNUAL 0.019 92.0 POOR 0.019 84.6 POOR
YRKMH PO4F SPRING1 0.009 83.9 POOR 0.008 83.7 POOR
YRKMH PO4F SPRING2 0.011 87.0 POOR 0.011 79.7 POOR
YRKMH PO4F SUMMER1 0.026 91.0 POOR 0.027 76.5 POOR
YRKMH PO4F SUMMER2 0.034 92.3 POOR 0.032 77.6 POOR
YRKMH  SECCHI  ANNUAL 0.58 8.4 POOR - - -
YRKMH  SECCHI  SPRING1 0.50 5.1 POOR - - -
YRKMH  SECCHI  SPRING2 0.50 6.3 POOR - - -
YRKMH SECCHI SUMMER1  0.55 7.6 POOR - - -
YRKMH  SECCHI SUMMER2 0.55 7.7 POOR - - -
YRKMH TN ANNUAL 0.654 31.0 GOOD 0.821 525

YRKMH TN SPRING1 0.714 24.8 GOOD 0.889 57.3

YRKMH TN SPRING2 0.714 28.4 GOOD 1.018 73.6 POOR
YRKMH TN SUMMER1 0.618 28.0 GOOD 0.880 62.2 POOR
YRKMH TN SUMMER2  0.636 36.1 GOOD 0.819 53.5

YRKMH TP ANNUAL 0.091 88.1 POOR 0.124 929 POOR
YRKMH TP SPRING1 0.097 90.2 POOR 0.146 96.7 POOR
YRKMH TP SPRING2 0.087 90.6 POOR 0.179 97.2 POOR
YRKMH TP SUMMER1  0.092 83.3 POOR 0.138 921 POOR
YRKMH TP SUMMER2 0.104 82.8 POOR 0.124 89.2 POOR
YRKMH TSS ANNUAL 25.25 90.9 POOR 78.00 95.8 POOR
YRKMH TSS SPRING1 24.50 91.6 POOR 97.50 97.8 POOR
YRKMH TSS SPRING2 24.00 91.3 POOR 98.00 97.9 POOR
YRKMH TSS SUMMER1  26.50 921 POOR 88.25 96.9 POOR
YRKMH TSS SUMMER2  27.00 915 POOR 77.00 95.6 POOR
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Table56 - SAV season water quality statusin segment Y RKMH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
YRKMH TN 0.6285 28.8 - -
YRKMH DIN 0.071 36.7 0.2205 -
YRKMH TP 0.0905 86.1 POOR - -
YRKMH PO4F 0.02 91.2 POOR 0.0240 FAILS
YRKMH  CHLA 16.1 724 POOR 10.7
YRKMH  SECCHI 0.6 7.4 POOR - -
YRKMH TSS 25 90.8 POOR 48.0 FAILS
YRKMH KD - - - 3.60 FAILS
YRKMH  PLLO5 - - - 0.008 FAILS
YRKMH  PLL10O - - - 0.001 FAILS

5. Oligohaline Pamunkey River (PMKOH - Lower Pamunkey)

Water quality for living resources

No improving trends were detected, while a degrading trend was detected in surface dissolved
inorganic phosphorus (Table 58). Status for surface and bottom total nitrogen, surface and bottom
dissolved inorganic nitrogen and bottom dissolved oxygen was good. Status for surface total
phosphorus, surface chlorophyll aandwater clarity wasfair. Statusfor surface and bottom dissolved
inorganic phosphorus, bottom total phosphorus and total suspended solids was poor (Table 59).

Water quality for SAV

A degrading trend in surface dissolved inorganic phosphorus was detected in this segment (Table
60). Statusof surface total nitrogen, surface dissolved inorganic nitrogen and surface chlorophyl|
awasgood whilestatus of surface dissol ved inorgani c phosphorusand surfacetotal suspended solids
was poor. Status of surface total phosphorus and secchi depth was fair. SAV habitat requirements
were met for chlorophyll a but not met for the percentage of light at the leaf surface at 1.0 m while
the remaining parameters were borderline (Table 60).

SAV

This segment was not surveyed during 1999 and 2000 due to poor weather conditions. The Tier |
goal has not been established for this segment.

Living Resources

Living resource monitoring is not conducted within this segment.
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Table 57 -Water quality trends in segment PMKOH (only significant trends are displayed).

Segment Parameter Season

Layer

Slope

% Change

pValue

Direction

PMKOH

Table 58 - Water quality status in segment PMKOH (value is the median concentration, secchi in

PO4F

ANNUAL

S

<0.0013

0.001

meters, chlorophyll ain ug per I, al other parametersin mg per |.).

DEGRADING

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status
PMKOH CHLA  ANNUAL 9.29 44.6 - - -
PMKOH CHLA SPRING1 4.40 17.6 - - -
PMKOH CHLA SPRING2 5.50 21.9 - - -
PMKOH CHLA SUMMER1 1230 415 - - -
PMKOH CHLA SUMMER2 12.70 39.1 - - -
PMKOH DIN ANNUAL 0.223 24.0 0.211 21.7

PMKOH DIN SPRING1 0.261 10.0 0.251 9.0

PMKOH DIN SPRING2 0.251 194 0.232 16.9

PMKOH DIN SUMMER1  0.197 44.3 0.193 41.6

PMKOH DIN SUMMER2  0.185 484 0.190 47.1

PMKOH DO SPRING1 - - - 8.15 -

PMKOH DO SPRING2 - - - 7.00 -

PMKOH DO SUMMERL1 - - - 5.05 -

PMKOH DO SUMMER2 - - - 4.93 -

PMKOH POAF ANNUAL 0.023 76.3 POOR 0.023 4.7 POOR
PMKOH PO4F SPRING1 0.018 71.6 POOR 0.018 713 POOR
PMKOH PO4AF SPRING2 0.018 67.7 POOR 0.018 66.8 POOR
PMKOH PO4F SUMMER1 0.024 74.5 POOR 0.024 70.9 POOR
PMKOH PO4F SUMMER2 0.025 76.7 POOR 0.024 70.7 POOR
PMKOH SECCHI ANNUAL 0.40 44.7 - - -
PMKOH  SECCHI  SPRING1 0.25 226 POOR - - -
PMKOH SECCHI  SPRING2 0.25 17.9 POOR - - -
PMKOH SECCHI SUMMER1 0.50 58.8 - - -
PMKOH SECCHI SUMMER2  0.50 54.0 - - -
PMKOH TN ANNUAL 0.751 104 1.014 214

PMKOH TN SPRING1 0.848 9.7 1.301 256

PMKOH TN SPRING2 0.822 12.0 1.216 29.0

PMKOH TN SUMMER1  0.696 13.0 0.974 29.4

PMKOH TN SUMMER2  0.688 13.9 0.946 30.0

PMKOH TP ANNUAL 0.099 54.0 0.172 725 POOR
PMKOH TP SPRING1 0.123 64.3 POOR 0.176 69.2 POOR
PMKOH TP SPRING2 0.124 64.7 POOR 0.190 724 POOR
PMKOH TP SUMMER1  0.099 49.3 0.187 73.8 POOR
PMKOH TP SUMMER2  0.091 2.7 0.183 725 POOR
PMKOH TSS ANNUAL 48.00 83.6 POOR 93.00 86.7 POOR
PMKOH TSS SPRING1 73.00 90.8 POOR 115.50 86.0 POOR
PMKOH TSS SPRING2 76.00 934 POOR 148.00 93.1 POOR
PMKOH TSS SUMMER1  34.00 75.1 POOR 97.50 88.3 POOR
PMKOH TSS SUMMER2  35.00 78.3 POOR 93.00 87.1 POOR
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Table 59 - SAV Season Water quality trends in segment PMKOH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
PMKOH PO4F SAV1 S 0.0005 0.914 0.004 DEGRADING

Table60- SAV season water quality statusin segment PMKOH (valueisthe median concentration;
secchi in meters, chlorophyll ain g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
PMKOH TN 0.728 124 - -
PMKOH DIN 0.2205 35.4 0.2330 -
PMKOH TP 0.1092 58.1 - -
PMKOH PO4F 0.024 76.5 POOR 0.0230
PMKOH  CHLA 10.72 39 3.2
PMKOH SECCHI 04 42.6 - -
PMKOH TSS 48 85.5 POOR 16.0
PMKOH KD - - - 2.40
PMKOH  PLLO5 - - - 0.084
PMKOH  PLL10 - - - 0.032 FAILS

6. Tidal Freshwater Pamunkey River (PMKTF - Upper Pamunkey)

Water quality for living resources

Improving trends were detected for surface and bottom total nitrogen and bottom total suspended
solids, while degrading trendswere detected for surface and bottom dissolved inorgani c phosphorus
(Table61). Statusfor all parameters was good except for surface and bottom dissolved inorganic
phosphorus and surface total suspended solids which were fair (Table 62).

Water quality for SAV

Animproving trend in surface total nitrogen and a degrading trend in surface dissolved inorganic
phosphorus were detected in this segment (Table 63). Status of all parameters was good except for
surface dissolved inorganic phosphorus and surface total suspended solidsfor which statuswasfair.
All parametersfailed to meet the SAV habitat requirements except for surface dissolved inorganic
phosphorus and surface chlorophyll a which were borderline (Table 64).

SAV
This segment was not mapped during 1999 due to poor weather conditions, however, a total of

70.43 hawere reported for this segment in 2000. The Tier | goa has not been established for this
segment.
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Living Resources

Total phytoplankton abundance and biomass had increasing trends, with the biomass and abundance
of cyanobacteria also having increasing trends, along with chlorophyte and cryptophyte biomass.
A decreasing trend in the autotrophic picoplankton was also present, producing a combination of
favorable and unfavorable trends overall. There were no significant trends among the diatoms or
dinoflagellates, with both having poor status. The production rates showed adecreasing trend, with
no significant change in species diversity, nor in the procaryote:eukaryote ratio.

No significant annual trends in microzooplankton were evident for this region, as in the past few
years. Rotifer abundance status is good while copepod nauplii abundance status is poor. These
mixed monitoring results may reflect the mixed degrading and improving trends evident for water
quality parameters for this region.

Thegeneral improving zooplankton trendsare perhapsrel ated toimprovementsinwater quality such
as nitrogen concentrations.

Benthic community status was good with improving trends in species diversity, abundance and
biomass.

Table 61 -Water quality trends in segment PMKTF (only significant trends are displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
PMKTF TN SUMMER2 S -0.0150 -0.272 0.004

PMKTF TN ANNUAL S -0.0095 -0.201 <0.001

PMKTF TN SUMMER1 S -0.0127 -0.230 0.005

PMKTF TN ANNUAL B -0.0102 -0.205 <0.001

PMKTF PO4F ANNUAL S <0.0017 . <0.0010 DEGRADING
PMKTF PO4F SPRINGL S 0.0010 . <0.001 DEGRADING
PMKTF PO4F SPRING2 S <0.0019 0.720 0.001 DEGRADING
PMKTF PO4F ANNUAL B <0.0017 . <0.001 DEGRADING
PMKTF PO4F SPRING1 B 0.0011 . <0.0010 DEGRADING
PMKTF PO4F SPRING2 B 0.0012 1.536 <0.001 DEGRADING
PMKTF TSS ANNUAL B -0.6667 -0.520 0.005

PMKTF WTEMP SUMMER2 S 0.1601 0.100 0.001 INCREASING
PMKTF WTEMP SUMMER2 B 0.1450 0.089 0.007 |INCREASING



Table 62 - Water quality status in segment PMKTF (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
PMKTF CHLA  ANNUAL 2.35 15.9 - - -
PMKTF CHLA SPRING1 1.16 4.0 - - -
PMKTF CHLA SPRING2 2.53 12.1 - - -
PMKTF CHLA SUMMER1 5.60 19.8 - - -
PMKTF CHLA SUMMER2  6.70 22.3 - - -
PMKTF DIN ANNUAL 0.315 16.6 0.309 14.0

PMKTF DIN SPRING1 0.368 135 0.349 10.2

PMKTF DIN SPRING2 0.342 14.6 0.338 111

PMKTF DIN SUMMER1 0.151 9.0 0.152 8.7

PMKTF DIN SUMMER2 0.126 85 0.140 10.3

PMKTF DO SPRING1 - - - 8.60 -

PMKTF DO SPRING2 - - - 7.20 -

PMKTF DO SUMMERL1 - - - 5.27 -

PMKTF DO SUMMER2 - - - 5.08 -

PMKTF PO4F ANNUAL 0.021 46.1 0.021 54.2

PMKTF PO4F SPRING1 0.023 54.5 0.023 62.9 POOR
PMKTF PO4F SPRING2 0.024 55.2 0.025 64.8 POOR
PMKTF PO4F SUMMER1 0.018 39.8 0.022 55.0

PMKTF PO4F SUMMER2 0.019 42.2 0.019 51.1

PMKTF  SECCHI ANNUAL 0.63 64.0 - - -
PMKTF  SECCHI SPRING1 0.70 720 - - -
PMKTF  SECCHI  SPRING2 0.63 64.3 - - -
PMKTF  SECCHI SUMMER1 0.60 58.8 - - -
PMKTF  SECCHI SUMMER2  0.70 69.5 - - -
PMKTF TN ANNUAL 0.685 7.6 0.742 6.3

PMKTF TN SPRING1 0.636 6.7 0.669 5.4

PMKTF TN SPRING2 0.705 8.4 0.712 5.9

PMKTF TN SUMMER1  0.669 6.0 0.800 7.2

PMKTF TN SUMMER2 0.638 5.0 0.754 6.3

PMKTF TP ANNUAL 0.067 28.0 0.071 225

PMKTF TP SPRING1 0.062 27.2 0.068 24.8

PMKTF TP SPRING2 0.074 320 0.083 31.1

PMKTF TP SUMMER1 0.076 255 0.082 24.1

PMKTF TP SUMMER2 0.076 23.7 0.079 21.0

PMKTF TSS ANNUAL 16.00 54.8 19.00 29.3

PMKTF TSS SPRING1 18.00 56.2 21.00 32.7

PMKTF TSS SPRING2 18.00 53.6 21.00 26.7

PMKTF TSS SUMMER1  16.50 53.9 20.00 26.0

PMKTF TSS SUMMER2  17.00 56.3 21.00 29.0

85



Table 63 - SAV Season Water quality trends in segment PMKTF (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
PMKTF TN SAV1 S -0.0095 -0.208 0.002
PMKTF PO4F SAV1 S 0.0007 0.560 0.001 DEGRADING

Table 64 - SAV season water quality statusin segment PMKTF (value isthe median concentration;
secchi in meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
PMKTF TN 0.674 7.2 - -
PMKTF DIN 0.233 14 0.1705 -
PMKTF TP 0.0759 29.9 - -
PMKTF PO4F 0.023 51.2 0.0250
PMKTF  CHLA 3.13 134 11.9
PMKTF  SECCHI 0.65 66.1 - -
PMKTF TSS 16 51.1 37.0 FAILS
PMKTF KD - - - 3.60 FAILS
PMKTF  PLLO5 - - - 0.016 FAILS
PMKTF  PLL10 - - - 0.003 FAILS

7. Oligohaline Mattaponi River (MPNOH - Lower Mattaponi)

Water quality for living resources

Animproving trend was detected in bottom dissol ved oxygen while degrading trendsin surface and
bottom dissolved inorganic phosphorus and surface chlorophyll awere detected (Table 65). Status
of surface and bottom total nitrogen, dissol ved inorganic nitrogen and bottom dissolved oxygen was
good. Statusof water clarity wasfair. Statusof surface and bottom dissolved inorganic phosphorus
and surface chlorophyll a degraded. Status of surface and bottom total suspended solids was poor
(Table 66).

Table 65 - Water quality trends in segment MPNOH (only significant trends are displayed).

Segment Parameter Season Layer Slope  %Change pValue Direction
MPNOH PO4F ANNUAL S <0.0011 . <0.001 DEGRADING
MPNOH PO4F SUMMER2 S 0.0014 4.480 <0.001 DEGRADING
MPNOH PO4F  SPRING1 S <0.0016 . 0.004 DEGRADING
MPNOH PO4F SUMMER2 B 0.0015 4,800 <0.001 DEGRADING
MPNOH PO4F ANNUAL B <0.0013 . 0.001 DEGRADING
MPNOH  CHLA ANNUAL S 0.0550 . <0.001 DEGRADING
MPNOH DO SUMMER1 B 0.0529 0.168 0.009
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Table 66 - Water quality status in segment MPNOH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
MPNOH CHLA  ANNUAL 9.88 47.0 - - -
MPNOH CHLA SPRING1 4.70 19.3 - - -
MPNOH CHLA SPRING2 6.98 29.5 - - -
MPNOH CHLA SUMMER1 17.46 56.8 - - -
MPNOH CHLA SUMMER2 15.69 47.9 - - -
MPNOH DIN ANNUAL 0.171 17.9 0.159 155

MPNOH DIN SPRING1 0.200 6.3 0.194 5.7

MPNOH DIN SPRING2 0.194 13.7 0.194 13.1

MPNOH DIN SUMMER1  0.167 38.9 0.135 304

MPNOH DIN SUMMER2  0.158 42.9 0.143 375

MPNOH DO SPRING1 - - - 8.37 -

MPNOH DO SPRING2 - - - 7.20 -

MPNOH DO SUMMERL1 - - - 541 -

MPNOH DO SUMMER2 - - - 5.40 -

MPNOH PO4F ANNUAL 0.020 71.4 POOR 0.018 65.9 POOR
MPNOH PO4F SPRING1 0.019 74.6 POOR 0.018 713 POOR
MPNOH PO4F SPRING2 0.020 71.8 POOR 0.018 66.8 POOR
MPNOH PO4F SUMMER1 0.024 73.7 POOR 0.026 729 POOR
MPNOH PO4F SUMMER2 0.028 80.1 POOR 0.027 74.6 POOR
MPNOH  SECCHI ANNUAL 0.40 4.7 - - -
MPNOH  SECCHI  SPRING1 0.40 63.9 GOOD - - -
MPNOH  SECCHI  SPRING2 0.40 59.1 - - -
MPNOH  SECCHI SUMMER1 045 48.1 - - -
MPNOH  SECCHI SUMMER2  0.40 34.2 POOR - - -
MPNOH TN ANNUAL 0.703 85 0.860 13.6

MPNOH TN SPRING1 0.620 3.7 0.831 7.0

MPNOH TN SPRING2 0.703 75 0.837 10.4

MPNOH TN SUMMER1  0.753 16.7 0.936 26.5

MPNOH TN SUMMER2  0.795 215 1.123 44.6

MPNOH TP ANNUAL 0.093 49.9 0.123 52,5

MPNOH TP SPRING1 0.101 51.5 0.117 44.2

MPNOH TP SPRING2 0.101 49.2 0.158 60.8 POOR
MPNOH TP SUMMER1 0.110 58.5 0.149 59.0 POOR
MPNOH TP SUMMER2  0.113 60.3 0.135 53.3

MPNOH TSS ANNUAL 32.50 68.4 POOR 59.50 73.0 POOR
MPNOH TSS SPRING1 43.00 73.2 POOR 61.00 68.2 POOR
MPNOH TSS SPRING2 37.00 67.3 POOR 75.00 76.0 POOR
MPNOH TSS SUMMER1  29.50 67.1 POOR 64.00 74.2 POOR
MPNOH TSS SUMMER2  30.00 70.5 POOR 54.00 66.7 POOR
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Water quality for SAV

Degrading trends in surface total phosphorus, surface dissolved inorganic phosphorus and surface
chlorophyll a were detected in this segment (Table 67). Status was good for surface total nitrogen
and surface dissolved inorganic nitrogen but poor for surface dissolved inorganic phosphorus and
surface total suspended solids. Surface chlorophyll a and surface total suspended solids met the
SAV habitat requirements while the remaining parameters were borderline (Table 68).

SAV

Surveyswere not conducted in this segment during 2000 due to poor weather conditions.. The Tier
| goal has not been established for this segment.

Living Resources

Living resource monitoring is not conducted within this segment.

Table 67 - SAV Season Water quality trends in segment MPNOH (only significant trends are
displayed).

Segment Parameter Season L

Q

yer Slope  %Change pValue Direction

MPNOH TP SAV1 S 0.0031 0.827 0.001 DEGRADING
MPNOH PO4F SAV1 S 0.0007 2.240 0.001 DEGRADING
MPNOH  CHLA SAV1 S 0.2323 0.501 0.005 DEGRADING

Table68- SAV season water quality statusin segment MPNOH (valueisthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per .).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
MPNOH TN 0.727 12.4 - -
MPNOH DIN 0.1705 28 0.1600 -
MPNOH TP 0.113 60.7 - -
MPNOH PO4F 0.025 77.8 POOR 0.0220
MPNOH  CHLA 11.865 43 29
MPNOH  SECCHI 0.4 42.6 - -
MPNOH TSS 37 75.4 POOR 6.0
MPNOH KD - - - 150
MPNOH  PLLO5 - - - 0.138
MPNOH  PLL10 - - - 0.065
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8. Tidal Freshwater Mattaponi River (MPNTF - Upper Mattaponi)

Water quality for living resources

Degrading trends were detected in surface and bottom dissolved inorganic nitrogen (Table 69).
Status of all parameterswasgood except for bottom dissol ved inorgani c phosphorus, which wasfair
(Table 70).

Woater quality for SAV

Animproving trend in surface total nitrogen and a degrading trend in surface dissolved inorganic
phosphorus was detected in this segment (Table 71). Status of al parameters was good except for
surface chlorophyll a for which status was fair. All parameters met the SAV habitat requirements
except for the percentage of light at the leaf surface at 1.0 m which was borderline (Table 72).

SAV

Surveys were not conducted in this segment during 2000 due to poor weather conditions. The Tier
| goal has not been established for this segment.

Living Resources

Living resource monitoring is not conducted within this segment.

Table 69 - Water quality trends in segment MPNTF (only significant trends are displayed).

Segment Parameter  Season

,_
2

er  Slope %Change pValue Direction

MPNTF TN SUMMER2 S -0.0196 -0.356 <0.001

MPNTF TN ANNUAL S -0.0122 -0.263 <0.001

MPNTF TN SUMMER1 S -0.0162 -0.317 <0.001

MPNTF TN SPRING2 B -0.0115 -0.229 0.009

MPNTF TN SUMMER1 B -0.0125 -0.233 0.003

MPNTF TN SPRING1 B -0.0105 -0.216 0.009

MPNTF TN ANNUAL B -0.0124 -0.261 <0.001

MPNTF PO4F  SPRING1 S 0.0010 . <0.001 DEGRADING
MPNTF PO4F ANNUAL S <0.0016 . <0.001 DEGRADING
MPNTF PO4F  SPRING2 S 0.0016 5.120 <0.001 DEGRADING
MPNTF PO4F ANNUAL B <0.0011 . <0.001 DEGRADING
MPNTF PO4F  SPRING2 B 0.0011 1.408 0.002 DEGRADING
MPNTF PO4F SPRING1 B <0.0016 . 0.001 DEGRADING
MPNTF  WTEMP SUMMER2 S 0.2053 0.128 0.001 INCREASING
MPNTF  WTEMP SUMMER1 S 0.1927 0.120 0.005 INCREASING
MPNTF  WTEMP SUMMER2 B 0.2119 0.128 0.001 INCREASING
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Table 70 - Water quality status in segment MPNTF (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
MPNTF CHLA  ANNUAL 1.90 12.1 - - -
MPNTF CHLA SPRING1 0.65 14 - - -
MPNTF CHLA SPRING2 2.63 12.8 - - -
MPNTF CHLA SUMMER1 5.00 16.9 - - -
MPNTF CHLA SUMMER2 479 14.1 - - -
MPNTF DIN ANNUAL 0.185 7.1 0.188 5.8

MPNTF DIN SPRING1 0.206 4.1 0.198 2.8

MPNTF DIN SPRING2 0.206 5.2 0.207 35

MPNTF DIN SUMMER1 0.113 5.6 0.142 7.9

MPNTF DIN SUMMER2  0.107 6.6 0.111 7.2

MPNTF DO SPRING1 - - - 8.70 -

MPNTF DO SPRING2 - - - 7.80 -

MPNTF DO SUMMERL1 - - - 5.90 -

MPNTF DO SUMMER2 - - - 5.50 -

MPNTF PO4F ANNUAL 0.016 35.8 0.018 47.4

MPNTF PO4F SPRING1 0.020 47.8 0.024 64.9 POOR
MPNTF PO4F SPRING2 0.027 60.9 POOR 0.027 68.1 POOR
MPNTF PO4F SUMMER1 0.021 45.0 0.022 55.3

MPNTF PO4F SUMMER2 0.019 42.2 0.021 55.2

MPNTF  SECCHI  ANNUAL 0.90 87.3 - - -
MPNTF  SECCHI  SPRING1 1.00 90.2 - - -
MPNTF  SECCHI  SPRING2 1.05 93.0 - - -
MPNTF  SECCHI SUMMER1  1.00 91.0 - - -
MPNTF  SECCHI SUMMER2  1.00 90.4 - - -
MPNTF TN ANNUAL 0.560 4.2 0.632 3.6

MPNTF TN SPRING1 0.529 3.8 0.638 4.6

MPNTF TN SPRING2 0.623 5.6 0.676 49

MPNTF TN SUMMER1  0.652 5.6 0.666 3.6

MPNTF TN SUMMER2  0.597 4.0 0.754 5.7

MPNTF TP ANNUAL 0.059 20.6 0.065 18.3

MPNTF TP SPRING1 0.053 19.1 0.053 131

MPNTF TP SPRING2 0.069 274 0.068 18.0

MPNTF TP SUMMER1 0.076 254 0.079 22.2

MPNTF TP SUMMER2  0.079 26.3 0.080 21.8

MPNTF TSS ANNUAL 8.00 21.2 9.00 7.0

MPNTF TSS SPRING1 8.00 13.2 10.00 75

MPNTF TSS SPRING2 5.00 3.2 8.00 3.0

MPNTF TSS SUMMER1  6.50 9.2 8.00 34

MPNTF TSS SUMMER2  7.00 12.0 8.00 3.7
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Table 71 - SAV Season Water quality trends in segment MPNTF (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
MPNTF TN SAV1 S -0.0129 -0.265 0.000
MPNTF PO4F SAV1 S 0.0009 1.152 0.000 DEGRADING

Table 72 - SAV season water quality statusin segment MPNTF (value isthe median concentration;
secchi in meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
MPNTF TN 0.601 5 - -
MPNTF DIN 0.16 7.7 0.0126
MPNTF TP 0.0693 239 - -
MPNTF PO4F 0.022 49.2 0.0017
MPNTF  CHLA 2.8957 12 5.6
MPNTF  SECCHI 1 91.1 - -
MPNTF TSS 6 8.3 89
MPNTF KD - - - 1.20
MPNTF  PLLO5 - - - 0.317
MPNTF  PLL10 - - - 0.173

V. Rappahannock River
A. Basin Overview

TheRappahannock watershed encompasses 2,845 square miles. Human population of thewatershed
for the year 2000 is estimated to be 240,754 individuals. Approximately 66% of the housing in the
region is rural. Maor population centers within the watershed include Culpeper, Falmouth,
Fredericksburg, Orange and Tappahannock, Virginia. Nutrient and sediment loadings to the
Rappahannock River are primarily from agricultural non-point sources (Figure 18). Belval and
Sprague (1999) described the Rappahannock River Basin as follows:

"The Rappahannock River Basin, at 2,800 mi?, isthefourth largest tributary basinin the Chesapeake
Bay Watershed. The Rappahannock River originates near the eastern edge of the Blue Ridge
Physiographic Province and extends eastward through the Piedmont and Coastal Plain Physiographic
Provinces. TheRIM station (01668000) islocated at the Fall Linejust upstream of Fredericksburg,
Va. The monitoring station receives drainage from about 57% of the Rappahannock River Basin.
Upstream from the monitoring station, the Rappahannock River Basinisof highrelief, and the steep
slopes cause the river to rapidly respond to storm events.

Land upstream of the monitoring station isdominated by forest, at 61 percent, and agriculture, at 36

percent (table 3). The Rappahannock River Basin contains the highest percentage of agricultural
land abovethe Fall Line of the five tributary basinsin Virginia. The agricultural areas above the
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Figure 20. 1985 and 2000 a) total nitrogen and b) total phosphorus contribution to the Rappahannock
River by source.
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monitoring station are generally located in the central part of the basin, in Fauquier, Cul peper,
Madison, and Orange Counties. Of the nine rivers monitored in the RIM Program, the
Rappahannock River contributes 3 percent of the streamflow, 2 percent of the total nitrogen load,
and 8 percent of the total phosphorus load delivered annually from the nontidal part of the
Chesapeake Bay Watershed."

B. Overview of Monitoring Results

Long-term trend and status analysisresultsfor water quality are summarized for all stationsin Y ork
River in Figures 19 and 20. In tidal waters, status of total nitrogen and dissolved inorganic nitrogen
was good in al segments. With respect to nitrogen, water quality conditions in the Rappahannock
River basin are improving as indicated by the decreasing annual or season specific trends detected
in total nitrogen in al segments of the Rappahannock. Status of total phosphorus and dissolved
inorganic phosphoruswasfair or good in all segments. Improving trendsin surface and bottom total
phosphoruswere detected inthe Upper Rappahannock River (RPPTF). Statusof surface chlorophyll
awas good in the Corrotoman River (CRRMH), fair in the lower Rappahannock River (RPPMH)
and poor in the upper and middle Rappahannock River (RPPTF and RPPOH). The status of total
suspended solidswas poor or fair in the ssgmentswithin thistributary except the Corrotoman River
(CRRMH) where it was good. Status of dissolved oxygen was good in all segments except the
Corrotoman River (CRRMH) whereit wasfair. Animproving trend in bottom dissolved oxygenwas
detected in the middle Rappahannock River (RPPOH). Decreasing trendsin salinity were detected
in the Lower Rappahannock (RPPMH) and the Corrotoman River (CRRMH).

Long-term trend and status analysis results for living resources are summarized for al stationsin
Y ork River in Figures 21 through 24. Therewasageneral trend of increased biomass and abundance
for thetotal phytoplankton whichwas associated with apattern of increased diatomsasthe dominant
floral component, and the chlorophytes, cyanophytes, and cryptophytes as prominent background
categories. Areasof floral concern within thisriver system would be the increasing abundance of
the cyanobacteriawith additional increases associated with dinoflagellates. Although there wasno
increased trends associated with the autotrophic picoplankton, their status within this system was
poor. Y et, therewasno significant trendsinthe procaryote:eukaryoteratio, Inaddition, theremainly
no significant trends associated with species diversity and productivity. Throughout the river the
diatoms were the major floral component, with cyanobacteria the dominant background category.
Downstream the flora changed from fresh water species to dominant estuarine species, with the
diatoms still the dominant flora, with dinoflagellates and cyanobacteria increasing in abundance.
The lower reach of thisriver is aso the site for increased presence of dinoflagellate blooms.

Zooplankton parameters continue the same degrading trend with respect to rotifer abundance at the
mouth with poor status for this parameter in all segments monitored. However, copepod nauplii
abundancewasgood in the upper regions of the bay and fair at themouth. A changein methodology
prevents a critical review of the status and trends in the mesozooplankton monitoring results.
However, plots of raw data indicate that relative abundances and numbers of species of
mesozooplankton are mostly unchanged from last year. The related water quality trends of the
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Figure21. Map of the Rappahannock River basin showing summaries of the status and trend analyses for each
segment. Abbreviationsfor each parameter are; TN=total nitrogen: DIN=dissolved inorganic nitrogen; TP=total
phosphorus; DIP= dissolved inorganic nitrogen. The prefixes Sand B refer to surface and bottom measurements,
respectively.
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Figure 22. 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; WTEM P=water temperature, SALIN=salinity. The prefixes S
and B refer to surface and bottom measurements, respectively.
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Figure 23. 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 24. 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 25. Map of the Rappahannock River basin showing summaries of the status and trend analyses for
mesozoopl ankton bioindicators for each segment.
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Figure 26. Map of the Rappahannock River basin showing summaries of the status and trend analyses for
benthic bioindicators for each segment.




adjacent mainstem(mostly secchi depth and salinity) have not changed substantially from last year
and thereforeitislikely that the general mesozooplankton status and trends have not changed much
from last year. Therefore, it islikely that mesozooplankton diversity continues to decline at the
mouth of the river which is associated with generally poor clarity trends in the mainstem and
declining salinity. The upper part of the basin should have continued improving trends associated
with continued improvement in nutrient trends.

Benthic community status was degraded or severely degraded at all stations in the Lower
Rappahannock River (RPPMH). The status observed at these stationsis related to the frequency of
low dissolved oxygen eventsthat occur inthissegment. A degrading trendintheB-I1BI wasdetected
at station RET3.1 in the upper portion of this segment. Benthic community status was good in the
Middle Rappahannock (RPPOH) but a degrading trend in pollution sensitive species biomass was
detected in this segment.

C. Detailed Overview of Statusand Trends

1 Fall Line

Improving trends in flow adjusted concentrations of total nitrogen, total phosphorus and total
suspended solids were detected above the fall-line near Fredericksburg. Improving trends in flow
weighted and flow adjusted concentrations of total nitrogen and total phosphorus were detected in
the Robinson River near Locust Dale (Table 73).

Table73- Water quality trends at Rappahannock River RIM stations 1668000 (Fredericksburg) and
1666500 (Robinson River at Locust Dale).

Station Name Parameter Data Type Basdine Status Slope % Change pValueDirection
Rappahannock River at Fredericksburg TN FAC -- - -0.018 -20.00 0.0020
Rappahannock River at Fredericksburg NO23F*  FAC -- - -0.027 -29.00 0.0099
Rappahannock River at Fredericksburg TP FAC -- - -0.039 -38.00 0.0001
Rappahannock River at Fredericksburg DIP FAC -- - -0.023 -25.00 0.0063
Rappahannock River at Fredericksburg DIP FWC 0.015 0.021 -0.034 -34.00 0.0001
Robinson River at Locust Dale NO3W FAC -- -- -0.043 -50.00 0.0000
Robinson River at Locust Dale NO3W FWC 0.579 0.340 -0.039 -44.02 0.0001
Robinson River at Locust Dale NO23W  FwC 0500 0.291 -0.026 -32.35 0.0001
Robinson River at Locust Dale TP FWC 0.086 0.052 -0.032 -38.13 0.0001

2. Mesohaline Rappahannock River (RPPMH - Lower Rappahannock)

Water Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen. Decreasing trends were
detected in surface and bottom salinity (Table 74). Status of surface and bottom total nitrogen,
dissolved inorganic nitrogen, bottom dissolved inorgani ¢ phosphorus and bottom dissol ved oxygen
was good. Status of surface and bottom total phosphorus, surface dissolved inorganic phosphorus,
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surface chlorophyll a, surface total suspended solids, and water clarity was fair. Status of bottom
total suspended solids was poor (Table 75).

Table 74 - Water quality trends in segment RPPMH (only significant trends are displayed).

Segment Parameter Season Layer Slope %Change pValue Direction
RPPMH TN SUMMER2 S -0.0114 -0.301 0.001

RPPMH TN SUMMER1 S -0.0104 -0.283 0.001

RPPMH TN ANNUAL S -0.0100 -0.278 <0.001

RPPMH TN SUMMER2 B -0.0112 -0.301 0.002

RPPMH TN ANNUAL B -0.0076 -0.197 0.001

RPPMH TN SUMMER1 B -0.0089 -0.251 0.008

RPPMH TSS SPRING2 B 1.2926 2.686 0.004 DEGRADING
RPPMH TSS SPRING1 B 1.3444 2.656 0.002 DEGRADING
RPPMH PLLO5 SPRING2 S -0.0127 -0.448 0.001 DEGRADING
RPPMH PLLO5 SPRING1 S -0.0122 -0.445 0.010 DEGRADING
RPPMH PLL1I0 SPRING1 S -0.0108 -0.588 0.009 DEGRADING
RPPMH PLL1I0 SPRING2 S -0.0110 -0.599 0.001 DEGRADING
RPPMH SALINITY ANNUAL S -0.2000 -0.214 <0.001

RPPMH SALINITY SUMMERL S -0.2330 -0.217 0.001

RPPMH SALINITY SUMMER2 S -0.2491 -0.227 0.001

RPPMH SALINITY ANNUAL B -0.1313 -0.127 <0.001

RPPMH WTEMP SUMMER1 B -0.0667 -0.043 0.009

Water Quality for SAV

Animproving trend was detected in surface total nitrogen while degrading trendsin the percentage
of light at leaf surface at both 0.5 and 1.0 m were detected (Table 76). Status of most parameters
was fair except for surface total nitrogen and surface dissolved inorganic nitrogen for which status
wasgood. All parameters met the SAV goals except for light attenuation and percentage of light at
the leaf surface which were borderline (Table 77).

SAV

In 2000, SAV areain RPPMH increased to 72.87 ha, 120% morethan in 1999 (33.12 ha); however,
the Tier | goa (999.92 ha) was not met for RPPMH.

Living Resources

Increased trends in total phytoplankton abundance and biomass characterized the flora, and was
associ ated withincreased biomasstrendsin diatoms, chlorophytes, and cryptophytes, plusdecreasing
biomass for the dinoflagellates (all favorable), plus the more unfavorable increased trend of
cyanobacteriaabundance. The cyanobacteria status was degraded from good to fair in comparison
t0 1999 status. In addition, the biomass.abundanceratio remainswith poor status, with anincreasing
unfavorable trend. Associated with this pattern, there was no significant change in the
procaryote:eucaryote ratio. Neither were there any significant trends in species diversity or
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productivity.

At station LE3.6 in the lower portion of this segment total phytoplankton abundance showed an
increasing trend, but this was not accompanied by significant changes in total phytoplankton
biomass. The floral components with increased biomass trends included the chlorophytes, a
background component of the floral assemblage, plus two unfavorable trends. These were the
dinoflagellates and the cyanobacteria. The diatom and cyanobacteriastatuswasfair, with the status
of dinoflagellates and the autotrophic picoplankton poor (none of these are favorable conditions).
The productivity trends were decreasing, with no significant changes regarding species diversity.

At station RET3.1 in the upper portion of this segment, there were no significant annual trends in
the microzooplankton parameters. Statusfor copepod nauplii abundance was good while statusfor
rotifer abundance was poor. This mixed statusis associated with the mixed status of water quality
parametersthat are good for nutrients but poor to fair for water clarity and chlorophyll a parameters.

At station L E3.6 at thelowermost portion of this segment at the mouth of theriver, adegrading trend
in micozooplankton was detected as seen in an increase in rotifer abundance. This is the same
degrading trend detected last year and is associated with generally degrading trendsin water quality
in the mainstem and declining salinity. The water quality at this station is probably best judged by
adjacent mainstem results since this station is averaged in with the other mesohaline stations of this
segment. Copepod nauplii abundance status was fair while rotifer abundance status was poor.

At station RET3.1 in the upper portion of this segment, benthic community status was degraded.
Therewere degrading trendsin the B-1BI and several metricsof theIBI. Inthelower portion of this
segment (stations L E3.2 and L E3.4), benthic community statuswas severely degraded. Both stations
are strongly impacted by low dissolved oxygen events.
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Table 75 - Water quality status in segment RPPMH (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment _Parameter Season SValue SScore SStatus BValue B Score B Status

RPPMH CHLA ANNUAL 9.44 51.0 - - -
RPPMH CHLA SPRING1 9.85 52.9 - - -
RPPMH CHLA SPRING2 11.17 55.5 POOR - - -
RPPMH CHLA SUMMER1 1234 50.3 - - -
RPPMH CHLA SUMMER2 1219 48.8 - - -
RPPMH DIN ANNUAL 0.016 24 0.033 4.1

RPPMH DIN SPRING1 0.014 1.0 0.043 4.9

RPPMH DIN SPRING2 0.013 21 0.043 6.1

RPPMH DIN SUMMER1  0.009 24 0.023 31

RPPMH DIN SUMMER2  0.008 2.2 0.024 3.0

RPPMH DO SPRING1 - - - 8.91 -

RPPMH DO SPRING2 - - - 6.74 -

RPPMH DO SUMMER1 - - - 5.20 -

RPPMH DO SUMMER?2 - - - 4.70 -

RPPMH POAF ANNUAL 0.005 49.5 0.006 37.9

RPPMH POAF SPRING1 0.004 50.0 0.005 51.7

RPPMH POAF SPRING2 0.005 444 0.005 47.5

RPPMH PO4F SUMMER1  0.006 38.6 0.010 34.8

RPPMH PO4F SUMMER2  0.006 42.8 0.011 36.4

RPPMH  SECCHI ANNUAL 1.15 40.3 - - -
RPPMH  SECCHI  SPRING1 0.95 35.9 POOR - - -
RPPMH  SECCHI  SPRING2 1.10 38.2 POOR - - -
RPPMH  SECCHI SUMMER1 1.15 54.7 - - -
RPPMH  SECCHI SUMMER2 1.15 55.7 - - -
RPPMH TN ANNUAL 0.507 13.8 0.528 18.0

RPPMH TN SPRING1 0.567 116 0.649 234

RPPMH TN SPRING2 0.530 12.4 0.623 222

RPPMH TN SUMMER1  0.520 15.7 0.558 201

RPPMH TN SUMMER2 0.521 158 0.553 18.0

RPPMH TP ANNUAL 0.042 50.1 0.054 53.5

RPPMH TP SPRING1 0.038 60.1 POOR 0.054 59.6 POOR
RPPMH TP SPRING2 0.046 60.8 POOR 0.056 67.2 POOR
RPPMH TP SUMMER1  0.050 414 0.064 52.5

RPPMH TP SUMMER2  0.050 36.9 0.065 4.1

RPPMH TSS ANNUAL 9.00 50.6 20.50 68.0 POOR
RPPMH TSS SPRING1 15.50 71.8 POOR 30.50 82.8 POOR
RPPMH TSS SPRING2 14.50 76.3 POOR 30.50 84.3 POOR
RPPMH TSS SUMMER1 951 414 19.00 61.6 POOR
RPPMH TSS SUMMER2  7.63 36.5 18.50 59.8 POOR
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Table 76 - SAV Season Water quality trends in segment RPPMH (only significant trends are
displayed).

Segment Parameter Season L
RPPMH TN SAV1
RPPMH PLLO5 SAV1
RPPMH PLL10 SAV1
RPPMH SALINITY SAV1

er Slope % Change pValue Direction
-0.0100 -0.279 0.000
-0.0073 -0.271 0.001 DEGRADING
-0.0067 -0.388 0.000 DEGRADING
-0.2267 -0.226 0.000

wnnnl

Table 77 - SAV season water quality statusin segment RPPMH (value isthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
RPPMH TN 0.5206 15.4 - -
RPPMH DIN 0.012 3.2 0.0130
RPPMH TP 0.047 51.8 - -
RPPMH PO4F 0.005 43.7 0.0050
RPPMH CHLA 11.3664 535 116
RPPMH  SECCHI 1.15 47.6 - -
RPPMH TSS 10.7063 46.5 9.1
RPPMH KD - - - 1.30
RPPMH PLLO5 - - - 0.341
RPPMH PLL10 - - - 0.178

3. Oligohaline Rappahannock River (RPPOH - Middle Rappahannock)

Woater Quality for Living Resources

Improving trends were detected in surface total nitrogen, dissolved inorganic nitrogen, and bottom
dissolved oxygen. A degrading trend surface chlorophyll a was detected (Table 78). Status of
surface and bottom total nitrogen, dissolved inorganic nitrogen, total phosphorus, dissolved
inorganic phosphorus, and bottom dissolved oxygen was good. Status of surface total suspended
solids and water clarity wasfair. Status of surface chlorophyll a and bottom total suspended solids
was poor (Table 79).

Water Quality for SAV

An improving trend in surface chlorophyll a was detected (Table 80). Status was good for all
nutrients but poor for surface chlorophyll a and fair for secchi depth and surface total suspended
solids. Only surface dissolved inorganic phosphorus met the SAV requirements (Table 81).

SAV

SAV coverage has never been assessed and a Tier | goal has not been established for this segment.

104



Living Resources

Compared to the 1999 trend and status conditions, the total phytoplankton biomass and abundance
continue to increase. This pattern is accompanied by increased biomass trends for diatoms,
chlorophytes, and cryptophytes (all favorable), plus increased abundance and biomass for the
cyanobacteria(unfavorabletrends), with no significant trendsfor theautotrophic picoplankton which
are composed of mainly the smallest cyanobacteria. There were several status changes among the
floral biomass categories from 1999, with diatoms improving from poor to good, and chlorophytes
from fair to good. In contrast, degrading status was associated with dinoflagellates going from fair
to poor, and cyanobacteria from good to poor status. The negative trend associated with the
procaryote:eucaryote ratio of 1999 was not indicated at thistime. There was no significant trends
in productivity rates.

There were no significant annual trends in the microzooplankton parameters. Status for copepod
nauplii abundance was good while status for rotifer abundance was poor. This mixed status is
associated with the mixed status of water quality parameters that are good for nutrients but poor to
fair for water clarity and chlorophyl a parameters.

Benthic community status was good. There was a degrading trend in pollution sensitive species
biomass.

Table 78 - Water quality trends in segment RPPOH (only significant trends are displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
RPPOH TN SPRING1 S -0.0189 -0.277 0.002

RPPOH TN ANNUAL S -0.0108 -0.238 0.001

RPPOH TN SPRING1 B -0.0201 -0.281 0.002

RPPOH DIN SPRING1 S -0.0149 -0.375 0.003

RPPOH DIN ANNUAL S -<0.0014 . <0.001

RPPOH DIN SPRING1 B -0.0175 -0.491 0.001

RPPOH DIN SPRING2 B -0.0121 -0.582 0.009

RPPOH DIN ANNUAL B -0.0025 . <0.001

RPPOH CHLA SPRING2 S 0.5778 2477 0.010 DEGRADING
RPPOH CHLA SUMMER2 S 0.6245 1.009 0.005 DEGRADING
RPPOH CHLA SUMMER1 S 0.6094 1.019 0.001 DEGRADING
RPPOH CHLA ANNUAL S 0.3799 . <0.001 DEGRADING
RPPOH DO SUMMER1 B 0.0694 0.178 0.001
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Table 79 - Water quality status in segment RPPOH (value is the median concentration, secchi in
meters, chlorophyll ain wg per |, al other parametersin mg per |.).

RPPOH CHLA ANNUAL 13.46 59.0 POOR - - -
RPPOH CHLA SPRING1 7.32 33.3 - - -
RPPOH CHLA SPRING2 15.01 60.1 POOR - - -
RPPOH CHLA SUMMER1 18.03 58.1 - - -
RPPOH CHLA SUMMER2 18.26 54.9 - - -
RPPOH DIN ANNUAL 0.135 135 0.171 17.0

RPPOH DIN SPRING1 0.439 22.7 0.444 22.8 D
RPPOH DIN SPRING2 0.168 11.2 0.175 11.2 D
RPPOH DIN SUMMER1  0.008 11 0.010 12 D
RPPOH DIN SUMMER2  0.004 0.6 0.009 14 D
RPPOH DO SPRING1 - - - 9.90 -

RPPOH DO SPRING2 - - - 8.37 - D
RPPOH DO SUMMER1 - - - 6.92 - D
RPPOH DO SUMMER2 - - - 7.00 - D
RPPOH PO4F ANNUAL 0.009 37.1 0.010 39.2 D
RPPOH PO4F SPRING1 0.013 59.0 0.011 50.5

RPPOH PO4F SPRING2 0.010 41.3 0.011 45.2

RPPOH PO4F SUMMER1  0.009 34.6 0.011 379 D
RPPOH PO4F SUMMER2  0.009 35.9 0.011 40.0 D
RPPOH  SECCHI ANNUAL 0.40 447 - - -
RPPOH  SECCHI  SPRING1 0.30 35.6 POOR - - -
RPPOH  SECCHI  SPRING2 0.35 44.2 - - -
RPPOH  SECCHI SUMMER1 049 56.4 - - -
RPPOH  SECCHI SUMMER2  0.49 51.6 - - -
RPPOH TN ANNUAL 0.708 8.7 0.806 11.3

RPPOH TN SPRING1 0.811 85 0.979 11.6

RPPOH TN SPRING2 0.767 9.8 GOOD 0.808 94 GOOD
RPPOH TN SUMMER1 0.627 9.3 GOOD 0.680 10.2 GOOD
RPPOH TN SUMMER2  0.584 8.1 GOOD 0.656 10.1 GOOD
RPPOH TP ANNUAL 0.070 30.4 GOOD 0.092 338 GOOD
RPPOH TP SPRING1 0.083 384 GOOD 0.119 45.2

RPPOH TP SPRING2 0.083 34.6 GOOD 0.092 253 GOOD
RPPOH TP SUMMER1  0.069 237 GOOD 0.088 251 GOOD
RPPOH TP SUMMER2  0.068 22.9 GOOD 0.097 314 GOOD
RPPOH TSS ANNUAL 27.00 59.0 51.00 66.6 POOR
RPPOH TSS SPRING1 34.00 60.6 POOR 71.00 74.3 POOR
RPPOH TSS SPRING2 32.00 58.2 59.00 65.6 POOR
RPPOH TSS SUMMER1  24.50 54.8 42.00 51.9

RPPOH TSS SUMMER2  22.00 51.0 49.00 61.7 POOR
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Table 80 - SAV Season Water quality trends in segment RPPOH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
RPPOH CHLA SAV1 S 0.6138 1.053 0.000 DEGRADING
RPPOH SALINITY  SAV1 S -0.0475 -0.190 0.009

Table81 - SAV season water quality status in segment RPPOH (valueisthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
RPPOH TN 0.65 8.8 - -
RPPOH DIN 0.02 21 0.0200 -
RPPOH TP 0.072 274 - -
RPPOH PO4F 0.009 36.2 0.0090
RPPOH CHLA 17.64 59.6 POOR 17.7
RPPOH  SECCHI 0.45 53.7 - -
RPPOH TSS 26 55.6 26.0 FAILS
RPPOH KD - - - 3.60 FAILS
RPPOH PLLO5 - - - 0.058
RPPOH PLL10 - - - 0.010 FAILS

4. Tidal Freshwater (RPPTF - Upper Rappahannock)

Water Quality for Living Resources

Improving trends were detected in surface and bottom total nitrogen, bottom total phosphorus, and
secchi depth. No degrading trends were detected (Table 82). Status of surface and bottom total
nitrogen, dissol ved inorganic nitrogen, total phosphorus, dissolved inorgani c phosphorusand bottom
dissolved oxygenwasgood. Statusof bottom total suspended solidsand water clarity wasfair. Status
of surface chlorophyll a and surface total suspended solids was poor (Table 83).

Water Quality for SAV

Improving trendsin surfacetotal nitrogen, secchi depth and the percentage of light at theleaf surface
at 1.0 m were detected (Table 84). Status of all nutrient parameters was good while the status of
surface chlorophyll a and surface total suspended solids was poor. All parameters except surface
dissolved inorganic phosphorus either failed to meet the SAV goals or were borderline (Table 85).

SAV

SAV coverageincreased from 7.42 hain 1999to0 16.19 hain 2000 in this segment for atotal increase
of 118%. The Tier | goa has not been established for RPPTF.
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Living Resources

No living resources data are available for this segment.

Table 82 - Water quality trends in segment RPPTF (only significant trends are displayed).

Segment Parameter Season Layer  Slope %Change pValue Direction
RPPTF TN ANNUAL S -0.0165 -0.271 <0.001
RPPTF TN SPRING1 S -0.0171 -0.314 0.001
RPPTF TN SPRING2 S -0.0150 -0.288 0.003
RPPTF TN SPRING2 B -0.0202 -0.336 <0.001
RPPTF TN ANNUAL B -0.0203 -0.311 <0.001
RPPTF TN SUMMER1 B -0.0143 -0.238 0.010
RPPTF TN SPRING1 B -0.0199 -0.331 <0.001
RPPTF TP ANNUAL B -0.0014 -0.264 0.003
RPPTF  SECCHI SUMMER1 S 0.0077 0.308 0.004
RPPTF  SECCHI ANNUAL S 0.0056 0.199 0.010
RPPTF DO SPRING1 B 0.0800 0.148 0.003
RPPTF PLLO5 SUMMER1 S 0.0028 1.005 0.008
RPPTF PLL10 SUMMER1 S <0.0019 1.867 0.002
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Table 83 - Water quality status in segment RPPTF (value is the median concentration, secchi in
meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter  Season SValue SScore SStatus BValue B Score B Status

RPPTF CHLA ANNUAL 12.62 774 POOR - - -
RPPTF CHLA SPRING1 7.84 55.6 POOR - - -
RPPTF CHLA SPRING2 19.26 78.1 POOR - - -
RPPTF CHLA SUMMER1 2493 77.2 POOR - - -
RPPTF CHLA SUMMER2 26.76 76.2 POOR - - -
RPPTF DIN ANNUAL 0.461 29.7 0.453 27.9

RPPTF DIN SPRING1 0.499 24.0 0.462 201

RPPTF DIN SPRING2 0.424 23.0 0.446 20.7

RPPTF DIN SUMMER1  0.287 17.3 0.312 20.5

RPPTF DIN SUMMER2 0.119 11.8 0.131 13.6

RPPTF DO SPRING1 - - - 9.35 -

RPPTF DO SPRING2 - - - 9.05 -

RPPTF DO SUMMER1 - - - 6.98 -

RPPTF DO SUMMER2 - - - 6.86 -

RPPTF POAF ANNUAL 0.008 14.4 0.009 21.0

RPPTF PO4F SPRING1 0.010 16.3 0.009 25.9

RPPTF POAF SPRING2 0.007 12.2 0.007 18.3

RPPTF PO4F SUMMER1  0.006 9.7 0.006 12.8

RPPTF PO4F SUMMER2  0.004 9.1 0.005 10.2

RPPTF SECCHI  ANNUAL 0.50 4.1 - - -
RPPTF SECCHI  SPRING1 0.50 43.4 - - -
RPPTF SECCHI  SPRING2 0.50 43.3 - - -
RPPTF SECCHI SUMMER1  0.50 40.8 - - -
RPPTF SECCHI SUMMER2  0.50 40.3 POOR - - -
RPPTF TN ANNUAL 0.904 14.4 0.857 10.7

RPPTF TN SPRING1 0.765 13.8 0.842 12.6

RPPTF TN SPRING2 0.765 12.2 0.795 10.7

RPPTF TN SUMMER1 0.919 12.9 0.917 9.1

RPPTF TN SUMMER2  0.803 12.0 0.848 8.9

RPPTF TP ANNUAL 0.071 31.2 0.077 304

RPPTF TP SPRING1 0.064 27.7 0.070 259

RPPTF TP SPRING2 0.071 22.6 0.076 27.2

RPPTF TP SUMMER1  0.077 27.1 0.089 28.8

RPPTF TP SUMMER2  0.078 253 0.089 331

RPPTF TSS ANNUAL 22.00 68.7 POOR 29.50 521

RPPTF TSS SPRING1 24.00 64.3 POOR 33.50 515

RPPTF TSS SPRING2 23.50 69.3 POOR 33.50 60.1 POOR
RPPTF TSS SUMMER1 22.00 714 POOR 32.50 53.2

RPPTF TSS SUMMER2  22.00 74.5 POOR 33.50 534
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Table 84 - SAV Season Water quality trends in segment RPPTF (only significant trends are
displayed).

Segment Parameter Season L

Q

yer Slope % Change pValue Direction

RPPTF TN SAV1 S -0.0134 -0.258 0.000
RPPTF  SECCHI SAV1 S 0.0063 0.252 0.010
RPPTF PLL10O SAV1 S 0.0009 1.857 0.002

Table 85 - SAV season water quality statusin segment RPPTF (value is the median concentration;
secchi in meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement

RPPTF TN 0.7745 12 - -

RPPTF DIN 0.3355 27.4 0.4390 -

RPPTF TP 0.073 27.9 - -

RPPTF PO4F 0.007 115 0.0070

RPPTF CHLA 239 8l POOR 19.3

RPPTF  SECCHI 05 415 - -

RPPTF TSS 235 73.1 POOR 18.0 FAILS

RPPTF KD - - - 2.90 FAILS

RPPTF  PLL05 - - - 0.086

RPPTF  PLL10 - - - 0.021 FAILS
5. Mesohaline Corrotoman River (CRRMH - Corrotoman River)

Water Quality for Living Resources

An improving season specific trend in surface total nitrogen was detected. Degrading trends in
bottom total phosphorus and secchi depth were also detected. Decreasing trends in surface and
bottom salinity were detected in this segment (Table 86). Status of all parameters was good except
for surface total phosphorus and bottom dissolved oxygen for which the status was fair (Table 87).

Water Quality for SAV

An improving trend in surface total nitrogen was detected in this segment (Table 88). Status of all
parameters was good and all parameters met the SAV habitat requirements (Table 89).

SAV

Although SAV areain CRRMH increased to 107.46 ha, 49% morethanin 1999 (72.16 ha), the Tier
| goal (218.56 ha) was not met for this segment.

Living Resources
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No living resources data are available for this segment.

Table 86 - Water quality trendsin segment CRRMH (only significant trends are displayed).

Segment Parameter Season

,_
2

er Slope % Change pValue Direction

CRRMH TN ANNUAL

CRRMH TN SUMMER1
CRRMH TN SUMMER2
CRRMH TN SUMMER2

-0.0077 -0.196 <0.001
-0.0167 -0.393 <0.001
-0.0204 -0.447 <0.001
-0.0127 -0.288 0.005

CRRMH TP SUMMER1 0.0011 0.469 0.010 DEGRADING
CRRMH TP ANNUAL <0.0016 0.349 0.001 DEGRADING
CRRMH TP SUMMER2 0.0015 0.640 0.008 DEGRADING

CRRMH SECCHI SPRING2
CRRMH SECCHI ANNUAL
CRRMH TSS SUMMER2
CRRMH SALINITY SUMMER1
CRRMH SALINITY SPRING1
CRRMH SALINITY SPRING2
CRRMH SALINITY ANNUAL
CRRMH SALINITY SUMMER2
CRRMH SALINITY ANNUAL
CRRMH SALINITY SUMMER1
CRRMH SALINITY SPRING2
CRRMH SALINITY SUMMER2
CRRMH WTEMP SUMMER1
CRRMH WTEMP SPRING2

-0.0300 -0.259 0.002 DEGRADING
-0.0187 -0.153 0.002 DEGRADING
-0.3750 . 0.002

-0.3000 -0.264 <0.001

-0.2998 -0.318 0.007

-0.2646 -0.271 0.007

-0.2200 -0.213 <0.001

-0.3019 -0.257 <0.001

-0.1826 -0.173 <0.001

-0.2327 -0.204 <0.001

-0.2382 -0.241 0.009

-0.2287 -0.192 0.001

-0.1059 -0.066 0.003

-0.1358 -0.108 0.002

WD OTTTOHOOOOLOOHOLOOOHTDETLDOOVON
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Table 87 - Water quality status in segment CRRMH (value is the median concentration, secchi in

meters, chlorophyll ain «g per |, al other parametersin mg per 1.).

Segment Parameter ~ Season SValue SScore SStatus BValue B Score B Status
CRRMH CHLA  ANNUAL 712 33.8 - - -
CRRMH CHLA SPRING1 477 16.5 - - -
CRRMH CHLA SPRING2 8.35 35.6 - - -
CRRMH CHLA SUMMER1 955 35.8 - - -
CRRMH CHLA SUMMER2 851 28.1 - - -
CRRMH DIN ANNUAL 0.008 0.9 0.010 0.3

CRRMH DIN SPRING1 0.008 0.2 0.016 0.6

CRRMH DIN SPRING2 0.008 0.6 0.016 0.8

CRRMH DIN SUMMER1  0.009 21 0.012 0.5

CRRMH DIN SUMMER2  0.009 2.2 0.010 0.3

CRRMH DO SPRING1 - - - 8.82 -

CRRMH DO SPRING2 - - - 6.75 -

CRRMH DO SUMMERL1 - - - 4.23 -

CRRMH DO SUMMER2 - - - 4.20 -

CRRMH PO4F ANNUAL 0.003 27.7 0.004 29.6

CRRMH PO4F SPRING1 0.003 34.7 0.004 44.8

CRRMH PO4F SPRING2 0.004 37.3 0.005 41.8

CRRMH PO4F SUMMER1 0.004 24.4 0.006 227

CRRMH PO4F SUMMER2 0.004 27.2 0.006 204

CRRMH  SECCHI ANNUAL 1.65 718 - - -
CRRMH SECCHI SPRING1 1.70 73.0 - - -
CRRMH  SECCHI  SPRING2 1.25 55.8 - - -
CRRMH SECCHI SUMMER1 130 70.0 - - -
CRRMH SECCHI SUMMER2 135 73.8 - - -
CRRMH TN ANNUAL 0.478 11.0 0.480 11.3

CRRMH TN SPRING1 0.493 6.9 0.508 8.2

CRRMH TN SPRING2 0.501 9.2 0.520 9.4

CRRMH TN SUMMER1 0529 16.0 0.532 16.3

CRRMH TN SUMMER2 0.513 14.1 0.523 16.9

CRRMH TP ANNUAL 0.035 40.1 0.041 39.6

CRRMH TP SPRING1 0.027 37.3 0.037 42.1

CRRMH TP SPRING2 0.035 45.2 0.042 47.3

CRRMH TP SUMMER1  0.043 31.0 0.062 52.2

CRRMH TP SUMMER2  0.043 28.3 0.063 47.6

CRRMH TSS ANNUAL 4.00 14.4 8.00 21.9

CRRMH TSS SPRING1 6.00 27.6 12.00 36.5

CRRMH TSS SPRING2 10.00 54.2 12.00 41.6

CRRMH TSS SUMMER1  5.00 15.8 8.00 259

CRRMH TSS SUMMER2  3.00 4.3 8.00 236
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Table 88 - SAV Season Water quality trends in segment CRRMH (only significant trends are
displayed).

Segment Parameter Season Layer Slope % Change pValue Direction
CRRMH TN SAV1 S -0.0097 -0.246 0.002
CRRMH SALINITY SAV1 S -0.2793 -0.256 0.000 DECREASING

Table89- SAV season water quality statusin segment CRRMH (valueisthe median concentration;
secchi in meters, chlorophyll ain n.g per |, al other parametersin mg per |.).

Status SAV Goal Habitat
Segment Parameter  Value Score Status Value Requirement
CRRMH TN 0.506 13.1 - -
CRRMH DIN 0.0085 15 0.0085
CRRMH TP 0.0389 38.1 - -
CRRMH PO4F 0.004 34.2 0.0040
CRRMH  CHLA 9.14 389 9.1
CRRMH  SECCHI 13 62.2 - -
CRRMH TSS 6 24.4 6.0
CRRMH KD - - - 1.10
CRRMH  PLLO5 - - - 0.441
CRRMH  PLL10 - - - 0.252
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Appendix A.

parameters for the period of 1985 through 2000.
Chesapeake Bay Main stem Stations

Results of Seasonal Kendall (SK) trend tests and Van Belle and Hughs test for homogeneity of trends for water quality

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope_ % Change Change % BDL
CB5MH  STN 0.000 0.033 0.040 0.621 -0.0028 ne ne 0.000
CB5MH BTN 0.000 0.147 0.185 0.605 -0.0016 ne ne 0.000
CB5MH  SDIN 0.000 0.961 0.000 0.139 -0.0012 -0.138 -0.019 0.000
CB5MH  BDIN 0.000 0.334 0.007 0.140 -0.0026 -0.298 -0.042 0.000
CB5MH  STP 0.377 0.000 0.000 0.026 0.0003 0.184 0.005 0.000
CB5SMH  BTP 0.054 0.000 0.317 0.038 0.0001 ne ne 0.000
CB5MH  SPO4F 0.157 0.000 0.002 0.0052 0.0000 ne ne 56.800
CB5MH  BPO4F 0.000 0.000 0.953 0.0069 0.0000 ne ne 39.600
CB5MH  SCHLA 0.035 0.223 0.370 6.4 0.0579 ne ne 0.000
CB5MH  BCHLA 0.002 0.318 0.938 4.3 -0.0044 ne ne 0.000
CB5MH  STSS 0.024 0.000 0.304 6.7 0.0368 ne ne 0.000
CB5SMH  BTSS 0.000 0.647 0.706 125 -0.0179 ne ne 0.000
CB5MH  SSECCHI 0.003 0.126 0.000 19 -0.0250 -0.209 -0.400 0.000
CB5MH  BDO (Summer) 0.101 0.173 0.513 3.3 0.0167 ne ne 0.000
CB5MH  SSALINITY 0.000 0.831 0.000 16.227 -0.1337 -0.132 -2.139 0.000
CB5MH  BSALINITY 0.001 0.811 0.002 19.737 -0.0823 -0.067 -1.317 0.000
CB5MH  SWTEMP 0.204 0.982 0.523 16.111 0.0125 ne ne 0.000
CB5MH  BWTEMP 0.000 0.796 0.845 15.818 -0.0048 ne ne 0.000
CB6PH STN 0.000 0.000 0.002 0.490 -0.0040 -0.131 -0.064 0.000
CB6PH BTN 0.000 0.062 0.000 0.471 -0.0055 -0.187 -0.088 0.000
CB6PH SDIN 0.000 0.597 0.002 0.056 -0.0003 -0.085 -0.005  12.600
CB6PH BDIN 0.000 0.880 0.016 0.097 -0.0015 ne ne 6.800
CB6PH STP 0.082 0.000 0.359 0.025 0.0001 ne ne 0.000
CB6PH BTP 0.000 0.013 0.244 0.038 -0.0002 ne ne 0.000
CB6PH SPO4F 0.438 0.839 0.000 0.0064 0.0000 ne ne 60.700
CB6PH BPO4F 0.022 0.698 0.087 0.0100 0.0000 ne ne  49.200
CB6PH SCHLA 0.000 0.642 0.734 6.5 -0.0130 ne ne 0.000
CB6PH BCHLA 0.001 0.350 0.058 3.9 -0.0569 ne ne 0.000
CB6PH STSS 0.037 0.000 0.255 7.1 0.0898 ne ne 0.000
CB6PH BTSS 0.000 0.022 0.023 14.2 0.2458 ne ne 0.000
CB6PH SSECCHI 0.000 0.646 0.000 2.0 -0.0308 -0.253 -0.493 0.000
CB6PH BDO (Summer) 0.221 0.647 0.417 4.4 0.0245 ne ne 0.000
CB6PH SSALINITY 0.089 0.922 0.000 20.621 -0.1296 -0.101 -2.074 0.000
CB6PH BSALINITY 0.049 0.841 0.012 22.988 -0.0750 ne ne 0.000
CB6PH SWTEMP 0.016 0.699 0.685 17.479 0.0125 ne ne 0.000
CB6PH BWTEMP 0.002 0.858 0.591 17.025 -0.0125 ne ne 0.000
CB7PH STN 0.000 0.000 0.009 0.433 -0.0041 -0.152 -0.066 0.000
CB7PH BTN 0.000 0.000 0.014 0.448 -0.0034 ne ne 0.000
CB7PH SDIN 0.000 0.001 0.000 0.061 0.0000 ne ne 13.000
CB7PH BDIN 0.000 0.066 0.013 0.075 -0.0009 ne ne 5.200
CB7PH STP 0.000 0.000 0.491 0.027 0.0000 ne ne 0.000
CB7PH BTP 0.000 0.048 0.018 0.048 -0.0003 ne ne 0.000
CB7PH SPO4F 0.038 0.949 0.000 0.0069 0.0000 ne ne  44.800
CB7PH BPO4F 0.006 0.226 0.000 0.0108 0.0000 ne ne 32.300
CB7PH SCHLA 0.000 0.881 0.668 5.3 0.0161 ne ne 0.000
CB7PH BCHLA 0.000 0.636 0.370 4.0 0.0330 ne ne 0.000
CB7PH STSS 0.067 0.000 0.131 85 0.0896 ne ne 0.000
CB7PH BTSS 0.000 0.000 0.027 18.8 0.3089 ne ne 0.000
CB7PH SSECCHI 0.000 0.642 0.000 21 -0.0333 -0.256 -0.533 0.000
CB7PH BDO (Summer) 0.583 0.453 0.735 5.8 0.0049 ne ne 0.000
CB7PH SSALINITY 0.015 0.526 0.004 22.304 -0.1130 -0.081 -1.808 0.000
CB7PH BSALINITY 0.249 0.839 0.113 25.368 -0.0500 ne ne 0.000
CB7PH SWTEMP 0.000 0.961 0.268 16.867 0.0164 ne ne 0.000
CB7PH BWTEMP 0.000 0.730 0.639 16.315 -0.0063 ne ne 0.000

117



Appendix A.

Continued.

Chesapeake Bay Main stem Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
CB8PH STN 0.023 0.960 0.042 0.334 0.0025 ne ne 0.000
CB8PH BTN 0.034 0.105 0.146 0.341 0.0023 ne ne 0.000
CB8PH SDIN 0.000 0.171 0.107 0.048 0.0000 ne ne 22.400
CB8PH BDIN 0.000 0.456 0.019 0.040 -0.0003 ne ne 11.500
CB8PH BTP 0.176 0.050 0.002 0.054 -0.0006 -0.177 -0.010 0.000
CB8PH STP 0.720 0.067 0.000 0.046 -0.0007 -0.245 -0.011 0.000
CB8PH SPO4F 0.000 - 0.000 0.0141 0.0000 ne ne  47.900
CB8PH BPO4F 0.250 0.932 0.000 0.0201 -0.0002 ne ne 27.600
CB8PH SCHLA 0.002 0.920 0.504 5.0 0.0267 ne ne 0.000
CB8PH BCHLA 0.001 0.642 0.204 47 0.0583 ne ne 0.500
CB8PH STSS 0.444 0.441 0.000 7.3 0.2173 0.475 3.477 0.500
CB8PH BTSS 0.122 0.218 0.001 12.9 0.4167 0.517 6.667 0.000
CB8PH SSECCHI 0.736 0.914 0.000 22 -0.0375 -0.270 -0.600 0.000
CB8PH BDO (Summer) 0.864 0.242 0.752 6.3 0.0046 ne ne 0.000
CB8PH SSALINITY 0.212 0.746 0.001 25.363 -0.1265 -0.080 -2.024 0.000
CB8PH BSALINITY 0.125 0.611 0.135 29.513 -0.0363 ne ne 0.000
CB8PH SWTEMP 0.016 0.919 0.499 16.450 0.0188 ne ne 0.000
CB8PH BWTEMP 0.010 0.875 0.677 15.931 0.0100 ne ne 0.000
PIAMH STN 0.195 na 0.000 0.530 -0.0056 -0.169 -0.090 0.000
PIAMH BTN 0.301 na 0.000 0.542 -0.0063 -0.186 -0.101 0.000
PIAMH SDIN 0.047 na 0.000 0.055 0.0000 ne ne 61.100
PIAMH BDIN 0.183 na 0.002 0.084 0.0000 ne ne  45.800
PIAMH STP 0.129 na 0.683 0.019 0.0000 ne ne 37.400
PIAMH BTP 0.645 na 0.966 0.024 0.0000 ne ne 32.100
PIAMH SDIP 0.996 na 0.000 0.0050 0.0000 ne ne  88.400
PIAMH BDIP 0.989 na 0.000 0.0050 0.0000 ne ne 87.900
PIAMH SCHLA 0.941 na 0.434 1.7 -0.0604 ne ne 0.500
PIAMH BCHLA 0.830 na 0.808 8.0 -0.0200 ne ne 0.500
PIAMH STSS 0.442 na 0.884 6.2 0.0000 ne ne 7.900
PIAMH BTSS 0.859 na 0.634 12.3 -0.0354 ne ne 0.037
PIAMH SSECCHI 0.815 na 0.000 18 -0.0250 -0.222 -0.400 0.000
PIAMH BDO (Summer) 0.645 na 0.269 6.5 0.0482 ne ne 0.000
PIAMH SSALINITY 0.989 na 0.000 18.173 -0.1534 -0.135 -2.454 0.000
PIAMH BSALINITY 0.930 na 0.000 18.915 -0.1335 -0.113 -2.136 0.000
PIAMH SWTEMP 0.353 na 0.436 17.650 0.0250 ne ne 0.000
PIAMH BWTEMP 0.757 na 0.751 16.875 -0.0076 ne ne 0.000
POCMH  STN 0.134 0.001 0.002 0.647 -0.0059 -0.146 -0.094 0.000
POCMH BTN 0.354 0.005 0.002 0.624 -0.0050 -0.128 -0.080 0.000
POCMH  SDIN 0.168 0.084 0.001 0.061 -0.0014 ne ne 0.159
POCMH  BDIN 0.162 0.340 0.000 0.071 -0.0019 ne ne 0.153
POCMH  STP 0.684 0.001 0.789 0.032 0.0000 ne ne 0.000
POCMH BTP 0.246 0.000 0.958 0.037 0.0000 ne ne 0.000
POCMH  SPO4F 0.888 0.000 0.011 0.0050 0.0000 ne ne 0.735
POCMH  BPO4F 0.904 0.001 0.008 0.0050 0.0000 ne ne 0.788
POCMH  SCHLA 0.403 0.150 0.481 8.7 0.0456 ne ne 0.005
POCMH  BCHLA 0.239 0.237 0.006 9.0 0.1286 0.227 2.058 0.000
POCMH  STSS 0.249 0.121 0.033 135 0.3286 ne ne 0.000
POCMH BTSS 0.335 0.000 0.007 17.3 0.4286 0.398 6.858 0.000
POCMH  SSECCHI 0.112 0.334 0.000 11 -0.0154 -0.224 -0.246 0.000
POCMH  BDO (Summer) 0.108 0.039 0.769 6.6 0.0010 ne ne 0.000
POCMH  SSALINITY 0.969 0.832 0.000 19.050 -0.1350 -0.113 -2.160 0.000
POCMH  BSALINITY 0.778 0.590 0.001 19.000 -0.1140 -0.096 -1.824 0.000
POCMH  SWTEMP 0.680 0.633 0.264 18.800 0.0296 ne ne 0.000
POCMH BWTEMP 0.925 0.743 0.242 18.750 0.0327 ne ne 0.000
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Appendix A. Continued.

James River Stations
Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute

Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
JMSPH STN 0.086 0.005 0.002 0.470 -0.0053 -0.180 -0.085 0.000
JMSPH BTN 0.118 0.000 0.012 0.445 -0.0047 ne ne 0.000
JMSPH SDIN 0.155 0.770 0.000 0.089 0.0000 ne ne 28.000
JMSPH BDIN 0.006 0.076 0.001 0.064 0.0000 ne ne 35.400
JMSPH STP 0.065 0.023 0.000 0.053 -0.0012 -0.366 -0.019 0.000
JMSPH BTP 0.449 0.003 0.000 0.063 -0.0013 -0.331 -0.021 0.000
JMSPH SDIP 0.242 0.000 0.000 0.0220 -0.0005 ne ne 23.000
JMSPH BDIP 0.366 0.005 0.000 0.0190 -0.0003 ne ne 27.600
JMSPH SCHLA 0.000 0.303 0.079 8.2 0.1155 ne ne 3.100
JMSPH BCHLA 0.003 - 0.009 6.8 0.1823 0.430 2.917 0.000
JMSPH STSS 0.491 0.001 0.000 8.3 0.2040 0.396 3.264 1.000
JMSPH BTSS 0.571 0.049 0.119 185 0.2085 ne ne 0.000
JMSPH SSECCHI 0.129 0.056 0.000 13 -0.0200 -0.249 -0.320 0.000
JMSPH BDO (Summer) 0.791 0.025 0.014 6.0 0.0324 ne ne 0.000
JMSPH SSALINITY 0.107 0.544 0.014 21.385 -0.1138 ne ne 0.000
JMSPH BSALINITY 0.678 0.000 0.000 24.768 -0.1910 -0.123 -3.056 0.000
JMSPH SWTEMP 0.109 0.922 0.549 17.400 -0.0069 ne ne 0.000
JMSPH BWTEMP 0.124 0.003 0.032 16.950 0.0558 ne ne 0.000
JMSMH  STN 0.982 0.468 0.000 0.630 -0.0215 -0.546 -0.344 0.000
JMSMH BTN 0.768 0.161 0.000 0.620 -0.0144 -0.372 -0.230 0.000
JMSMH  SDIN 0.984 0.720 0.000 0.188 -0.0086 -0.734 -0.138  10.800
JMSMH  BDIN 0.570 0.577 0.000 0.124 -0.0073 ne ne 15.600
JMSMH  STP 0.044 0.900 0.000 0.060 -0.0013 -0.347 -0.021 0.000
JMSMH  BTP 0.018 0.687 0.701 0.065 0.0000 ne ne 0.000
JMSMH  SDIP 0.055 0.154 0.005 0.0163 -0.0002 -0.197 -0.003  14.500
JMSMH  BDIP 0.013 0.450 0.002 0.0150 -0.0001 ne ne 17.200
JMSMH  SCHLA 0.004 0.406 0.637 4.8 0.0000 ne ne 11.300
JMSMH  STSS 0.336 0.036 0.952 15.0 0.0000 ne ne 2.700
JMSMH  BTSS 0.138 0.054 0.000 142.0 1.1250 0.127 18.000 0.000
JMSMH  SSECCHI 0.649 0.053 0.868 11 0.0000 ne ne 0.000
JMSMH  BDO (Summer) 0.210 0.809 0.470 6.4 0.0095 ne ne 0.000
JMSMH  SSALINITY 0.008 0.294 0.803 14.955 0.0221 ne ne 0.000
JMSMH  BSALINITY 0.100 0.229 0.934 18.345 0.0056 ne ne 0.000
JMSMH  SWTEMP 0.050 0.995 0.581 20.163 -0.0200 ne ne 0.000
JMSMH  BWTEMP 0.036 0.969 0.575 19.700 0.0126 ne ne 0.000
JMSOH  STN 0.851 0.442 0.000 0.995 -0.0325 -0.523 -0.520 0.000
JMSOH BTN 0.586 0.827 0.000 0.973 -0.0208 -0.342 -0.333 0.000
JMSOH  SDIN 0.220 0.452 0.000 0.428 -0.0170 -0.636 -0.272  12.800
JMSOH BDIN 0.343 0.222 0.000 0.411 -0.0169 -0.659 -0.270 9.100
JMSOH  STP 0.557 0.383 0.001 0.076 -0.0017 -0.357 -0.027 0.000
JMSOH BTP 0.800 0.793 0.416 0.099 0.0008 ne ne 0.000
JMSOH  SDIP 0.003 0.437 0.601 0.0213 0.0000 ne ne 4.300
JMSOH BDIP 0.037 0.116 0.157 0.0206 0.0000 ne ne 3.700
JMSOH  SCHLA 0.151 0.038 0.606 7.0 0.0000 ne ne 10.700
JMSOH  STSS 0.186 0.524 0.010 662.0 -0.8000 -0.019 -12.800 0.500
JMSOH BTSS 0.372 0.454 0.261 290.0 1.4750 ne ne 0.000
JMSOH  SSECCHI 0.317 0.060 0.224 0.5 0.0000 ne ne 0.000
JMSOH BDO (Summer) 0.175 0.975 0.946 6.8 0.0000 ne ne 0.000
JMSOH  SSALINITY 0.237 0.418 0.211 2.844 0.0156 ne ne 0.000
JMSOH BSALINITY 0.246 0.441 0.079 3.755 0.0429 ne ne 0.000
JMSOH  SWTEMP 0.026 0.565 0.951 18.400 -0.0006 ne ne 0.000
JMSOH BWTEMP 0.009 0.565 0.644 18.438 0.0250 ne ne 0.000
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Appendix A. Continued.

James River Stations
Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute

Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
JMSTF STN 0.391 0.000 0.000 1111 -0.0345 -0.497 -0.552 0.000
JMSTF BTN 0.264 0.002 0.000 1.372 -0.0334 -0.389 -0.534 0.000
JMSTF SDIN 0.031 0.000 0.000 0.642 -0.0275 -0.685 -0.440 0.000
JMSTF BDIN 0.071 0.016 0.000 0.782 -0.0300 -0.614 -0.480 0.000
JMSTF STP 0.922 0.023 0.000 0.136 -0.0047 -0.552 -0.075 0.000
JMSTF BTP 0.588 0.000 0.000 0.171 -0.0044 -0.412 -0.070 0.000
JMSTF SDIP 0.085 0.000 0.000 0.0816 -0.0024 -0.471 -0.038 0.500
JMSTF BDIP 0.075 0.001 0.000 0.0765 -0.0015 -0.314 -0.024 0.500
JMSTF SCHLA 0.043 0.879 0.089 12.6 0.0000 ne ne 10.600
JMSTF STSS 0.007 0.004 0.985 14.0 0.0000 ne ne 0.000
JMSTF BTSS 0.001 0.017 0.147 172.0 0.7500 ne ne 0.000
JMSTF SSECCHI 0.165 0.033 0.198 0.7 0.0000 ne ne 0.000
JMSTF BDO (Summer) 0.773 0.205 0.000 6.4 0.0667 0.167 1.067 0.000
JMSTF SSALINITY 0.000 0.001 0.000 0.100 0.0000 ne ne 0.000
JMSTF BSALINITY 0.000 0.001 0.000 0.100 0.0000 ne ne 0.000
JMSTF SWTEMP 0.000 0.800 0.156 18.900 0.0438 ne ne 0.000
JMSTF BWTEMP 0.000 0.929 0.216 18.892 0.0400 ne ne 0.000
APPTF STN 0.887 na 0.000 0.959 -0.0119 -0.199 -0.190 0.000
APPTF BTN 0.689 na 0.000 0.975 -0.0154 -0.253 -0.246 0.000
APPTF SDIN 0.443 na 0.060 0.380 -0.0054 ne ne 4.300
APPTF BDIN 0.281 na 0.011 0.380 -0.0048 ne ne 4.300
APPTF STP 0.749 na 0.000 0.120 -0.0025 -0.333 -0.040 0.500
APPTF BTP 0.631 na 0.000 0.125 -0.0027 -0.346 -0.043 0.500
APPTF SDIP 0.611 na 0.007 0.0200 -0.0002 ne ne 25.100
APPTF BDIP 0.381 na 0.005 0.0225 -0.0004 ne ne 25.700
APPTF SCHLA 0.522 na 0.403 30.2 0.0000 ne ne 20.300
APPTF STSS 0.750 na 0.453 19.5 0.1000 ne ne 0.000
APPTF BTSS 0.624 na 0.462 27.3 -0.1847 ne ne 0.000
APPTF SSECCHI 0.599 na 0.438 0.5 0.0000 ne ne 0.000
APPTF BDO (Summer) 0.483 na 0.019 8.2 0.0714 ne ne 0.000
APPTF SSALINITY 0.063 na 0.088 0.000 0.0000 ne ne 0.000
APPTF BSALINITY 0.062 na 0.082 0.000 0.0000 ne ne 0.000
APPTF SWTEMP 0.429 na 0.047 19.675 0.0744 ne ne 0.000
APPTF BWTEMP 0.373 na 0.038 19.000 0.0809 ne ne 0.000
CHKOH STN 0.769 na 0.000 0.905 -0.0229 -0.405 -0.366 0.000
CHKOH BTN 0.617 na 0.000 0.989 -0.0217 -0.351 -0.347 0.000
CHKOH SDIN 0.646 na 0.002 0.118 0.0000 ne ne 51.300
CHKOH BDIN 0.557 na 0.014 0.128 0.0000 ne ne 50.700
CHKOH STP 0.793 na 0.692 0.078 0.0000 ne ne 0.000
CHKOH BTP 0.593 na 0.328 0.083 0.0007 ne ne 0.000
CHKOH SDIP 0.333 na 0.033 0.0050 0.0000 ne ne 63.200
CHKOH BDIP 0.238 na 0.557 0.0050 0.0000 ne ne 59.900
CHKOH  SCHLA 0.697 na 0.076 22.3 -0.3313 ne ne 5.300
CHKOH STSS 0.478 na 0.005 17.5 0.6364 0.582 10.182 0.000
CHKOH BTSS 0.757 na 0.000 27.0 15714 0.931 25.142 0.000
CHKOH  SSECCHI 0.270 na 0.043 0.6 0.0000 ne ne 0.000
CHKOH  BDO (Summer) 0.435 na 0.315 5.8 0.0322 ne ne 0.000
CHKOH  SSALINITY 0.945 na 0.001 0.100 0.0000 ne ne 0.000
CHKOH BSALINITY 0.937 na 0.001 0.100 0.0000 ne ne 0.000
CHKOH SWTEMP 0.070 na 0.909 16.000 0.0071 ne ne 0.000
CHKOH BWTEMP 0.051 na 0.708 15.600 0.0146 ne ne 0.000
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Appendix A. Continued.
Elizabeth River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
ELIPH STN 0.969 na 0.000 0.740 -0.0221 -0.478 -0.354 0.000
ELIPH BTN 0.942 na 0.000 0.735 -0.0185 -0.403 -0.296 0.500
ELIPH SDIN 0.889 na 0.000 0.200 -0.0130 -1.040 -0.208 2.700
ELIPH BDIN 0.939 na 0.000 0.188 -0.0113 -0.964 -0.181 1.600
ELIPH STP 0.858 na 0.000 0.065 -0.0016 -0.394 -0.026 0.500
ELIPH BTP 0.422 na 0.000 0.065 -0.0014 -0.345 -0.022 0.000
ELIPH SDIP 0.652 na 0.000 0.0300 -0.0009 -0.480 -0.014 8.100
ELIPH BDIP 0.775 na 0.000 0.0250 -0.0008 -0.512 -0.013 3.200
ELIPH SCHLA 0.027 na 0.852 8.6 0.0033 ne ne 0.500
ELIPH STSS 0.140 na 0.099 8.0 -0.2500 ne ne 2.700
ELIPH BTSS 0.026 na 0.622 16.0 0.0742 ne ne 0.500
ELIPH SSECCHI 0.215 na 0.000 11 -0.0143 -0.208 -0.229 0.000
ELIPH BDO (Summer) 0.395 na 0.982 5.3 0.0000 ne ne 0.000
ELIPH SSALINITY 0.509 na 0.003 21.013 -0.1720 -0.131 -2.752 0.000
ELIPH BSALINITY 0.563 na 0.170 24.390 -0.0562 ne ne 0.000
ELIPH SWTEMP 0.242 na 0.598 20.000 -0.0183 ne ne 0.000
ELIPH BWTEMP 0.236 na 0.382 17.900 -0.0207 ne ne 0.000
ELIMH STN 0.893 na 0.033 0.710 -0.0079 ne ne 0.000
ELIMH BTN 0.116 na 0.074 0.611 -0.0062 ne ne 0.000
ELIMH SDIN 0.763 na 0.000 0.358 -0.0105 -0.469 -0.168 2.100
ELIMH BDIN 0.510 na 0.000 0.216 -0.0090 -0.665 -0.144 0.000
ELIMH STP 0.687 na 0.000 0.063 -0.0019 -0.483 -0.030 0.000
ELIMH BTP 0.036 na 0.002 0.069 -0.0014 -0.325 -0.022 0.000
ELIMH SDIP 0.959 na 0.000 0.0375 -0.0013 -0.555 -0.021 9.900
ELIMH BDIP 0.913 na 0.000 0.0300 -0.0014 -0.747 -0.022 8.500
ELIMH SCHLA 0.145 na 0.769 11.3 -0.0200 ne ne 3.500
ELIMH BCHLA 0.830 na 0.123 3.8 0.1266 ne ne 12.100
ELIMH STSS 0.577 na 0.469 10.3 0.0800 ne ne 0.700
ELIMH BTSS 0.489 na 0.628 17.3 0.2200 ne ne 0.000
ELIMH SSECCHI 0.579 na 0.067 11 -0.0106 ne ne 0.000
ELIMH BDO (Summer) 0.858 na 0.000 4.1 0.1723 0.672 2.757 0.000
ELIMH SSALINITY 0.929 na 0.109 16.800 0.1000 ne ne 0.000
ELIMH BSALINITY 0.585 na 0.271 20.150 -0.1100 ne ne 0.000
ELIMH SWTEMP 0.946 na 0.447 15.750 0.0333 ne ne 0.000
ELIMH BWTEMP 0.723 na 0.108 14.950 0.0850 ne ne 0.000
EBEMH STN 0.941 na 0.000 1.040 -0.0208 -0.320 -0.333 0.000
EBEMH BTN 0.867 na 0.000 0.855 -0.0188 -0.352 -0.301 0.000
EBEMH  SDIN 0.962 na 0.000 0.507 -0.0175 -0.552 -0.280 0.000
EBEMH BDIN 0.785 na 0.000 0.490 -0.0190 -0.620 -0.304 0.000
EBEMH STP 0.768 na 0.000 0.075 -0.0023 -0.494 -0.037 0.000
EBEMH BTP 0.802 na 0.000 0.074 -0.0022 -0.476 -0.035 0.000
EBEMH SDIP 0.991 na 0.000 0.0435 -0.0015 -0.552 -0.024 7.800
EBEMH BDIP 0.983 na 0.000 0.0455 -0.0018 -0.633 -0.029 7.100
EBEMH  SCHLA 0.204 na 0.571 6.6 -0.0550 ne ne 11.300
EBEMH BCHLA 0.810 na 0.490 35 0.0078 ne ne 15.600
EBEMH  STSS 0.539 na 0.468 10.0 -0.0791 ne ne 0.700
EBEMH BTSS 0.973 na 0.901 12.2 0.0180 ne ne 0.700
EBEMH  SSECCHI 0.651 na 0.355 1.0 0.0000 ne ne 0.000
EBEMH  BDO (Summer) 0.746 na 0.012 3.3 0.1500 ne ne 0.000
EBEMH  SSALINITY 0.832 na 0.092 16.850 0.1000 ne ne 0.000
EBEMH BSALINITY 0.611 na 0.783 18.400 -0.0143 ne ne 0.000
EBEMH SWTEMP 0.655 na 0.805 17.000 -0.0300 ne ne 0.000
EBEMH BWTEMP 0.194 na 0.434 15.900 0.0536 ne ne 0.000
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Appendix A. Continued.
Elizabeth River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
SBEMH STN 0.585 0.510 0.000 1.333 -0.0286 -0.343 -0.458 0.000
SBEMH BTN 0.547 0.148 0.035 1.070 -0.0113 ne ne 0.000
SBEMH  SDIN 0.969 0.988 0.000 0.738 -0.0271 -0.588 -0.434 0.000
SBEMH  BDIN 0.114 0.747 0.000 0.586 -0.0129 -0.353 -0.206 0.000
SBEMH  STP 0.808 0.139 0.000 0.074 -0.0023 -0.501 -0.037 0.000
SBEMH BTP 0.136 0.748 0.000 0.079 -0.0026 -0.528 -0.042 0.000
SBEMH  SDIP 0.976 0.341 0.000 0.0478 -0.0018 -0.603 -0.029 1.400
SBEMH  BDIP 0.987 0.375 0.000 0.0478 -0.0022 -0.737 -0.035 2.100
SBEMH  SCHLA 0.721 0.085 0.055 4.1 -0.1136 ne ne 9.900
SBEMH BCHLA 0.286 0.897 0.057 34 0.0778 ne ne 17.000
SBEMH  STSS 0.540 0.281 0.255 8.6 -0.1011 ne ne 0.000
SBEMH BTSS 0.840 0.878 0.247 13.1 -0.1946 ne ne 0.000
SBEMH  SSECCHI 0.832 0.631 0.652 0.8 0.0000 ne ne 0.000
SBEMH  BDO (Summer) 0.951 0.776 0.002 2.7 0.1622 0.979 2.595 0.000
SBEMH  SSALINITY 0.554 0.678 0.144 14.750 0.1073 ne ne 0.000
SBEMH  BSALINITY 0.392 0.288 0.040 18.450 -0.1556 ne ne 0.000
SBEMH  SWTEMP 0.249 0.124 0.114 18.200 0.0828 ne ne 0.000
SBEMH BWTEMP 0.030 0.011 0.000 17.100 0.2317 0.217 3.707 0.000
WBEMH STN 0.987 na 0.000 0.800 -0.0186 -0.372 -0.298 0.000
WBEMH BTN 0.947 na 0.000 0.791 -0.0146 -0.295 -0.234 0.000
WBEMH SDIN 0.980 na 0.001 0.198 -0.0065 -0.525 -0.104 2.100
WBEMH BDIN 0.957 na 0.004 0.257 -0.0087 -0.542 -0.139 1.400
WBEMH STP 0.774 na 0.000 0.083 -0.0027 -0.520 -0.043 0.000
WBEMH BTP 0.100 na 0.000 0.080 -0.0024 -0.483 -0.038 0.000
WBEMH SDIP 0.899 na 0.000 0.0345 -0.0012 -0.557 -0.019  13.500
WBEMH BDIP 0.989 na 0.000 0.0330 -0.0015 -0.727 -0.024  12.100
WBEMH SCHLA 0.056 na 0.005 23.0 -0.6286 -0.437 -10.058 2.800
WBEMH BCHLA 0.354 na 0.138 14.9 -0.2596 ne ne 5.000
WBEMH STSS 0.530 na 0.658 20.6 -0.1000 ne ne 0.000
WBEMH BTSS 0.229 na 0.710 20.5 0.2018 ne ne 0.000
WBEMH SSECCHI 0.731 na 0.750 0.6 0.0000 ne ne 0.000
WBEMH BDO (Summer) 0.885 na 0.003 4.4 0.2000 0.727 3.200 0.000
WBEMH  SSALINITY 0.992 na 0.225 15.900 0.1000 ne ne 0.000
WBEMH BSALINITY 0.920 na 0.626 16.700 0.0310 ne ne 0.000
WBEMH SWTEMP 0.902 na 0.565 17.000 -0.0250 ne ne 0.000
WBEMH BWTEMP 0.936 na 0.409 16.150 -0.0357 ne ne 0.000
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Appendix A. Continued.
York River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
MOBPH STN 0.008 0.410 0.001 0.460 -0.0045 -0.157 -0.072 0.000
MOBPH BTN 0.259 0.363 0.000 0.494 -0.0046 -0.149 -0.074 0.000
MOBPH  SDIN 0.002 0.752 0.000 0.046 0.0000 ne ne 21.400
MOBPH BDIN 0.000 0.441 0.000 0.061 -0.0009 -0.238 -0.014  14.600
MOBPH  STP 0.000 0.764 0.048 0.028 0.0002 ne ne 1.000
MOBPH BTP 0.028 0.044 0.387 0.036 0.0001 ne ne 1.000
MOBPH  BPO4F 1.000 0.266 0.000 0.0072 0.0000 ne ne 52.600
MOBPH  SPO4F 1.000 0.286 0.000 0.0071 0.0000 ne ne 63.500
MOBPH  SCHLA 0.114 0.511 0.697 5.9 -0.0202 ne ne 0.000
MOBPH BCHLA 0.001 0.519 0.866 6.4 -0.0092 ne ne 0.000
MOBPH BTSS 0.146 0.134 0.687 17.9 0.0444 ne ne 0.000
MOBPH  STSS 0.452 0.563 0.687 10.8 -0.0205 ne ne 0.500
MOBPH  SSECCHI 0.045 0.062 0.000 15 -0.0208 -0.228 -0.333 0.000
MOBPH  BDO (Summer) 0.709 0.066 0.003 6.2 0.0506 0.132 0.810 0.000
MOBPH BSALINITY 0.128 0.478 0.000 22.763 -0.1392 -0.098 -2.227 0.000
MOBPH  SSALINITY 0.077 0.827 0.000 21.975 -0.1467 -0.107 -2.347 0.000
MOBPH BWTEMP 0.246 0.948 0.585 17.500 0.0128 ne ne 0.000
MOBPH SWTEMP 0.615 0.984 0.668 18.413 0.0125 ne ne 0.000
YRKPH STN 0.035 0.719 0.000 0.565 -0.0096 -0.272 -0.154 0.000
YRKPH BTN 0.159 0.241 0.085 0.544 -0.0040 ne ne 0.000
YRKPH  SDIN 0.000 0.709 0.027 0.055 0.0000 ne ne  43.900
YRKPH  BDIN 0.022 0.661 0.159 0.055 0.0000 ne ne 32.800
YRKPH STP 0.501 0.661 0.713 0.043 0.0000 ne ne 0.000
YRKPH BTP 0.300 0.129 0.001 0.053 0.0011 0.335 0.018 0.000
YRKPH  SDIP 0.038 - 0.063 0.0088 0.0000 ne ne 41.200
YRKPH  BDIP 0.043 0.280 0.946 0.0125 0.0000 ne ne 35.500
YRKPH  SCHLA 0.000 0.462 0.246 8.3 0.0531 ne ne 6.400
YRKPH  STSS 0.605 0.864 0.155 6.0 0.1348 ne ne 5.900
YRKPH BTSS 0.101 0.062 0.024 20.0 0.6429 ne ne 0.500
YRKPH  SSECCHI 0.374 0.659 0.049 13 -0.0089 ne ne 0.000
YRKPH  BDO (Summer) 0.637 0.857 0.645 4.6 -0.0188 ne ne 0.000
YRKPH  SSALINITY 0.050 0.101 0.002 20.558 -0.1429 -0.111 -2.286 0.000
YRKPH  BSALINITY 0.002 0.745 0.292 21.728 -0.0350 ne ne 0.000
YRKPH  SWTEMP 0.276 0.813 0.574 19.025 -0.0148 ne ne 0.000
YRKPH BWTEMP 0.130 0.715 0.355 18.763 -0.0286 ne ne 0.000
YRKMH STN 0.100 0.947 0.001 0.675 -0.0075 -0.178 -0.120 0.000
YRKMH BTN 0.037 0.077 0.190 0.705 0.0043 ne ne 0.000
YRKMH  SDIN 0.007 0.756 0.006 0.130 -0.0032 ne ne 17.600
YRKMH BDIN 0.001 0.682 0.020 0.114 -0.0010 ne ne 18.800
YRKMH STP 0.021 0.493 0.300 0.073 0.0005 ne ne 0.000
YRKMH BTP 0.825 0.607 0.000 0.085 0.0024 0.452 0.038 0.000
YRKMH SDIP 0.028 0.738 0.654 0.0125 0.0000 ne ne 18.700
YRKMH BDIP 0.138 0.490 0.405 0.0125 0.0000 ne ne 18.800
YRKMH SCHLA 0.051 0.169 0.010 9.5 0.2795 0.469 4.472 3.700
YRKMH STSS 0.353 0.150 0.892 29.1 0.0000 ne ne 0.000
YRKMH BTSS 0.786 0.041 0.001 421 2.3939 0.909 38.302 0.000
YRKMH  SSECCHI 0.099 0.219 0.967 0.6 0.0000 ne ne 0.000
YRKMH  BDO (Summer) 0.482 0.042 0.042 51 0.0318 ne ne 0.000
YRKMH  SSALINITY 0.083 0.514 0.389 12.465 -0.0425 ne ne 0.000
YRKMH BSALINITY 0.080 0.702 0.374 13.615 -0.0505 ne ne 0.000
YRKMH SWTEMP 0.127 0.947 0.612 19.988 0.0150 ne ne 0.000
YRKMH BWTEMP 0.176 0.700 0.755 19.988 0.0079 ne ne 0.000
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Appendix A. Continued.
York River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Baseline Slope % Change Change % BDL
PMKOH STN 0.524 na 0.039 0.775 -0.0077 ne ne 0.000
PMKOH BTN 0.644 na 0.789 0.931 -0.0024 ne ne 0.000
PMKOH  SDIN 0.173 na 0.249 0.155 -0.0013 ne ne 11.500
PMKOH BDIN 0.251 na 0.152 0.135 -0.0016 ne ne 11.000
PMKOH STP 0.709 na 0.918 0.090 0.0000 ne ne 0.000
PMKOH BTP 0.579 na 0.311 0.128 0.0018 ne ne 0.000
PMKOH SDIP 0.455 na 0.001 0.0050 0.0003 ne ne 17.500
PMKOH BDIP 0.159 na 0.036 0.0050 0.0001 ne ne 14.800
PMKOH SCHLA 0.401 na 0.013 6.4 0.0308 ne ne 24.600
PMKOH  STSS 0.631 na 0.615 48.0 -0.2083 ne ne 0.500
PMKOH BTSS 0.525 na 0.101 102.0 -3.3333 ne ne 0.500
PMKOH  SSECCHI 0.491 na 0.150 0.3 0.0000 ne ne 0.000
PMKOH  BDO (Summer) 0.972 na 0.540 49 0.0167 ne ne 0.000
PMKOH  SSALINITY 0.952 na 0.071 3.490 0.0417 ne ne 0.000
PMKOH BSALINITY 0.927 na 0.112 4.310 0.0450 ne ne 0.000
PMKOH SWTEMP 0.696 na 0.676 20.550 0.0156 ne ne 0.000
PMKOH BWTEMP 0.650 na 0.419 20.700 0.0218 ne ne 0.000
PMKTF  STN 0.958 na 0.000 0.755 -0.0095 -0.201 -0.152 0.000
PMKTF BTN 0.880 na 0.000 0.798 -0.0102 -0.205 -0.163 0.000
PMKTF  SDIN 0.894 na 0.410 0.300 -0.0006 ne ne 7.500
PMKTF  BDIN 0.976 na 0.388 0.275 -0.0008 ne ne 7.700
PMKTF  STP 0.995 na 0.989 0.070 0.0000 ne ne 0.000
PMKTF  BTP 0.894 na 0.977 0.070 0.0000 ne ne 0.000
PMKTF  SDIP 0.067 na 0.000 0.0150 0.0007 ne ne 25.700
PMKTF  BDIP 0.013 na 0.000 0.0125 0.0007 ne ne 25.100
PMKTF  SCHLA 0.565 na 0.270 16 0.0000 ne ne 55.600
PMKTF  STSS 0.552 na 0.715 14.0 0.0000 ne ne 0.500
PMKTF  BTSS 0.648 na 0.005 20.5 -0.6667 -0.520 -10.667 0.500
PMKTF  SSECCHI 0.854 na 1.000 0.7 0.0000 ne ne 0.000
PMKTF  BDO (Summer) 0.034 na 0.150 5.4 0.0336 ne ne 0.000
PMKTF  SSALINITY 0.291 na 0.000 0.100 0.0000 ne ne 0.000
PMKTF  BSALINITY 0.215 na 0.000 0.100 0.0000 ne ne 0.000
PMKTF  SWTEMP 0.254 na 0.080 18.000 0.0500 ne ne 0.000
PMKTF  BWTEMP 0.274 na 0.044 19.100 0.0777 ne ne 0.000
MPNOH  STN 0.119 na 0.454 0.670 -0.0016 ne ne 0.000
MPNOH BTN 0.281 na 0.069 0.830 0.0067 ne ne 0.000
MPNOH  SDIN 0.300 na 0.581 0.118 0.0000 ne ne 13.400
MPNOH BDIN 0.158 na 0.142 0.135 -0.0012 ne ne 13.600
MPNOH  STP 0.045 na 0.184 0.060 0.0008 ne ne 0.000
MPNOH BTP 0.365 na 0.120 0.110 0.0014 ne ne 0.000
MPNOH  SDIP 0.011 na 0.000 0.0050 0.0001 ne ne 24.700
MPNOH BDIP 0.003 na 0.001 0.0050 0.0003 ne ne 22.300
MPNOH  SCHLA 0.616 na 0.000 3.9 0.0550 ne ne 31.700
MPNOH BCHLA - na - 7.8 - ne ne 0.000
MPNOH  STSS 0.071 na 0.556 26.0 0.1250 ne ne 1.100
MPNOH BTSS 0.530 na 0.458 440 0.4000 ne ne 0.000
MPNOH  SSECCHI 0.234 na 0.065 0.5 0.0000 ne ne 0.000
MPNOH  BDO (Summer) 0.846 na 0.009 51 0.0529 0.168 0.846 0.000
MPNOH  SSALINITY 0.657 na 0.064 3.380 0.0545 ne ne 0.000
MPNOH BSALINITY 0.795 na 0.133 4.310 0.0562 ne ne 0.000
MPNOH SWTEMP 0.629 na 0.212 20.500 0.0275 ne ne 0.000
MPNOH BWTEMP 0.741 na 0.187 20.325 0.0286 ne ne 0.000
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Appendix A. Continued.
York River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Baseline Slope % Change Change % BDL
MPNTF  STN 0.965 na 0.000 0.743 -0.0122 -0.263 -0.195 0.000
MPNTF BTN 0.997 na 0.000 0.760 -0.0124 -0.261 -0.198 0.000
MPNTF  SDIN 0.874 na 0.104 0.160 -0.0014 ne ne 11.200
MPNTF  BDIN 0.955 na 0.021 0.180 -0.0020 ne ne 10.400
MPNTF  STP 0.844 na 0.672 0.060 0.0000 ne ne 0.000
MPNTF BTP 0.514 na 0.050 0.070 -0.0005 ne ne 0.000
MPNTF  SDIP 0.083 na 0.000 0.0088 0.0006 ne ne  29.400
MPNTF  BDIP 0.573 na 0.000 0.0125 0.0001 ne ne 29.700
MPNTF  SCHLA 0.196 na 0.731 16 0.0000 ne ne 63.100
MPNTF  STSS 0.756 na 0.641 6.0 0.0000 ne ne 17.100
MPNTF  BTSS 0.809 na 0.700 7.8 0.0000 ne ne 11.000
MPNTF  SSECCHI 0.167 na 0.833 1.0 0.0000 ne ne 0.000
MPNTF  BDO (Summer) 0.891 na 0.563 5.9 0.0092 ne ne 0.000
MPNTF  SSALINITY 1.000 na 0.000 0.100 0.0000 ne ne 0.000
MPNTF  BSALINITY 1.000 na 0.000 0.100 0.0000 ne ne 0.000
MPNTF  SWTEMP 0.235 na 0.096 17.500 0.0750 ne ne 0.000
MPNTF  BWTEMP 0.115 na 0.039 18.575 0.1000 ne ne 0.000
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Appendix A. Continued.
Rappahannock River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
RPPMH  STN 0.001 0.946 0.000 0.575 -0.0100 -0.278 -0.160 0.000
RPPMH BTN 0.000 0.077 0.001 0.619 -0.0076 -0.197 -0.122 0.000
RPPMH  SDIN 0.000 0.058 0.052 0.105 0.0000 ne ne  20.800
RPPMH  BDIN 0.002 0.709 0.108 0.114 0.0000 ne ne 8.900
RPPMH  STP 0.072 0.299 0.107 0.032 0.0001 ne ne 0.500
RPPMH  BTP 0.198 0.001 0.058 0.048 0.0003 ne ne 0.000
RPPMH  SDIP 0.829 0.000 0.285 0.0050 0.0000 ne ne  46.900
RPPMH  BDIP 0.012 0.000 0.386 0.0050 0.0000 ne ne  40.600
RPPMH  SCHLA 0.003 0.367 0.343 8.9 0.0518 ne ne 0.000
RPPMH  BCHLA 0.544 - 0.230 8.1 -0.0797 ne ne 0.000
RPPMH  STSS 0.000 0.024 0.498 9.8 0.0420 ne ne 0.500
RPPMH  BTSS 0.007 0.587 0.038 10.8 0.3258 ne ne 0.000
RPPMH  SSECCHI 0.005 0.001 0.724 14 0.0000 ne ne 0.000
RPPMH  BDO (Summer) 0.000 0.246 0.753 5.2 0.0134 ne ne 0.000
RPPMH  SSALINITY 0.008 0.461 0.000 14.955 -0.2000 -0.214 -3.200 0.000
RPPMH  BSALINITY 0.042 0.604 0.000 16.604 -0.1313 -0.127 -2.101 0.000
RPPMH  SWTEMP 0.000 0.836 0.668 17.834 -0.0111 0.000
RPPMH  BWTEMP 0.000 0.690 0.263 16.898 -0.0289 . . 0.000
RPPOH STN 0.647 na 0.001 0.728 -0.0108 -0.238 -0.173 0.000
RPPOH BTN 0.623 na 0.020 0.775 -0.0077 ne ne 0.000
RPPOH SDIN 0.738 na 0.000 0.231 -0.0004 ne ne  30.900
RPPOH BDIN 0.573 na 0.000 0.245 -0.0025 ne ne  30.900
RPPOH STP 0.709 na 0.340 0.058 0.0005 ne ne 0.500
RPPOH BTP 0.154 na 0.282 0.080 0.0012 ne ne 0.000
RPPOH SDIP 0.927 na 0.006 0.0050 0.0000 ne ne  65.400
RPPOH BDIP 0.363 na 0.004 0.0050 0.0000 ne ne  60.100
RPPOH SCHLA 0.897 na 0.000 4.6 0.3799 ne ne 18.100
RPPOH STSS 0.414 na 0.615 31.0 -0.1429 ne ne 0.500
RPPOH BTSS 0.456 na 0.463 39.0 0.3333 ne ne 0.000
RPPOH SSECCHI 0.222 na 0.953 0.4 0.0000 ne ne 0.000
RPPOH BDO (Summer) 0.735 na 0.001 6.3 0.0694 0.178 1.110 0.000
RPPOH SSALINITY 0.924 na 0.015 2.165 -0.0221 ne ne 0.000
RPPOH BSALINITY 0.820 na 0.028 2.588 -0.0163 ne ne 0.000
RPPOH SWTEMP 0.366 na 0.922 16.000 0.0000 ne ne 0.000
RPPOH BWTEMP 0.579 na 0.890 16.400 0.0000 ne ne 0.000
RPPTF STN 0.174 0.029 0.000 0.975 -0.0165 -0.271 -0.264 0.000
RPPTF BTN 0.371 0.000 0.000 1.045 -0.0203 -0.311 -0.325 0.000
RPPTF SDIN 0.423 0.406 0.077 0.448 -0.0055 ne ne 5.300
RPPTF BDIN 0.186 0.348 0.054 0.425 -0.0063 ne ne 4.800
RPPTF STP 0.297 0.032 0.016 0.065 -0.0005 ne ne 0.000
RPPTF BTP 0.186 0.028 0.003 0.085 -0.0014 -0.264 -0.022 0.000
RPPTF SDIP 0.878 0.007 0.007 0.0050 0.0000 ne ne 42.300
RPPTF BDIP 0.840 0.322 0.115 0.0050 0.0000 ne ne 37.800
RPPTF SCHLA 0.850 0.027 0.784 124 0.0000 ne ne  18.500
RPPTF BCHLA - - - 9.1 - ne ne 0.000
RPPTF STSS 0.689 0.868 0.298 24.5 -0.2000 ne ne 0.000
RPPTF BTSS 0.505 0.425 0.060 37.3 -0.7000 ne ne 0.000
RPPTF SSECCHI 0.711 0.059 0.010 0.5 0.0056 0.199 0.090 0.000
RPPTF BDO (Summer) 0.111 0.375 0.604 74 -0.0150 ne ne 0.000
RPPTF SSALINITY 0.505 0.042 0.001 0.100 0.0000 ne ne 0.000
RPPTF BSALINITY 0.317 0.035 0.001 0.100 0.0000 ne ne 0.000
RPPTF SWTEMP 0.125 0.641 0.306 16.325 0.0364 ne ne 0.000
RPPTF BWTEMP 0.318 0.875 0.284 17.750 0.0373 ne ne 0.000
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Appendix A. Continued.
Rappahannock River Stations

Season Station Seasonal
Homogeneity Homogeneity Kendall Absolute
Segment  Parameter TestpVaue TestpVaue TestpVaue Basdline Slope % Change Change % BDL
CRRMH  STN 0.018 na 0.000 0.630 -0.0077 -0.196 -0.123 0.000
CRRMH BTN 0.310 na 0.023 0.530 -0.0054 ne ne 0.500
CRRMH  SDIN 0.178 na 0.103 0.055 0.0000 ne ne  61.600
CRRMH  BDIN 0.282 na 0.452 0.055 0.0000 ne ne 55.300
CRRMH  STP 0.395 na 0.408 0.025 0.0000 ne ne 3.200
CRRMH BTP 0.561 na 0.001 0.028 0.0006 0.349 0.010 0.500
CRRMH  SDIP 0.601 na 0.284 0.0050 0.0000 ne ne  87.900
CRRMH BDIP 0.699 na 0.065 0.0050 0.0000 ne ne  80.500
CRRMH  SCHLA 0.763 na 0.795 7.3 0.0000 ne ne 16.800
CRRMH  STSS 0.052 na 0.602 25 0.0000 ne ne 43.200
CRRMH BTSS 0.151 na 0.561 135 0.0000 ne ne 25.300
CRRMH  SSECCHI 0.113 na 0.002 2.0 -0.0187 -0.153 -0.299 0.000
CRRMH  BDO (Summer) 0.431 na 0.015 5.0 -0.1000 ne ne 0.000
CRRMH  SSALINITY 0.960 na 0.000 16.510 -0.2200 -0.213 -3.520 0.000
CRRMH  BSALINITY 0.832 na 0.000 16.840 -0.1826 -0.173 -2.922 0.000
CRRMH  SWTEMP 0.735 na 0.292 18.500 -0.0300 ne ne 0.000
CRRMH BWTEMP 0.041 na 0.103 17.825 -0.0426 ne ne 0.000
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Appendix B. Results of Seasonal Kendall (SK) trend tests and Van Belle and Hughs test for homogeneity of trends for phytoplankton
bioindicators for the period of 1985 through 2000.
Chesapeake Bay Main stem Stations

Homogeneity SK Test Absolute
Station  Parameter Layer TestpVaue pVaue Baseline Slope % Change Change
CB6.1  Chlorophyte biomass AP 0.9728  0.0000 140324 62458.2 667.7 936873.5
CB6.1 Cryptophyte biomass AP 0.9035 0.6344 59359814 -317798.1 -8.0 -4766972.0
CB6.1  Cyanophyte biomass AP 0.8102  0.0360 66266 0.0 0.0 0.0
CB6.1  Diatom biomass AP 0.3194  0.5569 239802918  2233377.4 140 33500660.7
CB6.1  Dinoflagellate biomass AP 0.0507  0.4334 118461536  1812274.3 230 271841148
CB6.1 Margalef Diversity Index AP 0.7060  0.7583 2 0.0 0.0 0.0
CB6.1  Picoplankton biomass AP 0.8976  0.1397 147150000 -1344000.0 -13.7 -20160000.0
CB6.1 Biomass to Abundance Ratio AP 0.0074  0.0536 136 -21 -23.0 -314
CB6.1  Total abundance AP 0.7947  0.0648 4790491 96088.7 30.1 14413310
CB6.1  Tota biomass AP 0.2785  0.6146 572858682  4644913.0 122 69673694.7
CB6.1  Chlorophyte biomass BP 0.8794  0.0000 46654 71507.8 2299.1  1072616.3
CB6.1 Cryptophyte biomass BP 0.8479  0.8888 28424560 74645.3 39 1119679.8
CB6.1 Cyanophyte biomass BP 0.8566  0.0077 35191 0.0 0.0 0.0
CB6.1  Diatom biomass BP 0.4199  0.8012 134179915 -512930.9 -5.7  -7693963.7
CB6.1 Dinoflagellate biomass BP 0.2618 0.9554 52607857 77576.4 2.2 1163646.5
CB6.1 Margalef Diversity Index BP 0.4828 0.6344 2 0.0 0.0 0.0
CB6.1  Picoplankton biomass BP 0.9559  0.0325 81750000 -1807500.0 -33.2 -27112500.0
CB6.1 Biomass to Abundance Ratio BP 0.5619  0.0067 81 -2.2 -40.3 -32.7
CB6.1  Total abundance BP 0.6194 0.3858 2900128 44185.8 229 662787.2
CB6.1  Tota biomass BP 0.5158  0.2631 278852057 -5585710.6 -30.1 -83785659.0
CB6.4  Chlorophyte biomass AP 0.8901  0.0000 82373 83764.2 15253  1256462.9
CB6.4  Cryptophyte biomass AP 0.0155 0.9782 56637984 20602.1 0.6 309031.1
CB6.4  Cyanophyte biomass AP 0.5582  0.0155 0 0.0 . 0.0
CB6.4  Diatom biomass AP 0.8624  0.1062 138916373  4357584.0 471 65363760.2
CB6.4  Dinoflagellate biomass AP 0.0467  0.4936 118968701  1121085.7 141 16816285.2
CB6.4 Margalef Diversity Index AP 0.3519  0.7425 2 0.0 0.0 0.0
CB6.4  Picoplankton biomass AP 0.8884  0.1282 101925000 -906600.0 -13.3  -13599000.0
CB6.4 Biomass to Abundance Ratio AP 0.3009 0.2616 114 -1.3 -17.2 -19.5
CB6.4  Total abundance AP 0.8450 0.0519 3133871 87812.3 420 13171844
CB6.4 Total biomass AP 0.5678 0.3519 372856477 4943430.9 199 74151463.7
CB6.4  Chlorophyte biomass BP 0.9932  0.0000 145800 65976.0 678.8 989639.6
CB6.4  Cryptophyte biomass BP 0.4518 0.0305 18039149 846050.4 70.4 12690755.7
CB6.4  Cyanophyte biomass BP 0.8046  0.0001 0 0.0 . 0.0
CB6.4  Diatom biomass BP 0.4571  0.1981 155439172  4808223.0 464 721233455
CB6.4  Dinoflagellate biomass BP 0.8395 0.7842 62918005 232806.0 56  3492090.3
CB6.4 Margalef Diversity Index BP 0.4059  0.8480 2 0.0 0.0 0.0
CB6.4  Picoplankton biomass BP 0.8583  0.4533 67950000 -673500.6 -14.9 -10102508.4
CB6.4 Biomass to Abundance Ratio BP 0.9803 0.1321 88 -11 -194 -17.1
CB6.4  Total abundance BP 0.8244  0.0016 2418072 113198.5 702  1697978.1
CB6.4  Tota biomass BP 0.4057  0.1321 249048406  5989120.0 36.1 89836800.6
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Appendix B. Continued
Chesapeake Bay Main stem Stations

Homogeneity SK Test Absolute
Station  Parameter Layer TestpValue pVaue Baseline Slope % Change Change
CB7.3E  Chlorophyte biomass AP 0.5500  0.0000 3273 48091.6 22037.2 721374.0
CB7.3E  Cryptophyte biomass AP 0.5373  0.5109 49158112 309989.9 95  4649848.2
CB7.3E  Cyanophyte biomass AP 0.5945  0.0898 41808 0.0 0.0 0.0
CB7.3E Diatom biomass AP 0.9001 0.2081 178174254 5005556.1 421 75083342.1
CB7.3E  Dinoflagellate biomass AP 0.5523  0.5199 138352514 952009.9 10.3  14280148.1
CB7.3E Margaef Diversity Index AP 0.9704  0.6953 3 0.0 0.0 0.0
CB7.3E  Picoplankton biomass AP 0.6346  0.3212 122625000 -680333.3 -8.3 -10205000.0
CB7.3E Biomass to Abundance Ratio AP 09678  0.3139 156 -16 -14.9 -233
CB7.3E Total abundance AP 04600 0.0188 2976734 114719.5 57.8 1720792.5
CB7.3E Tota biomass AP 0.4995  0.2081 508491262  7837696.8 23.1 117565452.2
CB7.3E  Chlorophyte biomass BP 0.7497  0.0000 0 58975.6 . 884634.3
CB7.3E  Cryptophyte biomass BP 0.0458 0.0105 26314555 1077754.6 61.4 16166319.0
CB7.3E  Cyanophyte biomass BP 0.0415 0.9882 34553 0.0 0.0 0.0
CB7.3E Diatom biomass BP 0.2193  0.0056 201937296 11186481.2 83.1 167797218.0
CB7.3E  Dinoflagellate biomass BP 0.3301 0.6953 73096885 411323.7 84  6169854.8
CB7.3E Margaef Diversity Index BP 0.6742  0.0690 3 -0.0 -54 -0.2
CB7.3E  Picoplankton biomass BP 0.8381  0.4944 87975000 411428.6 7.0  6171428.6
CB7.3E Biomass to Abundance Ratio BP 0.3139  0.7583 114 -05 -6.3 -7.2
CB7.3E Total abundance BP 0.1732  0.0005 3198037 151318.6 710  2269779.5
CB7.3E Tota biomass BP 0.4724  0.0093 398769512  14220303.1 53.5 213304546.5
CB7.4  Chlorophyte biomass AP 0.7703  0.0000 29864 43201.0  2169.9 648014.7
CB7.4  Cryptophyte biomass AP 0.3043  0.1596 22566519 5727135 38.1  8590701.9
CB7.4  Cyanophyte biomass AP 0.8786  0.0498 15299 0.0 0.0 0.0
CB7.4  Diatom biomass AP 0.5609  0.0274 134607897 91042339 101.5 136563508.1
CB7.4  Dinoflagellate biomass AP 0.1991  0.2468 47230759  1456546.0 46.3 218481894
CB7.4 Margalef Diversity Index AP 0.8115  0.0075 3 -0.0 -15.0 -0.5
CB7.4  Picoplankton biomass AP 0.6418  0.4491 76500000 -197400.0 -39  -2961000.0
CB7.4 Biomass to Abundance Ratio AP 0.5097  0.6003 111 -0.6 -83 -9.2
CB7.4  Total abundance AP 0.9186 0.0006 2267717 138802.9 918 20820437
CB7.4  Tota biomass AP 0.2500 0.0776 253623769 10443998.2 61.8 156659973.0
CB7.4  Chlorophyte biomass BP 0.2509  0.0000 71359 30676.0 644.8 460139.4
CB7.4  Cryptophyte biomass BP 0.5350 0.0570 19812486 580493.2 440 87073974
CB7.4  Cyanophyte biomass BP 0.9277  0.1392 10782 0.0 0.0 0.0
CB7.4  Diatom biomass BP 0.6387  0.0191 218458589  9087315.0 62.4 136309724.4
CB7.4 Dinoflagellate biomass BP 0.1407 0.0536 60325191 -1410055.6 -35.1 -21150834.0
CB7.4 Margalef Diversity Index BP 0.1660 0.0164 3 -0.0 -9.7 -0.3
CB7.4  Picoplankton biomass BP 0.9519  0.7457 78300000 249000.0 48  3735000.0
CB7.4 Biomass to Abundance Ratio BP 05474  0.0103 128 -35 -40.3 -51.8
CB7.4  Total abundance BP 0.6735 0.0015 2073701 113353.3 820  1700299.1
CB7.4  Tota biomass BP 0.4869  0.0873 349613985  9773886.5 419 146608296.9
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Appendix B. Continued
James River Stations
Homogeneity SK Test Absolute
Station  Parameter Layer TestpVaue pVaue Baseline Slope % Change Change
TF5.5 Chlorophyte biomass AP 0.8969 0.0000 15818987 22634484.1 20032 316882777.4
TF5.5 Cryptophyte biomass AP 0.6160 0.0000 26361323  3857094.7 204.8 53999325.8
TF5.5 Cyanophyte biomass AP 0.2987 0.8135 19157403 -5385.5 -04 -75397.1
TF5.5 Diatom biomass AP 0.0902  0.0270 230549510  8698527.7 52.8 121779387.8
TF5.5 Dinoflagellate biomass AP 0.6423  0.2175 636182 0.0 0.0 0.0
TF5.5 Margalef Diversity Index AP 0.9559  0.1049 2 0.0 59 0.1
TF5.5 Picoplankton biomass AP 0.7421  0.0599 96600000 -717750.0 -10.4 -10048500.0
TF5.5 Biomass to Abundance Ratio AP 0.4718  0.0000 16 14 121.4 19.7
TF5.5 Tota abundance AP 0.1777  0.0338 24027209 613453.2 357  8588345.1
TF5.5 Total biomass AP 0.8057 0.0000 416646671 48966251.1 164.5 685527515.4
TF5.5 Chlorophyte biomass BP 0.9487 0.0000 12671212 16234850.3  1793.7 227287904.2
TF5.5 Cryptophyte biomass BP 0.2504 0.0000 23633526  3041774.2 180.2 42584838.7
TF5.5 Cyanophyte biomass BP 0.9595 0.3963 20066162 -58536.6 -4.1 -819511.7
TF5.5 Diatom biomass BP 0.4021  0.0406 401696920  9868550.8 344 138159711.1
TF5.5 Dinoflagellate biomass BP 0.1542  0.1077 554138 0.0 0.0 0.0
TF5.5 Margalef Diversity Index BP 0.1837  0.7477 2 0.0 0.0 0.0
TF5.5 Picoplankton biomass BP 0.5564  0.0905 49200000 -522300.0 -149  -7312200.0
TF5.5 Biomass to Abundance Ratio BP 0.3840  0.0000 19 13 94.7 18.1
TF5.5 Tota abundance BP 0.5846  0.0573 27650592 426243.2 216  5967404.1
TF5.5 Total biomass BP 0.6672 0.0000 531848575 40141958.9 105.7 561987424.6
RET5.2  Chlorophyte biomass AP 0.6367 0.0000 1127797  5119490.6  6355.1 71672868.7
RET5.2  Cryptophyte biomass AP 0.8699  0.0001 29968112  3555244.2 166.1 49773418.2
RET5.2  Cyanophyte biomass AP 0.0898  0.8225 3393895 -23664.4 -9.8 -331302.2
RET5.2 Diatom biomass AP 0.8041  0.0776 142919806 59795935 58.6 83714309.1
RET5.2  Dinoflagellate biomass AP 0.9577  0.0939 555383 0.0 0.0 0.0
RET5.2 Margalef Diversity Index AP 0.6345 06111 2 0.0 0.0 0.0
RET5.2  Picoplankton biomass AP 0.5269  0.0000 135750000  -3409866.7 -35.2 -47738133.8
RET5.2  Biomass to Abundance Ratio AP 0.2216  0.03%0 29 0.6 26.8 7.8
RET5.2 Tota abundance AP 0.4336  0.0420 7429901 436136.1 822 61059055
RET5.2  Total biomass AP 0.7546  0.0005 225427404 19196870.3 119.2 268756184.2
RET5.2  Chlorophyte biomass BP 0.7564  0.0000 3434150 72264862  2946.0 101170807.2
RET5.2  Cryptophyte biomass BP 0.3709  0.0000 21067355  3251457.0 216.1 45520397.6
RET5.2  Cyanophyte biomass BP 0.0863  0.9404 2802792 -1173.6 -0.6 -16430.4
RET5.2 Diatom biomass BP 0.9826  0.0011 179367413  9187800.1 717 128629201.0
RET5.2  Dinoflagellate biomass BP 0.2479  0.2345 1148416 0.0 0.0 0.0
RET5.2 Margalef Diversity Index BP 0.1027  0.4368 2 0.0 8.8 0.1
RET5.2  Picoplankton biomass BP 0.8143  0.0002 120900000 -3876785.7 -44.9 -54274999.8
RET5.2  Biomass to Abundance Ratio BP 0.7081  0.0010 35 1.0 41.0 14.4
RET5.2 Tota abundance BP 0.9809  0.0034 12001736 566274.4 66.1  7927841.0
RET5.2 Total biomass BP 0.8683  0.0000 328758431 26791674.4 114.1 375083441.6
LES.5 Chlorophyte biomass AP 0.7764  0.0000 377 129518.3 515379.4 1942774.4
LE55 COCCO_C AP . 0.7098 0 0.0 . 0.0
LE5.5 Cryptophyte biomass AP 0.1254  0.9236 49502853 28234.6 0.9 423518.6
LE5.5 Cyanophyte biomass AP 0.7401  0.0153 7636 324.3 63.7 4864.1
LE5.5 Diatom biomass AP 0.0005 0.0003 125116401  9999275.7 119.9 149989135.1
LE55 Dinoflagellate biomass AP 0.6109 0.3519 58693696 970577.6 24.8  14558663.7
LE5.5 Margalef Diversity Index AP 0.2224  0.6813 2 0.0 0.0 0.0
LE5.5 Picoplankton biomass AP 0.9005 0.3636 163200000 -355000.0 -3.3  -5325000.0
LE5.5 Biomass to Abundance Ratio AP 0.4002  0.3662 67 -0.8 -18.1 -12.2
LE55 Tota abundance AP 0.0139 0.0062 4689301 156775.4 50.2 23516309
LE5.5 Total biomass AP 0.0632  0.0519 363197245 10349033.6 42.7 155235504.0
LE55 Chlorophyte biomass BP 0.9320  0.0000 364770 104089.0 4280  1561335.2
LE5.5 COCCO_C BP 0.9979  0.3708 0 0.0 . 0.0
LE55 Cryptophyte biomass BP 0.9446  0.0000 30862669  1656819.6 80.5 24852294.2
LE5.5 Cyanophyte biomass BP 0.9211  0.1004 6415 0.0 0.0 0.0
LES.5 Diatom biomass BP 0.0837 0.0057 185584033 12971424.1 104.8 194571361.5
LE55 Dinoflagellate biomass BP 0.4025 0.0000 37760238  4253885.7 169.0 63808285.1
LE5.5 Margalef Diversity Index BP 0.6717  0.1004 2 0.0 6.2 0.2
LE5.5 Picoplankton biomass BP 0.0355 0.6222 88500000 -429000.0 -7.3  -6435000.0
LE5.5 Biomass to Abundance Ratio BP 0.1614  0.3662 75 11 22.7 17.0
LE5.5 Tota abundance BP 0.5897  0.0001 4108135 214639.9 784  3219598.1
LE5.5 Total biomass BP 0.2886  0.0005 298432511  19200284.0 96.5 288004260.0
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Appendix B.

Continued

Elizabeth River Stations

Homogeneity SK Test Absolute
Station  Parameter Layer TestpVaue pVaue Baseline Slope % Change Change
SBE5 Chlorophyte biomass AP 0.9741  0.0004 222571 90108.0 445.3 991188.3
SBE5 Cryptophyte biomass AP 0.2894  0.0668 34072213  1022156.6 33.0 11243722.3
SBE5 Cyanophyte biomass AP 0.5679  0.0042 84341 21685.3 282.8 238538.6
SBE5 Diatom biomass AP 0.2330 0.0074 67132283  4793271.1 785 52725982.0
SBE5 Dinoflagellate biomass AP 0.7386  0.0065 20060675 -992005.5 -54.4  -10912060.7
SBE5 Margalef Diversity Index AP 0.4174  0.9518 2 0.0 0.0 0.0
SBE5 Picoplankton biomass AP 0.9974  0.0039 29325000 -417714.4 -15.7  -4594858.2
SBE5 Biomass to Abundance Ratio AP 0.4724  0.0074 57 -1.7 -32.3 -18.3
SBES Tota abundance AP 0.4992 0.0002 2747945 240205.7 96.2 2642262.4
SBES Total biomass AP 0.3066 0.3647 161664283 3705599.1 25.2  40761590.5
SBES Chlorophyte biomass BP 0.8838 0.0000 34350 282000.6 9030.6 3102007.0
SBES Cryptophyte biomass BP 0.9070 0.1027 15747968 881165.0 61.6 9692815.3
SBES Cyanophyte biomass BP 0.4268 0.0000 9346 23136.8 2723.3 254504.8
SBES Diatom biomass BP 0.8356 0.2857 74910591 2022890.4 29.7 222517944
SBES Dinoflagellate biomass BP 0.1650 0.0040 33567816 -1790404.0 -58.7 -19694444.0
SBES Margalef Diversity Index BP 0.0825  0.7019 2 -0.0 -4.8 -0.1
SBES Picoplankton biomass BP 0.7549 0.0013 32625000 -543000.0 -18.3  -5973000.0
SBES Biomass to Abundance Ratio BP 0.9484  0.0000 61 -2.3 -41.7 -25.3
SBE5 Tota abundance BP 0.9592 0.0051 3136272 180210.0 63.2  1982310.0
SBE5 Tota biomass BP 0.9622  0.6145 182757614  1606989.0 9.7 17676879.0
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Appendix B. Continued
York River Stations
Homogeneity SK Test Absolute
Station  Parameter Layer TestpVaue pVaue Basdine Slope % Change Change
TF4.2 Chlorophyte biomass AP 0.5997  0.0000 653485 483691.1 962.2 6287984.8
TF4.2 Cryptophyte biomass AP 0.8163 0.0000 19395405 2657147.5 178.1 34542917.5
TF4.2 Cyanophyte biomass AP 0.2871  0.0198 310873 16938.2 70.8 220197.1
TF4.2 Diatom biomass AP 0.9603 0.7024 91906377 -221156.6 -3.1  -2875035.8
TF4.2 Dinoflagellate biomass AP 0.2051 0.0761 1533926 0.0 0.0 0.0
TF4.2 Margalef Diversity Index AP 0.4801 0.6537 2 -0.0 -7.0 -0.1
TF4.2 Picoplankton biomass AP 0.7134  0.0134 38550000 -586000.0 -19.8  -7618000.0
TF4.2 Biomass to Abundance Ratio AP 0.0656  0.1223 40 -0.8 -254 -10.3
TF4.2 Total abundance AP 0.6527 0.0003 3514434 191701.3 70.9 2492117.3
TF4.2 Total biomass AP 0.3320 0.0091 137350389 6615752.6 62.6 86004783.4
TF4.2 Chlorophyte biomass BP 0.6804 0.0000 1369780 876757.8 832.1 11397850.9
TF4.2 Cryptophyte biomass BP 0.9964  0.0000 10031312 2929602.0 379.7 38084826.0
TF4.2 Cyanophyte biomass BP 0.6310 0.6386 1459123 2823.0 25 36699.5
TF4.2 Diatom biomass BP 0.1609 0.6755 99263985 661949.9 8.7 8605348.1
TF4.2 Dinoflagellate biomass BP 0.9098 0.0563 1439040 0.0 0.0 0.0
TF4.2 Margalef Diversity Index BP 0.8617 0.0335 2 -0.0 -14.1 -0.3
TF4.2 Picoplankton biomass BP 0.4808 0.0134 36075000 -396506.3 -14.3  -5154581.3
TF4.2 Biomass to Abundance Ratio BP 0.0823 0.0027 42 -1.7 -53.2 -22.5
TF4.2 Total abundance BP 0.8577 0.0001 3800872 223049.0 76.3 2899637.0
TF4.2 Total biomass BP 0.9500 0.0017 158415148 6259240.4 51.4 81370125.5
RET4.3  Chlorophyte biomass AP 0.8276  0.0000 1404 615997.0 614172.0 8623958.0
RET4.3  Cryptophyte biomass AP 0.9238  0.0004 50000442 3011943.8 84.3 421672125
RET4.3  Cyanophyte biomass AP 0.7432 03110 1270981 20707.1 228 289900.0
RET4.3 Diatom biomass AP 0.0108  0.0571 182554512 6146075.3 47.1 86045054.5
RET4.3  Dinoflagellate biomass AP 0.6191  0.7435 111096063 -78477.2 -1.0  -1098680.8
RET4.3 Margalef Diversity Index AP 0.0739  0.9763 2 0.0 0.0 0.0
RET4.3  Picoplankton biomass AP 0.9138  0.0067 85350000 -1046850.0 -17.2  -14655900.0
RET4.3 Biomassto Abundance Ratio AP 0.9441 0.0432 52 -0.8 -22.2 -11.6
RET4.3 Tota abundance AP 0.9606  0.0002 7856296 383354.6 68.3 5366963.8
RET4.3 Tota biomass AP 0.4787  0.0403 411832773 11073578.6 37.6 155030100.4
RET4.3  Chlorophyte biomass BP 0.5978  0.0000 384126 315063.0 1148.3 4410881.9
RET4.3  Cryptophyte biomass BP 0.6246  0.0000 36749642 3990285.3 152.0 55863993.5
RET4.3  Cyanophyte biomass BP 0.9635 0.1496 1533975 37611.0 34.3 526554.3
RET4.3 Diatom biomass BP 0.6789  0.0003 362882403 15605874.4 60.2 218482241.6
RET4.3  Dinoflagellate biomass BP 0.4919 0.0040 33172154 -269423.7 -11.4  -3771931.2
RET4.3 Margalef Diversity Index BP 05716  0.0932 2 -0.0 -16.5 -0.3
RET4.3  Picoplankton biomass BP 0.8068  0.0102 97350000 -663750.0 -9.6  -9292500.0
RET4.3  Biomassto Abundance Ratio BP 0.3664  0.0000 49 -14 -39.9 -19.6
RET4.3 Tota abundance BP 0.9620 0.0000 8105578 671324.2 116.0 9398538.5
RET4.3 Tota biomass BP 0.8869  0.0006 522433928 20335092.9 54.5 284691300.6
WE4.2  Chlorophyte biomass AP 0.8833  0.0000 71432 977736  2053.2 1466603.4
WE4.2 Cryptophyte biomass AP 0.2206 0.3349 73551784 -773474.0 -15.8 -11602110.0
WE4.2  Cyanophyte biomass AP 0.7919  0.3622 980 0.0 0.0 0.0
WE4.2  Diatom biomass AP 0.2496  0.0037 181271336 8895191.9 73.6 133427878.8
WE4.2  Dinoflagellate biomass AP 0.0890  0.3855 142101851 1863040.5 19.7  27945608.0
WE4.2  Margalef Diversity Index AP 0.7621  0.8363 3 0.0 0.0 0.0
WE4.2  Picoplankton biomass AP 0.8754  0.9656 79050000 32750.0 0.6 491250.0
WE4.2  Biomassto Abundance Ratio AP 0.6177  0.4324 87 -0.6 -10.2 -8.9
WE4.2  Total abundance AP 0.9426 01196 5389641 78208.9 21.8 1173133.4
WE4.2  Tota biomass AP 0.3468  0.0712 486448461 12576504.8 38.8 188647572.0
WE4.2  Chlorophyte biomass BP 0.4907  0.0000 3396 48014.1 21208.6 720210.9
WE4.2 Cryptophyte biomass BP 0.1154 0.2472 31557947 440087.8 20.9 6601317.3
WE4.2  Cyanophyte biomass BP 0.5165  0.0309 3219 0.0 0.0 0.0
WE4.2 Diatom biomass BP 0.0982 0.0100 232039851 7405162.6 47.9 111077438.7
WE4.2  Dinoflagellate biomass BP 0.3552 0.4164 89921139 285900.8 48  4288511.9
WE4.2  Margalef Diversity Index BP 09765 05174 3 0.0 0.0 0.0
WE4.2  Picoplankton biomass BP 0.5063  0.7625 73350000 -117937.5 -24  -1769062.5
WE4.2  Biomassto Abundance Ratio BP 0.6321  0.5174 73 -0.6 -12.3 -9.0
WE4.2  Total abundance BP 0.1584 0.0100 5158877 126935.4 36.9 1904031.0
WE4.2  Tota biomass BP 0.2606  0.0072 359511131 12103497.7 50.5 181552465.5
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Appendix B. Continued
Rappahannock River Stations

Homogeneity SK Test Absolute
Station  Parameter Layer TestpVaue pVaue Basdine Slope % Change Change
TF3.3 Chlorophyte biomass AP 0.8800 0.0000 2031977 2529885.3  1743.1 35418393.6
TF3.3 Cryptophyte biomass AP 0.9984 0.0000 30983199 3025672.5 136.7 42359414.4
TF3.3 Cyanophyte biomass AP 0.6672 0.0000 1846739 321123.6 2434  4495730.5
TF3.3 Diatom biomass AP 0.3047 0.0000 95472700 18713822.1 274.4 261993509.4
TF3.3 Dinoflagellate biomass AP 0.8282 0.5922 1974284 0.0 0.0 0.0
TF3.3 Margalef Diversity Index AP 0.9178 0.0499 2 0.0 18.2 0.3
TF3.3 Picoplankton biomass AP 0.1748  0.0702 102900000 1194428.6 16.3 16722000.0
TF3.3 Biomass to Abundance Ratio AP 0.6087 0.7306 39 -0.1 -4.3 -1.7
TF3.3 Tota abundance AP 0.5151 0.0000 4890501 904850.0 259.0 12667900.0
TF3.3 Total biomass AP 0.4935  0.0000 138094644 29175228.9 295.8 408453204.6
TF3.3 Chlorophyte biomass BP 0.9887  0.0000 989670 27363379 38709 38308730.9
TF3.3 Cryptophyte biomass BP 0.8800 0.0000 18773183 3765042.5 280.8 52710595.4
TF3.3 Cyanophyte biomass BP 0.9312 0.0348 1820222 177311.4 136.4 2482359.6
TF3.3 Diatom biomass BP 0.2068  0.0000 107830094 21599674.3 280.4 302395440.2
TF3.3 Dinoflagellate biomass BP 0.7653  0.5485 1162148 0.0 0.0 0.0
TF3.3 Margalef Diversity Index BP 0.8725  0.0173 2 0.0 16.5 0.3
TF3.3 Picoplankton biomass BP 0.7746  0.2892 89400000 748521.4 11.7 10479300.0
TF3.3 Biomass to Abundance Ratio BP 0.9443  0.7991 39 0.1 29 11
TF3.3 Tota abundance BP 0.9349 0.0000 4248219 1228585.2 4049 17200192.8
TF3.3 Total biomass BP 0.8820  0.0000 177600202 38636544.9 304.6 540911628.6
RET3.1  Chlorophyte biomass AP 0.5953  0.0000 965711 1055600.0  1530.3 14778400.4
RET3.1 Cryptophyte biomass AP 0.3621 0.0141 49379466 2475131.6 70.2 34651842.0
RET3.1 Cyanophyte biomass AP 0.2732 0.0993 1777139 69206.6 54.5 968891.7
RET3.1 Diatom biomass AP 0.4648  0.0081 134987136 9258603.7 96.0 129620451.1
RET3.1 Dinoflagellate biomass AP 0.7396  0.0002 78201798 -798097.9 -14.3 -11173370.9
RET3.1 Margaef Diversity Index AP 0.8607 0.3611 2 0.0 8.0 0.1
RET3.1  Picoplankton biomass AP 0.9169 0.1576 153000000 1217237.5 111 17041325.0
RET3.1 Biomassto Abundance Ratio AP 0.7788  0.0056 53 -11 -29.9 -16.0
RET3.1 Tota abundance AP 0.7052 0.0000 6640168 756487.7 159.5 10590827.8
RET3.1 Tota biomass AP 0.3620  0.0257 440704222 13968895.1 44.4 195564531.4
RET3.1  Chlorophyte biomass BP 0.9040  0.0000 56621 807344.7 19962.3 11302825.7
RET3.1  Cryptophyte biomass BP 0.4591  0.0000 28638216 4337890.8 212.1 607304711
RET3.1 Cyanophyte biomass BP 0.8727 0.0118 1230414 104116.0 1185 1457623.9
RET3.1 Diatom biomass BP 0.1224 0.0001 172597463 15411875.9 125.0 215766262.6
RET3.1 Dinoflagellate biomass BP 0.9971 0.2996 34797461 -69645.4 -2.8 -975035.0
RET3.1 Margalef Diversity Index BP 0.8367 0.0278 1 0.0 219 0.3
RET3.1 Picoplankton biomass BP 0.7042  0.2331 180000000 910575.0 7.1 12748050.0
RET3.1 Biomassto Abundance Ratio BP 0.2721 0.6642 42 -0.2 -7.9 -34
RET3.1 Tota abundance BP 0.9430 0.0000 4932382 926321.0 2629 12968494.0
RET3.1 Tota biomass BP 0.3795  0.0000 325417000 30403150.6 130.8 425644108.4
LE3.6 Chlorophyte biomass AP 0.5221  0.0000 186615 54282.8 436.3 814242.6
LE3.6 Cryptophyte biomass AP 0.1862 0.4791 63403537 -384811.9 -9.1 -5772178.4
LE3.6 Cyanophyte biomass AP 0.3968  0.0392 13953 0.0 0.0 0.0
LE3.6 Diatom biomass AP 0.8084 0.5695 253756066 2118415.4 125 31776231.2
LE3.6 Dinoflagellate biomass AP 0.0406  0.0237 147931692 5567805.7 56.5 83517085.1
LE3.6 Margalef Diversity Index AP 0.5471 0.4966 2 0.0 6.7 0.2
LE3.6 Picoplankton biomass AP 0.5618  0.2223 284025000 -820582.5 -4.3 -12308737.5
LE3.6 Biomass to Abundance Ratio AP 0.4035  0.0650 119 -1.9 -23.2 -27.8
LE3.6 Tota abundance AP 0.8016  0.0237 4510279 151026.8 50.2 2265402.3
LE3.6 Total biomass AP 0.6551 0.5695 673771837 4148183.6 9.2 62222754.6
LE3.6 Chlorophyte biomass BP 0.9135  0.0000 188759 24954.7 198.3 374321.1
LE3.6 Cryptophyte biomass BP 0.9229 0.0144 38185105 918763.4 36.1 137814515
LE3.6 Cyanophyte biomass BP 0.9777  0.0006 8956 1959.5 328.2 29392.5
LE3.6 Diatom biomass BP 0.3721 0.0932 200681301 5142969.9 38.4 77144548.4
LE3.6 Dinoflagellate biomass BP 0.5440 0.0067 108208898 4085105.9 56.6 61276588.5
LE3.6 Margalef Diversity Index BP 0.4690 0.5382 2 -0.0 -6.3 -0.2
LE3.6 Picoplankton biomass BP 0.7770  0.0896 122100000  -1247700.0 -15.3 -18715500.0
LE3.6 Biomass to Abundance Ratio BP 0.3127 0.1239 134 -1.9 -21.2 -28.4
LE3.6 Tota abundance BP 0.6228  0.0002 4744595 187197.6 59.2 2807964.5
LE3.6 Total biomass BP 0.3958  0.0359 438656027 12743919.7 436 191158795.5
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Appendix C. Results of Seasonal Kendall (SK) trend tests and Van Belle and Hughs test for homogeneity of trends forC* productivity
bioindicators for the period of 1985 through 2000.

Homogeneity SK Test Absolute
Station Parameter Layer TestpVaue pVaue Basdine Slope % Change Change
CB6.1 C™ Productivity AP 0.9823 0.0184 19.0 -13 -77.0 -14.6
CB6.4 C™ Productivity AP 0.7800  0.0017 27.6 -19 -76.4 -21.1
CB7.3E  CProductivity AP 0.6438  0.0351 19.2 -12 -71.2 -136
CB7.4 C™ Productivity AP 0.9120 0.2758 10.7 -05 -49.3 -53
LE36 C™ Productivity AP 0.9767  0.0010 34.2 -2.0 -64.3 -22.0
LE55 C™ Productivity AP 0.5660  0.0000 46.8 -33 -77.8 -36.4
RET3.1  CProductivity AP 0.8915 0.3771 52.1 -0.8 -16.0 -8.4
RET4.3  C"Productivity AP 0.7834  0.1710 224 -0.7 -36.3 -8.1
RET5.2  C"Productivity AP 0.0327  0.0000 134.7 -5.6 -45.7 -61.5
SBE5 C™ Productivity AP 0.9504  0.0000 62.7 -3.1 -44.4 -27.8
TF3.3 C™ Productivity AP 0.7359  0.0850 44.9 -0.9 -22.8 -10.2
TF4.2 C™ Productivity AP 0.8165  0.0027 9.1 -05 -59.0 -5.4
TF5.5 C™ Productivity AP 0.2888  0.1048 39.9 -0.8 -22.3 -8.9
WE4.2 C™ Productivity AP 0.9507  0.0004 50.8 2.4 -51.5 -26.2
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Appendix D. Results of Seasonal Kendall (SK) trend tests and VVan Belle and Hughs test for homogeneity of trends for microzooplankton

bioindicators for the period of 1985 through 2000.

Chesapeake Bay Main stem Stations

Homogeneity SK Test Absolute
Station  Parameter Layer Test p Value p Value Baseline Slope % Change  Change
CB6.1  Barnacle Nauplii AP 0.8935 0.1218 0.79 0.00 0.00 0.00
CB6.1 Copepod Nauplii AP 0.3782 0.0100 112.35 -2.68 -16.67 -18.73
CB6.1 Cladoceran Abundance AP 0.1309 0.6361 0.38 0.00 0.00 0.00
CB6.1 Oligotrich abundance AP 0.6003 0.5087 2050.69 -48.75 -16.64 -341.25
CB6.1 Larval Polychaete Abundance AP 0.5633 0.8504 4.23 0.00 0.00 0.00
CB6.1  Rotifer abundance AP 0.3123 0.0009 80.54 4.88 42.37 34.13
CB6.1 Sarcodina abundance AP 0.3062 0.1724 1.75 0.00 0.00 0.00
CB6.1 Tintinnid abundance AP 0.5282 0.0474 2106.63 -72.00 -23.92  -504.00
CB6.1 Total Microzooplankton Abundance AP 0.1360 0.3398 4357.35 -148.75 -23.90 -1041.25
CB6.1 Total Microzooplankton Biomass AP 0.5456 0.6073 37.40 0.46 8.55 3.20
CB6.4 Barnacle Nauplii AP 0.4830 0.5283 0.63 0.00 0.00 0.00
CB6.4  Copepod Nauplii AP 0.2659 0.1768 96.81 -1.75 -1265  -12.25
CB6.4  Cladoceran Abundance AP 0.7237 0.0771 0.25 0.00 0.00 0.00
CB6.4 Oligotrich abundance AP 0.8401 0.0724 2218.50 -160.65 -50.69 -1124.52
CB6.4 Larval Polychaete Abundance AP 0.4864 0.3375 5.19 -0.05 -6.75 -0.35
CB6.4 Rotifer abundance AP 0.4728 0.0023 49.38 6.63 93.92 46.38
CB6.4  Sarcodinaabundance AP 0.6322 0.1318 0.00 0.00 . 0.00
CB6.4  Tintinnid abundance AP 0.5000 0.0033 2262.69  -124.92 -38.65 -874.42
CB6.4  Tota Microzooplankton Abundance AP 0.6323 0.0090 4633.44 -364.71 -55.10 -2552.96
CB6.4  Tota Microzooplankton Biomass AP 0.6035 0.7440 35.76 -0.19 -3.80 -1.36
CB7.4  Barnacle Nauplii AP 0.7765 0.2295 0.25 0.00 0.00 0.00
CB7.4 Copepod Nauplii AP 0.8984 0.0014 122.83 -6.00 -34.19 -42.00
CB7.4 Cladoceran Abundance AP 0.0800 0.6885 2.17 0.00 0.00 0.00
CB7.4  Oligotrich abundance AP 0.5819 0.1863 1965.08 97.04 3457 679.29
CB7.4 Larval Polychaete Abundance AP 0.7360 0.0432 6.75 -0.13 -13.90 -0.94
CB7.4  Rotifer abundance AP 0.9783 0.0439 27.88 0.95 23.86 6.65
CB7.4 Sarcodina abundance AP 0.3043 0.2396 0.21 0.00 0.00 0.00
CB7.4 Tintinnid abundance AP 0.5110 0.1231 3055.21 -71.50 -16.38  -500.50
CB7.4 Total Microzooplankton Abundance AP 0.0740 0.9415 5180.38 36.54 494  255.79
CB7.4 Total Microzooplankton Biomass AP 0.6697 0.1231 40.17 -1.28 -22.22 -8.93
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Appendix D. Continued

James River Stations

Homogeneity SK Test Absolute
Station _Parameter Layer Test p Value p Vaue Baseline Slope_ % Change _ Change
TF5.5 Barnacle Nauplii AP 0.8364 0.0333 0.04 0.00 0.00 0.00
TF55  Copepod Nauplii AP 0.3113 0.5661 58.46 0.35 413 2.42
TF5.5 Cladoceran abundance AP 0.1748 0.1369 17.04 0.00 0.00 0.00
TF5.5 Oligotrich abundance AP 0.5824 0.3914 2310.04 -55.08 -16.69 -385.58
TF5.5 Larval Polychaete Abundance AP 0.3885 0.6169 0.25 0.00 0.00 0.00
TF5.5 Rotifer abundance AP 0.9550 0.0414 789.13 8.94 7.93 62.57
TF5.5  Sarcodinaabundancea abundance AP 0.9809 0.0152 0.00 0.00 . 0.00
TF5.5 Tintinnid abundance AP 0.9993 0.1861 1420.08 40.63 20.03  284.38
TF5.5 Total Microzooplankton Abundance AP 0.9976 0.3914 4595.04 49.75 758 34825
TF5.5 Total Microzooplankton Biomass AP 0.8467 0.0538 102.75 2.34 15.95 16.39
RET5.2 Barnacle Nauplii AP 0.9525 0.0010 0.33 0.00 0.00 0.00
RET5.2  Copepod Nauplii AP 0.4182 0.1857 115.54 -2.13 -12.92 -14.93
RET5.2  Cladoceran Abundance AP 0.1443 0.0002 16.67 0.00 0.00 0.00
RET5.2  Oligotrich abundance AP 0.9244 0.8257 2005.17 -3.27 -114 2292
RET5.2 Larva Polychaete Abundance AP 0.5830 0.0361 2.38 0.00 0.00 0.00
RET5.2 Rotifer abundance AP 0.2599 0.2708 404.83 -9.92 -17.15  -69.42
RET5.2  Sarcodina abundance AP 0.6806 0.2012 0.08 0.00 0.00 0.00
RET5.2  Tintinnid abundance AP 0.2224 0.3040 3089.92 75.13 17.02  525.88
RET5.2  Totd Microzooplankton Abundance AP 0.7903 0.8833 5634.92 24.00 298 168.00
RET5.2  Tota Microzooplankton Biomass AP 0.0729 0.1863 81.09 -2.23 -19.21 -15.58
LE5.5 Barnacle Nauplii AP 0.5593 0.0599 1.63 0.00 0.00 0.00
LE5.5 Copepod Nauplii AP 0.6804 0.0290 104.48 -3.00 -20.10  -21.00
LE5.5 Cladoceran Abundance AP 0.9961 0.0009 0.67 0.00 0.00 0.00
LE5.5 Oligotrich abundance AP 0.7504 0.3283 2567.00 98.00 26.72 686.00
LE5.5 Larval Polychaete Abundance AP 0.0849 0.0058 19.00 -0.70 -25.79 -4.90
LE5.5 Rotifer abundance AP 0.2572 0.0013 94.40 13.50 100.11 94.50
LE5.5 Sarcodina abundance AP 0.9894 0.6162 258 0.00 0.00 0.00
LE5.5 Tintinnid abundance AP 0.6234 0.2322 2027.15 -66.25 -22.88  -463.75
LE5.5 Total Microzooplankton Abundance AP 0.6237 0.6379 4816.90 61.88 899 43313
LE5.5 Total Microzooplankton Biomass AP 0.8487 0.3283 56.31 1.77 21.98 12.38
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Appendix D. Continued
Elizabeth River Stations

Homogeneity SK Test Absolute
Station  Parameter Layer Test p Value p Vaue Baseline Slope % Change  Change
SBE5 Barnacle Nauplii AP 0.7464 0.0931 175 0.00 0.00 0.00
SBE5 Copepod Nauplii AP 0.3266 0.0122 79.71 -3.90 -3425  -27.30
SBES Cladoceran Abundance AP 0.9385 0.1658 0.00 0.00 . 0.00
SBES Oligotrich abundance AP 0.9255 0.0010 5278.79 -229.25 -30.40 -1604.75
SBES Larval Polychaete Abundance AP 0.3421 0.0111 10.08 -0.50 -34.71 -3.50
SBE5 Rotifer abundance AP 0.4613 0.8861 96.50 -0.04 -0.30 -0.29
SBE5 Sarcodina abundance AP 0.8451 0.0097 0.29 0.00 0.00 0.00
SBE5 Tintinnid abundance AP 0.5534 0.0137 1076.00 -49.00 -31.88  -343.00
SBE5 Total Microzooplankton Abundance AP 0.9219 0.0001 6543.13 -337.13 -36.07 -2359.88
SBE5 Total Microzooplankton Biomass AP 0.6935 0.0013 56.30 -3.70 -4595  -25.87
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Appendix D. Continued
York River Stations

Homogeneity SK Test Absolute
Station _Parameter Layer Test p Value p Vaue Baseline Slope_ % Change _ Change
TF4.2 Barnacle Nauplii AP 0.2629 0.0335 0.54 0.00 0.00 0.00
TF4.2 Copepod Nauplii AP 0.5615 0.4166 50.79 -0.35 -4.88 -2.48
TF4.2 Cladoceran Abundance AP 0.9945 0.0000 18.46 -0.25 -9.48 -1.75
TF4.2  Oligotrich abundance AP 0.0991 0.2708 1521.96 -52.00 -23.92  -364.00
TF4.2 Larval Polychaete Abundance AP 0.2783 0.1293 0.50 0.00 0.00 0.00
TF4.2 Rotifer abundance AP 0.3948 0.0908 275.21 -2.62 -6.66  -18.32
TF4.2 Sarcodina abundance AP 0.9325 0.1439 0.00 0.00 . 0.00
TF4.2 Tintinnid abundance AP 0.9427 0.7968 959.29 0.40 0.29 2.80
TF4.2 Total Microzooplankton Abundance AP 0.1871 0.8257 2826.75 11.67 2.89 81.67
TF4.2 Total Microzooplankton Biomass AP 0.6000 0.1231 56.66 -0.81 -9.95 -5.64
RET4.3 Barnacle Nauplii AP 0.4365 0.1742 0.42 0.00 0.00 0.00
RET4.3  Copepod Nauplii AP 0.9757 0.1020 122.58 -1.90 -10.85 -13.30
RET4.3 Cladoceran Abundance AP 0.1407 0.0090 242 0.00 0.00 0.00
RET4.3  Oligotrich abundance AP 0.7734 0.9408 3236.25 -11.92 -258  -8342
RET4.3 Larva Polychaete Abundance AP 0.3913 0.0156 3.58 0.00 0.00 0.00
RET4.3 Rotifer abundance AP 0.7090 0.0174 142.67 14.42 70.74  100.92
RET4.3  Sarcodinaabundance AP 0.2837 0.7765 2.67 0.00 0.00 0.00
RET4.3  Tintinnid abundance AP 0.6867 0.2350 1964.33 90.33 3219 63233
RET4.3 Totd Microzooplankton Abundance AP 0.2151 0.6034 5474.92 113.10 1446  791.69
RET4.3 Tota Microzooplankton Biomass AP 0.0987 0.2350 49.96 1.66 23.20 11.59
WE4.2  Barnacle Nauplii AP 0.2880 0.7497 142 0.00 0.00 0.00
WE4.2  Copepod Nauplii AP 0.8988 0.0547 124.00 -3.00 -16.94  -21.00
WEA4.2  Cladoceran abundance AP 0.1166 0.4945 0.42 0.00 0.00 0.00
WEA4.2  Oligotrich abundance AP 0.1966 0.5383 2613.04 27.50 737 19250
WE4.2  Larval Polychaete Abundance AP 0.8062 0.1519 17.75 -0.25 -9.86 -1.75
WE4.2  Rotifer abundance AP 0.5803 0.0007 124.17 11.14 62.82 78.00
WE4.2  Sarcodina abundancea abundance AP 0.2683 0.1273 1.67 0.00 0.00 0.00
WE4.2  Tintinnid abundance AP 0.8237 0.0153 2194.42 -104.75 -33.41 -733.25
WE4.2  Total Microzooplankton Abundance AP 0.1105 0.2322 5076.88 -151.33 -20.87 -1059.33
WE4.2  Totd Microzooplankton Biomass AP 0.3176 0.2322 59.20 211 24.94 14.76
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Appendix D. Continued
Rappahannock River Stations

Homogeneity SK Test Absolute
Station _Parameter Layer Test p Value p Vaue Baseline Slope_ % Change _ Change
TF3.3 Barnacle Nauplii AP 0.9582 0.0048 0.19 0.00 0.00 0.00
TF3.3  Copepod Nauplii AP 0.8179 0.0851 93.25 5.96 472 471
TF3.3 Cladoceran Abundance AP 0.1975 0.0001 24.19 -0.20 -5.79 -1.40
TF3.3 Oligotrich abundance AP 0.9330 0.7371 1955.50 -48.21 -17.26  -337.46
TF3.3 Larval Polychaete Abundance AP 0.6192 0.6306 4.75 0.00 0.00 0.00
TF3.3 Rotifer abundance AP 0.2422 0.9665 535.69 -0.25 -0.33 -1.75
TF3.3 Sarcodina abundance AP 0.7198 0.2487 0.00 0.00 . 0.00
TF3.3 Tintinnid abundance AP 0.5561 0.2233 3483.88 125.88 2529 88113
TF3.3 Total Microzooplankton Abundance AP 0.5908 0.2401 6097.44 263.19 30.21 1842.32
TF3.3 Total Microzooplankton Biomass AP 0.1562 0.0780 100.99 3.77 26.15 26.40
RET3.1 Barnacle Nauplii AP 0.8094 0.0476 0.88 0.00 0.00 0.00
RET3.1 Copepod Nauplii AP 0.8968 0.4753 162.56 -1.00 -4.31 -7.00
RET3.1 Cladoceran Abundance AP 0.8019 0.0148 208.31 0.00 0.00 0.00
RET3.1  Oligotrich abundance AP 0.4066 0.8337 2248.25 21.65 6.74 15152
RET3.1 Larva Polychaete Abundance AP 0.3720 0.0179 5.50 0.00 0.00 0.00
RET3.1 Rotifer abundance AP 0.2341 0.8995 385.94 0.17 0.30 117
RET3.1 Sarcodinaabundance AP 0.7918 0.0273 0.00 0.00 . 0.00
RET3.1 Tintinnid abundance AP 0.8257 0.5020 3684.06 94.58 17.97 662.08
RET3.1 Totd Microzooplankton Abundance AP 0.8036 0.1537 6695.50 421.83 4410 2952.83
RET3.1 Tota Microzooplankton Biomass AP 0.1056 0.2753 281.36 3.01 7.49 21.08
LE3.6 Barnacle Nauplii AP 0.5435 0.7354 1.38 0.00 0.00 0.00
LE3.6 Copepod Nauplii AP 0.7858 0.8681 69.63 -0.13 -1.26 -0.88
LE3.6 Cladoceran Abundance AP 0.3675 0.2412 0.00 0.00 . 0.00
LE3.6 Oligotrich abundance AP 0.2452 0.8685 2205.25 -6.33 -2.01 -44.33
LE3.6 Larval Polychaete Abundance AP 0.1522 0.1054 6.81 -0.23 -23.84 -1.62
LE3.6 Rotifer abundance AP 0.8078 0.0003 64.75 25.14 271.82 176.00
LE3.6 Sarcodina abundance AP 0.8474 0.0010 0.00 0.00 . 0.00
LE3.6 Tintinnid abundance AP 0.6403 0.0164 1768.19 -86.80 -34.36  -607.60
LE3.6 Total Microzooplankton Abundance AP 0.6064 0.4564 4116.00 -134.14 -22.81 -938.96
LE3.6 Total Microzooplankton Biomass AP 0.4966 0.0314 35.57 3.75 73.77 26.24
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Appendix E. Results of Seasonal Kendall (SK) trend tests and Van Belle and Hughs test for homogeneity of trends for benthic
bioindicators for the period of 1985 through 2000.
Chesapeake Bay Mains Stem_Stations

SK Test Absolute
Station Parameter Layer p Value Baseline Slope % Change Change
CB5.4 Benthic IBI B 0.9211 181 0.011 8.586 0.16
CB5.4 Abundance of Equilibrium Species B 0.3471 29.84 -0.727 -34.090 -10.17
CB5.4 Abundance of Opportunistic Species B 0.5862 36.32 0.266 10.269 3.73
CB5.4 Total Infaunal Abundance B 0.1020 333.90 50.880 213.333 712.32
CB5.4 Total Infaunal Biomass B 1.0000 0.44 0.000 0.000 0.00
CB5.4 Biomass of Equilibrium Species B 0.1250 29.89 -1.555 -72.824 -21.77
CB5.4 Biomass of Opportunistic Species B 0.2987 33.95 -0.730 -30.082 -10.21
CB5.4 Shannon Weiner Diversity Index B 0.4002 171 0.019 15.392 0.26
CB6.1 Benthic IBI B 0.7281 3.58 -0.019 -7.235 -0.26
CB6.1 Abundance of Equilibrium Species B 0.6560 34.86 -0.444 -17.827 -6.21
CB6.1 Abundance of Opportunistic Species B 0.1025 16.08 0.848 73.866 11.88
CB6.1 Total Infaunal Abundance B 0.0035 1488.24 131.440 123.647 1840.16
CB6.1 Total Infaunal Biomass B 0.8046 10.82 -0.083 -10.701 -1.16
CB6.1 Biomass of Equilibrium Species B 0.1250 43.49 -2.626 -84.531 -36.76
CB6.1 Biomass of Opportunistic Species B 0.0425 1.70 0.773 636.424 10.82
CB6.1 Shannon Weiner Diversity Index B 0.0260 2.64 0.036 18.826 0.50
CB6.4 Benthic IBI B 0.6553 4.47 -0.022 -6.953 -0.31
CB6.4 Abundance of Equilibrium Species B 0.5862 49.63 -0.402 -11.334 -5.63
CB6.4 Abundance of Opportunistic Species B 0.5862 16.91 -0.675 -55.884 -9.45
CB6.4 Total Infaunal Abundance B 0.0200 1640.88 265.652 226.655 3719.13
CB6.4 Total Infaunal Biomass B 0.1372 5.35 -0.221 -57.910 -3.10
CB6.4 Biomass of Equilibrium Species B 0.0116 83.36 -2.928 -49.175 -40.99
CB6.4 Biomass of Opportunistic Species B 0.5200 1.39 0.173 173.741 242
CB6.4 Shannon Weiner Diversity Index B 0.0536 2.94 0.045 21.333 0.63
CB7.3E  BenthicIBI B 0.6108 4.22 0.000 0.000 0.00
CB7.3E  Abundance of Equilibrium Species B 0.8820 50.28 -0.056 -1.559 -0.78
CB7.3E  Abundance of Opportunistic Species B 0.0200 13.62 -0.898 -92.254 -12.57
CB7.3E  Total Infauna Abundance B 0.6918 5495.04 -26.712 -6.806 -373.97
CB7.3E  Tota Infaunal Biomass B 0.4879 1201 -0.198 -21.515 -2.78
CB7.3E  Biomassof Equilibrium Species B 0.9605 63.36 -0.016 -0.360 -0.23
CB7.3E  Biomass of Opportunistic Species B 0.1513 1.30 -0.093 -100.585 -1.31
CB7.3E  Shannon Weiner Diversity Index B 0.9605 3.72 -0.005 -1.769 -0.07
CB8.1 Benthic IBI B 0.8912 433 0.000 0.000 0.00
CB8.1 Abundance of Equilibrium Species B 0.7187 55.49 -0.145 -3.663 -2.03
CB8.1 Abundance of Opportunistic Species B 0.0052 18.00 -1.062 -82.592 -14.87
CB8.1 Total Infaunal Abundance B 0.0717 3129.12 182.850 81.809 2559.90
CB8.1 Total Infaunal Biomass B 0.1768 12.22 0.807 92.489 11.30
CB8.1 Biomass of Equilibrium Species B 0.0192 83.43 -2.729 -45.787 -38.20
CB8.1 Biomass of Opportunistic Species B 0.0871 1.07 -0.078 -101.664 -1.09
CB8.1 Shannon Weiner Diversity Index B 0.0244 3.79 0.044 16.179 0.61
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Appendix E. Continued.
James River Stations

SK Test Absolute
Station Parameter Layer p Value Baseline Slope % Change Change
TF5.5 Benthic IBI B 0.0027 213 0.107 70.131 1.49
TF5.5 Abundance of Equilibrium Species B 0.0010 0.00 1.779 2491
TF5.5 Abundance of Opportunistic Species B 0.0871 20.14 -0.856 -59.531 -11.99
TF5.5 Total Infaunal Abundance B 0.0586 1335.60 372.667 390.636 5217.34
TF5.5 Total Infaunal Biomass B 0.1143 0.34 0.056 232.235 0.79
TF5.5 Biomass of Equilibrium Species B 0.0013 0.00 3.553 . 49.75
TF5.5 Biomass of Opportunistic Species B 0.1051 43.89 -2.279 -72.705 -31.91
TF5.5 Shannon Weiner Diversity Index B 0.1051 1.18 0.046 55.051 0.65
RET5.2  Benthic IBI B 0.0187 2.00 0.057 40.180 0.80
RET5.2  Abundance of Equilibrium Species B 0.0586 10.42 0.840 112.806 11.75
RET5.2  Abundance of Opportunistic Species B 0.1145 16.67 -0.337 -28.277 -4.71
RET5.2  Tota Infaunal Abundance B 0.2599 610.56 42.013 96.334 588.18
RET5.2  Tota Infaunal Biomass B 0.2227 7.34 -0.055 -10.548 -0.77
RET5.2 Biomass of Equilibrium Species B 0.3679 28.04 0.897 44.806 12.56
RET5.2 Biomass of Opportunistic Species B 0.2105 8.42 -0.090 -14.948 -1.26
RET5.2  Shannon Weiner Diversity Index B 0.0307 1.66 0.047 39.723 0.66
LE5.1 Benthic IBI B 0.9780 3.03 0.000 0.000 0.00
LE5.1 Abundance of Equilibrium Species B 0.5018 5.57 -0.698 -125.332 -6.98
LE5.1 Abundance of Opportunistic Species B 0.0541 0.00 0.000 . 0.00
LE5.1 Total Infaunal Abundance B 0.4352 77274 28.620 37.037 286.20
LE5.1 Total Infaunal Biomass B 0.6504 0.94 -0.010 -10.106 -0.10
LE5.1 Biomass of Equilibrium Species B 0.7420 11.81 0.044 3.717 0.44
LE5.1 Biomass of Opportunistic Species B 0.1281 0.00 0.000 . 0.00
LE5.1 Shannon Weiner Diversity Index B 0.1008 1.93 0.032 16.477 0.32
LE5.2 Benthic IBI B 0.7187 3.33 0.022 9.165 0.31
LE5.2 Abundance of Equilibrium Species B 0.0586 34.48 2.182 88.596 30.55
LE5.2 Abundance of Opportunistic Species B 1.0000 17.25 -0.036 -2.889 -0.50
LE5.2 Total Infaunal Abundance B 0.1624 1221.12 54514 62.500 763.20
LE5.2 Total Infaunal Biomass B 0.4990 4.58 -0.092 -28.000 -1.28
LE5.2 Biomass of Equilibrium Species B 0.4713 40.78 1.429 49.062 20.01
LE5.2 Biomass of Opportunistic Species B 0.4713 8.76 0.149 23.797 2.08
LE5.2 Shannon Weiner Diversity Index B 0.7871 2.55 0.019 10.376 0.26
LE5.4 Benthic IBI B 0.2003 3.72 0.014 5.231 0.19
LE5.4 Abundance of Equilibrium Species B 0.7871 50.52 -0.065 -1.798 -0.91
LE5.4 Abundance of Opportunistic Species B 0.0134 1.99 -0.155 -108.975 -2.17
LE5.4 Total Infaunal Abundance B 0.8571 2528.10 5.565 3.082 77.91
LE5.4 Total Infaunal Biomass B 0.0871 22.86 -2.312 -141.586 -32.37
LE5.4 Biomass of Equilibrium Species B 0.3219 60.10 -1.306 -30.427 -18.29
LE5.4 Biomass of Opportunistic Species B 0.0992 0.51 -0.013 -34.588 -0.18
LE5.4 Shannon Weiner Diversity Index B 1.0000 3.69 0.000 -0.114 0.00
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Appendix E.

Continued.

Elizabeth River Stations

SK Test Absolute
Station Parameter Layer p Value Baseline Slope % Change Change
SBE2 Benthic IBI B 0.4009 2.00 0.032 15.900 0.32
SBE2 Abundance of Equilibrium Species B 0.0004 4.86 2.663 547.942 26.63
SBE2 Abundance of Opportunistic Species B 0.1034 71.15 -2.205 -30.996 -22.05
SBE2 Total Infaunal Abundance B 0.0199 1631.34 137.376 84.211 1373.76
SBE2 Total Infaunal Biomass B 0.4752 0.89 0.015 17.191 0.15
SBE2 Biomass of Equilibrium Species B 0.0010 6.80 3.125 459.559 31.25
SBE2 Biomass of Opportunistic Species B 0.3369 41.37 -1.032 -24.953 -10.32
SBE2 Shannon Weiner Diversity Index B 0.4519 1.78 0.027 15.337 0.27
SBES Benthic IBI B 0.0003 131 0.119 90.840 1.19
SBE5 Abundance of Equilibrium Species B 0.0000 0.00 1.819 . 18.19
SBE5S Abundance of Opportunistic Species B 0.0001 91.62 -5.367 -58.575 -53.67
SBES Total Infaunal Abundance B 0.3522 3148.20 92.625 29.421 926.25
SBES Total Infaunal Biomass B 0.1975 0.60 0.022 37.000 0.22
SBE5 Biomass of Equilibrium Species B 0.0031 0.00 2.042 . 20.42
SBE5 Biomass of Opportunistic Species B 0.0001 81.62 -5.312 -65.085 -53.12
SBE5 Shannon Weiner Diversity Index B 0.0329 114 0.074 64.737 0.74
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Appendix E. Continued.
York River Stations

SK Test Absolute
Station Parameter ayer p Value Baseline Slope % Change Change
TF4.2 Benthic IBI B 0.2207 3.00 0.042 19.600 0.59
TF4.2 Abundance of Equilibrium Species B 0.2455 12.50 0.785 87.864 10.98
TF4.2 Abundance of Opportunistic Species B 0.5804 4.17 0.026 8.561 0.36
TF4.2 Total Infaunal Abundance B 0.0034 410.22 246.848 842.442 3455.87
TF4.2 Total Infaunal Biomass B 0.0581 0.15 0.051 475.067 0.71
TF4.2 Biomass of Equilibrium Species B 0.5822 19.44 0.501 36.044 7.01
TF4.2 Biomass of Opportunistic Species B 0.6225 11.11 0.015 1.852 021
TF4.2 Shannon Weiner Diversity Index B 0.0104 0.96 0.054 79.188 0.76
RET4.3  BenthicIBI B 0.0509 3.71 -0.067 -25.208 -0.94
RET4.3  Abundance of Equilibrium Species B 0.0876 40.89 -2.365 -80.960 -33.10
RET4.3  Abundance of Opportunistic Species B 0.4641 12.91 -0.399 -43.225 -5.58
RET4.3  Tota Infaunal Abundance B 0.4641 1030.32 70.119 95.278 981.67
RET4.3  Tota Infaunal Biomass B 0.2721 4.43 -0.308 -97.210 -4.31
RET4.3 Biomass of Equilibrium Species B 0.9029 83.08 -0.289 -4.877 -4.05
RET4.3 Biomass of Opportunistic Species B 0.6255 3.23 0.105 45.641 1.47
RET4.3  Shannon Weiner Diversity Index B 0.0509 2.74 -0.093 -47.569 -1.30
LE4.1 Benthic IBI B 0.0321 3.10 -0.084 -38.116 -1.18
LE4.1 Abundance of Equilibrium Species B 0.5418 37.56 -0.794 -29.592 -11.11
LE4.1 Abundance of Opportunistic Species B 0.3930 23.71 0.641 37.855 8.98
LE4.1 Total Infaunal Abundance B 0.8072 1535.94 -13.913 -12.681 -194.78
LE4.1 Total Infaunal Biomass B 0.3930 2751 -1.214 -61.781 -17.00
LE4.1 Biomass of Equilibrium Species B 0.0147 82.49 -3.152 -53.500 -44.13
LE4.1 Biomass of Opportunistic Species B 0.1431 8.28 0.635 107.316 8.89
LE4.1 Shannon Weiner Diversity Index B 0.1431 254 -0.023 -12.677 -0.32
LE4.3 Benthic IBI B 0.7778 2.92 0.000 0.000 0.00
LE4.3 Abundance of Equilibrium Species B 0.2080 56.44 -0.710 -17.614 -9.94
LE4.3 Abundance of Opportunistic Species B 0.6222 15.73 0.437 38.912 6.12
LE4.3 Total Infaunal Abundance B 0.6222 3138.66 -51.369 -22.913 -719.17
LE4.3 Total Infaunal Biomass B 0.1124 6.32 -0.664 -147.089 -9.30
LE4.3 Biomass of Equilibrium Species B 0.4767 72.97 -0.943 -18.087 -13.20
LE4.3 Biomass of Opportunistic Species B 0.4767 414 0.111 37.401 155
LE4.3 Shannon Weiner Diversity Index B 0.7016 247 0.017 9.466 0.23
LE4.3B Benthic IBI B 0.3093 1.33 0.048 32211 0.43
LE4.3B Abundance of Equilibrium Species B 0.5887 20.97 -0.215 -9.232 -1.94
LE4.3B Abundance of Opportunistic Species B 0.3324 66.67 -1.875 -25.311 -16.88
LE4.3B  Total Infauna Abundance B 0.6277 1373.76 -28.620 -18.750 -257.58
LE43B  Total Infaunal Biomass B 0.6665 0.52 -0.029 -49.500 -0.26
LE4.3B Biomass of Equilibrium Species B 0.33%4 44.44 -1.443 -29.224 -12.99
LE4.3B Biomass of Opportunistic Species B 0.8434 20.00 -0.167 -7.529 -1.51
LE4.3B Shannon Weiner Diversity Index B 0.2582 1.45 0.055 34.014 0.49
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Appendix E.

Continued.

Rappahannock River Stations

SK Test Absolute
Station Parameter ayer p Value Baseline Slope % Change Change
TF3.3 Benthic IBI B 0.6206 3.40 -0.019 -7.947 -0.27
TF3.3 Abundance of Equilibrium Species B 0.1124 32.36 -1.552 -67.145 -21.73
TF3.3 Abundance of Opportunistic Species B 0.1294 0.00 0.649 . 9.09
TF3.3 Total Infaunal Abundance B 0.3520 1001.70 34.691 48.485 485.67
TF3.3 Total Infaunal Biomass B 0.9563 93.92 -0.009 -0.127 -0.12
TF3.3 Biomass of Equilibrium Species B 0.0428 80.17 -2.550 -44.522 -35.69
TF3.3 Biomass of Opportunistic Species B 0.3397 0.00 0.011 . 0.15
TF3.3 Shannon Weiner Diversity Index B 0.8695 1.95 0.001 1.005 0.02
RET3.1 Benthic IBI B 0.0277 3.58 -0.096 -37.385 -1.34
RET3.1  Abundance of Equilibrium Species B 0.0073 33.99 -2.289 -94.264 -32.04
RET3.1  Abundance of Opportunistic Species B 0.2983 1.88 0.238 177.309 3.33
RET3.1  Tota Infaunal Abundance B 0.2728 1001.70 194.616 272.000 2724.62
RET3.1  Tota Infaunal Biomass B 0.0897 9.02 -0.536 -83.162 -7.50
RET3.1 Biomass of Equilibrium Species B 0.13%4 71.23 -2.516 -49.447 -35.22
RET3.1 Biomass of Opportunistic Species B 0.1124 157 0.092 81.682 1.28
RET3.1  Shannon Weiner Diversity Index B 0.0248 2.40 -0.049 -28.700 -0.69
LE3.2 Benthic IBI B 0.7843 2.05 0.011 7.512 0.15
LE3.2 Abundance of Equilibrium Species B 0.4054 41.28 -0.503 -17.069 -7.05
LE3.2 Abundance of Opportunistic Species B 0.9127 50.26 -0.114 -3.181 -1.60
LE3.2 Total Infaunal Abundance B 0.0244 429.30 36.888 120.296 516.43
LE3.2 Total Infaunal Biomass B 0.2066 0.27 0.014 70.519 0.19
LE3.2 Biomass of Equilibrium Species B 0.6176 46.51 -0.089 -2.685 -1.25
LE3.2 Biomass of Opportunistic Species B 1.0000 36.27 0.000 0.000 0.00
LE3.2 Shannon Weiner Diversity Index B 0.3520 121 0.030 34.479 0.42
LE34 Benthic IBI B 0.1312 1.00 0.056 50.040 0.50
LE3.4 Abundance of Equilibrium Species B 0.2313 0.00 0.758 . 6.82
LE3.4 Abundance of Opportunistic Species B 0.4778 100.00 -0.649 -5.845 -5.84
LE34 Total Infaunal Abundance B 0.0202 57.24 57.240 900.000 515.16
LE34 Total Infaunal Biomass B 0.0390 0.06 0.025 367.500 0.22
LE3.4 Biomass of Equilibrium Species B 0.1789 0.00 2.000 . 18.00
LE3.4 Biomass of Opportunistic Species B 0.3435 100.00 -1.020 -9.184 -9.18
LE3.4 Shannon Weiner Diversity Index B 0.0107 0.00 0.139 1.25
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Appendix F. 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 of
these 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-I1BI isamulti-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 bacteriafirst to nitrate nitrogen and then to nitrogen gas. Thistechniqueisused
to reduce the concentration of nitrogen in sewage treatment plant effluents.

Biomass- aquantitative estimate of thetotal massof organismsfor aparticular population or community within agiven
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 - agreen pigment found in plant cells that functions as the receptor for energy in the form of sunlight.
Thisenergy isused in the production of cellular materialsfor growth and reproduction in plants. Chlorophyll
a concentrations are measured in 4g/L and are used as estimate of the total biomass of phytoplankton cellsin
the water column. In general, high levels of chlorophyll a 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.

Chlor ophytes- a gaebelonging to thedivision Chlorophytaoftenreferred to astrue"greenagae." Chlorophytesoccur
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 areasin 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 Cryptophytathat have accessory pigments in addition to chlorophyl|
a which give these small flagellated cells ared, 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 Copepodaand order Cyclopoidathat 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.
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Appendix F. Glossary of important terms.

Diatoms - algae belonging to the division Bacillariophytathat have acell wall that is composed primarily of silicaand
that consists of two separate halves. Most diatoms are single-celled but some are colonia 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 that are 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
organisms rely on oxygen for cellular metabolism and as a result low 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 compoundsincluding 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 inor ganicphosphor us(PO4F) - theconcentration of inorgani ¢ phosphoruscompoundsconsisting 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 copepodsor cladoceransthat spend their entirelife cyclewithinthewater 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.

146



Appendix F. Glossary of important terms.

Hypoxic - condition in which thewater column is characterized by dissolved oxygen concentrationsless than 2 mg/L
but greater than 0mg/L. Hypoxic conditionstypically result from excessive decomposition of organic material
by bacteria, high respiration by phytoplankton, stratification of thewater column dueto salinity or temperature
effectsor acombination of these factors. Hypoxic conditions can resultin fish kills or localized extinction of
benthic communities.

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

L oading - the total mass of contaminant or nutrient added to a stream or river generally expressed in Ibs/yr.

Macrobenthos - a size category of benthic organismsthat 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.

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

M esozooplankton - zooplankton with amaxi mum dimensi on ranging between 63 «.m and 2000 »m. Thissizecategory
consists primarily of adults stages of copepods, cladocerans, mysid shrimp, and chaetognaths, as well as, the
larval stages of avariety of invertebrates and fish.

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

Micr ozooplankton - zooplankton with a maximum dimension ranging between 2 «m and 63 xm. This size category
consistsprimarily of single-celled protozoans, rotifersand thelarval stages of copepods, cladoceransand other
invertebrates.

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

Non-point source - a source of pollution that is distributed widely across the landscape surrounding a water body
instead of being at afixed 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.

Per cent of light at theleaf surface (PLL) - the percentage of light at the surface of the water column that reachesthe
surface of the leaves of submerged aquatic vegetation generally estimated for depths of 0.5 m and 1.0 m.
Without sufficient light at theleaf surface, submerged aquatic plants cannot perform photosynthesisand 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 um 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) iscalculated asfollows: J=H’/InSwhereH’ isthe Shannon - Weiner diversity index
and Sisthe number of species.

Plankton - aguatic organisms that drift within and that are incapable of movement against water currents. Some
plankton have limited locomotor ability that allowsthemto changetheir vertical positioninthewater column.

Point sour ce - asource of pollution that is concentrated at a specific location such asthe outfall of asewage 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 phosphorusin the water column.

Probability based sampling - al locationswithin astratum have an equal chance of being sampled. Allowsestimation
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 anucleus (e.g. Cyanobacteria).

Pycnocline- arapid change in salinity in the water column indicating stratification of water with depth resulting from
either changesin salinity or water temperature.

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

Recruitment - Thesuccessful dispersal settlement and development of larval formsof plantsor animal to areproducing
adult.

Refer ence 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 goalsfor restoration of impacted benthic communities. Reference siteswere selected
by Weisherg 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 alow level of
organic matter in the sediment.

Restoration Goal - refers to obtaining an average B-1BI value of 3.0 for a benthic community indicating that values
for metrics approximate the reference condition.

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 saltsin the water column measured in mg/L, ppt or psu. The composition and
distribution of plant and animal communitiesisdirectly affected by salinity in estuarine systems. The effects
of salinity onliving resources must betakeninto considerationwheninterpreting the potential effectsof human
activities on living resources.
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Sarcodinians - single celled protists of the subphylum Sarcodina which includes amoeba and similar forms,
characterized by possession of pseudopodia. Planktonic forms of sarcodinianstypically have aexternal 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 aguatic 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:

S
H'= - > plog:p
2
where p; is the proportion of the ith species and Sis the number of species.
Stratum - ageographic region of unique ecological condition or managerial interest.

Submer ged aquatic vegetation (SAV) - rooted vascular plants (e.g. eelgrass, widgeon grass, sago pondweed) that
grow inshallow water areas. SAV areimportant 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 materialsin the water column, and produce oxygen in the water column.

Threshold - avalue of ametric that determinesthe 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. Sampleswith metric values |ess than the lower 5™ percentile are scored asa 1. Sampleswith
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 val ues between the 25" and 75"
percentiles are scored as 5.

Tidal freshwater - refersto 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
phytoplanktonin marine systems. Tintinnids are distinguished from other membersof thisgroup becausethey
create an exoskeleton or test made of foreign particles that have been cemented together.

Total nitrogen (TN) - the concentration of both inorganic and organic compoundsin the water column which contain
nitrogen measured in mg/L. Nitrogenisarequired 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 phosphorusmeasured inmg/L. Phosphorusisarequired 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 bacteriaprior 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 (T SS) - the concentration of suspended particlesin thewater column, measured inmg/L. The
composition of total suspended solidsincludes 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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