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SEMI-ANNUAL WATER COLUMN REPORT 97-2

EXECUTIVE SUMMARY

The Massachusetts Water Resources Authority (MWRA) Harbor and Outfall Monitoring (HOM) Program has
collected water quality data in Massachusetts and Cape Cod Bays since 1992. This monitoring is in support of
the HOM Program mission to assess the potential environmental effects of effluent discharge relocation from
Boston Harbor into Massachusetts Bay. The data are being collected to establish baseline water quality
conditions and ultimately to provide the means to detect significant departure from that baseline. The data
include physical water properties, nutrients, biological production and respiration, and plankton measurements.
Two types of surveys are performed: nearfield surveys with stations located in the area around the future outfall
site, and more comprehensive combined nearfield/farfield surveys that include stations in Boston Harbor,
Massachusetts Bay, and Cape Cod Bay.

Water quality monitoring data presented in this report were collected during the second half of 1997 in the
Massachusetts Bay system. The scope of this semi-annual report includes a synthesis of water column data, and a
brief analysis of integrated physical and biological results. The objective of the report is to provide a visual
presentation of the monitoring data submitted to MWRA five times per year in tabular format, and to discuss key
biological events which occurred. To this end, graphical presentations of the horizontal and vertical distribution
of water column parameters in the farfield and nearfield from August through December 1997 are presented. An
overview of the data from the second semi-annual period is presented below.

The Massachusetts Bay system undergoes strong seasonal stratification of the water column, and the timing of the
onset and breakdown of vertical stratification influences seasonal nutrient cycling and biological activity, and
their effects on critical issues such as dissolved oxygen .depletion .in stratified bottom water. Results are
discussed, therefore, in terms of the structire of the water column. In 1997, a moderate degree of salinity driven
stratification began around the end of April, and was well established by mid-June. Coastal upwelling and storm-
driven mixing of the surface layer influenced the water column structure early in this reporting period (during late
August), while, the seasonal breakdown in stratification was not complete until the end of September. However,
mixing did not reach the deeper water of the outer nearfield until late-October.

Evidence of coastal upwelling during late August (W9711) included decreasing bottom water temperature and
increasing bottom salinity, areas of colder, more saline surface water at coastal stations, and prolonged onshore
bottom water currents. A strong phytoplankton bloom was occurring during this period in Boston Harbor and
along the coast, with maximum chlorophyll concentration >7 ].LgL'1 and areal production rates of 2,200 mgCm*d"
!. More seaward areas of Massachusetts Bay exhibited little phytoplankton activity (e.g., nearfield stations N18
and NO4 exhibited chlorophyll concentrations <2 pugl' and productivity rates <1,000 mgCm?Zd?). A strong
horizontal nutrient gradient in surface water was also evident, with the harbor and coastal waters high in nutrients
relative to the more offshore stations.
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The Harbor nutrients and associated bloom may have contributed to the high chlorophyll concentrations at coastal
stations immediately adjacent to the Harbor; however, the phytoplankton assemblage further south differed from
the Harbor and near-coastal assemblage. August was also a period of low river discharge, minimizing the
potential contribution of nutrients from coastal runoff. The more southerly bloom may therefore have developed
in response to nutrient release from sub-pycnocline water transported to the surface.

Between the August and October combined nearfield/farfield surveys, primary production rates in the outer
nearfield remained low, but rates continuously increased at the more inshore station N18. Both sensor data and
nutrient chemistry results indicated that the nearfield remained stratified through September and into October,
and river discharges and storm activity remained low through the period. However, vertical cast data from the
shallower inshore stations of the nearfield indicated a more uniform water column in late September, which was
again coincidental with evidence of onshore advection and potential upwelling (onshore bottom currents and a
prolonged three-week period of decreasing temperature and increasing salinity in bottom water). HOM data
indicated little chlorophyll activity (< 1.5 u.gL'l) during the late September nearfield survey (W9713), although
primary production rates at N18 in late September exceeded 3,000 mng'zd'l‘ However, continuously recorded
data from the USGS mooring showed a substantial increase in chlorophyll shortly after the late September
survey, which may have also been documented by elevated chlorophyll-specific production estimates during
W9713.

HOM data did document a strong fall bloom during early October (W9714), particularly at the inshore stations
and in northern Massachusetts Bay. Chlorophyll concentrations at the more offshore stations in Massachusetts
Bay remained low. Given the mooring data record, the fall bloom may have developed inshore in late September
in response to near-coastal phenomena and subsequently progressed further into Massachusetts Bay. As
incomplete mixing at the deeper stations of the nearfield was still evident by the late October survey (W9715), it
may be speculated that the continued release of unutilized sub-pycnocline nutrients continued to fuel the bloom
during October after survey W9714. The scenario of a mid-month release of nutrients is particularly strong as
mooring data indicated that substantial mixing event occurred (rapid increase in bottom water temperature and
decrease in salinity over a three-day period). The seasonal peak in zooplankton abundance documented by the
nearfield survey at month’s end may infer bloom conditions during mid-October; however, there are no
supporting data to directly document chlorophyll activity during this period.

The protracted sequence of water column mixing also affected results for bottom water DO concentration. The
minimum average nearfield bottom water concentration (7.3 mg/L) was reported during early October (W9714).
‘The average bottom water concentration over the nearfield rose by the late October survey (W9715), but since
vertical mixing had yet to reach the deeper stations, individual minima for concentration (6.4 mgL'l) and
saturation (68.5 percent) were recorded during late October. These late-season minima caused by the delayed
mixing might have very well been even lower had not the seasonal decline in bottom water DO concentration
been mitigated by large-scale advection during July, when a 1.5 mgL" increase in bottom DO was observed
(Cibik et al., 1998). These events will be more fully discussed in the 1997 annual water column report.
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1.0 INTRODUCTION

1.1 Program Overview

The Massachusetts Water Resources Authority (MWRA) has implemented a long-term Harbor and Outfall
Monitoring (HOM) Program in the Massachusetts Bay system. The objective of the HOM Program is to verify
compliance with the discharge permit, and to assess the potential environmental effects of the relocated effluent
discharge into Massachusetts Bay. To establish baseline water quality conditions with respect to nutrients, water
properties, phytoplankton and zooplankton, and water-column respiration and productivity, ENSR is conducting
water quality surveys in the nearfield and farfield region of Massachusetts and Cape Cod Bays.

This semi-annual report summarizes water column monitoring results for the second half of the 1997 monitoring
year (Table 1-1). Two types of surveys were performed: eight nearfield-only surveys with stations located in the
area over the future outfall site (Figure 1-1), and two more comprehensive surveys that included sampling of
stations in Boston Harbor, Massachusetts Bay, and Cape Cod Bay (Figure 1-2). The stations in these surveys
were further separated into regional groupings according to geographic location.

The November nearfield survey (W9716) included sampling at station F12 in Stellwagen Basin to assess late fall
dissolved oxygen levels in the bottom water. The final winter survey, conducted in mid-December (W9717),
included sampling coverage at stations outside of the nearfield to characterize winter nutrient levels in
Massachusetts Bay.

Raw data summaries, along with-specific field information, are available in individual survey reports submitted
immediately following each survey. In addition, nutrient data reports (including calibration information, sensor,
and water chemistry data), plankton data reports, and productivity and respiration data reports are each submitted
five times annually. Raw data summarized within this or any of the other reports are available from MWRA in
hard copy or electronic formats.

1.2 Organization of the Semi-Annual Report

The scope of the semi-annual report is focused primarily towards providing a compilation of all of the water
column data collected during the reporting period. Secondarily, integrated physical and biological results are
discussed for key water column events. The report first provides a summary of the survey and laboratory
methods (Section 2). The bulk of the report, as discussed in further detail below, presents results of water column
data from the last eight surveys of 1997 (Sections 3-5). Finally, the major findings of the semi-annual period,
including integrated physical and biological water column results during water column events, are synthesized in
Section 6.
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In the results section, data are first provided in summary tables (Section 3). The data summary tables include the
major results of water column surveys in the semi-annual period. A description of data selection, integration
information, and summary statistics are included with that section.

Each of the summary results sections (Sections 4-5) includes presentation of the horizontal and vertical
distribution of water column parameters in both the farfield and nearfield. The horizontal distribution of physical
parameters is presented through regional contour plots. The vertical distribution of water column parameters is
presented using both time-series plots of averaged surface and bottom water column parameters, and along
vertical transects in the survey area (Figure 1-3). The time-series plots utilize average values of the surface water
sample (the "A" depth, as described in Section 3), and the bottom water sample (the "E" depth). Examining data
trends along three farfield transects (Boston-Nearfield, Cohassett, and Marshfield), and one nearfield transect,
allows three-dimensional analysis of water column conditions during each survey.

Results of water column physical and chemical data, including water properties, nutrients, chlorophyll, and
dissolved oxygen, are provided in Section 4. Survey results were organized according to the physical
characteristics of the water column during the semi-annual period. For the second semi-annual period, the timing
of fall water column turnover is the key event that, to a large degree, controls the ecological water quality
parameters that form much of the basis for assessing the effects of the outfall. Because of the importance of this
dynamic, this report describes the horizontal and vertical characterization of the water column during the pre-
turnover stage, and processes that occurred during and subsequent to the fall turnover. Time-series data are
commonly provided for the entire semi-annual period for clarity of data presentation.

Productivity, respiration, and plankton measurements, along with corresponding discussion of chlorophyll and
dissolved oxygen results, are provided in Section 5. Discussion of the biological processes and trends during the
semi-annual period is included in this section. A summary of the major water column events of the semi-annual
period is presented in Section 6, and finally, references are provided in Section 7.
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TABLE 1-1

Water Quality Surveys for W9710-W9717

August to December 1997

w9710 Nearfield August 5-6
w9711 Nearfield/Farfield : August 18-23
w9712 Nearfield - September 4-5
w9713 Nearfield September 22-25
w9714 Nearfield/Farfield October 6-10

- W9715 Nearfield October 29-30
w9716 Nearfield/Steliwagen Bank November 21- December 4
w9717 Nearfield/Winter Nutrients December 15-16
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2.0 METHODS

This section describes general methods of data collection and sampling for the last eight water column
monitoring surveys of 1997. Section 2.1 describes data collection methods, including survey dates, sampling
platforms, and analyses performed. Section 2.2 describes the sampling scheme, and Section 2.3 details specific
operations for the second 1997 semi-annual period. More specific details on field sampling and analytical
procedures, laboratory sample processing and analysis, sample handling and custody, calibration and preventive
maintenance, documentation, data evaluation, and data quality procedures are discussed in the Water Quality
Monitoring CW/QAPP (Bowen et al., 1997). Details on productivity sampling procedures and analytical
methods are also available in the Water Quality Monitoring CW/QAPP, and in Taylor (1997).

21 Data Collection

Water quality data for this report were collected from the sampling platforms R/V Christopher Andrew and R/V
Isabel S. Continuous vertical profiles of the water column and discrete water samples for analysis were collected
using a CTD/Niskin bottle rosette system. This system includes a deck unit to control and store data, and an
underwater unit comprised of several environmental sensors, including conductivity/salinity, temperature, depth,
dissolved oxygen, transmissometry, irradiance, and relative fluorescence. These measurements were obtained at
each station by deploying the CTD; in general, one cast was made at each station. Water column profile data
were collected during the downcast, and water samples were collected during the upcast by closing the Niskin
bottles at selected depths, as discussed below.

. Water samples were collected at five depths at each station. These depths were selected during CTD deployment
based on positions relative to the water column structure and presence of a subsurface chlorophyll maximum.
The bottom depth (within 5 meters of the sea floor) and the surface depth (within 4 meters of the water surface)
of each cast remained constant and the mid-bottom, middle and mid-surface depths were selected to represent any
variability in the water column. In general, the selected middle depth corresponded with the chlorophyll
maximum and/or pycnocline. Should the chlorophyll maximum have occurred closer to the surface or the bottom
of the water column, the mid-surface or mid-bottom depths were selected to capture that layer. Water samples
for analyses that are dependent on chlorophyll were taken from the bottles closed at the chlorophyll maximum,
regardless of the depth at which the bottles were closed.

Exceptions to the water sampling procedure included productivity and respiration casts at Station F23 during each
farfield survey, and at Stations NO4 and N18 during each nearfield survey. At these stations, two casts were
necessary in order to obtain a sufficient amount of water for the additional analyses. Productivity samples are
also light dependent, and a “split-bottom” cast was sometimes necessary during the respiration and productivity
cast in an attempt to capture not only bottom water, but also water associated with the 0.5% light level. This
resulted in six to seven depths sampled, dependent upon the presence of stratification. These two casts were
made in succession during a station visit, with time in between to relocate the vessel within a 300-meter radius of
the station location.
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Samples from each depth at each station were collected by subsampling from the Niskin bottles into the
appropriate sample container. Analyses performed on the water samples are summarized in Table 2-1. Samples
for dissolved inorganic nutrients (DINuts), dissolved organic carbon (DOC), total dissolved nitrogen (TDN) and
phosphorous (TDP), particulate organic carbon (POC), biogenic silica, chlorophyll @ and phaeopigments, total
suspended solids (TSS), urea, and phytoplankton were filtered and preserved immediately after obtaining water
from the appropriate Niskin bottles. Whole water phytoplankton samples (unfiltered) were obtained directly from
the Niskin bottles and immediately preserved. Zooplankton samples were obtained by deploying a zooplankton
net overboard and making an oblique tow of two-thirds of the water column or up to 30 meters of depth. In
addition to survey replicates, ENSR added a rapid turnaround assessment of phytoplankton standing stock and
presence of nuisance species dominant forms. Productivity and respiration samples were collected from the
Niskin bottles and incubated on board the vessel during survey efforts.

22 Sampling Scheme

A synopsis of the sampling scheme for the analyses described above is outlined in Tables 2-1, 2-2, and 2-3.
Stations were assigned a letter (A, D, E, F, or G) according to the types of analyses performed at that station.
Productivity and respiration analyses were also conducted at certain stations and represented by the letters P and
R, respectively. Since different analyses were performed at different depths; each depth at each station is
assigned an analysis group (G1, G2, G3, G4, G5, G6, G7, G8, or G9; Table 2-1). Tables 2-2 (nearfield stations)
and 2-3 (farfield stations) provide the station name and type, and give the analysis group that represents the
analyses performed at each depth. Station N16 is considered both a nearfield station (where it is designated as
type A) and a farfield station (where it is designated as type D).

23 Operations Summary

Changes in the 1997 sampling scheme from prior monitoring years included an alteration in sampling stations,
and an increase in the number of samples taken at certain “nearfield only” and combined nearfield/farfield
stations during stratified conditions. During this semi-annual period, respiration analyses were measured at four
stations (NO4, N18, F19, and F23) during combined nearfield/farfield surveys. Respiration measurements were
made at two additional depths during the stratified period. Productivity was measured at three stations (N04,
N18, and F23) during the combined events, a reduction of one station from the previous year’s protocol.
Additional productivity and respiration measurements in the water column at F23 were undertaken during August
benthic flux survey. DCMU fluorescence measurements were added at productivity stations to provide data
supporting the development of proxy measurements of productivity using bio-optical techniques. These results
will be reported in the 1997 Annual Water Column Report.

231 Deviations in Scope
Principal deviations from the CW/QAPP plan for each survey and the sampling scheme are described below. For
additional information about a specific survey, the individual survey reports may be consulted.
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Early August Nearfield Survey (W9710):

o  Due to weather delays, W9710 was postponed from Tuesday August Sth to Wednesday August 6™.

Mid-August Nearfield/Farfield Survey (W9711):

e Due to a shortage of water for the surface screened phytoplankton sample at F06, the remaining volume
required for the analysis was acquired from filtered POCN water from the corresponding depth.

¢ Extra dissolved oxygen samples were collected at F19 at A, C, D, and E depths as duplicates.

e Due to high concentrations of particulate matter in the water column, the volume filtered for POCN was
modified, and the WHOI laboratory was notified of the changes.

e Due to a small tear noticed at NO4 on the screen in the zooplankton cup the zooplankton sample may
have been partially lost, the tear was sealed with epoxy prior to subsequent sampling at station N18.

e The pump was accidentally shut off while firing Nisken bottles #7 (B depth) and #9 (C depth) which
may affect in-situ data associated with these bottles. The pump was turned on and provided sufficient
time to acclimate before the firing of bottle #10.

e To capture the chlorophyll peak at station NO7 and FO1, analyses performed at the B and C depths were
switched.

Early September Nearfield Survey (W9712):

e Due to weather delays, survey W9712 was postponed from Wednesday September 3rd to Friday
September 5™,

e  To capture the chlorophyll peak at station N10, analyses performed at the B and C depths were switched.

Late September Nearfield Survey (W9713):

e An abundance of tunicates (salps) were caught in the zooplankton net at station N04 which may have
resulted in the partial loss of organisms in the zooplankton sample as tunicates were removed from the
sample.

¢ To capture the chlorophyll peak at station N10, analyses performed at the B and C depths were switched.

Early October Nearfield/Farfield Survey (W9714):
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An abundance of tunicates (salps) were caught in the zooplankton net at several stations and sent to ANS
for supplementary analysis.

Per request by the MWRA, additional secchi measurements were performed with two additional secchi
disks.

Due to a new bridge monitor, sample bottle firing times are incorrect.

To capture the chlorophyll peak at station NO7, N16, and N18 (nearfield), N16 (farfield), analyses
performed at the B and C depths were switched.

Late October Nearfield Survey (W9715):

Due to weather delays, survey W9715 was postponed from Tuesday October 28th to Thursday October
30th.

Late November Nearfield/Stellwagen Bank Survey(W9716):

Station F12 (Stellwagen Bank) was sampled on Friday November 21st to collect dissolved oxygen
samples ’

Due to weather delays, continuation of survey W9716 was postponed from Saturday November 22nd to
Thursday December 4th. '

Zooplankton and screened phytoplankton samples received insufficient formalin preservative due to
degradation of shipboard stock from the cold temperatures. Formalin was added following the survey
before shipment to ANS for Jaboratory analysis.

One of the tiplicate samples for dissolved oxygen from the bottom depth at station NO7
(W97GINO7ET9) may be suspect due to handling. A portion of the sample was spilled, which was
replaced with water from the chlorophyll a sample bottle at the corresponding depth.

A third cast was performed in order to retrieve the PC/PN samples required from all depths and the
dissolved oxygen sample required at the mid-bottom depth, which were inadvertently not collected
during the initial cast.

Mid-December Nearfield/Winter Nutrients Survey (W9717):

No deviations from the CW/QAPP occurred during this survey.
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TABLE 2-1

Water Column Sample Analyses

Dissolved Inorganic Nutrients

Dissolved Organic Carbon

Total Dissolved N & P

Particulate C& N

Particulate P

Biogenic Silica

Chlorophyll & Phaeopigments

Total Suspended Solids

I B B B I B B B e

Dissolved Oxygen

Urea

All Phytoplankton

CO3N TR U B B B B B B B B

Screened Phytoplankton

SO BECTE RN U U B R P R R B B

Zooplankton

Areal Productivity X

Respiration - X

X! Stratification dependent (see text)
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3.0 DATA SUMMARY PRESENTATION

Data from each survey were compiled from the complete HOM Program 1997 database and organized to
facilitate regional comparisons between surveys (Tables 3-1 through 3-8). Each table provides summary data
from one survey; the survey dates are provided at the top of each table. A discussion of which parameters were
selected, how the data were grouped and integrated, and the assumptions behind the calculation of statistical
values (average, minimum, and maximum) are provided below. All raw data summarized in this report are
available from MWRA either in hard copy or electronic form.

The spatial pattern of data summary follows the sample design over major geographic areas of interest in
Massachusetts Bay, Cape Cod Bay, and Boston Harbor (Section 3.1). Compilation of data both horizontally by
region and vertically over the entire water column was conducted in order to provide an efficient way of assessing
the status of the regions during a particular survey. Maximum and minimum values are provided because of the
need to assess extremes of conditions prior to outfall relocation relative to criteria being developed for
contingency planning purposes (MWRA, 1997).

Regional compilations of nutrient and biological water column data were conducted first by averaging individual
laboratory replicates, followed by field duplicates, and then by station visit. Significant figures for average values
were selected based on the precision of the specific dataset. Detailed considerations for individual datasets are
_ provided in the sections below.

3.1 Defined Geographic Areas

The primary partitioning of data is between the nearfield and farfield stations (Figures 1-1 and 1-2). Farfield data
were additionally segmented into five geographic areas: three stations in Boston Harbor (F23, F30, and F31), six
coastal stations (FO5, F13, F14, F18, F24, F25), eight offshore stations (F06, FO7, F10, F15, F16, F17, F19, and
F22), five boundary region stations (F12, F26, F27, F28, F29), and three Cape Cod Bay stations (F01, F02, and
FO03). These regions are shown in Figure 1-2.

The data summary tables include data that are derived from all of the station data collected in each region.
Average, maximum, and minimum values are reported from the cumulative horizontal and vertical datasets as
described for each data type below.

3.2 Sensor Data

The six CTD profile parameters provided in the data summary tables include temperature, salinity, density (G,
fluorescence (chlorophyll @), transmissivity, and dissolved oxygen (DO) concentration. Statistical parameters
(maximum, minimum, and average) were calculated from the five upcast sensor readings collected at five depths
through the water column (defined as A-E). The five depth values, rather than the entire set of profile data, were
selected in order to reduce the statistical weighting of deep-water data at the offshore and boundary stations.
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Generally, the samples were collected in an even depth-distributed pattern. One of the mid-depth samples (B, C,
or D) was typically located at the fluorescence (chlorophyll) peak in the water column (when present), depending
on the relative depth of the chlorophyll maximum. Details of the collection, calibration, and processing of CTD
data are available in the Water Column Monitoring CW/QAPP (Bowen et al., 1997), and are summarized in
Section 2.

- Following standard oceanographic practice, patterns of variability in water density will be described using the
derived parameter o;, which is calculated by subtracting 1,000 kg/m3 from the recorded density. During this
semi-annual period, density varied from 1,020.7 kg/m3 to 1,026.2 kg/m3 , equivalent to G, values from 20.7 kg/m3
t0 26.2 kg/m’.

Fluorescence data were calibrated to the amount of chlorophyll a in discrete water samples collected at the depth
of the sensor reading for a subset of the stations (sce CW/QAPP or Tables 2-1, 2-2, 2-3). The calibrated
chlorophyll sensor values were used for all discussions of chlorophyll in this report. Phaeopigment
concentrations were also included in the summary results.

In addition to DO concentration, the derived percent saturation was also provided. Percent saturation was
calculated prior to averaging station visits from the potential saturation value of the water (a function of the
physical properties of the water) and the calibrated DO concentration (see CW/QAPP). Beam attenuation was
calculated from the ratio of light transmission relative to the initial light incidence, over a particular distance in
the water column, and is provided in units of m™.

33 Nutrients

Analytical results for nutrient concentration were extracted from the HOM database and include ammonium
(NH,), nitrite (NO,), nitrite + nitrate (NO,+ NOs3), phosphate (POj), and silicate (SiO4). Nutrients were measured
in water samples collected at each of the A-E depths during the CTD casts. Information on the collection,
processing, and analysis of nutrient samples can be found in the CW/QAPP (Bowen et al., 1997).

34 Biological Water Column Parameters

Three productivity parameters were selected for inclusion in the data summary tables. Areal production, which is
determined by integrating the measured productivity over the photic zone, is included for the productivity stations
(F23 representing the harbor; N04 and N18 representing the nearfield). Because areal production is already
depth-integrated, averages were calculated only among productivity stations for the two regions sampled. The
derived parameters o (gC[gChlal 'h' [WEm?s"'T"), and Py (2C[gChlal'h™) were also included (Taylor, 1997).
Respiration rates were averaged over the respiration stations (the same harbor and nearfield stations as -
productivity, and additionally one offshore station, F19) and over the three to five water column depths sampled
(dependent upon stratification). The water column depths of the respiration samples typically coincided with the
water depths of the productivity measurements.
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Dissolved and particulate organic parameters also summarized for the tables include biogenic silica (BIOSI),
dissolved and particulate organic carbon (DOC and POC), particulate and total dissolved phosphate (PART P,
TDP), particulate organic and total dissolved nitrogen (PON and TDN), and urea. Total suspended solids (TSS)
data were provided as a baseline for total particulate matter in the water column. Dissolved and particulate
constituents were measured from water samples collected from each of the five (A-E) depths during CTD casts.
Detailed methods of sample collection, processing, and analysis are available in the CW/QAPP (Bowen et al.,
1997).

35 Plankton

Plankton results were extracted from the HOM database and include whole water phytoplankton, screened
phytoplankton, and zooplankton. Phytoplankton measurements included whole-water collections at the surface
(A depth) and at the water column chlorophyll @ maximum (C depth) during the water colurn casts. Additional
samples were taken at these two depths and screened through 20um Nitex mesh to retain and concentrate
dinoflagellate species and other larger taxa. Zooplankton measurements were collected through oblique tows at
all stations. Detailed methods of sample collection, processing, and analysis are available in the CW/QAPP
(Bowen et al., 1997).

Final plankton values were derived for each cast by first averaging analytical replicates, then averaging station
visits. Values were calculated from the data for the following parameters: nuisance algae (Alexandrium
tamarense, Phaeocystis pouchetii, and Pseudo-nitzschia pungens), total phytoplankton, total zooplankton, and
total centric diatoms. Only the maximum of each plankton parameter is presented in the summary tables due to
the program emphasis on the magnitude of plankton response to nutrient concentrations.

3.6 Additional Data

Additional data sources were utilized during interpretation of HOM Program semi-annual water column data.
Continuous monitoring data, collected from a mooring located between nearfield stations N21 and N18 (Figure 1-
1) were provided by the USGS. Hourly temperature and salinity data from 22.4 m and 27.8 m USGS mooring
data were averaged over each day, and plotted with HOM survey data from station. Discrete data from N16 were
selected from water depths that were most consistent with the depths of mooring data, and plotted with the
continuous data for comparison. Finally, major meteorological events that occurred over the year, including
hurricanes, northeasters, and records of precipitation, were summarized for additional data interpretation.
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4.0 RESULTS OF WATER COLUMN MEASUREMENTS

The timing of the annual setup and breakdown of vertical stratification in the water column is an important
determinant of water quality, primarily because of the trend towards continuously decreasing DO and increasing
dissolved nutrient concentrations in bottom water during the summer and early fall. The seasonal breakdown of
stratification, caused by cooling surface water and wind-driven mixing, terminates the seasonal decline in DO and
releases nutrients to the upper water column.

The summer pycnocline, defined as a shallow water depth interval over which density increases rapidly, is caused
by salinity (freshwater input from riverine discharges, which is typically more important in the spring) and
temperature (seasonal warming of surface water, which dominates stratification during the summer). The
surface water layer is generally well mixed above the pycnocline during the stratified period, while density
typically increases more gradually below the pycnocline (e.g. surveys 10 through 12 in Figure 4-1). For the
purposes of this report, vertical stratification will be defined when the difference between bottom density and
surface density (AG,) is greater than 1. Using this definition, the inner nearfield had completely broken down by
late October (W9715; Figures 4-1 and 4-2), while mixing had yet to reach the deeper water of the outer nearfield.

Two of the eight surveys conducted during the semi-annual period were combined nearfield/farfield surveys
(W9711 and W9714). Note the strong pycnocline at the outer nearfield station N16 through late September
(W9713), while the more inshore station N10 showed less stability during late August and late September
(surveys W9711 and W9713; Figure 4-1). Data from these surveys were evaluated for trends in regional water
masses throughout Boston Harbor, Massachusetts Bay, and Cape Cod Bay. Regional water characteristics are
presented using contour plots of surface water parameters, derived from the “A depth” (surface) water sample. A
complete set of surface contour maps of water properties during farfield surveys is included in Appendix A.

The vertical distribution of water column parameters is presented in the following section using data from three
farfield transects in the farfield survey area (see Figure 1-3 for locations of transects). Examining data trends
along transects provides a three-dimensional perspective of water column conditions during each survey.
Nearfield surveys (W9710-W9717) were conducted more frequently than farfield surveys, allowing better
temporal resolution of the changes in water column parameters and the breakdown of stratification, especially
when combined with continuous monitoring data provided by the USGS. In addition to the nearfield transect,
vertical characteristics in nearfield results are examined and presented by comparing surface and bottom water
concentrations (“A” and “E” depths), and by plotting individual parameters with depth in the water column.

Results presented in this section were organized by data type. Physical data (temperature, salinity, and density),
are presented in Section 4.1. Transmissometer data are reported in Section 4.2. Nutrient results are presented in
Section 4.3, chlorophyll a in Section 4.4, and dissolved oxygen in Section 4.5. Finally, a summary of the results
of water column measurements (excepting biological measurements) is provided in Section 4.6.
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4.1 Physical Characteristics
4.1.1 Horizontal Distribution

During the August combined nearfield/farfield survey (W9711), sea surface temperatures were between 12.8°C
and 19.5°C, with coolest temperatures reported in the near-coastal regions off Scituate, Plymouth, and Boston
Harbor (stations F10, F03, and F24, respectively; 4-3). These three areas also had slightly higher surface salinity
readings, with the maximum reading of 31.44 off Scituate (Figure 4-4). Surface temperatures inside Boston
Harbor were warmer than adjacent coastal stations. Surface salinity readings were only slightly lower than those
in Massachusetts Bay as discharges from the Charles River were low during August and September (Figure 4-5).

The observed anomalies for in situ temperature and salinity from the coastal region may have been indicative of
coastal upwelling around the time of the survey, although these data would suggest very localized expressions of
this phenomenon. Storm-related vertical mixing maiy have also complicated the picture. Stations in northern
Massachusetts Bay (north of the Cohasset transect with the exception of stations F13 and F14, see Figure 1-3)
were sampled prior to storm activity on August 22. Sampling activity in Cape Cod Bay was conducted on
August 22™, and in fact was terminated by high wave activity. Sampling of stations from the Cohasset transect to
Race Point was conducted after the storm passed, which may have produced some degree of mixing in the
surface layer (e.g., lower surface temperatures and slightly higher surface salinities). However, vertical density
profiles at stations N10 and N16, taken prior to the storm, also suggest a lifting of the pycnocline during W9711
relative to W9710 and W9712 (Figure 4-1). Evidence of potential upwelling will be further evaluated in
subsequent sections.

By early October (W9714), regional surface temperatures were more uniform, with the warmest surface
temperature in western Cape Cod Bay (15.1°C), and cooler temperatures in northern Massachusetts Bay and
Boston Harbor (12-14°C; Appendix A). Surface salinity exceeded 31.5 PSU at all stations except for Boston
Harbor.

412 Vertical Distribution

Farfield. During the August combined nearfield/farfield survey (W9711), the water column in Massachusetts
Bay showed a strong surface to bottom density gradient in all regions except Boston Harbor (Figure 4-6).
Salinity differences contributed to this gradient (Figure 4-7), but stratification was largely driven by temperature
(Figure 4-8). By the October combined event (W9714), the salinity difference remained roughly the same, but a
diminished temperature gradient was strongly evident. However, based on the density profile illustrated in Figure
4-1, the deeper stations in Massachusetts Bay remained stratified through October. The water column was
isothermal by the December survey, indicating well-mixed conditions.

Vertical cast data and cross-sections of west to east transects in Massachusetts Bay (Figure 1-3) illustrate the
vertical distribution of physical characteristics within the water column from Boston Harbor and coastal stations
seaward (Appendix B). The cross-sections from August (W9711) also were suggestive of coastal upwelling,
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where cooler, more saline water displaced the warmer surface water evident in the more offshore water
(particularly in the Boston-Nearfield transect; Figure 4-9 and Appendix B). Note again that August data from the
Cohasset and Marshfield transects were obtained after a day of strong wave action, which may have
homogenized the upper surface layer of the water column. Similar plots from early October (W9714) still
indicated a fair degree of vertical density structure in the water colurnn (Figure 4-10) as temperature strata
remained (Appendix B).

Nearfield. Higher frequency sampling at the nearfield stations provides a more comprehensive documentation
of the progression towards the seasonal turnover, as well as local variability, within the nearfield water column.
Immediately obvious is the 1-2°C drop in bottom water temperature evident at station NO1 during the August
combined survey (W9711), a further indication of potential upwelling conditions in this region of the coast at the
time (Figure 4-11). Also noteworthy is the fact that complete mixing had only occurred in the inner nearfield by
the end of October (Figures 4-1, 4-11, and 4-12). A strong storm that passed through the region on October 27"
(NRCC, 1998) appeared to homogenize the shallower inshore stations (N10 and N11), but complete mixing
appeared to occur only to a depth of around 29 meters (see trace for survey 15 in Figure 4-1). The remaining
stratification was likely short-lived, as a strong storm which produced significant wind damage in the northeast
moved through the area on November 1¥ (NRCC, 1998).

Continuously recorded data from the USGS mooring in the center of the nearfield are shown in Figure 4-13.
Surface sensors were not functional during the period, thus data from the sensors at 22.4 and 27.8 meters were
plotted. These bottom data showed declining bottom temperature and increasing bottom salinity for the 10-day
period preceding W9711, consistent with a scenario of onshore advection and potential upwelling. Further
evidence can be found in bottom current meter data from the USGS mooring, depicted in Figure 4-14 using a
progressive vector plot. Bottom currents between August 6™ and August 18™ showed a net movement to the
west-southwest, and for several days during the period there was a strong continuous movement in that direction.
This onshore motion of bottom water could have resulted in upwelling along the coast. Note that this plot is
based on the movement of the water column past the mooring, thus reliability decreases with distance from the
mooring. However, the constant onshore direction provides reasonable evidence that upwelling may have
occurred.

The continuously recorded sensor data also confirm that some degree of mixing (increasing temperature and
decreasing salinity at depth) occurred in late August (see Section 4.1.1) and again in early September. Of further
interest is the continuous decline in bottom temperature and increase in bottom salinity between surveys W9713
and W9714, again suggestive of onshore advection of deeper water. These conditions remained in place until
mid-October, at which time bottom temperature rapidly rose (3-4°) over a three-day period and salinity
decreased.
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4.2 Transmissometer Results

Water column beam attenuation was measured for each CTD cast at all nearfield and farfield stations. The
transmissometer determines beam attenuation by measuring the percent transmission of light over a given path
length in the water. Given that light transmission decays exponentially with beam attenuation and path length
(which varies between instruments), the beam attenuation coefficient is computed over a standardized path length
of 1 meter, signifying that the value is independent of light path length.

The beam attenuation coefficient is indicative of particulate concentration in the water column. The two possible
sources of particles in coastal waters are biogenic material (plankton or organic detritus), or suspended sediment.
To evaluate the contribution of biogenic material in the total particulate matter, beam attenuation was compared
to fluorescence data (calibrated to chlorophyll ). Non-biogenic material may originate from suspended matter in
coastal runoff or from resuspension of bottom sediment.

Transmissometer data from the combined nearfield/farfield surveys documented an inshore/offshore gradient. In
August (W9711), the highest beam attenuation values were found in Boston Harbor and the adjacent coastal
stations (maximum 4.47 m” at station F30), and the lowest in the nearfield (minimum 0.84 m™ at station N16)
(Figures 4-15 and 4-16). Beyond the near-coastal stations, stations showed little variation from approximately
1.0 m”. Fluorescence results during this period (Section 4.4) indicated that the higher attenuation inshore was
due to phytoplankton. With the possible exception of Boundary stations, beam attenuation increased throughout
most of Massachusetts Bay by the October combined survey (W9714, Appendix A), again in association with
elevated fluorescence results.

43 Nutrients

Regional and nearfield nutrient data from the second semi-annual period of 1997 demonstrate the typical progress
of seasonal events in the Massachusetts Bay system. The stratified period is exemplified by nutrients trapped
below the pycnocline, while the surface mixed layer remains nutrient-depleted. Vertical mixing during the fall
turnover releases these trapped nutrients into the upper water column.

Nutrient data from the reporting period were investigated using surface water contour maps (Appendix A) and
vertical cross sections (Appendix B). Plots of nutrient relationships for each survey were also developed,
including nutrients vs. depth, nutrient:nutrient relationships; and nutrient:salinity relationships (Appendix C).

4.3.1 Horizontal Distribution

Boston Harbor and coastal stations consistently had the highest surface concentrations of all nutrients measured
during both combined nearfield/farfield surveys (Figure 4-17; Appendix A). Interestingly, stations that showed
evidence of upwelling in their temperature and salinity profiles during August (stations F10, FO3, and F24; see
Section 4.1) also showed elevated surface nutrient concentrations (e.g., Figure 4-17 and 4-18, but see similar
plots for SiO, and DIN in Appendix A). This observation would be consistent with the vertical transport of

r:\pubs\mw97\projects\¥501008\33 1all.doc 4-4 December, 1998



nutrient-rich sub-pycnocline water to the surface. More seaward stations exhibited low concentrations of
nutrients in August, but note also the relatively high surface concentrations of phosphate at stations sampled after
the storm event on August 22 (see discussion in Section 4.1.1) compared with stations in northern Massachusetts
Bay sampled before the storm (Figure 4-18). This may have resulted from mixing within the surface layer during
the storm.

A strong surface nutrient gradient was still evident during the October combined survey (W9714), with
concentrations diminishing rapidly outside of the Harbor (e.g., Figure 4-19).

432 Vertical Distribution

Transect plots for nutrient concentrations showed nutrient stratification in the water column during both
combined surveys during the reporting period (Appendix B). For example, bottom water nitrate concentrations
remained greater than 10 pM at deeper stations in Massachusetts Bay through the October combined survey
(Figure 4-20). Ammonium did not show the strong vertical gradient and was restricted to the Harbor and
adjacent coastal stations (Figure 4-21).

More frequent sampling during nearfield surveys demonstrated that nutrient stratification in the deeper stations of
the outer nearfield was still evident by the end of October (W9715; e.g., silicate at NO4 in Figure 4-22). Bottom
water silicate reached peak seasonal concentrations of close to 15 uM, whereas the shallower inner nearfield
stations -were vertically homogenous. Scatterplots of dissolved nutrients from W9716 in the early part of
December showed that complete mixing had taken place in the nearfield as evidenced by vertically homogenous
nutrient concentrations (Appendix C). The December nutrient survey' showed nearly uniform conditions at the
stations sampled for NO3; + NO, and SiO,, while a strong Harbor influence was still evident for NH, and PO,
(Appendix C). ‘

Further examination of silicate concentrations in Figure 4-22 also reveal the periods of peak diatom activity in
surface water. With the exception of station N10, reductions in dissolved silicate at the surface was evident
throughout the nearfield during late August. A rebound in silicate in early September was followed by increased
uptake in late September, again with N10 being the main exception. Peak uptake appeared to occur during the
early October combined survey. Phytoplankton activity is further examined by chlorophyll concentrations in the
following section, and by the results of plankton sampling in Section 5.3.1.

4.4 Chlorophyll a

In situ fluorescence results, calibrated to chlorophyll a discrete samples, are presented in this section and are
simply referred to as chlorophyll.
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44.1 Horizontal Distribution

Maximum chlorophyll concentrations during the first combined nearfield/farfield survey (W9711) were found at
the entrance to Boston’s Inner Harbor (7.22 pg/L), and in the near-coastal stations along the North and South
Shores (range 1.3 to 3.0 ug/L, Figure 4-23). Based on differences in dominant phytoplankton taxa (Section
5:3.1), it is likely that the chlorophyll peak off Marshfield and in western Cape Cod Bay was a separate bloom
and not simply an extension of the Harbor plume. Given the evidence of potential coastal upwelling, it may be
speculated that the more southerly chlorophyll activity may have developed in response to coastal upwelling.

By the final combined survey in early October (W9714), peak concentrations were found off Boston Harbor and
northern Massachusetts Bay (Figure 4-24). Chlorophyll concentrations at near-coastal stations off Boston Harbor
reached 11.6 pg/L (station F25), while stations in northern Massachusetts Bay off Nahant ranged from 7.3 to 8.3
ug/L. Harbor activity remained strong (4.8-5.9 pg/L), and a localized area of activity was observed off
Marshfield (5.5 ng/L). Chlorophyll concentrations in central Massachusetts Bay and Boundary stations ranged

from 1-2 ug/L.
44.2 Vertical Distribution

Farfield. The three farfield cross-sectional transects (Figure 1-3) were used to illustrate the vertical distribution
of chlorophyll in the water column across regions. During late August (W9711), the Boston-Nearfield transect
showed surface chlorophyll activity (2.5-3.0 ug/L) adjacent to the Harbor, and subsurface activity (2.0-2.5 pg/L)
at the Boundary station F27 (Figure 4-25). Lower concentrations extended inshore to station F19 from the
Boundary station, with a noticeable absence of chlorophyll in most of the nearfield. The Cohasset and Marshfield
transects exhibited peak activity near the coastline, and a more uniform distribution of chlorophyll in the upper
water column. Recall, however, that station F14 of the Cohasset transect was sampled prior to storm-driven
mixing, while the remainder of the stations on these two transects were sampled after seas subsided. It is possible
that the more uniform distribution in the upper water column resulted from the storm.

By the final combined survey in October (W9714), peak chlorophyll activity was evident to a depth of about 20m
in the central nearfield and off Boston Harbor, with most chlorophyll results in the 6-8 pg/L range (Figure 4-26).
Further offshore, water column chlorophyll was <2.0 ug/L. To the south, the coastal chlorophyll reached a
similar depth as the nearfield but only exceeded 6 ug/L at station F14 immediately off Cohassett.

Nearfield. To demonstrate the progression of nearfield chlorophyll concentrations throughout the period, a plot
similar to that developed for silicate (Figure 4-22) was prepared (Figure 4-27). Nearfield chlorophyil
concentrations were, with few exceptions, uniformly low from August through September. Elevated chlorophyll
concentrations were evident at all depths at station N10 during August, apparently associated with the bloom
activity seen in the Harbor and adjacent stations at the time (Section 4.4.1). Somewhat elevated concentrations
were also noted at mid-depth at station NO1 through early September. A modest increase was also noted in mid-
depth results at the other stations during early September (W9712).
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Substantial increases in chlorophyll concentrations were observed in most regions of the nearfield during early
October (W9714, Figure 4-27). Peak concentrations (11-12 pg/L) were found in mid-depth samples at station
NO1, and at the surface at station N10. Surface and mid-depth results at stations NO4 and N18 were similar (6-8
ug/L). Station NO7 did not exhibit the same level of activity, with peak concentrations at the surface only
reaching 2 pg/L. This bloom event had subsided by the following survey at the end of the month (W9715), and
generally low chlorophyll concentrations were found through the remainder of the year. However, a slight
increase was observed during the final survey in December (W9717), particularly at stations N10 and N18.

Available data from the WETLabs spectrophotometer, located at a depth of 13.5 meters on the USGS mooring
near the center of the nearfield (Figure 1-1), provided additional detail on chlorophyll concentrations (Figure
4-28). Data coverage included August and early September, corresponding with the first three surveys of the
reporting period (W9710-W9712). After an approximate two-week gap in the record, coverage resumed just
after survey W9713 (September 22-23). The record ended just prior to the late October survey (W9715).

WETLabs sensor results from August captured the small peak at station N10 seen in HOM results during W9711,
and documented 1-2 pg/L concentrations over a 10-day period (Figure 4-28). Chlorophyll concentrations had
diminished to around 1 pg/L when the data record dropped out in early September. When the data record
resumed after W9713, the daily average chlorophyll concentration reached 6 pg/L, with peaks around 8 pg/L.
These data suggest that the W9713 survey (which recorded concentrations between 1-2 pug/L) just missed the
onset of this activity, although an increasing trend was evident in surface results from several stations (e.g., NO1,
N18, and NO7).

The late-September peak documented by the WETLabs sensor was followed by a gradual decline that reached a
minimum concentration of around 1.5-2 ug/L in early October (Figure 4-28). Coincident with the start of the
early October combined survey (W9714) on October 6™, the WETLabs sensor documented the beginning of an
eight day bloom on October 7®. The average concentration peaked at around 8 pg/L on October 12%, with an
individual peak of around 12 pg/L.. Subsequent to this event, concentrations fell to around 1 pg/L through the
period of record. -

These data indicate that survey coverage during late September and early October (W9713 and W9714) captured
the both onset and peak of the second pulse of the fall bloom, but missed almost a week of activity during the first
pulse when average chlorophyll concentrations were in excess of 3 ug/L.

4.5 Dissolved Oxygen
The distribution of dissolved oxygen (DO) in the water column was examined first for temporal and spatial trends

in the farfield (Section 4.5.1) and then in the nearfield (Section 4.5.2). For purposes of threshold criteria
evaluations, individual bottom water DO minima were also reported.
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451 Regional Distribution

DO was measured throughout the study area during the two combined farfield/nearfield surveys conducted in
August (W9711) and in October (W9714). Additional measurements were taken in Stellwagen Basin during
November (W9716). During August, average regional bottom water DO concentrations at farfield stations
exhibited a narrow range (8.1-8.5 mg/L), with the Harbor yielding the lowest average (Figure 4-29a). The
minimum individual bottom water concentration during this survey was 7.5 mg/L, reported from Harbor station
F31 (Table 3-2). During the October combined survey, average regional DO concentrations in bottom water had
a range of 6.9-8.8 mg/L, with Boston Harbor producing the highest average concentration and Cape Cod Bay the
lowest. The minimum individual bottom water concentration during this survey was 6.33 mg/L, reported from
Cape Cod Bay station FO3 (Table 3-5). The average bottom water DO concentration at Stellwagen Basin station
F19 was 8.3 mg/L in November, while inshore regions sampled during December had a narrow range of 9.4 -9.8

mg/L.

Average regional bottom water DO saturations during the August combined survey ranged from 83 percent in the
Boundary region to 97 percent in Boston Harbor (Figure 4-29b). The minimum saturation reported from the
farfield during W9711 was 77 percent, reported near the bottom at station F12 (Table 3-2). With the exception of
the Harbor, average DO saturations decreased in all regions during the October combined survey, with the lowest
average saturations (75 percent) reported in Cape Cod Bay and at Offshore stations. The minimum individual
bottom water saturation during this survey was 68 percent, reported from Cape Cod Bay station F03 (Table 3-5).
Bottom DO saturation at Boundary stations averaged 89 percent in November, while inshore regions sampled in
December were all around 96 percent. :

Average surface and bottom water DO concentration and saturation from stations in Stellwagen Basin were
plotted for surface (A) and bottom (E) water samples (Figure 4-30). Average surface DO concentrations were
typically between 8.5-9.0 mg/L for surveys conducted in August, October, and November, with an increase t0 9.5
mg/L in December (Figure 4-30a). - Average bottom water DO concentrations fell from 8.2 mg/L in August to
7.4 mg/L in October. Concentrations increased to 8.3 mg/L in November and to 9.2 mg/L in December.

DO saturation in surface water at Stellwagen Bank stations was 107 percent during both the August and October
surveys (Figure 4-30b), indicating excess production of oxygen through photosynthetic activity. In fact,
oversaturated conditions were observed to a depth of more than 20 m (Figures 4-31 and 4-32). Average surface
saturation fell to 93 percent during November, followed by an increase to 97 percent during December (Figure 4-
30b). Average bottom DO saturation was 80 percent during the August survey, which declined to an average of
77 percent by early October. Bottom saturation increased by late November to 89 percent, with a further increase
to 95 percent during December.

452 Nearfield Distribution

Nearfield DO results for concentration and saturation from surface (A) and bottom (E) samples were averaged by
survey for the 17 nearfield stations and plotied (Figure 4-33). Average surface DO concentrations were between
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8.5-8.8 mg/L. for the first four surveys of the reporting period (W9710-W9713; Figure 4-33a). During the peak of
chlorophyll activity in early October (W9714, Section 4.4), average surface DO concentration increased to 9.7
mg/L, followed by a decrease to 8.6 mg/L by late October. Surface averages during November and December
surveys were around 9.5 mg/L.

The average nearfield bottom water DO concentration fell continuously from 8.8 mg/L in early August to 7.3
mg/L in early October. The minimum individual bottom water concentration during early October was 6.8 mg/L
(Table 3-5). By late October, the average bottom concentration had risen slightly, but a high degree of spatial
variability was observed (note large standard deviation for W9715 in Figure 4-33a). As discussed in earlier
sections, the water column had completely mixed in the shallower inshore stations of the nearfield by the end of
October (W9715), but the deeper stations of the nearfield remained stratified below around 30m (Section 4.1.2).
Indeed, the minimum bottom water DO concentration was found at station NO1 (6.4 mg/L). Average bottom
water DO concentrations in November and December were similar to that reported from the surface, indicating
complete mixing had occurred. ) '

DO saturation in surface samples exceeded 100 percent through early October (Figure 4-33b), indicating a high
degree of phytoplankton activity at the surface (despite the modest chlorophyll concentrations reported in the
nearfield). The peak in surface DO saturation occurred during the early October bloom (W9714). Afterward,
average surface DO saturation fell to around 95 percent for the remainder of the surveys.

Average nearfield bottom water DO saturation fell continuously from 92 percent in early August (W9710) to 77
percent in early October (W9714). The minimum nearfield bottom water saturation during survey W9714 was 73
percent (station N13). As with concentration, the average bottom water DO saturation rose to 79 percent during
the late October survey, however, a high degree of spatial variability was reported due to incomplete vertical
mixing at deeper stations. The minimum bottom water saturation was 68.5 percent, reported at station NO7.
Average nearfield bottom water saturation rose to 97. percent-by November, almost identical to the minimum
saturation value of 96 percent (station N16). Bottom water DO saturations were similar during the final survey in
December.

4.6 Summary of Water Column Results
Physical Characteristics
e A strong pycnocline was evident in the outer nearfield through September. Complete mixing had not
occurred at the deeper nearfield stations by the late October survey (W9715), however, strong winds
passing through the area on November 1* likely completed the mixing process.
e Evidence of coastal upwelling during late August (W9711) included decreasing bottom water

temperature and increasing bottom salinity, areas of colder, more saline surface water at coastal
stations, and prolonged onshore bottom water currents.
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e Storm-driven mixing which interrupted the late August combined nearfield/farfield survey may have
also contributed to vertical mixing at the shallower coastal stations.

e Onshore advection was also evident during late September and early October, when onshore bottom
currents produced a three-week decline in bottom water temperature and concurrent increase in bottom
salinity. These observed conditions abruptly reversed over a three-day period in mid-October.

Nutrients

e A strong coastal nutrient gradient was evident in the surface water through the stratified period, with
higher concentrations evident in Boston Harbor and the coast stations, and low concentrations offshore
in Massachusetts Bay. '

e The strong surface nutrient gradient remained through the early October farfield survey, and was still
evident during the following survey in the nearfield.

e Coastal upwelling and wind-driven mixing may have contributed to higher nutrient concentrations
along the coast during August.

Chlorophyll a

e Elevated chlorophyll concentrations (maximum of 7.2 ug/L) were present in Boston Harbor and along
the North and South Shores during late August (W9711). A chlorophyll peak was also evident at the
Boundary station F27 at mid-depth.

e Nearfield results and continuous sensor data from the USGS demonstrated low chlorophyll
concentrations in- the nearfield through early September. The USGS data indicated that the late
September survey (W9713) just missed the onset of a substantial weeklong increase in chlorophyll in
the nearfield.

e Results from early October (W9714) documented a strong bloom present off Boston Harbor (surface
maximum of 11.6 pg/L) and in northern Massachusetts Bay (6-8 ug/L). Peak chlorophyll
concentrations were also noted in mid-depth samples (maximum of 11 pg/L at station NO1). Bloom
activity continued in Boston Harbor (5-6 ug/L), but chlorophyll concentrations were low in central
Massachusetts Bay and the Boundary region (1-2ug/L). '

Dissolved Oxygen

e Boston Harbor exhibited the lowest average bottom water DO concentrations (around 8.0 mg/!) and the
minimum individual measurement (7.5 mg/L) during the August farfield survey (W9711).
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e During the October farfield survey (W9714), Boston Harbor had the highest average bottom water DO
concentration (8.5 mg/L). Cape Cod Bay exhibited the lowest average (6.9 mg/L), the lowest
individual concentration (6.33 mg/L. at station F03), and the lowest individual DO saturation (68
percent, also at FO3).

e Bottom water DO concentrations in Stellwagen Basin remained above 7.0 mg/L and 75 percent
saturation during the October and November surveys.

e Bottom water DO concentration in the nearfield fell continuously through early October, reaching a
minimum nearfield average of 7.3 mg/L. during the last farfield survey (W9714).

¢ The average bottom water DO concentration rose by late October (W9715), but vertical mixing had not
yet reached the deeper stations. The minimum individual nearfield bottom water concentration (6.4
mg/l.) was recorded at station NO1 during this survey, while the minimum saturation (68.5 percent)
was recorded at station NO7. Storm activity on November 1% may have terminated this seasonal
bottom water DO decline.
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5.0 PRODUCTIVITY, RESPIRATION, AND PLANKTON RESULTS

This section presents the results of the biological parameters measured in the HOM Program, including primary
productivity, microbial respiration, phytoplankton, and zooplankton. They are discussed in the context of the
physical and chemical results presented in Section 4. Additional productivity and respiration measurements taken
at Boston Harbor station F23 during the late summer benthic flux survey, as well as additional water column
respiration measurements taken during the August farfield éurvey, will be reported in the annual water column
report.

51 Productivity

Production measurements were taken at two nearfield stations (N04, N18) and one farfield station (F23), at
the entrance to Boston Harbor. All three stations were sampled during the two combined nearfield/farfield
surveys conducted during this semi-annual reporting period (W9711 and W9714). Stations NO4 and N18
were also sampled during the additional six nearfield-only surveys conducted during the period. Samples
were collected at five depths throughout the euphotic zone. Production was determined by measuring '*C
uptake at varying light intensities as summarized below.

In addition to samples collected from the water column, productivity calculations also utilized light attenuation
data from a CTD-mounted 47 sensor, and incident light time-series data from an on-deck 27 irradiance sensor.
Upon collection of the productivity samples and addition of '*C-bicarbonate, they were incubated in a
temperature-controlled incubator. The resulting photosynthesis versus light intensity (P-I) curves (Figure 5-1 and
comprehensively in Appendix D), were used, in combination with ambient light attenuation and incident light
data, to calculate hourly production for each sampling depth for determination of daily areal rates of °
phytoplankton productivity.

For this semi-annual report, measured hourly production rates (mng'3h'1) were integrated over the photoperiod
to calculate daily depth-dependent production rates (mng'3d“1), which were then integrated over the sampling
depth interval to yield areal production (mng'zd'l). In addition, calibrated chlorophyll a sensor data were used
to normalize daily productivity (provided for each of five water depths) for calculation of chlorophyll-specific
production (mnggChla'ld'l), a measurement of the efficiency of production and physiological status of the
phytoplankton population.

5.1.1 Areal Production

Peak rates for primary production were measured during the October bloom (W9714), although areal production
at Harbor station F23 was similarly high during the August survey (W9711, Figure 5-2). The highest areal
production rate for the period was around 4,200 mng'zd'1 (station N18), culminating a steady increase in
production rate that began in late August. The maximum carbon fixation rate at the outer nearfield station N04
was considerably lower (approx. 2,300 mgCm?d™) despite comparable chlorophyll concentrations (8 pg/L at
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N18 vs. 6 pg/L at NO4, see Figure 4-27). Areal production dropped substantially in the nearfield after survey
W9714, to less than 500 mng'Zd'l.

A time-series of daily production was also plotted relative to depth to examine the vertical distribution of
production over the water column during the study period (Figure 5-3). The bulk of the production at the two
nearfield stations was in the upper 10-15 m of the water column. These results also highlight the localized area of
strong productivity near the center of the nearfield during the time of the early October survey (see Figure 4-26).
The productivity results from N18 also seem to better capture the late September chlorophyll activity documented
by the WETLabs data (Section 4.4.2).

512 Chlorophyll-Specific Production

Chlorophyll-specific production is an estimate of the efficiency of photosynthesis. The distribution of
chlorophyll-specific production indicates that during August and early September, the efficiency of production
was high at the nearfield stations (NO4 and N18) relative to the amount of biomass present, as measured by
chlorophyll a (Figure 54, also see Figure 4-27). At these two nearfield stations, chlorophyll-specific production
was over 800 mgCrbngChIa'ld'1 during the late August survey (W9711).

Chlorophyll-specific production decreased in early September to less than 200 mgCmgChlad”. However, an
increase in chlorophyll-specific production rates (200-300 mgCmgChla’d") was observed during the late
September survey (W9713). This increase was also indicative of the onset of the late September bloom
documented in the WETLabs data from the USGS mooring, which appeared to be just missed by this survey in
terms of chlorophyll biomass (see Section 4.4.2). A late-season increase in chlorophyll-specific production was
evident during the December survey, particularly at station NO4. This late-season activity was also seen in
chlorophyll data (Figure 4-27), but only at stations N18 and N10.

Chlorophyll-specific production at the harbor station (F23) was substantially lower (<100 mgCmgChla’'d™)
during the combined nearfield/farfield surveys (W9711 and W9714) in August and October.

5.2 Respiration

Respiration was measured at the same two nearfield stations (NO4 and N18) and one harbor station (F23) as
productivity, and at farfield station F19 in Stellwagen Basin (Figure 1-2). All stations were sampled during the
two combined nearfield/farfield surveys (W9711 and W9714), and stations NO4 and N18 were additionally
sampled during the six other nearfield-only surveys during the semi-annual period. Samples were typically
collected at three depths (surface, mid-depth, and bottom), and incubated without light at in situ temperatures.
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Both respiration (in units of uMO,hr™) and carbon-specific respiration (UMO,uMChr") rates at the three
sampled depths are presented here. Carbon-specific respiration was calculated by normalizing respiration
rates to the total measured particulate organic carbon (POC) at each respiration depth. Carbon-specific
respiration provides an indicator of how biologically available (labile) the POC substrate material is for
microbial breakdown.

521 Water Column Respiration

Maximum respiration rates for the period (0.28 uMO,hr’') were measured at Boston Harbor station F23 during
the late August survey (W9711), with similar rates reported at both the surface and bottom. Rates in the Harbor
_fell by early October to around 0.15 uMOzhr'l. While the late August surface rate was almost matched at
offshore station F19, by early October surface respiration at F19 resembled the bottom rate of 0.05 uMOshr .

Respiration rates at nearfield stations during the stratified period were typically 2-3 fold higher in surface than
bottom waters (Figure 5-5). Following a surface water peak (ca. 0.22 uMO5hr™") at station NO4 in early August
(W9710), surface water rates remained between 0.15-0.20 uMOshr” through early October. Surface respiration
rates at N18 peaked at around 0.26 p,MOzhr'l in late September (W9713) and remained above 0.2 p,MOZhr'l n
early October (W9714). After the fall turnover, both surface and bottom respiration at the nearfield stations fell
to <0.05 uMO,hr”.

The late September peak at N18 is another indication of the onset of bloom conditions documented in results for
chlorophyll (Section 4.4.2) and productivity (Section 5.1). The peak in respiration at N18 in late September was
accompanied by a large increase in surface water particulate organic carbon (from around 23 uM to 37 uM,
Figure 5-6). This trend continued through early October, when maximum surface POC concentrations reached
around 55 pUM. Peaks in particulate organic carbon were.also observed at NO4 during the early October survey
(W9714), after which surface and bottom concentrations were more uniform.

522 Carbon-Specific Respiration

Carbon-specific respiration normalizes microbial activity to the concentration of the available carbon
substrate. Differences in carbon-specific respiration can therefore be attributed to variations in the quality of
the available organic matter given similar environmental conditions such as temperature. Sources of organic
carbon which are more easily oxidized (i.e., recently produced phytoplankton) will result in higher carbon-
specific respiration. Stratification produces lower carbon-specific respiration in bottom water due the lower
water temperature, and to typically lower substrate quality resulting from partial degradation during sinking.
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Peaks in carbon-specific respiration were evident in the early August surface samples at both nearfield
stations and at offshore station F19 (Figure 5-7). In fact, the highest C-specific rate measured during the
reporting period was the surface sample at F19 (0.023 pMO,uMC'hr), approximately twice that measured
at the nearfield stations. With the exception of similarly high surface and bottom water rates reported from
NO4 during late September (W9713), C-specific respiration rates typically fell through October. A slight
increase was documented in both surface and bottom samples in the nearfield during late November (station
N18) and December (station N04).

These observations are consistent with indications of nearfield algal activity during late August, including
depleted silicate concentrations (Section 4.3.2), oversaturated surface dissolved oxygen concentrations
(Section 4.5.2), and high chlorophyll-specific production (Section 5.1.2). Although chlorophyll
concentrations were relaﬁvely low during this period (e.g., Figure 4-27), it appears from the C-specific
respiration that high metabolic activity was sustained by a high-quality substrate.

53 Plankton Results

The 1997 HOM Program included analysis of the plankton community in Boston Harbor, Massachusetts Bay,
and Cape Cod Bay during 11 nearfield and six combined farfield surveys conducted from February to December.
Two stations (NO4 and N18) were occupied in the nearfield surveys, while an additional ten locations were
sampled during the combined events (Figure 5-8). During 1997, station N16 continued to be sampled during the
farfield segment of the combined events in lien of a station revisit at one of the two nearfield stations. In this
report, the second half of the 1997 plankton record is presented (surveys W9710 to W9717), including two of the
six annual combined sampling events (W9711 and W9714). Comprehensive tabulations of results are available
in periodic Plankton Data Reports.

Whole water and screened phytoplankton samples were collected at the surface and at mid-depth, with the latter
often selected to coincide with the presence of a sub-surface chlorophyll maximum (as determined by in vivo
fluorometry). Zooplankton samples were collected at each station by oblique tow. Details regarding sampling
and analysis can be found in the Combined Work Plan/QAPP for water column monitoring (Bowen et al., 1997).
Quantitative taxonomic analyses and carbon equivalence estimates were made for the plankton communities
using species-specific carbon data from the literature. ‘

In this section, the plankton data are presented through an assessment of their seasonal and regional
characteristics. Total abundance, relative abundance of major groups, and estimated carbon equivalence are
presented for each plankton community. Nuisance algae issues are also addressed. Appendix E-1 tabulates
dominant phytoplankton species (>5% of total abundance) for whole water surface samples, along with the
associated cell densities and percent abundance. Appendix E-2 provides similar information for the mid-depth
samples. Appendix F-1 tabulates dominant phytoplankton species (>5% of total abundance) for screened surface
samples, along with the associated cell densities and percent abundance. Appendix F-2 provides similar
information for the mid-depth samples. Appendix G presents zooplankton results.
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Appendix H-1 tabulates dominant phytoplankton carbon contributors (>5% of total carbon) for whole water
surface samples, along with the associated carbon densities and percent carbon contribution. Appendix H-2
provides similar information for the mid-depth samples. Appendix I-1 and I-2 includes similar information for
screened phytoplankton results.

531 Phytoplankton
53.1.1 Seasonal Trends in Total Phytoplankton Abundance

Total phytoplankton densities in nearfield whole water surface samples (averaged results) demonstrated one
major peak in early October (W9714) comprising the fall bloom (Figure 5-9a). Cell densities were slightly
elevated in early August relative to the subsequent survey, and a small interim peak was seen in mid-depth results
during early September (Figure 5-9b). Following the fall bloom, densities generally declined for the remainder of
the reporting period, although a slight increase was noted in December. Densities at both depths were similar
during the reporting period ranged from 0.6-11 million cellsL™.

During the first combined survey (W9711), Boston Harbor yielded the highest regional densities and the nearfield
the lowest at both the surface and at mid-depth (Figure 5-9a and 5-9b). Average densities for the three Harbor
stations were between 3-4 million cellsL, and were only slightly higher than densities reported in Cape Cod Bay
and Coastal stations. Surface densities from the Boundary station F27 were more similar to the nearfield (<1
million cellsL™"), while at mid-depth the Offshore results were the lowest outside of the nearfield (1 million
cellsL™). ’

During the second combined survey, the nearfield yielded the highest regional densities at both the surface and at
mid-depth (Figure 5-9a and 5-9b). Average surface densities for the nearfield stations exceeded 10 million
cellsL™". The nearfield surface results were followed in magnitude by -Coastal, Harbor, Offshore, and Cape Cod
Bay stations (2-3 million cellsL™), with Boundary station results found to be the lowest regionally. The pattern
was similar at mid-depth, with even lower densities reported from the Boundary station (Figure 5-9b).

5312 Nearfield Phytoplankton Community Structure

Phytoplankton abundance and community composition at the three nearfield stations were plotted for surface
(Figure 5-10) and mid-depth samples (Figure 5-11). Note again that station N16 was only sampled during the
two combined surveys conducted during the reporting period. Overall density patterns between stations and
depths varied, but generally densities at N16 and N18 were highest (note scale differences in the two plots).

During the majority of the stratified period (W9710 through W9713), surface and mid-depth whole water samples
from the nearfield were numerically dominated by microflagellates. Subdominants included Cryptomonas sp.,
and Gymnodinium sp. (Appendix E). However, during the two September surveys (W9712 and W9713), the
centric diatoms Rhizosolenia fragilissima and Cyclotella sp., and the pennate diatom Thalassionema nitzschoides
became co-dominant at station N18. These taxa may have been responsible for the increased productivity and
respiration rates seen at this station (Sections 5.1.1 and 5.2.1).
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By the early October survey (W9714), the overall contribution from centric diatoms increased dramatically at the
nearfield stations (Figures 5-10 and 5-11). The dominant centric diatom was Thalassiosira, which exceeded 4
million cellsL at the surface, and over 7 million cellsL” at mid-depth at N18 (Appendix E-1 and E-2). Co-
dominants included the centric diatom Cyclotella sp., a small (<10 um) unidentified pennate diatom, and
microflagellates. Station N16 was also co-dominated by the pennate diatom Asterionellopsis glacialis and R.
fragilissima, which were even more abundant at mid-depth (Appendix E). Following the bloom documented
during W9714, nearfield phytoplankton densities decreased and again were dominated by microflagellates,
cryptophytes, and Gymnodinium sp.

Plots of estimated phytoplankton carbon emphasize that the October peak in phytoplankton abundance was more
productive than any other event during the period at both the surface and mid-depth (Figures 5-12 and 5-13).
Dominant centric diatoms with respect to estimated phytoplankton carbon were Rhizosolenia fragilissima and
Thalassiosira sp. (Appendix H; Lemieux, 1997). Note also the relative increase in carbon contributed by centric
diatoms at station N18 during late September (Figures 5-12 and 5-13).

Dominant dinoflagellate species detected in screened sample results included Ceratium longipes, C. fusus and C.
tripos (Appendix F). Densities typically did not exceed 1,000 cellsL?, except at NO4 during the first survey of
the second semi-annual period (W9710) when densities reached 1,680 cellsL! and 3,230 cellsL? at the surface
and mid-depth, respectively (Appendix F-1 and F-2).

5313 Regional Phytoplankton Assemblages

Abundance plots for whole water samples taken at farfield stations were used to demonstrate the differences in
regional phytoplankton assemblages (Figures 5-14 and 5-15). Nearfield results were included to facilitate
regional comparisons. Results from the late August farfield survey (W9711) further illustrate the harbor and
coastal nature of the August bloom event (Figure 5-14, also see Section 4.4.1). During a time of low
phytoplankton densities and dominance by small flagellates in the nearfield and Boundary regions, stations in
Boston Harbor (F23, F30, and F31) and in the adjacent coastal region (F24 and F25) had a large contribution
from centric diatoms (Figure 5-14).

The coastal bloom, however, showed differences in dominant taxa among the stations. Coastal stations to the
south of the harber and Cape Cod Bay (F06, F13, FO1, and F02) were dominated by Rhizosolenia fragilissima at
both surface and mid-depths (maximum density of 1.76 million cellsL, Appendix E-2). Skeletonema costatum,
while present in the southern assemblage, dominated in the harbor.and adjacent waters (maximum density of 1.78
million cellsL™”, Appendix E-2). Cryptophytes were co-dominant in the Harbor and adjacent stations, but were
not present to the same degree south of the Harbor. Microflagellates contributed to the overall standing stock of
phytoplankton in all regions, comprising 21 to 82 percent of phytoplankton densities.
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The dinoflagellate flora in- the early season farfield screened samples exhibited dominant taxa similar to those
reported for the nearfield stations (Ceratium longipes, C. tripos, and C. fusus) (Appendix F). Densities for all
dinoflagellate taxa were occasionally elevated at mid-depth, but overall these densities were low (typically less
than 1,000 cellsL™).

Differences in regional assemblages were also evident during the fall bloom (early October farfield survey
W9714). The centric diatom Thalassiosira dominated the nearfield assemblage, while microflagellates and the
centric diatom Cyclotella were co-dominant (Appendix E). Dominant taxa at Cape Cod Bay stations were
microflagellates, Skeletonema costatum, and Cyclotella. The Harbor assemblage was substantially different, with
the pennate diatom Asterionellopsis glacialis and the centric diatoms Leptocylindrus danicus and L. minimus
reported as dominant forms.

The dinoflagellate flora in the late season farfield samples exhibited dominant taxa similar to those reported for
the nearfield stations (Ceratium longipes and C. tripos, Appendix F).

53.14 Nuisance Algae

Three nuisance algae species have been targeted in the HOM Program: Alexandrium tamarense, Phaeocystis
pouchetii, and Pseudo-nitzschia multiseries. The seasonal distribution for A. tamarense and P. pouchetii
encompasses the late winter and spring periods, and thus would not be expected to occur during this time of the
year. Neither species was reported during the surveys reported herein.

The seasonal distribution of Pseudo-nitzschia multiseries does include the time frame of this semi-annual
reporting period. It was not present in any great abundance, however, as its indicator species, Pseudo-nitzschia
pungens, did not exceed 3,100 cellsL" during the reporting period. The maximum densities were reported during
the August farfield survey (W9711), where P. pungens was.reported.in surface and mid-depth samples in Cape
Cod Bay (F0O1 and F02) and offshore station FO6 (Appendix F). In the early October farfield survey (W9714), P.
pungens was again reported in samples from Cape Cod Bay stations FO1 and F02 and offshore/coastal stations
F06 and F13 (Appendix F). The highest reported density was 1,200 cellsL (Appendix F). These results were
well below the 100,000 cellL-1 threshold tentatively being used by the HOM Program based on domoic acid
toxicity levels observed in Canadian waters (S. Bates, pers. comm.).

532 Zooplankton
53.2.1 Seasonal Trends in Total Zooplankton Abundance

Zooplankton densities in the nearfield also exhibited differences among stations, with station N18 exhibiting the
greatest fluctuation through the period (Figure 5-16). Two peaks were evident at the two high-frequency
sampling stations within the nearfield, in early September and again in late October (Figure 5-16). Initial total
densities of between 30,000 m” (station N18) to 40,000 m> (NO4) in early August increased to around 70,000 m>
during the first peak. After returning to initial densities during late Septernber and early October, late October
samples from station N18 produced the highest densities for the semi-annual period (around 150,000 m>).
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Results from station NO4 did not exhibit the same dramatic increase, reaching only around 50,000 m™. After the
late October peak, densities at these two stations generally decreased to around 20,000 m™ by December.
Zooplarﬂcton%ensities from station N16, sampled only twice during the farfield events, were roughly double
(around 55,000 m™) the other nearfield stations during the late August survey (Figure 5-16). Results at N16 were
similar to NO4 (around 40,000 m™) during the second farfield survey in early October (W9714). It should be
noted that a small tear in the zooplankton net was discovered during sampling at NO4 during late August (Section
2.3.1), thus the relatively low densities reported there during W9711 might have been a sampling artifact. It
should also be noted that dense concentrations of salps were evident in the outer nearfield during the late
September and early October surveys, which may have reduced densities both in the water column (from their
feeding activity) and in samples (due to net clogging).

5322 Nearfield Zooplankton Community Structure

Copepod adults and copepod nauplii dominated zooplankton community composition during most surveys in the
reporting period (Figure 5-17). The main exception was during late October (W9715), when there was a
substantial contribution from bivalve larvae. Although they comprised as much as 45 percent of the total
assemblage (station NO4, Appendix G), densities were almost twice as high at station N18 during this survey
(42,300 m™ at station N18 as compared with 22,800 m™ at station NO4).

The numerically dominant species among the copepods during the reporting period was Qithona similis, with
copepodite densities around 35,300 m” during late August (W9712) and 18,800 m™ during the zooplankton
abundance peak in late October (W9715; Appendix G). Other dominant copepod taxa early in the semi-annual
period included Pseudocalanus newmani, Temora longicuris, and Acartia tonsa. Later in the reporting period,
Pseudocalanus newmani, Centropages sp. and Temora longicuris were dominant but in much smaller numbers.

5323 Regional Zooplankton Assemblages

Regional data for the late August combined nearfield/farfield survey (W9711) showed highest zooplankton
densities (around 140,000 m'3) within Boston Harbor (station F30, Figure 5-18). Coastal stations and western
Cape Cod Bay station FO1 also exhibited relatively high zooplankton densities, with densities approaching
100,000 m™. Other stations were typically around 60,000 m?, although densities at nearfield stations N18 and
NO4 and Harbor station F31 were substantially lower. Copepod adults and nauplii numerically dominated each
station, with bivalve larvae also important. Dominant copepod taxa included Acartia tonsa at the Harbor stations,
and Oithona similis in Cape Cod Bay, the nearfield, and Boundary station F27 (Appendix G).

By the early October combined survey (W9714), the highest densities were found at the Coastal station F24
(Figure 5-19). Densities were typically between 30,000-40,000 m>, although densities in Cape Cod Bay and
Boundary station F27 were <20,000 m°. Copepod nauplii were the dominant group (with the exception of
Boundary station F27), and QOithona similis was the dominant copepod species (Appendix G).
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5.4 Summary of Water Column Biological Events
Productivity

e  Peak areal production rates for the period were measured in the nearfield during early October, which
coincided with the fall phytoplankton bloom. The maximum rate was reported at station N18 (4,200
mgCmd™), while NO4 yielded a smaller peak (2,300 mgCmd™®).

®  The majority of nearfield production was in the upper 10-15 m of the water column.

®  Harbor production rates measured during the two farfield surveys (late August and early October) were
around 2,200 mgCm-2d-1.

®  Chlorophyll-specific production indicated that highly efficient photosynthesis was occurring in the
nearfield during August. and early September. Maximum nearfield chlorophyll—spec1ﬁc production
rates (>800 mgCmgChla-1d-1) were reported during late August (W9711).

*  An increase in chlorophyll-specific production durmg late September (W9713) seemed to capture the
onset of the fall bloom.

® A late-season increase in chlorophyll-specific production in the nearfield was evident during December
(W9716-W9717). '

Resbiration

e  Peak surface water respiration rates (0.28 puMhr-1) were reported in late August (W9711) at Boston
Harbor station F23. A similarly high surface peak (0.25 uMhr-1) was seen at Offshore station F19
during this survey.

®  Peak surface water respiration rates in the nearfield (0.26 uMhr-1) were reported in late September
(W9713) at station N18, again apparently coinciding with the onset of the fall bloom. Peak nearfield
bottom water respiration rates (around 0.08 pMhr-1) were also reported during this survey.

e  Surface and bottom water respiration rates converged in early October at station F19 and late October
at stations NO4 and N'18.

®  Carbon-specific respiration in the nearfield peaked at both nearfield stations during the late August
survey (W9711), and again in late September at station N04.

*  Carbon-specific respiration at the farfield station also peaked during the late August survey (W9711),
with the maximum rate for the period (0.023 uMO2uUMC-1hr-1) reported at station F19.
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Phytoplankton

e A phytoplankton bloom was evident in Boston Harbor and coastal stations during late August
(W9711). The centric diatom Skeletonema costatum and cryptophytes dominated the Harbor
assemblage, while the centric diatom Rhizosolenia fragilissima dominated the coastal assemblage to
the south of the Harbor and in western Cape Cod Bay.

e  Nearfield densities remained low through late September, with the assemblage dominated by
microflagellates, cryptophytes, and a small dinoflagellate (Gymnodinium). An increase in diatom
activity was evident at station N 18 during late September, apparently an early indication of the onset of
the fall bloom.

e  Centric diatoms dominated a fall bloom evident in the nearfield by early October (W9714), with
Thalassiosira spp. and Cyclotella the dominant forms, with Rhizosolenia fragilissima and the pennate
diatom Asterionellopsis glacialis sub-dominant at some stations. After the bloom, the nearfield
assemblage was similar to that seen in August and early September.

o  The fall bloom evident in the nearfield also extended to the Harbor and Cape Cod Bay. The Harbor
was dominated by Asterionellopsis glacialis and the centric diatoms Leptocylindrus danicus and L.
minimus, while Cape Cod Bay was dominated by S. costatum and Cyclotella.

e  The dinoflagellates Ceratium longipes, C. tripos, and C. fusus were present in low numbers (typically
<1,000 cellsL-1) throughout the reporting period.

o  Nuisance species were not of concern during the reporting period. The maximum density for the
indicator species Pseudo-nitzschia pungens was 3,100 cellsL-1, reported in Cape Cod Bay during late
August.

Zooplankton

s Peak zooplankton abundance in the nearfield occurred in late October (station N18), while the more
offshore station NO4 peaked in early September.

e  Farfield results showed greatest densities in Boston Harbor and coastal stations, with the latter
including Cape Cod Bay station FO1 (August), and Coastal station F24 (October).

e  The zooplankton community was dominated by copepod adults and copepod nauplii, with the
numerical dominant being Oithona similis. Bivalve larvae contributed substantially to the late October
(W9I715) assemblage.
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An example of Photosynthesis- Irradiance Curve from Station NO4 Collected in August 1997
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6.0 A SUMMARY OF MAJOR WATER COLUMN EVENTS

This section provides an integrated summary of significant events that occurred in Massachusetts Bay, Cape Cod
Bay and Boston Harbor during the latter part of 1997. Events that influenced the integrity of the stratified water
column included coastal upwelling and storm-driven mixing of the surface layer during late August and
September, and the seasonal breakdown in stratification that occurred during October. The breakdown of
stratification caused the termination of the seasonal decline of bottom water dissolved oxygen (DO)
concentration. Key biological events observed by the monitoring program included a phytoplankton bloom in the
Harbor and coastal stations during August, and a fall bloom during early October.

Evidence of coastal upwelling during late August (W9711) included decreasing bottom water temperature
and increasing bottom salinity, areas of colder, more saline surface water at coastal stations, and prolonged
onshore bottom water currents. Although a strong phytoplankton bloom in Boston Harbor may have
influenced adjacent coastal stations, the phytoplankton assemblage that produced elevated coastal
chlorophyll concentrations further south differed from the Harbor assemblage. The more southerly bloom
may therefore have developed in response to nutrient release from sub-pycnocline water transported to the
surface.

Both sensor data and nutrient chemistry results indicated that the nearfield remained stratified in October in
the bottom waters, with incomplete mixing at the deeper stations of the nearfield still evident by the late
October survey (W9715). However, vertical cast data from the shallower inshore stations of the nearfield
indicated a more uniform water column in late September, which was again coincidental with evidence of
onshore advection and potential upwelling (onshore bottom currents and a prolonged period of decreasing
temperature and increasing salinity in bottom water). HOM data indicated little chlorophyll activity during
the late September survey (W9713), but documented a strong fall bloom during early October (W9714),
particularly at the inshore stations and in northern Massachusetts Bay. Continuous data from the USGS
mooring showed a substantial increase in chlorophyll shortly after the late September survey, which may
have also been documented by elevated chlorophyll-specific production estimates during W9713.

The fall bloom may have therefore developed inshore in late September in response to near-coastal
phenomena and subsequently progressed further into Massachusetts Bay. It may be speculated that the
continued release of sub-pycnocline nutrients continued to fuel the bloom during October after survey
W9714, particularly in mid-month when mooring data indicated that substantial mixing occurred (rapid
increase in bottom water temperature and decrease in salinity over a three-day period). The seasonal peak in
zooplankton abundance documented by the nearfield survey at month’s end may infer bloom conditions
during the period; however, there are no supporting data to directly document chlorophyll activity during
this period. '
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The protracted sequence of water column mixing also affected results for bottom water DO concentration. The
minimum average nearfield bottom water concentration (7.3 mg/L) was reported during early October (W9714).
The average bottom water concentration over the nearfield rose by the late October survey (W9715), but since
vertical mixing had yet to reach the deeper stations, individual minima for concentration (6.4 mgL'l) and
saturation (68.5 percent) were recorded during late October. These late-season minima caused by the delayed
mixing might have very well been even lower had not the seasonal decline in bottom water DO concentration
been mitigated by large-scale advection during July, when a 1.5 mgL'1 increase in bottom DO was observed
(Cibik ez al., 1998). These events will be more fully discussed in the 1997 annual water column report.
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APPENDIX A
Surface Contour Plots - Farfield Surveys

All contour plots were created using data from the surface bottle sample (A). Each plot is labeled on
the bottom right with the survey number ("9711"), and parameter as listed below. The minimum and
maximum value, and the station where the value was measured, is provided for each plot, as well as the

contour interval and parameter units.

Appendix A: Table of Contents

Parameter Name Map Parameter Name Units
Temperature temp_lin °C
Salinity sal_lin PSU
Transmissivity (beam attenuation) tran_lin /m
Nitrate  (NO3) no3_lin uM
Phosphate (PO.) po4_lin um
Silicate (S10y4) sio4_lin M
Dissolved Inorganic Nitrogen (DIN)  din_lin M
Chlorophyll a fluo_lin ug/L

"NO; + NO, + NH,4
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APPENDIX B
Transect Plots

Data were contoured relative to water depth and distance between stations as shown on the transects
(Figure 1-3, text). Relative distances between stations and water depth at each station is shown on the
transect. ‘Water depth is labelled with negative values in meters, with zero depth at the sea surface, and
shaded. Three transects (Boston-Nearfield, Cohasset, and Marshfield) are provided on each plot, as well as
shaded contour levels on the scale bar at the bottom of the plot. Contour units are as noted on the table
below. Each plot is labelled on the bottom right with the parameter as listed below, and the survey number

("9601").

Appendix B: Table of Contents

 Parameter Name Units
Sigma-T (oy) n/a
Temperature °C
Salinity PSU
Beam Attenuation /m
Nitrate + Nitrite M
Phosphate (PO;,) M
Silicate (SiOy) UM
Ammonium (NHy) UM
Fluorescence (clophylla) ug/L,

Dissolved Oxygen mg/L
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APPENDIX C
Nutrient Scatter Plots

Scatter plots are included for every survey conducted during the semi-annual period. Each plot
includes all stations and all depths. The plots are organized by type of plot, and then by survey. Combined
nearfield/farfield surveys show the regions with different symbols, including Boundary, Cape Cod Bay,
Coastal, Boston Harbor, Nearfield, and Offshore. Available plots are summarized in the text.
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APPENDIX D
Photosynfhesis-lrradiance {P-I) Curves

Productivity calculations utilized light attenuation data from a CTD-mounted 4n sensor and incident
light time-series data from an on-deck 2w irradiance sensor (Combined Work/Quality Assurance Project
Plan for Water Quality Monitoring, ENSR, 1996). After collection of the productivity samples, they were
incubated in a temperature-controlled incubator. The resulting photosynthesis (mgC/m’/h) versus light
irradiance (WE/ms, P-I) curves are comprehensively presented in this appendix. These data were used to
determine hourly production at intervals throughout the day for each sampling depth.
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Abundance of Prevalent Species (> 5% Total Count) in Surface Sample

Whole Water Phytoplankton, Survey W9710

August 5, 1997

Species Group Parameter Station Cast
NO4 N18
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10%calls/L 0.1 0.04
- % 10 7
GYMNODINIUM SP#1 5-20UM W 10-20UM L CoooE | aoteeen | 0BT aes
UNID, MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10%aells/L 0.71 0.47
% 64 77
Group Definitions: cD Centric Diatomn
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pannate Diatom




Abundance of Prevaient Specles (> 5% Total Count) in Surface Sample

Whoele Water Phytoplankton, Survey W9711
August 18 - 20, 1997

Specles Group Parameter Station Cast
FO1_ F02 FO6 _ F13_ F23 F24 F25 F27 F30 F31 NO4 N16  N18
ASTERIONELLA GLACIALIS PD 10%alis/L 0.45
% 14
CHAETOCEROS SP#1 DIAM <10 MICRONS 0D | 10%eilsl |
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10%ells/L 0.24 037
% 7 12
GRYPTOMONAS SP#2 LENGTH >10 MICHONS - S ACR | 10%celisi | T 04677 :084. . 021 . 024 029 .
kR . o C - ‘ o S .2 B T S 6 " .-7—‘ . 7 g
GYCLOTELLA SP#1 DIAM <10 MICRONS cD 10%ells/L
. %
GYMNODINIUM SP.#1'5-20UM W 10-20UML .. - DF | 10%sllsi 067 0:09 - 0.08 " 0.09
”‘: o :._": ‘ : ST - o o 9 ’ .19‘:_7‘ 18 L 12
RHIZOSOLENIA FRAGILISSIMA co 10%ells/L
% .
SKELETONEMA COSTATUM © " GREV4CLEVE | €D | 10%ells/L: . L 041 030" . L
it S R o B I e
THALASSIONEMA NITZSCHICIDES PD 10°ellsil.
% 5
UNID. CENTRIC DIATOM DIAM-<10 MICRONS .~ eb | 10%ets] v 044
I S AU MR S L SR T T I T S S CR TR A LN P R
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10%ells/L | 0.82 102 054 084 157 104 091 070 112 139 029 035 057
% 23 30 28 35 29 32 3 80 32 44 60 70 73
Group Definitions: CD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyle
CR Cryptophyte
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9712
September 3, 1997

Species Group Parameter Station Cast
' No4 N18
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10%ells/L 0.13 0.18
GYMNODINIUM SP.#1 5:20UM W 10-20uML -~ = = - “bBF | 1o%edist | 048 “ 015 T
RHIZOSOLENIA FRAGILISSIMA cD 10%callsiL 0.10
% &
UNID: MICRO-PHYTOFLAG LENGTH <10 MICRONS. - - '|- "7 F MF - | “10%ells/L- | =~ 004 - - 133 .0
o e e g e T e g ) gm0 el
Group Definitions: cD Centric Diatom
DF Dinoftagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9713

September 23, 1997

Species

Group

Parameter

Station Cast
No4 N18

CYCLOTELLA SP#1 DIAM <10 MICRONS

CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR

..eD

GYMNODINIUM SP#1 5-20UM W 10-20UM L N
THALASSIONEMA NITZSCHIOIDES - IR AR (0 S o Je
UNID. CENTRIC DIATOMDIAM 10-30MICRONS |  ¢D

UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS ™~ .- | - "MF. " -

10%celts/L
%

| ol |

0/0'_

%

T ,7%-‘ -
10%celisiL
%

%

10%celisl

0%l |

0.17
_ 5

042 ©0.18

6 &

D < T I S
.83 L el

Group Definitions:

cD
DF
MF
HP
CR
PD

Centric Diatom

Dinoflagellate
Microflagellate
Haptophyte
Cryptophyte

Pennate Diatom




Abundance of Prevalent Specles (> 5% Total Count) In Surface Sample
Whole Water Phytoplankton, Survey W9714

Qctober 6 -8, 1997
Specles Group Parameter Statlon Cast
Fot F02 F0§ F13 F23 F24 F25 F27 F30 Fai ) ti1g N18
ASTERIONELLA GLACIALIS PD TocelisiL 051 064 0.48 049 0.39 0.88
% 15 17 9 14 10
CERATAULINA PELAGICA - .. - e 1 dteatial e 047 L T ! e T
ERATEEN s i S e N ‘. o
CRYPTOMONAS SP#2 LENGTH 10 MICRONS cR 10%els/L 0.31 035 023
% 8 10 5
CYCLOTELLA SP#1 DIAM <10 MICRONS < D - A%l | 0:33, Ceds 029 077 {43
. . R o IR T R -3 TP SRR T RS 12
GYMNODINIUM SP.H 5-20UM W 10-20UM L OF 10%callsiL 0.16 o
o5 & 6
LEPTOCYLINDRUS DANICUS - eb - |- Acteelen -} 048 - 047 ST a5 g7
. R IR D A4 8 - 107
LEPTOCYLINDAUS MINIMUS cD igleellziL 025 0.44 031 021
% 7 12 )
PYRAMIMONAS SPP. PR . |- iotcetisit ' :
_ . i % . .
RHIZOSOLENIA FRAGILISSIMA co 10°cellsL 069
% 5
SKELETONEMA COSTATUM -GREV4CLEVE .- Ch . Ad%cellsi - | 033 o7 08 - o
I s : S ) N T RS Y I Rt , -
THALASSIONEMA NITZSCHIOIDES FD 10%elist, 022 017 0.9
_ - ' 6 5 5
THALASSIOSIRA SP#1.DIAM <20 MICRONS .. EN1s B RERRT: ' ' B AT
UNID. GENTRIC DIATOM DIAM <10 MICRONS eD 10cefisit. 0.22 0.48 021 0.50
% 5 g 13 13
UNID. CENTRIC DIATOM BIAM 10:30 MICRONS. 1. Cep | ddfesits | 083 028 045 bes . :
- : IR TR b e 9. - .14 97 SRR R I SRR
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°alleL 1.24 1.44 105 174 140 106 100 104 117 0.97 198 478 1.68
% 43 47 33 3 33 29 20 62 35 28 13 14
UNID. PENNATE DIATOM <10 MICRONS LENGTH ) Agcelisil S e ' e B C1gs . gy
p S o - % 44, 12
Group Definilions: CcD Centric Diatom
DF Dinoflageliate
MF Microflagefiate
HP Haplophyte
CR Cryptophyta
PD Pennate Dlatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9715

October 28, 1997

Species

Group Parameter Station Cast
NO4 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10%calls/L. 0.16_r 0.20
_ _ I 12 14
CRYPTOMONAS SP#2 LENGTH >10 MICRONS - R aefealig )L T P02
Cence o co e R RIS U PR
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10%cells/L 102 0.98
% 75 69
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count} in Surface Sample
Whole Water Phytoplankton, Survey W9716

November 25, 1997

Specles Group Parameter Station Cast
No4 N18
CRYPTCMONAS SP#1 LENGTH <10 MICRONS CR 105cetls/L 0.12 0.12
7 N % 12 25
CRYPTOMONAS S§P#2 LENGTH >10 MICRONS . = - - cR | 10%eilsn e e 0080
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10%cells/L 0.03
% 6
UNID:MICRO-PHYTOFLAG LENGTH <10 MICRONS MF: L q0%elis | 0 073 ‘024 .
Group Definitions: cD Centric Diatom
DF Dincflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatomn




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9717

December 16, 1997

Specles Group Parameter Stalion Cast
No4 N8
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10°calls/L 007 007
_ ) % 13 10
CRYPTOMONAS $P#2 LENGTH 510 MICRONS = CreR | Atesiis: - L 0.04
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10%celisiL
%
UNID. MIGRO-PHYTOFLAG LENGTH <10 MICRONS " - | "MF. | {ofceilsiL -1
Group Definitions: CcD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophwe'
PD Pennate Diatom




APPENDIX E-2
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Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9710

August 5, 1997
Species Group Parameter Station Cast
NO4 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10° cells/L 0.06 0.08
) % 7 8
CRYPTOMONAS SP#2 LENGTH >10 MICRONS . CR 10° celis/L 0.10 .- 008"
i _ S : : % 12 R
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10° cells/L 0.06 0.15
% 7 16
PYRAMIMONAS SPP. PR © 108 calisil 005
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10% cells/L 0.56 0.49
% 66 54
Group Definitions: cD Centric Diatom
CR Cryptophyta
DF Dinoflagellate
MF Microflagellate .
PD Pennate Diatom
PR Prasinophyte
O Other




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample

Whole Water Phytoplankton, Survey W9711
August 18 - 20, 1997

Species Group Parameter Station Cast
FO1. F02 FO6 F13 F23 F24 F25 F27 F30 F31 NO4 Ni16  Ni8
ASTERIONELLA GLACIALIS PD 10° cells/L 0.17 0.06 0.46
% g 6 16
CHAETOCEROQS SP#1 DIAM <10 MICRONS. = D 1 10°celisa . 025
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10° cells/L 020 015 0.29
% 11 5 8
CRYPTOMONAS SP#2 LENGTH >10 MICRONS cR | 10°callsi: 1023 - 0.33- 0144 0.20 -.0:03
. BRI % S . w519 5 8 6
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10° cells/l. 017 007 0.5 0.08 0.12
' % 9 7 8 7 23
KATODINIUM ROTUNDATUM DF | 10°cellsiL ' '
. : % .
LEPTOCYLINDRUS MINIMUS cD 10° cellsiL 0.09
% 8
RHIZOSOLENIA FRAGILISSIMA cD 10%celisi | 176~ 024-.-008 0.2 :
R R % |3 3. .8 e . S L
SKELETONEMA COSTATUM GREV+CLEVE cD 10%cellsi | 117 025 007 041 148 017 178 0.16  0.48
% 23 .14 7 5 a2 16 41 6 13
UNID. CENTRIC DIATOM DIAM <10 MICRONS cD | 10%callsi | : ERN | K P- SRR ' - o
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°cells/L | 1.04 071 054 071 145 033 117 112 113 187 047 040 028
% 21 38 53 3 31 30 27 64 40 52 82 47 52
Group Definitions: CD Centric Diatom

CR Cryptophyte

DF Dincflagellate
MF Microflagellate
PD Pannate Diatom
PR Prasinophyte

O Qther




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9712

September 3, 1997

Species Group Parameter Station Cast
ND4 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10° cells/iL 0.16 0.20
% 7 7
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR- C10%callsi- | o 049 0.20
o o : % 8 7
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10°% cells/L 0.15 0.30
% 7 10
RHIZOSOLENIA FRAGILISSIMA cD . 10°cellsrt: | = - 0.15
’ - . S E % - 5
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10° cells/L. 1.52 1.85
o 69 63
Group Definitions: CD Centric Diatomn
CR Cryptophyte
BF Dinoilagellate
MF Microflagellate
PD Pennate Diatom
PR Prasinophyte
O Other




Abundance of Prevalent Species (> 5% Total Count) in Chlcrophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9713

September 23, 1997

Species Group Parameter Station Cast
No4 N18
ASTERIONELLA GLACIALIS PD 10% celts/L 0.38
% 10
CERATAULINA PELAGIGA CD 10%celis. | 002
© § ' % 11
CRYPTOMONAS SP#1 LENGTH <10 MICRONS GR 108 cells 0.04
: % 17
CRYPTOMONAS SP#2 LENGTH >10 MIGRONS: CR | 10fcesi ] 002
o . ‘ : . , ' : % = . 9 ;
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 108 cells/L 0.03
% 16
RHIZOSOLENIA FRAGILISSIMA . ¢ - | 10%callsi: |* T 022
; 7 . o % ' 8
THALASSIONEMA NITZSCHIOIDES FD 105 cells/L .21
: % 6
UNID. CENTRIC DIATOM DIAM-<10 MICRONS coeb ol 10fees t| 0 - L 082
U - L S ST N
UNID, CENTRIC DIATOM DIAM 10-30 MICRONS cD 10° callsiL 0.31
. % 9
UNID. MIGRO-PHYTOFLAG LENGTH 10 MIGRONS MBS | 10%celisi 006 . 133
oL o . . % Y .o-28 &t
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
o Other
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) In Chlorophyll a Maxlmum Sample
Whole Water Phytoplankton, Survey W9714
October 6 - 8, 1997

Specles Group Parameter ) Statlon Cast
Fot Fo2 FO6 F13 F23 F24 F25 F27 Fa0 F31 NO4 N16 N18
ASTERIONELLA GLACIALIS PD 10° celis/L. 0.84 1.41 0.40 0.61 0.32 0.48 0.71
% 26 30 7 18 # § 7
CRYPTOMONAS SP#2 LENGTH »>10 MIGRONS CR 10° callsiL 0.19 0.24 :
R % 6 8 E
CYCLOTELLA SP#1 DIAM <10 MICRONS cD 10° calls/l. 0.25 0.7t 059 1,70 032 0.92 053 0.98
) % Q 17 30 29 11 12 5 7
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF- 10° calls/L 0.02
s % E:
LEPTOCYLINDRUS DANICUS cD 10° cellw’ 0.41 053 0.40 ' 0.46 0.24
% i3 n 7 13 8
LEPTOCYLINDRUS MINIMUS co - 10° cellsil. | 030- 04 0.36 0.16
. B % B TR 10 5
RHIZOSOLENIA DELICATULA cD 10° calls/L 053
% 5
RHIZOSOLENIA FRAGILISSIMA o’ 10° celts/L 043 ‘oet
R o % : ‘ ‘ - 7
SKELETONEMA COSTATUM GREV+CLEVE cD 10° cells/L 065 0.57 0.45 0.14 '
% 23 24 1 7
THALASSIONEMA NITZSCHIOIDES | ' P’l_i 16 calts/L. 025 -
THALASSIOSIRA SP#1 DIAM <20 MICRONS cD 10° callsiL azy 318 7.66
% a2 33 57
UNID. CENTRIG DIATOM DIAM 210 MICRONS eo: | eealst | 044 027 o8 025" o8 088 024 s
- SR R S EO B CR : e s 7
UNID. GENTRIC DIATOM DIAM 10-30 MIGRONS cb 10° callsiL 027 0.12
%o 10 5
UNID, MICRO-PHYTOFLAG LENGTH <10 MICRONS 10tcelisll  |B18 0 1040 119, 102 144 044 087 a3 o7t 427 Lt
PR ' e | 4z - ad 29 22" 9 . 780 28 Y S (R
UNID. PENNATE DIATOM <10 MICRONS LENGTH 10° celisil 0.57 1.63 1.25
. % 7 17 9
Group Definitions: cD Centric Diatem
CR Cryptophyte
DF Dinofiagellate
MF Microflagetiate
PD Pennata Diatom
PR Prasinophyte
(o] Qther




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9715

October 28, 1997

Species Group Parameter Station Cast
NO4 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10° cellsiL 0.15 0.15
% 16 17
CRYPTOMONAS SP#2 LENGTH >10 MICRONS . CR: 10¢ellsl | . 008 7 - 007
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10% gells/L 0.08
% g
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF | 10fcellsll | @57 - - 048
. s ) . ) - - T ’ t% : . . :':61"2'_' 58
Group Definitions: Ccb Centric Diatom
CR Cryptophyte
DF Dinoflagellate
MF Micreflagellate
PD Pennate Diatom
PR Prasinophyte
o] Other




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9716

November 25, 1997
Species Group Parameter Station Cast
ND4 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 108 calis/L 0.13 0.13
_ % 26 24
CRYPTOMONAS SP#2 LENGTH 10 MICRONS .-CR’ 10°cells’l. | - 004 0.03
B - % 7 6.
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 108 calls/L 0.03
%o 5]
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS ME 10° célls/L 0.28 034
% 55 61
Group Definitions: cH Centric Diatem
CR Cryptophyte
DF Dinoftagellate
MF Microflagellate
PD Pennate Diatom
PR Prasingphyte
o] Other




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9717

December 16, 1997

Specles Group Parameter Station Cast
NO4 Ni8
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10° cells/L 0.09 0.09
% 16 17
GRYPTOMONAS SP#2 LENGTH >10.MICRONS CR 10° cells/L - 006
‘ : % 10
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10° celis/L. 0.03
% 6
UNID: MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 4 1ofcells’. |- o038 _0.32
e 1 . R I 68 58
Group Definitions: CcD Centric Diatom
CR Cryptophyte
DF Dinoflageliate
MF Microflagellate
PFD Pennate Diatom
PR Prasinophyte
0 Other




APPENDIX F-1

ABUNDANCE OF PREVALENT SPECIES IN
SCREENED SURFACE SAMPLES
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Abundance of Prevalent Specles (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9710

August 5, 1997

Species Group Parameter Station Cast
N04 N18 .
CERATIUM FUSUS DF 10° cells/L 1.23E-05
CERATIUM LONGIPES - ~ DF 1108 cellsl: | A
CERATIUM TRIPOS DF 10° cells/L 3.00E-05
% 18

Group Deftnitions: CD Centric Diatom

DF Dinoflagellate

MF Microfiageliate

HP Haptophyte

CR Cryptaphyte

PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9711

August 18 - 20, 1997

Specles Group Parameter Statlon Cast
Fo1 Fo2 705 F13 23 F24 . P25 27 F30 Fat N4 N1§ N18
CERATIUM FUSUS DF 10° cellsnl, 7.60E-05 T48E-04 1.7/E-05 456E-05 140B-05 172605 1.31E-05 110505 B.10505 3.066-05 1.54E-05
o % 5 19 128 5 16 24 9 a3 28 22
CERATIUM LONGIPES BF - 10° calls; : “BIOE0S | 7.28E-05. - 8.14F-057 Q.00E05 455605 244E-05°
‘ % CEEIE SR S A SRR TR SN BT 35
CERATIUM TRIPOS DF 10° cellsL 911505  1.43E-05 24105 529E05 gypE0p 147605 A4GE05 209E.05  1.93E-05
. % 12 °*. 9 50 ST S 7
DIPLOPSALIS SPP. OF 10° Geltsil. 1176404 248E:067 ¢ 57 8.93E06 - '
' ‘ % o 15 ARTRNE 7
YMNODINILUM SP.81 5-20UM W 10-20UM L DF 10° callsiL | 3.43E-04
% 6
GYMNODINIUM SP,#2 21-40UM W 21-56UM L DF 10° calisii | AABEGS
. ‘ ' ‘ % |- 5
NITZSGHIA PUNGENS FD 10°cellsil | 222808 101603 3.085-03
% 41 72 60
NITZSCHIA SERIATA " PB "10% cells/L | 245E:03:1.88E-04 - 1.79E-03
: A % . 48,013 BB ST
PROTOPERIDINIUM MINUTUM DF 10° collsiL 5.16E-05
o <]
PROTOPERIDINIUM SP.#1 10-30W 1040 "DF 10° allsnL - R2TE04 L Zo7EQs
' ' . - % 5y s
PROTOPERIDINIUM SP.82 31-75W 41-80L DF 10° callsnL 8.84E-06
% 6
SCRIPPSIELLA TROCHOIDEA. ~ © .- DF 10° celis. i 4.48E-06
5 7': .- ‘ 1 o. . S
Group Dalinltians: CD Cenlric Diatom
DF Dinoflageliate
MF Microflagellate
HP Haptophyte
CA Ciyplophyta
PD Pannate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9712

September 3, 1997
Species Group Parameter Station Cast
NO4 N18
CERATIUM FUSUS DF 106 cells/L. 2.92E-05 1.32E-05
% 8 12
CERATIUM LONGIPES |« %" . . wio VDRl 08calisl | 3I99E05 (. 7:02E:08
‘ .- - . 1. % 14 . 7
CERATIUM TRIPOS DF 10°cellsit. | 215804 B.91E-05
% 77 79
Group Definitions: CD Centric Dialom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Dialom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9713

September 23, 1997
Specles Group Parameter Station Cast
. NO4 N1i8
CERATIUM FUSUS DF 10° cells/L 1.33E-05
%
GERATIUMLONGIPES CDE | 10 celis, “ 1336408
CERATIUM TRIPOS DF 108 cells/L 2 55E-05 3.93E-04
% 48 82
Group Definitions: ch Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR " Cryptophyte
PD Pennate Diatom




Abundance of Prevalent Specles (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9714
Cetober 6 - 8,1997

Specles Group Parameter Statlon Cast
FO1 Fo2 F05 F13 F23 F24 F25 F27 F30 F31 NO4 N1§ N1ia
CERATIUM LONGIPES DF 10° cellsiL 2.74E-05 176E-05 148E-05 7.88E05 8.70E-06 bG.00E-06 450E06 198E05 9.87E-05 132605
% 5 54 30 47 55 27 2 12 33 20
ceRATIMTAIPOS . - o | o [geasn | oo v NMEQS 04E05. 740E05 SE0E06 - 11SEGS, 1IGEGE (OIE04  740E05. AG4EDS
L e B EER S S sl g s e o st SR R
DINOPHYSIS NORVEGICA DF 10° cellsiL 2.50E-08 ' o - -
% 8
DINOPHYSIS PUNCTATA . - S DE "~ © 1| 10° colisi. ' (L50E-06
NITZSCHIA PUNGENS ' A PD it celll | 1.19E03 223604 4.10E04  7.25E-04
% 91 58 77 96
RITZSCHIA SERIATA P | P eensi S4IE05" - 140E04. " S9BE05 .
i ‘ e T TR
PROTOPERIDINIUM SP.#1 10-30W 10-40L DF 10° cellsiL 2 00E-08
% 9
Group Dalinitions: co Centric Diatom
bF Dinoflagellate
MF Microflagelfate
HP Haptophyte
ChH Cryplophyle -

PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9715
October 28, 1997

Specles Group Parameter Station Cast
NO4 N18
CERATIUM FUSUS DF 10° calls/L 3.00E-05 2.13E-05
o % 13 10
CEFATIUMLONGIPES: = o | DF- 10%celigi. - | Hi6E05 - 1:BSE-05 .
CERATIUM TRIPOS DF 10° cells/L 1,74E-04 1.60E-04
% 77 76
Group Definitions: CcD Centric Diatom
DF Dinollagsllate
MF Microflagellate
HP Haptophyte
CR Cryptophyle

PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) In Surface Sample

November 25, 1997

Screened Phytoplankton, Survey W9716

Species Group Parameter Station Cast
N04 N18
CERATIUM FUSUS DF 106 cellsfL 6.69E-05 6.13E-05
CERATIUM LONGIPES . .~ " DR - 8,00E-06 -
CERATIUM TRIPOS DF 10° cells/L. 7 62E-05 6.73E-05
% 47 48
Group Definitions: CD Centric Diatom
DF Dinoflagellate
MF Microflagetlate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9717

December 16, 1997
Specles Group Parameter Station Cast
N04 N18
CERATIUM FUSUS DF 10° cellsiL. 3.85E-05 1.20E-05
N % 30 31
CERATIUMLONGIPES: = - -~ "~ .| . DF o] 10%celisf, | - 1.60E-05: -+ 4.70E-08
CERATIUM TRIPOS DF 10°cels/. |  6.38E-05 1.82E-05
% 49 47
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflageliate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




APPENDIX F-2

ABUNDANCE OF PREVALENT SPECIES IN
SCREENED CHLOROPHYLL ¢ MAXTMUM SAMPLES
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Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample

Screened Phytoplankton, Survey W9710

August 5, 1997
Species Group Parameter Station Cast
] NO4 N1g
CERATIUM FUSUS DF 108 cells/L. 1.04E-05
% 7
CERATIUM LONGIPES DF q0°cellsfi | -+ 3.23E-03 125604
o . o ol e - o7
CERATIUM TRIPOS bF 108 cells/L 1.85E-05
% i2
Group Definitions: CD Centric Diatom
DF Dinoflageliate
MF Microflagellate
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a8 Maximum Sample

Screened Phytoplankton, Survey W9711
August 18 - 20, 1997

Specles Group Parameter Station Cast
‘ Foi FO2 FO5 F13 F23 F24 F25 F27 F30 Fa1 NO4 N16 N8
CERATIUM FUSUS DF 108 canis/L 4.48E-05 2.72E-05 15BE-05 1.93E-05 6.55E-06  B.40E-06 1.02E-04
% 10 10 7 14 7 T 33
CERATIUM LONGIPES DOF 10° cellsiL: B.82E-05 3.31E-04 1.69E-04 1.65E-04 1.98E-04 5.78!'5_'565 6.63E-05 3.85E-05 636E-05 1.61E-04 1.89E-04 1.22E-04
% 5 16 8 . 68 83 51 44 a3 60 8 ea 40
CERATIUM TRIPOS DF 10° callsiL 4.33E-05 1.84E-05 1.96E-05 1.44E-05 @.03E-05 491E-06 7.20E-06 4.12E-05
% 10 7 8 1 53 5 9 13
DIPLOPSALIS SPP. DF 10° callsL. 3.50E-05 3.28E-05 7.92E:06 ‘
% : 8 T2 K
NITZSCHIA PUNGENS PD 10 collsfl. | 2.49E-03 1.07E-03 2.38E-05
% 48 53 5 B
NITZSCHIA SERIATA PD Ci0Pcallsh. | 1.97E-03 134603 5.69E-04
' ' % 38 83 27
PROTOPERIDINIUM PYRIFORME DF 10° callsf. 1.82E-05
% 6
PRGTOPERIDINIUM SP.#1 10:30W 10401, OF - 10 callsiL: 3.34E05 2.16E-05 *1,29E:05 . 1.05E-05
.. - - - 7 g 719 . o 12
PROTOPERIDINIUM SP.#2 31-76W 41-80L DF 16° callsi. 1.47E-05
% 17
SCRIPPSIELLA TROCHOIDEA . DF "‘__1,'0‘."¢ens,fi._ B  4.91E:06
Lo % e
Group Definitions: cD Coantric Diatom
DF Dinoflagsitate
MF Microflagellate
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample

Screened Phytoplankton, Survey W9712

September 3, 1997
Species Group Parameter Statlon Cast
NO4 N18
GERATIUM FUSUS DF 108 celis/L 1.71E-05
% 12
CERATIUM LONGIPES DF- |- 10%cells | - 1.47E-04 2.92E-05
. o % 38 20
CERATIUM TRIPOS DF 10° cells/L 1.70E-04 9.46E-05
% 56 66
Group Definilions: CD Centric Diatom
DF Dincflagellate
MF Microflagellate
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Chiorophyll a Maximum Sample

Screened Phytoplankton, Survey W9713

September 23, 1997

Specles

Group Parameter Station Cast
NO04 N1§
CERATIUM LONGIPES DF 108 ceils/L 1.14E-04 2.70E-05
% 10 16
CERATIUM TRIPOS DF_ 108collsl. | “985E-04 - 1:30E-04
Group Definitions: CcD Centric Diatom
' DF Dinoflageliate
MF Microflagellate
PD Pennate Diatom




Abundance of Prevalent Specles (> 5% Total Count) In Chlorophyil a Maximum Sample
Screened Phytoplankton, Survey W9714
Octoher 6 - 8, 1997

Specles Group Parameter Statlon Cast
FOt F02 FO6 F13 F23 F24 F25 Fa7 F30 F31 No4 N16 N18
CERATIUM FUSUS DF 10° eallsiL 2.05E-05
" 6
CERATIUM LONGIPES DF “10%callsil | 1.11E-04 - 5YOE-06.. 1.29E-06 291E-05 7.00E-05 280E-06 1.02E-04 620E-05 S.74E-05 ~2.00E-05
' ' % 8 , 36 38 23 34 2. 49 16 wo o
CERATIUM TRIPOS DF 10° callsiL 1.0BE-04 5.4BE-05 6.72E-06 8.60E-08 2.07E-05 B8.66E-05 1‘025-06 .6.20E-06 1.00E-04 2.61E-ﬁ4 5.25E-05 71.44E-04
Y a 5 88 54 61 69 49 56 48 76 57 75
DINOPHYSIS OVUM DF 10° callsh, ' I B 1.00E-06
_ % _ o -9
MNITZSCHIA PUNGENS FD 10° calls/L. 9.99E-04 B8.13E-04 7.20E-04
Yo 76 76 71
NITZSCHIA SERIATA - PD . | 10%celsf. | B.10E-05 2.14E:04 ‘,1.65!5-04
o o % 8 200 a7,
PROTOPERIDINIUM DEPRESSUM bF 10° calls/L 1,60E-08
% 8
Groop Definitions: cD Centric Diatom
DF Dinoflagetiate
MF Microffagefiate
PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a2 Maximum Sample
Screened Phytoplankton, Survey W9715
: October 28, 1997

Specles Group Parameter Station Cast
' No4 N18
CERATIUM FUSUS DF 10° celis/L 2.24E-05 3.84E-05
% 12 15
CERATIUM LONGIPES . L DF | 10%celsf | . tBeE0s .
o o - % e
CERATIUM TRIPOS DF 10° celisii. 1.40E-04 1.88E-04
% 76 76
Group Definitions: cD Centric Diatom
DF Dinoflageliate
MF Microflagellate

PD Pennate Diatom




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample

Screened Phytoplankton, Survey W9716

MNovember 25, 1997
Species Group Parameter Station Cast
No4 Ni8
CERATIUM FUSUS DF 10° calls/L 6.45E-05 4.70E-05
% 39 41
CERATIUM LONGIPES coF  |oo1ofcensn | 1ifoE0s  s.60EOS
S E T
CERATIUM TRIPOS DF .106 cells/L 8.25E-05 5.44E-05
% 50 47
Group Definitions: cD Centric Diatom
DF Dinollageliate
MF Microflagellate
PD Pennate Dialom




Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample

Screened Phytoplankton, Survey W9717

December 16, 1997

Specles Group Parameter Statlon Cast
No4 N18
CERATIUM FUSUS DF 10° cells/L 3.45E-05 1.78E-05
% 35 38
CERATIUM LONGIPES DF- 10° cells/L. 5.70E:08 | 260E-08
| N o _r 6 . ;
CERATIUM TRIPOS DF 10° cells/L 4.92E-05 2.28E-05
% 50 48
PRORGCENTRUM GRACILE - DF - 10¢cels “ | 5.10E:06 |
Group Definitions: CD Centric Diatom
DF Dinoftageliate
MF Microflagellate
PD Pennate Diatom




APPENDIX G

ZOOPLANKTON SPECIES DATA
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Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9710
August 5, 1997

Species Life Group {Parameter Station Cast
Stage NO4 N18
BiVALVIA SPP. L 074 ind/m3 7279.64 2954.01
% 16 9
COPEPQD SPP. N c ind/m3 17184.72 8862.03
' % 14 27
OITHONA SIMILIS CLAUS C C ind/m3 10143.76 7851.45
_ ' , % 22 24
OITHONA SIMILIS cLAaus | - F c | indim3 3222.14 2254,38
PSEUDOCALANUS NEWMANI Cc C ind/m3 3460.81 1943.43
% 8 6

PSEUDOCALANUS NEWMANI ; F c “irid/m3 4664.23
: L % 14
Life Stage Definitions: C Copepodite stages |-V

F Copepoda adult female

L Larva

M Copepeda adult male

N Nauplii

T Trochophore (larval stage of polychaete)

Y Cypris Larva of Barnacle




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9711

August 18 - 20, 1997

Specles Life Group | Parameter Statlon Cast .
Stage Fo1 Fo2 FO6 F13 F23 F24 F25 F27 Fap F3t ND4 Nig Ni8
ACARTIA TONSA c c indim3 26671.02 12323.63 3613208 542827
o 22 13 25 15
ACARTIA TONSA F c ind/m3 5436.89 ’
‘ % . : .8
ACARTIA TONSA M c ind/m3 732871 7974.11 2714.14
% _ I 8 8
BIVALVIA SPP, L 0z inc/m3 B446.35 ° 3137.33 683667 2535553 781720 1320159 1413592 733953 750958 4945.03
: 1 % 1 12 26 -6 16 1B B 2 . 18
CIRRIPEDE SPP. N B Indim3 979.55
% ] 6
COPEPOD SPP. SN ¢ | mdm3 | 2220837 1837579 1823165 2870832 4055218 2814643 2092233 1872419 - 58I51.65 705675 587730 941266 - 873357
; o - % 23 33 3 20 - 3. 32 25 a0 . £ 20 - ] - 35 - A
MICROSETELEA NORVEGICA nul [+ ind/m3 3581.22 897.92
% 6 5
OIKOPLEURA DIOICA il oz ind/m3 | 9459.91-... 4257.80
' - % 108 . e _ S S o
OITHONA SIMILIS CLAUS c c In/m3 1861983 1098065 1172035 7334.24 684013 1177555 18258.64 271414 251213 2023281 5458.48
) % 20 1 20 7 6 13 ® 8 15 a7 20
OITHONA SIMILIS caus | F- ¢ | ndma 5067.81 + 3137.33 o ipoatigd .. 5610660 . 89792 - 3007.59 - -1520.38
' I : % 5 8 8 ) 5 5 "8
POLYGHAETE SPP, L oz ind/m3 1016242
% 7
PSEUDOCALANUS NEWMAN] - c | "c f indm3 . 3137.33 667409 . 482995 - 261213 . 1892.27
o - ‘ SRR PN SRR ¥ 8 1 L [ FIREHSE R g
Life Stage Deéfinilions: Cc Copepodite stages |-V
F Copephda adult female
L Larva
M Copepoda adult male
N Naupli
T Trachophore {larval slage of polychaete)
Y Cypris Larva of Barhacle




Abundance of Prevalent Species (> 5% Total Count)

Zooplankton, Survey W9712
September 3, 1997

Species Life Group Parameter Station Cast
Stage NO4 N18
GCOPEPCD SPP. N c ind/m3 19665.63 12075.71
. | N % 31 17
OITHONA:SIMILIS CLAUS |- ¢ N ~Ind/m3 25783.86. © - 35356.81
o P o % 42 50
QOITHONA SIMILIS CLAUS F C ind/m3 3740.09 5657.09
. % 6 8
PSEUDOCALANUS NEWMAN - © ¢ ind/m3 3257.50- :
Life Stage Definitions: c Copepodite stages -V
F Copepoda adult female
L Larva
M Copepoda adult male
N Naupfii
T Trochophore {larval stage of polychaete)
Y Cypris Larva of Barnacle




Abundance ot Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9713
September 23, 1997

Species Life Group |Parameter Station Cast
Stage NO4 N18
BIVALVIA SPP. L oz ind/m3 2505.45
% 6
COPEPOD SPP. N c ind/m3 - 1132484 - - 5977.95.
: % . Ceoar 21
OITHONA SIMILIS CLAUS c Cc ind/m3 18440.12 9033.34
% 45 32
TEMORA LONGICORNIS - M c -+ ind/m3 S 1992.65
. e % 7
Life Stage Definitions: cC Copspedite stages [-V
F Copepeda adult female
L Larva
M Copepoda adult male
N Mauplii
T Trochophore {larval stage of polychagte)
Y Cypris Larva of Barnacle




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey Wa714
October 6 - 8, 1997

Specles Life Group Parameter Station Cast
Stage Fol F02 FO6 F13 F23 Fad F25 F27 F30 F31 No4 Ni8 Nt8
ACARTIA TONSA c c ind/m3 6204.57
% ‘ 17
BIVALVIA SPP. L oz ind/m3 " 5806.84; 628048 - 206273 12039.60 2260.04 647413 243500
% 13 22 5 12 _ 5. . ‘ 15 3
COPEPOD SPP, N c ind/m3 573455 35444 1354251 586573 1985381 46574.26 20864.94 103949  14850.20 ~ 19587.04 22630.56 2030351  16707.12
% 30 10 29 20 50 47 a1 9 40 45 48 48 56
GASTROPODA;MOLLUSCA . - L oz Ind/mg . : . 2310.74 : 2765.03 2441.14 ) : :
S % . : . LB o0 8 7 ' : L
OITHONA SIMILIS CLAUS c c ind/m3 §247.45 167644 1555948 770247  3460.86 1013061 639414  GV4261 233043 723214 1163716 655506  9658.49
% 43 44 34 o8 9 10 13 58 8 17 24 15 12
OITHONA SIMILIS i CLAUS F-. c | -indmas . S co 674.28 o 2644:81 '
; ' % 8 5
POLYCHAETE SPP. L 0z ine/m3 3560.00
% 10
SALPA SPP, 0z | indimd - | 138531  9s7Ed N . 1179.96
Y- 7. 25 T : ) - 10
TEMORA LONGICORNIS c c ind/m3 2036 28
o 7
UNIDENTIFIED LARVAE L oz | indm3 . 204.09
- ' ] 5
Life Slage Definitions: (o] Caopepodite stages I-V
F  Copepeda adult female
L Larva
M Copepoda adult male
N MNauplii
T  Trochophorte {larval stage of polychaete)
Y  Cypris Larva of Barnacle




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9715
October 28, 1997

Species Life Group Parameter Station Cast
Stage No4 N18
BIVALVIA SPP. L 1074 ind/m3 22842.49 42352.39
% 45 29
CENTROPAGES SPP;- c c ind/m3 8772.79 - -14329.76
| - - % 5 ERETE
COPEPOD SFPP. N Cc ind/m3 9770.78 39168.00
% 19 27
GASTROPODAMOLLUSCA - - L oz ind/m3 - 686595 . .21972.29
I Lo % . 14 1§
OITHONA SIMILIS CLAUS C C ind/m3 3829.09 18787.90
%o 8 13
Life Stage Definitions: C Copepodite stages |-V
F Copepoda aduit female
L Larva
M Copepoda adult male
N Nauplii
T Trochophore (larval stage of polychaste)
Y Cypris Larva of Barnacle




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9716
November 25, 1997

Specles Life Group Parameter Statlon Cast
Stage NO4 N18
BIVALVIA SPP. L oz ind/m3 2582.63
% 10
CENTROPAGES SPP. c ¢ | indm3- 2678.39
. : oy 5
COPEPQOD SPP. N C ind/m3 09535.87 19722.72
' % 38 47
OITHONA SIMILIS . CLAUS -G c ' hd/im3 7151.91 10591.83
' _ , % 29 25
PSEUDOCALANUS NEWMANI C c ind/m3 3695.85
% 9
Lifs Stage Definitions: C Copepodite stages |-V
F Copepoda adult female
L Larva
M Copepoda adult male
N Nauplit
T Trochophore (larval stage of polychaete)
Y GCypris Larva of Barnacle




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9717
December 16, 1997

Species Life Group Parameter Statlon Cast
Stage NO4 N18
BIVALVIA SPP. L o7 ind/m3 2966.08 1985.87
% 11 10
COPEPOD SPP. N C ind/m3 9421.67 6415.88
o % 35 33
OITHONA SIMILIS CLAUS C C ind/m3 8287.58 6721.40
. % 31 35
OITHONA SIMILIS CLAUS F . C ind/im3 "~ 1657.52
L % 6
Life Stage Definitions: c Copepodite stages |-V
F Copepoda aduit female
L Larva
M Copepoda adult male
N Nauplii
T Trochophore {larval stage of polychaete)
Y Cypris Larva of Barnadle




APPENDIX H-1

ORGANIC CARBON CONTENT OF PREVALENT SPECIES IN
WHOLE WATER SURFACE SAMPLES

4501008\331Covs.doc December 1998






Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9710
August 5, 1997

Specles Group Parameter Station Cast
NO3 N1i8

CERATIUM LONGIPES DF ‘ ug/L 13.24

% 19
CRYPTOMONAS SP#2LENGTH>10MICRONS - =~ Lo R "7t L~ gl = | - 485 @70 176
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ug/L 1277 5.66
% 19 25
PROTOPERIDINIUM SP.#1 10-30W 10440t~ = | - DF |0 vugl =2 o0 i
RHIZOSOLENIA FRAGILISSIMA CcD gl . 1699 1.56

% 25 7
UNID. MICRO-PHYTOFLAG LENGTH <tOMICRONS  ~ ~ “|* . MF_ .| g - -] 1486 o0 o Te77

el : R R § 22 e
UNID. MICRO-PHYTOFLAG LENGTH >10 MICRONS MF ug/L 1.92

Yo 8

s

Group Definitions: , CD Centric Diatom
DF Dincflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9711
August 18 - 20, 1997

Species Group Parameler ’ Station Cast

FO1 Fo2 FOB F13 F23 F24 F25 F27 £30 F31 NO4 N16  Ni8
ASTERIONELLA GLACIALIS PD ugfl 18.08 3272 10.33 3341 683

7 % _ 6 18 6 18 5
CERATAULINAPELAGICA .~ - = 7" 70 e 10 g - | e e
CERATIUM LONGIPES L DF ugl. 38.62

% 9
Lop kgt e 3468
CRYPTOMONAS S$P#2 LENGTH >10 MICRONS CR ugi

%
CYCLOTELLA SP#2 DIAM 10-30 MICRONS -+« .- ooep bt uge TR T,y s SRS
GYMNODINIUM SP.#1 5-20UM W 10-20UM L. ) oF Cougl 1239

% 6
.-CD e o .ug,‘;L',"‘ T o RO
LITHODESMIUM UNDULATUM cb ugi_
% 7
PROTOPERIDINIUM SP.#2 31-75W 41-80L. . . CODF el T yga

463
17

tide

CHAETOCERQS SP#2 DIAM 10-30 MICRONS _* :

113 799 1047 1041 961 999
. o 5 8 6 21 3 28
LEPTOCYLINDRUS DANIGUS B PR R R

A Lo faes o2
RHIZOSOLENIA DELIGATULA fola) ugl_ 14.66 1652 959 959 749

% 5 8 5 5 6

RHIZOSOLENIA FRAGILISSIMA .~ “oio. fie 0Bl o0 b ugh - | 54377 242,55 10745 - 57.90 - 39.42°-26.60 - 2847~ "~ . 2582 19.74- 689 . . 469
B T e T " A VR R
SKELETONEMA COSTATUM GREV4CLEVE cD 31.08 1829 N o
THALASSIOSIRAGRAVIDA -~ - o [ Cp 1193

UNID. CENTRIC DIATOM DIAM 10-30 MICRONS co

UNID; MICRO-PHYTOFLAG LENGTH.IOMICRONS - - - | " MR 5 2157 0 19,03 1447,

O A L BTN -

- 786 11:80
2788

Group Definitions: CD Centric Diatom
DF Dinoflagelate
MF Microflagellate
HP Haptophyte
CR Cryplophyte
PD Pennate Dlatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9712
September 3, 1997

Species 7 Group Parameter Station Cast
' NO4 N18

CERATIUM LONGIPES DF ug/L 4.63
CRYPTOMONAS SP#2 LENGTHSHOMICRONS -~ | "o CR™ 7 0 | v |  529s 57 - i 781
- |GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ug/L 19.38 16.44

% 35 16
RHIZOSOLENIA FRAGILISSIMA - oo i o 0D i b gl o o 84880
UNID. MICRQ-PHYTOFLAG LENGTH <10 MICRONS MF ug | 1954 . 2786
% 35 26

. °/o - 33

Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyle
PD Pennate Diatom®




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9713

September 23, 1997
Specles Group Parameter Statlon Cast
N04 N18
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR ug/L 3.77

GYCLOTELLA SP¥2 DIAM 10-30 MICRONS ™~~~
GYMNODINIUM SP.i1 5-20UM W 10-20UM L
RHIZOSOLENIA DELICATULA == - ' -

RHIZOSOLENIA FRAGILISSIMA

DE

cD

e

wt | 128t

%
%

S 1037

19.47

14300

ug | 438

10

% 7 9
THALASSIONEMA NITZSCHIOIDES: - D S gl | e 1075
UNID. CENTRIC DIATOM DIAM 10-30 MICRONS CD ug/L 44.36
% 23
UNID. MICRO-PHYTOFLAG. LENGTH <10 MIGRONS MFE Tl g T sdon 27.4
. . . . ‘7 L e L IS ,:.0/0‘: BN IR ) 55 B 14 -
Group Definitions: cD Centric Diatomn
DF Dinoflageilate
MF Microflageilate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9714

QOctober 6 - 8, 1997
Specles Group Parameter Station Cast
K01 Fo2 FO5 F13 F23 F24 F25 F27 F30 Fit NO4 N16 N18
ASTERIONELLA GLACIALIS ) ug/l 3702 4649  34.87 3573 2884 1820 6250
7 % 7 15 16 12 16 11 8 7
CERATAULINA PELAGICA - eb- ugl . gdz . L elv7s . 25B7 coEews Aoe 0 U T2zl 1404 VaodT :
- Co e ‘ ' % B N - IR T\ MU - SR & N I I g -
GHAETOGEROS SP#2 DIAM 10-30 MICRONS cD ugiL 1399
% 6
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR - ugL - 1449
’ Pl T % T 5
CYCLOTELLA SP#2 DIAM 10-30 MICRONS cp’ uglL. 1476 2304 2235
% 12 [} 9
ELCAMPIA ZODIACUS - et I gl R ‘ 1g.22 at23 1562 .R256 - 6ES0
n o % 6 148 RT S
GUINARDIA FLACCIDA cb uglL 26.98
% 1"
GYMNODINIUM SP.#1 5-20LM W 10-20UM L DF ugiL 1719 936 S TAs T : w62 LI L a0 i
' i N o 12 7 -7 L e e ; g S
LEPTOCYLINDRUS DANICUS cD ugi. 6378 8593  78.41 6359 4941 4505  42.05
N % 34 29 27 28 19 8
RHIZOSOLENIA DELICATULA. . T I 8 ‘ R T o
) IR - % e .
RHIZOSOLENIA FRAGILISSIMA cD ugl 19.56 3954 20235
% 7 17 27
SKELETONEMA COSTATUM GHEV4CLEVE o I Jugh; 1443 e :
o IR : SR % IR LA
THALASSIOSIRA GRAVIDA cD gl 14.91
% 5
THALASSIOSIRA SP#1 DIAM <20 MICRONS co . Cught e 75 e,
UNID. GENTRIC DIATOM DIAM <10 MICRONS €D uglL
%
UNID: GENTRIC DIATOM DIAM $0-30 MICRONS ) ugll, 4717 3942 6469 - 0771 1685 2443 Tl
' _ _ L % a3 310 7 g SN g 1dl : ,
UNID. MICRQ-FPHYTOFLAG LENGTH <10 MICRONS MF ugl 2583 29895 2183 8629 2288 2207 2080 2167 2443 2014 2452
% 18 24 6 15 9 ] 7 40 11 8 10
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microtlagellate
HP Haptophyte
CH Cryptophyla
FD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sampie
Whole Water Phytoplankion, Survey W9715

Qctober 28, 1997

Specles Group Parameter Station Cast
N04 N18
AMPHIDINIUM SPP, DF ug/l. 2.39
_ % 6
AMPHIDINIUM SPP. SYN: PHALAGROMA SPP. Sl DR gl 239"
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR ugfl 2.27 5,19 '
% 7 14
GYMNODINIUM SP.#1 5-20UM WA0:20UM L - .~ = DF =+ ¢ b cughes | 448 0 607
R o :-:'._ o L Lo 3 o . %:.: S . ) : 13 u 16
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ug 2120 20.44
% 67 54
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankton, Survey W9716

November 25, 1997

Specles Group Parameter Siation Cast
NO4 N18
CERATIUM TRIPOS DF ug/L 7.37
_ . % 30
GRYPTOMONAS SP#2 LENGTH >10 MICRONS™. " "~ "% [ CR Cigne 0 U age i hade
o - ' P . , C% 7 : —9".
-|GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ug/L 2.90 3.34
% 13 14
PLEUROSIGMA ANGULATUM .= CPD e g x L 189
::_ T et O e S
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ugl 1517 4.98
% 68 20
Group Definitions: CcD Centric Diatom
DF Dinoflageliate
MF Microfiagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Whole Water Phytoplankion, Survey W9717

Pecember 16, 1997
Specles Group Parameter Station Cast
NO4 N18
GRYPTOMONAS SP#2 LENGTH >10 MICRONS CR ugrL 1.82
% 10
GYMNODINIUM SP.#1-5-20UM'W 10:20UM L - - DF & Cughe | ono2e8 . o T pBR
GYMNODINIUM SP.#2 21-40UM W 21-50UM L DF ugrL 1.61
% 8
RHIZOSOLENIA STOLTERFOTHII - SCD | gl e BE
’ ‘ ) L . : e : % ’ T
THALASSIOSIRA SP#2 DIAM >20 MICRONS cD ugiL 1.07
% 6

UNID: MICRO-PHYTOFLAG LENGTH'<10 MICRONS -

"f -‘-LIQILf

. %a-,.'..'; -

85

Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatorn




APPENDIX H-2

.ORGANIC CARBON CONTENT OF PREVALANT SPECIES IN
WHOLE WATER CHLOROPHYLL 2 MAXIMUM SAMPLES
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Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9710

August 5, 1997
Specles Group Parameter Station Cast
NO4  N1I8
CERATIUM LONGIFES DF ug/iL 18.54 463
' % 42 10
CRYPTOMONAS SP#2LENGTH>10MICRONS . | T TeR v | = agl ol a6 . 348
.. : | o L [ E . .‘: . _ 1. i % ‘ :‘: 10 . ' . 7
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ugiL 6.00 15.68
' . % 14 32
RHIZOSOLENIA FRAGILISSIMA . - - : oo e o b g e
U A T B i I CINR RU SRR |- S S
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS ME uglt 11.67 1028
% 26 21
Group Definitions: CcD Centric Diatom
DF Dinoflageliate
MF Microfiagellate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample

Whole Water Phytoplankton, Survey W9711

August 18 - 20, 1997
Specles Group Parameter Statlon Cast
Foi  F02  FOB F13  F23 B2  F25  F27  F30 F3 NO4 NI N1B
ASTERIONELLA GLACIALIS ) ug/L 15.50 12,40 3375  7.92
% 7 7 20 5
GERATIUM LONGIPES bf - gl 8347 ‘475 463 S . 4,63
CHAETOGEROS SPH2 DIAM 10-30 MICRONS co ug/l 2198 759
% 10 7
CRYPTOMONAS SP#2 LENGTH >10 MIGRONS . .ER.- g C 859 370 8. i .
CYGLOTELLA SP42 DIAM 10-30 MICRONS cD ugi. 13.97
% 8
CYLINDROTHEGA CLOSTERIUM - PO “ugl 11,17
GUINARDIA FLAGCIDA cb ugh. '
%
GYMNODINIUM SP:#1 5-20UM W 10:20UML .~ | OF ‘gL 18, 75 834 1183 7 3 i 43
S R VETL P N ‘ % T 8 7 20 ‘32 a4
IKATODINIUM ROTUNDATUM DF uglL 348
% 8
LEPTOCYLINDRUS DANICUS - cD. ugiL 6.66 -
o 7. . _‘.’H). - &
LITHODESMIUM UNDULATUM cD ug/l 1546
% 5
PROTOPERIDINIUM SP. 11 10-30W-10-40L - - - OF uglL S AT
. R R . . Soges s
PROTOPERIDINIUM SP.42 31-75W 41-80L OF ugl 78.18 26,06 261
% 27 17 7
RHIZOSOLENIA DELICATULA cb - g 1852 L F72079 - 0853 . _
R Coe Tk > S LT R 1z s
RHIZOSOLENIA FRAGILISSIMA cD uglt 58280 7824 2034 4147 3521 1791 2847 2191 1565 268
% 79 49 40 14 15 16 7 13 10 7
SKELETONEMA COSTATUM GREV+GLEVE - 0D Cwgl B - za3m 8401 T Teap -
e S % ST 20 L e e
THALASSIOSIRA GRAVIDA cD gl 3i.32 ' 746
% 14 19
UNID, CENTRIG DIATOM DIAM.10-30 MICRONS . €D .ugh 943 il
S ’ o % I . . 6 . 7 ) ST
UNID, MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ug/L 1472 1147 1472 3004 677 2443 2322 2360 3883 977 635 584
% 5 15 5 14 8 14 47 14 25 59 21 15
Group Definitions: cD Centric Diatom
DF Dinoflagellale
ME Microflagellate
HP Haptophyte
CR Cryptophyle
PD Pennale Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9712

September 3, 1997
Spocies Group Parameter Station Cast
NO4 Ni8
CERATIUM LONGIPES DF ug/l 9.97
% 12
CRYPTOMONAS SP#2 LENGTHS1OMICRONS ~ | “.0 2 cR™ oo Tage - | - 273 - - igee
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ug/L 16.01 32.62
% 21 21
RHIZOSOLENIA FRAGILISSIMA = ool et gl s i I L s
UNID. MICRO-PHYTOFLAG LENGTH <10 MIGRONS MF ug/L. 31.72 3858
% 41 25
Group Definitions: . cD Centric Diatomn
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9713

September 23, 1997

Species Group Parameter Station Cast
No4 N18
ASTERIONELLA GLACIALIS PD ug/L 26.17
%

CERATAULINA PELAGICA I -
GYGLOTELLA §P#2 DIAM 10-30 MIGRONS
GYMNODINIUM SP.#15-20UM W 10-20UM L
RHIZOSOLENIA DELICATULA -
RHIZOSOLENIA ERAQ;LlSSlMA,

UNID, GENTRIC DIATOM DIAM 10-30 MICRONS

UNID. MICRG-PHYTOFLAG LENGTH <10 MICRONS

e R0

. DF

cD

ch

cD

T s RN B

%

gl
.‘37;%11'5 o
uglL
%
U_Q(E?- '
. %”._ oo
ug/l
%
) ﬂQ/L
“. .

Cugltoo o Bees.

RIS [

Group Deftnitions: cD Centric Diatom
DF Dinoflagallate
MF Microftagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Dlatom




Organle Carbon Content of Prevalent Specles (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample

Whole Water Phytoplankton, Survey Wa714

October 6 - 8, 1997

Species Group Parameter Station Cast
Fo1 Fo2 FO6 F13 F23 F24 F25 F27 F30 F31 No4 Ni6 N18
ASTERIONELLA GLACIALIS FD ugl. 8142 103.32 2927 23.48 3515 51.76
% 26 31 10 11 7 8
CEFATAULINA PELAGICA™ -+ - 7 S6o Tegn C8EE2 T U THBAS -1 : .
’ B : .“" : FRRR . -::. . “‘.% 59 N g - 7. 5 7 10,
CYCLOTELLA SPH1 DIAM <10 MICRONS cD ugl, 7.24 20.76 '
. % 1 7
CYCLOTELLA SP#2 DIAM 10-30 MICRONS - €D “ughl 6 ‘479 o : 43
o Co S % 8 7 6 s
EUCAMPIA ZODIACUS cD ugh 27.27 1041 3202 43686
% 1" 5 B 7
GYMNODINIUM SP.#1 5-200M W 10-20UM L - "OF - gL " 11.88 834 . - B B A ‘2H=8 .
. : . B . o oo s . '%’. ! . 1'0 711- 11 cod c . 25 . - . :,
LEPTOCYLINDRUS DANICUS cb uglL - 7380 9667 7304 043 8378 4297
% 31 29 6 32 21
PROROGENTRUM COMPRESSUM. . L DR ugh . 83 o A B PRY
. T S “eg 5 B
RHIZOSOLENIA DELIGATULA co ug/L 11821
' % 18
RHIZOSOLENIA FRAGILISSIMA". . ep © U 1721 f4zie . evs0 . a0ise
_ S ' A %.. 8 - 27vn18 Sai s
RHIZOSCLENIA SPP, co ugl '
% . .
SKELETONEMA COSTATUM:~ '~ ~ " LGREV4CLEVE. '] - "GD°-*-| . “owgl - )= 127 11 - N
‘ i P . S :- R o '- . g ¥ 14 ) :
THALASSIOSIRA GRAVIDA ¢D ugl 1678
% 5 .
THALASSIOSIRA SP# DIAM <20 MICRONS -~ _ - e “ugll.. 17320 - 165,86 - 406.04
UNID. GENTRIC DIATOM DIAM 16-30 MICRONS cD ugl 3908 1786 1769 1213 16.85
% ] 24 5 18 8
UNID. MIGRO-PHYTOFLAG LENGTH <10 MICRONS © - MF ugt .28 22 2475 11803 1788 . 2124 3797 300 . 2000 - 2335
: . - 3 72 20 - % 20 . B . 6. - 8 BT
UNID. MICRO-PHYTOFLAG LENGTH >10 MICRONS MF uglL 0.70
% 10
Group Definilions: cD Centric Dlatom
DF Dinoflagellate
MF Microflageliate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9715
October 28, 1997

Species ) Group Parameter Statlon Cast
No4 N18
AMPHIDINIUM SFP. DF ugll 2.39
% 5
AMPHIDINIUM SPP: SYN. PHALACROMA SPP. . - DR e | i T ioag
CERATIUM TRIPOS DF ugiL 14,74
% 32
CRYPTOMONAS SP#2 LENGTH >10 MIGRONS - - -1 . erR ugl. 3
GYMNODINIUM SP #1 5-20UM W 10-20UM L DF uglL, 355
% 8
GYRODINIUM SP#2 21-40UM W21-50UML" . & o CoDE g e o 578"
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ugiL 10.09
% a9
Group Definitions: CD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample

Whole Water Phytoplankton, Survey W8716

November 25, 1997

GYMNODINIUM SP_#1 5-20UM W 10-20UM L

RHIZOSOLENJA SHRUBSOLEIl

CRYPTOMONAS SP#2 LENGTH >10 MICRONS . 1+ [+

DF

U I I

ug/L '
%

wi |
Lo i'i': )

Specles Group Parameter Station Cast
_ N04 N18
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR ug/t 0.85 0.84
% 5 6

RN T N
10

2.61

UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ugh, 5.88
% 36

Group Definitions: CD Centric Diatom

DF Dinoflagellate

MF Microflagellate

HP Haptophyte

CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9717
December 16, 1997

Specles Group Parameter Station Cast
__ No4 N18
CORETHRON CRICPHILUM T CcD ug/L 2.97
% 12
CRYPTOMONAS SP#2 LENGTH »10 MICRONS CR .- gl f 01 2sdn
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF ug/L 3.65 219
% 22 9
GYMNODINIUM SP #2 21-40UM W 21-50UM L DF - gl T e g
R T A o L ST .
GYRODINIUM SP#2 21-40UM W 21-50UM L DF uglt 161
- % 10
PLEUROSIGMA ANGULATUM Lo R O E S P R - B
L : . N % ) Ry 8
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF ugiL 8.07 6.56
% 49 28
UNID. MICRO-PHYTOFLAG LENGTH >10 MICRONS - -~ MF - g1 P 2 .
Group Delinitions: cD Centric Diatom
DF Dinoflagellate
MF Micreflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




APPENDIX I-1

ORGANIC CARBON CONTENT OF PREVALENT SPECIES
IN SCREENED SURFACE SAMPLES
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Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample

Screened Phytoplankton, Survey W9710

August 5, 1997

Species Group Parameter Statlon Cast
NO4 N18
GERATIUM LONGIPES DF ug/l 16.50 1.18
% 94 82

CERATIUM TRIPOS TR T Rt A 023
Group Definitions: cD Centric Diatom

DF Dinoflagellate

MF Microflagellate

HP Haptophyte

CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) In Surface Sample
Screened Phytoplankton, Survey W9711
August 18 - 20, 1997

Species ) Group Parameter Station Cast
Foi Fo2 F0B F13 F23 F24 F25 F27 Fa0 Fat No4
CERATIUM FUSUS DF uglL 0.22 010 024
% 24 6 15
CERATIUMIONGIPES. . . - i | BE w o eaee 0240 050 243 C086- - 098
GERATIUM TRIPOS " OF uglL 0.54 0.37 043 068 oM o7 o018 o1t oss
% 28 ) 24 28 11 8 8 52 17 1 21 29 as
NITZSCHIAPUNGENS .~ . ¢ oliepp b den o ear oes ooas SRV B : o '
B . Gl e ims e
NITZSCHIA SERIATA e | wel 0.18 0.13
% 9 3

PROTOPERIDINIUM CONICUM .+ - "I o |+ wgr ] 020 . . o8
' S SR SN RS [ R

PROTOPERIDINIUM DEPRESSUM OF ug 026 0.15 007 o8
‘ % 14 9 6 5
PROTOPERIDINIUM SP.#1 1080w 10-40L |~ oF | “Twgn .|~ o Cooag T g
PROTOPERIDINIUM SP.#2 31-75W 41-80L DF gl 0.10 0.15 '
% 5 8
PROTOPERIDINIUM SP#3 76sisowatiasoL | oF " —oug . [ oo Li043 T
Group Definilions: cb Centric Diztom

DF Dinofiagellate
MF Microffagellate
HP Haptaophyte

CR Cryplophyte

PD Pennate blatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Screened Phytoplankton, Survey W9712

September 3, 1997

Specles Group Parameter Station Cast
No4 N8
CERATIUM LONGIPES DF ug/L 0.39 0.08
Y 19 10
CERATIUM TRIPGS -+ oo eE T ugn Cted U 0ks
Group Definitions: cD Centric Diatom

DF Dinoflagellate
MF Microflagellate
HP Haptophyte

CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample

Screened Phytoplankton, Survey W9713

September 23, 1997

Pennate Diatom

Specles Group Parameter Station Cast
NO04 N18
CERATIUM FUSUS - DF ugiL 0.04
% i1
GERATIUM LONGIPES -~ CUDRD L gt | 0 047 -
CERATIUM TRIPOS DF gl 298
% &3 83
Group Definitions: CDh Gentric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD




Organic Carbon Content of Prevalent Species (> 5% Total Carban) in Surface Sample
Screened Phytoplankton, Survey W9714
October 6 - 8, 1997

Species Group Parameter Station Cast
Fo1 Fo2 Foe F13 F23 F24 F25 F27 Fao Fa1 No4 N16 N18
CERATIUM LONGIPES DF ugi. 0.09 017 027 0.08 0.18 015 077 0.09 0.08 004 0.13 0.38 013
% 30 67 55 28 66 36 54 66 39 34 16 39 25
GERATIUM TRIPOS - o oF |- uwl | o043 006° 017: 056 009" ---025 067 004 009 009 . 101 056 035
‘ ' B Y a4 o s 60 % e W0 3. 88 e . BT B 68
NITZSCHIA PUNGENS “ PD uh 0.06 0.04 i C
% 20 12
Group Definillons: ch Centric Diatom

DF Dinoflagellate
MF Microflagellate
HP Haptophyte

CR Crypltophyte

FD Pennate Dialom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Screened Phytoplankton, Survey W9715
October 28, 1997

CERATIUM LONGIPES

CERATIUM TRIPOS

PROTOPERIDINIUM DEPRESSUM -~

DF

OF |

Species Group Parameter Station Cast
No4 N18
CERATIUM FUSUS DF ug/t .09
% 6

< ughls

048

11, .

uglL. 132 121

% 82 - 74

% : 6 .

Group Definitions:

DF
MF
HP
CR
FD

cp

Centric Diatom
Dinoflagellate
Microtlagellate
Haptophyte
Cryptophyte
Pennate Diatom

oo,




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Screened Phytoplankton, Survey W2716

November 25, 1997

Species Group Parameter Station Cast
. NO4 N18
CERATIUM FUSUS DF ug/L 0.20 0.18
% 21 23
CERATIUM LONGIPES B IO RERT. L P VR 0,087
CERATIUM TRIPOS DF wi | os7 0.51
% 61 65
Group Definitions: cD Centric Diatom
DF Dincflageltate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
FD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Surface Sample
Screened Phytoplankton, Survey W9717
December 16, 1997

Species Group Parameter Station Cast
1 _ No4
CERATIUM FUSUS DF ug/il 0.11

%
7 “9“-
CERATIUM TRIPOS - DF wgl

GERATIUMLONGIPES

% 58
PROTOPERIDINIUMDEPRESSUM % 1 or- |7 ugit e

PROTOPERIDINIUM SP.#3 76-150W 81-150L DF ug/L 0.06
% 7
Group Definitions: cD Centric Diatom

DF Dinoflagellate

MF Microflagellate

HP Haptophyte

CRH Cryptophyte

PD Pennate Diatom




APPENDIX I-2

ORGANIC CARBON CONTENT OF PREVALENT SPECIES IN
SCREENED CHLOROPHYLL ¢ MAXTMUM SAMPLES
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Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9710

August 5, 1997
Species Group Parameter Station Cast
NO4 N18
CERATIUM LONGIPES DF ug/L. 31.80 1.23
_ o % 96 86
CERATWUMTRIPOS . .~ .= l= CDF ol wgh o | o od4
Group Definitions: CD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyle
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample

Screened Phytoplankton, Survey W9711

August 18 - 20, 1997

Specles Group Parameter Station Cast
Fo1 Foz2 F0§ F13 F23 F24 F25 F27 F30 F31 N4 Ni6 N18
CERATIUM FUSUS DF ugiL 048  0.13 0.06 0.30
% 28 9 ] 16
CERATIUM LONGIPES DF ugiL 026 . 087 326 166 162 190 . 067 - 065 - 038 053 - 178 185 120
' % 15 63. g4~ .60 84 88 .74 . 80°  s6. .83 . 93 . .93 % .62
CERATIUM TRIPOS DF ugiL 011 018 028 033 014 015 041 061 004 005 0.31
% 6 13 7 12 7 7 12 47 6 g 16
NITZSCHIA PUNGENS - PD *ugl. - 0.13 : : < i .
o . % 7 .
NITZSCHIA SERIATA FD uglL 0156 010
- % 8 7 _
PROTOPERIDINIUM DEPRESSUM CDF ugh. 0.23 0.33 0.08
RO UL T % 13 i2. Az
PROTOPERIDINIUM SP.#2 31-75W 41-80L 1 oF g/l 0.17 0.08
% 10 12
PROTOPERIDINIUM SP.#3 76-150W 81-150L DF gl - 007
o S i % 10
Group Definitions: co Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Screened Phytoplankton, Survey W9712

September 3, 1997
Species Group Parameter Station Cast
NO4 Ni8
CERATIUM LONGIPES DF ug/L 1.15 0.29
% 46 27
CERATIUMTRIPOS ~ . . =it/ 0 ol o PR gl | et T T g
Group Definitions: Cb Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll a Maximum Sample
Screened Phytoplankton, Survey W9713
September 23, 1997

Specles Group Parameter Station Cast
No4
. JCERATIUM LONGIPES DF ugll 1.12
. % 12
CERATIUMTRIPQS - - T TEDR L Y gl o P 74
PROTOPERIDINIUM DEPRESSUM DF ug |  os8
% B
Group Definitions: CcD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte
FD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon} in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9714

October 6 - 8, 1997
Species Group’ Parameter Station Cast
FO1  F02 FOB K13 F23  F24  F25 F27  F30 F31  NO4 N6  Ni8

CERATIUM FUSUS DF ugh_ 0.07

% 7
CERATIUMLONGIPES - .| oF |- ~wgL - | 108~ -020 " 088. 003 ' 006 0.8 007 003 100 651 © 087 020

U e A L % R B2 U89 8 407 aa So2800 @0 35 085 o f8.h 48 o4

CERATIUMTRIPOS | oF uglL 08  0f1 042 051 007 036 066 008 005 076 198 040  1.09

% 29 29 4 91 4% 55 66 34 58 42 75 52 78
NITZSCHIA PUNGENS . = - o < PD; w | oes o T e AR T B e IS
PROTOPERIDINIUM DEPRESSUM DF gL 0.02 0.08

% ) 12 34

Group Definitions: cD Centric Diatom
DF Dincflageliate
MF Microflagellate
HP Hapiophyte
CR Cryptophyte
PD Pennate Dlatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9715
October 28, 1997

Species . Group Parameter Statlon Cast
_ No4 N18
CERATIUM FUSUS DF "~ ugll 0.11
% 6
CERATIUMLONGIPES . © '« -~ - o ol DF | gl o ot e i T a2
CERATIUM TRIPOS ' DF ugl. 107 1.43
% 80 82
Group Definitions: cD Centric Diatom
BF Dinofiagellate
MF Microflagellate
HP Haptophyte
CR Cryptophyte

PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon} in Chlorophyll 8 Maximum Sample
Screened Phytoplankton, Survey W9716

November 25, 1997
Specles Group "Parameter Statlon Cast
. N18
CERATIUM FUSUS DF ug/L 0.14
CERATIUMLONGIPES . i o gl e
[ SIS ROt SR ISR DPERS N K S FERE R
CERATIUM TRIPOS DF uglt. 041
% 61
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate

HP Haptophyte
CR Cryptophyte
PD Pennate Diatom




Organic Carbon Content of Prevalent Species (> 5% Total Carbon) in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9717
December 16, 1997

Specles Group Parameter ’ Station Cast
NO4
CERATIUM FUSUS DF ug/L 0.10
Y 18
CERATIUMLONGIPES . = - DRl e o L 0e T T
. Lo o S SRR PR [ B
CERATIUM TRIPOS DF ug/L 0.37
% 87
PROTOPERIDINIUM DEPRESSUM . fopE ugl. e[
- o .' o L C ) ) ‘c'%.:.:.
Group Definitions: CcD Centric Diatom
DF Dinoflagellate
MF Microflagellate
HP Haptophyle
CR Cryptaphyte
PD Pennate Diatom
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