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SEMI-ANNUAL WATER COLUMN REPORT, 96-1
EXECUTIVE SUMMARY

Water quality data have been collected in Massachusetts and Cape Cod Bays by the Massachusetts Water
Resources Authority (MWRA) Harbor and Outfall Monitoring (HOM) Program 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 first half of 1996 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 the first nine surveys of
1996 are presented.

An overview of the data from the first semi-annual period is presented below. The Massachusetts Bay
system undergoes strong seasonal stratification of the water column, and the timing of the onset of vertical
stratification influences seasonal nutrient cycling and its effect on critical issues such as dissolved oxygen
depletion in stratified bottom water. Results are discussed, therefore, in terms of the structure of the water
column. In 1996, stratification began around the end of April. -

During the first survey conducted during the pre-stratiﬁcaﬁon period in early February of 1996, the water
column was well-mixed, and maximum regional nutrient concentrations for the reporting period were
measured. A localized phytoplankton bloom in eastern Cape Cod Bay was the only area showing evidence
of surface water nutrient depletion. By the second regional survey in late February, a system-wide bloom
was indicated by peak semi-annual chlorophyll concentrations (ranging from 5-12 pg/L) measured in Cape
Cod Bay, Massachusetts Bay, and in the nearfield. Cape Cod Bay had the highest regional phytoplankton
densities, dominated by centric diatoms (Chaetoceros, Thalassiosira). Boston Harbor was the only region
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sampled that had relatively low chlorophyll concentrations (<2 pg/L). Peak production in the outer
nearfield occurred at this time, reaching around 3,000 mgCmd’.

By the third (nearfield only) survey conducted in March, nutrients were largely scavenged from surface
water, ending the late winter bloom in Massachusetts Bay. The bulk of chlorophyll and carbon from the
bloom was found in the lower water column, resulting in high bottom water respiration. Horizontally,
chlorophyll peaked inshore and in the more seaward stations of the nearfield. As compared with data
collected for the MWRA Boston Harbor Water Quality Monitoring Program, the coastal chlorophyll
component appeared associated with an extension of the seasonal bloom within the harbor and coastal
regions, which lasted into May. The offshore component appeared to be continued productivity (at depth)
by the late winter bloom. Regional data collected during the combined nearfield/farfield survey in April
documented the continued dominance of centric diatoms at harbor and coastal stations, while chlorophyll
and phytoplankton densities remained low at more offshore stations in Mass Bay and at Cape Cod Bay
stations throughout the spring.

The onset of vertical stratification was occurring in the inner nearfield by mid-April, but setup was not
complete until mid-May in the outer nearfield. Stratification was augmented by an intrusion of low salinity
surface water to the outer nearfield during May, resulting from a Gulf of Maine spring freshet. = This
intrusion apparently resupplied nutrients to the impoverished surface water, with evidence of between-
survey phytoplankton production found in productivity, particulate carbon, and respiration results.
However, chlorophyll concentrations in the water column remained low during the surveys, potentially a
result of grazing as total zooplankton abundances peaked at outer nearfield stations NO4 and N16 during the
June survey. A localized surface bloom of the centric diatom Rhizosolenia fragilissima did occur at
nearfield station NO4 in early July, causing a secondary peak in productivity for the reporting period (2,000
mgCm?”d"). Based on continuous monitoring results from the USGS mooring, this bloom may have
developed throughout the nearfield in the ensuing week after the survey.

Inshore waters were also productive through the period, with the Chaetoceros-dominated harbor bloom in
evidence at N10 in late April, comprising 60% of the total phytoplankton abundance there. Maximum semi-
annual productivity measurements were made at harbor station F23 in June (5,200 mng'Zd'l). The
plankton assemblage was still dominated by centric diatoms, but the dominant at this time was Skeletonema
costatum. Peak production for the reporting period at station N10 also occurred during June, reaching
around 4,500 mgCm>d™.
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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 first 9 of 17 surveys
conducted in 1996 (Table 1-1). Two types of surveys were performed during the first half of 1996: nine
nearfield surveys with stations located in the area over the future outfall site (Figure 1-1), and four
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.

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 first nine surveys of 1996 (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 sections, 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 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. The timing of water column vertical stratification,
and the physical and biological status of the water column at the onset of stratification, to a large degree
control ecological water quality parameters that are a major focus in assessing 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-stratification stage (W9601-W9605), and then further delineates
" processes occurring during the early stratification stage (W9606-W9609). 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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Water Quality Surveys for W9601-W9609

TABLE 1-1

January to July 1996

Survey # Type of Survey ~-Survey Dates
W9601 Nearfield/Farfield February 5-10
W9602 Nearfield/Farfield February 23-28
W9603 Nearfield March 18-20
W9604 Nearfield/Farfield April 1-6
W9605 Nearfield April 22-26
W9606 Nearfield May 13-14
W9607 Nearfield/Farfield June 17-20
W9608 Nearfield July 1-2
W9609 Nearfield July 23-24
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2.0 METHODS

This section describes general methods of data collection and sampling for the first nine water column

monitorinrg surveys of 1996. Section 2.1 describes data collection methods, including survey dates,

sampling platforms, and analyses performed. Section 2.2 describes the sampling schema undertaken, and

Section 2.3 details specific operations for the first 1996 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 available in Appendix A.

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 pycnocline or 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 Stations F23 and
N16 during each farfield survey, and at Stations NO4 and N10 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
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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 depths being sampled. 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.

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
a 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. Productivity and respiration samples were
collected from the Niskin bottles and incubated either on board the vessel or at a laboratory, but not more
than six hours after initial water collection.

2.2  Sampling Schema

A synopsis of the sampling schema 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+P+R).

2.3  Operations Summary

Changes in the 1996 sampling schema from prior monitoring years included the reduction of the number
of nearfield stations sampled, and a change of analyses at selected stations. During 1996, nearfield
stations NO2, NO3, NO8 and N09 were not sampled. At all type D stations, POC and PON analyses were
expanded to include the bottom depth. Field operations for water column sampling and analysis during
the first semi-annual period were conducted as described above, with the exceptions detailed below.
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2.3.1 Deviations in Scope

Principal deviations from the CW/QAPP plan for each survey and the sampling schema are described
below. For additional information about a specific survey, the individual survey reports may be consulted.

Deviations from the CW/QAPP for the nearfield/farfield survey in early February (W9601):

»  Stations F22 and F26 were sampled according to an F sampling scheme (DO samples were
collected) instead of an E sampling scheme. This was done because of suspicion about the
accuracy of the dissolved oxygen sensor due to extremely cold working conditions.

e At Station F29, fluorometer sensor readings were abnormally low for most of the downcast. The
reason for this occurrence was not determined, and a recast of the station was not performed due
to time limitation.

e At Stations F30 and F07, the CTD pump was blocked, and the data collected for the downcast
profile were not valid. Water samples were collected anyway, and these stations were recast to
collect accurate profile data as time allowed.

Deviations from the CW/QAPP for the nearfield/farfield survey in late February/early March (W9602):

e The DOC sample for Station N16 was not sealed properly and over 90 percent of thé sample
was lost. The remainder was shipped to the lab with an explanatory note.

Deviations from the CW/QAPP for the nearfield survey in late March (W9603):
e At Station NO4 the mid-depth particulate phosphate sample was lost.

e WHOI replaced E3I as the laboratory for DO analysis. An inter-laboratory calibration had been
conducted as part of an internal Quality Assurance (QA) procedure.

Deviations from the CW/QAPP for the nearfield/farfield survey in early April (W9604):
»  Because of technical difficulties, two casts were performed at Station F22. The bottom, mid-
bottom, and middle depths were collected during one cast, and the mid-surface and surface

depths during another.

»  Due to processing problems, sensor data for the surface sample at Station N15 are not available.
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Deviations from the CW/QAPP for the late April nearfield survey (W9605):

*  No DOC results are available because the samples were discarded by the analytical laboratory
before analysis.

*  WHOI replaced E3I as the laboratory for chlorophyll a and phaeophytin analysis and UNH
replaced E3I as the laboratory for TSS and DOC analyses. An inter-laboratory calibration was
conducted as part of an internal QA procedure.

*  No zooplankton results are available because the sample containers leaked during transport to
the laboratory.

Deviations from the CW/QAPP for the nearfield survey in mid-May (W9606):
e At Stations NO7 and N16, TSS samples were not collected at bottom depths.
Deviations from the CW/QAPP for the nearfield/farfield survey in late June (W9607):
* Dueto techniéal difficulties with on-board power use, the CTD experienced power fluctuations
that resulted in invalid data during parts of the casts. Subsequent processing was able to remove

the invalid data and compensate for the loss by averaging the remaining data. This problem
affected subsequent surveys W9608 and W9609 before resolution.

* At Station N10, the DO sample for the mid-bottom depth was collected during the water quality
cast while all other dissolved oxygen samples were collected during the productivity and

respiration cast.

. At Station N16, the underwater irradiance data were not valid as the instrument cover was left
on.

Deviations from the CW/QAPP for the nearfield survey in early July (W9608):

*  Due to technical difficulties, the Niskin bottles were not fired at the correct depth and labels
produced for samples were incorrect. Subsequent processing on deck corrected this problem.

Deviations from the CW/QAPP for the nearfield survey in mid-July (W9609):

. At Station NO5, the underwater irradiance data were not valid as the instrument cover was left
on.
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TABLE 2-1

Water Column Sample Analyses

Analysis Gfoup L

) An_élysis

Dissolved Inorganic Nutrients

Dissolved Organic Carbon

Total Dissolved N & P

Particulate C & N

Particulate P

Biogenic Silica

Chlorophyll & Phaeopigments

Total Suspended Solids

PO P X [ M X

Dissolved Oxygen

Urea

All Phytoplankton

DL I s e e e e e | e | e |

Screened Phytoplankton

oI B T IR T B BT B B B - B - IS Y

Zooplankton

Areal Productivity . _ X

Respiration X
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3.0 DATA SUMMARY PRESENTATION

Data from each survey were compiled from the complete HOM Program 1996 database and organized to
facilitate regional comparisons between surveys, and to allow a quick evaluation of results for contingency
planning purposes (Tables 3-1 through 3-9). 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 pre-outfall conditions 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. Prior to regional
compilation of the sensor data, the results were averaged 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 (F05, F13, F14, F18, F24, F25), eight offshore stations (F06, F07, F10,
Fl15, F16, F17, F19, and F22), five boundary region stations (F12, F26, F27, F28, F29), and three Cape
Cod Bay stations (FO1, F02, and F03). 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 dataset
as described for each data type below.
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3.2 Sensor Data

Six CTD profile parameters provided in the data summary tables include: temperature, salinity, density
(c)), fluorescence (chlorophyll a), 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. 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, 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 G,, which is calculated by substracting 1,000 kg/m® from the recorded density.
During this semi-annual period, density varied from 1,021.6 kg/m® to 1,025.9 kg/m’, meaning o, varied
from 21.6 kg/m® to 25.9 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 (see 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. The
concentration of phaeopigments, included in the summary data tables as part of the nutrient parameters,
also was included as part of 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). Finally, the
derived beam attenuation coefficient from the transmissometer ("transmissivity") was provided on the
summary tables. Beam attenuation is 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 concentrations were extracted from the HOM database, and include:
ammonia (NH,), nitrite (NO,), nitrite + nitrate (NO, + NO,), phosphate (PO,), and silicate (SiO,).
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).
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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, and N0O4, N10, and N16, 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 ¢ (gC[gChla]'h'[WuEm?s™]™") and Pmax
(gC[gChla]'h") were also included (Appendix A).

A suite of other water column biological parameters was summarized on the data tables. 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 water column depths sampled (upper, mid-,
and lower water column). The water column depths of the respiration samples typically coincided with
the water depths of the productivity measurements.

Dissolved and particulate organic parameters were also summarized for the tables, including: 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 are 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 (depth A) and at the water column chlorophyll ¢ maximum (depth C) during the water column
casts. Additional samples were taken at these two depths and screened through 20um Nitex mesh to retain
and concentrate larger dinoflagellate species. 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 station by first averaging analytical replicates, then averaging
station visits. Regional results were summarized for total phytoplankton, total centric diatoms, nuisance
algae (Alexandrium tamarense, Phaeocystis pouchetii, and Pseudo-nitzschia pungens), and total
zooplankton (Tables 3-1 through 3-9). Only the maximum of each plankton parameter is presented in the
summary tables based on the program emphasis on the magnitude of 'plankton response to nutrient
concentrations.
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Results for total phytoplankton and centric diatoms reported in Tables 3-1 through 3-9 were restricted to

whole water surface samples. Results for the nuisance species Phaeocystis pouchetii and Pseudo-nitzschia
pungens include the maximum of both whole water and screened analyses, at both the surface and
mid-depth. Although the size and shape of both taxa might allow them to pass through the Nitex screen,
both have colonial forms which in low densities might be overlooked in the whole-water samples. For
Alexandrium tamarense, only the screened samples were reported.

3.6 Additional Data

Three additional data sources were utilized during interpretation of HOM Program semi-annual water
column data. Satellite images collected near survey dates were preliminarily interpreted for evidence of
surface water events, including intrusions of surface water masses from the Gulf of Maine and upwelling.
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 (Figure 3-1) data from the
surface (upper 5 m) and near-bottom (1m above bottom) were averaged over each day, and plotted with
HOM survey data from station N16. 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 investigated and used for additional data interpretation.
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Moored Temperature and Salinity Sensor Data: February - July, 1996
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4.0 RESULTS OF WATER COLUMN MEASUREMENTS

The timing of the annual setup of vertical stratification in the water column is an important determinant
of water quality, primarily because of the trend towards continuously decreasing dissolved oxygen in
bottom water in the summer and early fall. The pycnocline, defined as a shallow water depth interval over
which density increases rapidly, is caused by a combination of freshwater input during spring runoff, and
warming of surface water in the summer. Above the pycnocline the surface water layer is well-mixed,
and below the pycnocline density increases more gradually (Figure 4-1). For the purposes of this report,
vertical stratification will be defined by the presence of a pycnocline with a density (G,) gradient over a
relatively narrow depth range (~10 m) of greater than 1.0. Using this definition, a stable pycnocline
developed by late April (W9605) in the inner nearfield and mid-May (W9606) in the outer nearfield
(Figure 4-2).

Four of the nine surveys conducted during the semi-annual period were combined nearfield/farfield
surveys. The first three combined surveys in February (W9601, W9602) and April (W9604) were
conducted prior to stratification of the water column, and the last survey in June (W9607) was conducted
during early stratification. Data collected during these farfield surveys' were evaluated for trends in
regional water masses throughout Boston Harbor, Massachusetts Bay, and Cape Cod Bay. The variation
of regional surface water properties is presented using contour plots of surface water parameters, derived
from the A (surface) water sample. Classifying data by regions allows comparison of the horizontal
distribution of water mass properties over the farfield area. i

The vertical distribution of water column parameters is presented in the following sections along three
farfield transects in the survey area, and one transect across the nearfield (Figure 1-3). Examining data
trends along transects provides a three-dimensional perspective of water column conditions during each
survey.  Nearfield surveys (W9601-W9609) were conducted more frequently than farfield surveys,
allowing better temporal resolution of the changes in water column parameters and onset of stratification.
In addition to one nearfield vertical transect (Figure 1-3), vertical variability in nearfield data is examined
and preéented by comparing surface and bottom water concentrations (A and E depths), and by plotting
individual parameters with depth in the water column. -

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

During the first two regional winter farfield surveys in February (W9601-02), there was a horizontal
gradient of surface water temperature and salinity from the inshore regions of the harbor, coast, and Cape
Cod Bay, to the offshore/boundary regions. -In early February (W9601), surface water temperatures ranged
from 0.6°C at station F23 outside of the harbor, to 3.3°C at boundary station F12 (Figure 4-3). Surface
water in the harbor was also the least saline (approximately 30 PSU), while the rest of Massachusetts and
Cape Cod Bay surface water ranged between 31 and 32 PSU (Figure 4-4). In late February (W9602),
regional surface water was more uniform, with warmer coastal water (approximately 2°C) and no change
in the offshore/boundary regions. The distribution of surface water salinity was similar to that in early
February. A complete set of surface contour maps of water properties during the farfield surveys is
provided in Appendix B.

During the pre-stratification period, surface water temperatures and salinities generally were representative
of the entire water column at each station due to the well-mixed water column, thus the regional water
masses were identifiable from distinct TS (temperature-salinity) characteristics for each survey. During
W9601 and W9602, for example, the offshore and boundary regions (only boundary station data are
plotted) were distinct from coastal, Cape Cod Bay, and harbor water masses (Figure 4-5a). The boundary
and offshore regions had the highest regional temperatures (approximately 3-5°C) and salinities (32-33
PSU). For the other water masses, water temperatures were in a similar range during the first two surveys
(approximately 1-3°C), but the harbor stations had the lowest salinity. Station F23, at the entrance to
Boston Harbor, had TS characteristics more similar to the coastal region during W9601. The coastal and
Cape Cod Bay regions were in the same temperature range, but Cape Cod Bay was slightly more saline
during the winter surveys. Stations at the northern end of the coastal transect (F18 and F24) had water
mass characteristics that were transitional to the boundary/offshore regions.

By April (W9604), horizontal differences in surface water temperature were less pronounced, with a
narrower temperature range (Figure 4-5b). Cape Cod Bay was noticeably warmer than during the prior
two surveys, exhibiting a warming trend comparable to Boston Harbor and coastal waters. Coastal water
had also warmed relative to the more offshore stations (Figure 4-6). The salinity gradient was consistent
with the prior surveys, with fresher to more saline waters from the harbor to offshore, with an anomalous
pool of low salinity water (<30 PSU) at the northern end of the boundary region (Station F26; Figure 4-7).
This fresh water intrusion may be related to the spring freshet documented by continuous monitoring data,
discussed in more detail using higher resolution nearfield data (Section 4.1.2). The freshet may have been
a catalyst for the relatively early setup of vertical stratification in 1996, and may have resupplied the
surface water of the nearfield region with nutrients (Section 4.2.2).
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In contrast to the pre-stratification period, during the final farfield survey in June (W9607) horizontal
gradients of water column properties were less defined, while distinctions among water masses were

controlled by depth because of vertical stratification. Surface waters had warmed considerably, ranging
from 13.3°C (FO5) to 19.1°C in Cape Cod Bay (F02), and the salinity distribution was very narrow in
surface waters (30.6 to 31.4 PSU; Appendix B).

4.1.2 Vertical Distribution

Farfield. Regionally, the water column was well-mixed throughout the winter and early spring. The
density gradient (AG;), representing the difference between the bottom and surface water G, value, can be
used as a relative indicator of a mixed or vertically stratified water column (Figure 4-8). During the
winter and early spring, a slight density gradient of ~0.5 kg/m’, except in coastal and Cape Cod Bay
regions, was reflective of slightly higher bottom water salinity in these regions. The temperature remained
uniform in all regions during this period. Salinity data indicated that Boston Harbor surface water was
the least saline over the semi-annual period (Figure 4-9). All water regions in the survey area were
vertically stratified (Ac, >1.0 kg/m®) by June (W9607) except in the harbor, which remained relatively
well-mixed throughout the semi-annual period and continued to be relatively productive (Section 4.3;
Figure 4-8).

Transects from west to east (Figure 1-3) in Massachusetts Bay show the gradients of physical
characteristics within the water column from Boston Harbor and coastal stations seaward (Appendix C).
For example, o, during the first winter survey in early February (W9601) showed a gentle vertical and
horizontal gradient, ranging from 24 kg/m’ in the surface water inshore to greater than 25.5 kg/m’ in deep
water offshore (Figure 4-10). The water column was extremely homogenous during the second survey
in late February, apparently due to mixing during several February northeasters. During the final farfield
survey of the semi-annual period in June (W9607), the water column was vertically stratified except in
the shallow water of the harbor (Figure 4-11). Density ranged from 22 kg/m® in the surface water,
increasing to 25 kg/m® within the upper 20m offshore. A complete set of farfield transect plots for water
properties is contained in Appendix C.

Nearfield. More frequent sampling of nearfield stations provides a detailed dataset showing the onset of
vertical stratification, and local variability, within the nearfield water column. The onset of vertical
stratification in the nearfield, defined by a Ac, of >1.0 kg/m’, occurred relatively early in 1996. By April
(W9605), the inner nearfield was already stratified and remained stratified through the semi-annual period
(Figure 4-2). The onset of stratification was evident in the outer nearfield by April, but AG, remained <1.0
kg/m’ until May (W9606). The sequence of events associated with the setup of stratification is described
below.
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The winter density gradient between the surface and bottom water of the nearfield in early February
(W9601; Figure 4-2) was caused by a layer of fresher (<31 PSU) cooler surface water, and relatively
higher bottom water salinity (>32 PSU). In the nearfield, this layer originated from the harbor, as can be
seen in the southwest-northeast nearfield transect (Figure 1-3) showing contoured salinity data (Figure
4-12). Two weeks after the first survey in late February (W9602), the water column was uniform with
respect to both temperature and salinity, indicating that the water was mixed during that interval as a result

of a series of February northeasters.

The water column was well-mixed with respect to temperature during the first four nearfield surveys
(Figure 4-13), again except during the first survey in early February (W9601). The water column in the
nearfield was progressively stratified as surface water started to warm in early April (W9604). Following
the early April survey, surface water warmed 2°C within the upper 10-20 meters of the nearfield water
column prior to the late April survey (W9605), resulting in the onset of thermal stratification along the
nearfield transect (Figure 4-14). Continuous monitoring data from the USGS mooring in the nearfield
show the seasonal surface water temperature increase began in earnest by the time of the late April survey
W9605 (Figure 3-1). Surface water temperatures continued to increase, with a sharp rise associated with
a heat wave during the latter part of May (NRCC, 1997). Bottom water temperatures rose relatively
slowly throughout the semi-annual period (Figure 4-13).

Overall, the salinity in the nearfield decreased in both bottom and surface water during the late winter and
early spring as a result of winter precipitation (Figure 3-2). Following the late April survey (W9605),
nearfield bottom water salinity began to increase upon the initiation of stratification. Surface water
salinity, however, began a steep decline between surveys W9606 and W9607 that persisted through May,
reaching minimum values of <29 PSU by the end of May/beginning of June (Figure 3-2). The low
salinity surface water was apparent only in the outer nearfield during the May survey (W9606; Figure 4-
15). Satellite data confirmed an intrusion of a water mass from the Gulf of Maine in May. In addition,
spring fluvial discharge was at a peak during mid-April through mid-May (Figure 4-16), suggesting that
a freshet from the northeast was the cause of the low salinity intrusion on the outer nearfield surface
water.

Results from the first early stratification survey in June (W9607) showed a strong density gradient (AG,)
of at least 2.0 kg/m’ in both the inner and outer nearfield (Figure 4-2). The surface water temperature
increased by 8°C between the May and June surveys, but then remained at approximately 16°C during the
early July nearfield survey (W9608), and actually decreased by up to 2°C during the final semi-annual late
July nearfield survey (W9609). The temperature decrease through July was well documented in the
moored temperature data (Figure 3-1). The surface water temperature in the outer nearfield decreased
from a high of approximately 16°C in the beginning of July, to approximately 12°C immediately prior to
the final semi-annual survey in late July (W9609; Figure 3-1).
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The anomalous surface water temperature decrease in July is probably related to several meteorological
events recorded during the month of July. The year 1996 had the wettest month of July for a century
(NRCC, 1997). An early season hurricane (Bertha) and a series of strong thunder storms had an impact
on New England weather and were responsible for the precipitation record set in July. The input of
colder, less saline surface water also affected surface readings.

4.1.3 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 bearn 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.

Secchi disk measurements, which provide an indicator of light transmission in the upper water column,
are collected during farfield surveys only. Secchi disk measurements were compared with surface water
transmissometer data for the 1996 monitoring year; results are presented in the second semi-annual report.

~ 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.

Surface water (A depth) transmissometer data from the combined nearfield/farfield surveys suggested that
plankton growth and coastal runoff caused seasonal changes in beam attenuation. In February (surveys
W9601-02), the beam attenuation values (range 0.3 - 0.9/m) indicated that the surface water at all farfield
stations was relatively clear. Surface beam attenuation remained uniform across all regions outside of the
harbor and eastern Cape Cod Bay (Figure 4-17). The attenuation documented in eastern Cape Cod Bay
was likely due to a phytoplankton bloom occurring at the time (Sections 4.3 and 5.3).

The April survey (W9604) was marked by high water clarity in the offshore and boundary regions
(<0.3/m; Figure 4-18). The harbor stations, however, showed increases in total particulate matter, likely
associated with the harbor spring diatom bloom (Section 4.3). Spring river discharge and coastal runoff
also may have contributed to the total particulate matter.
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In June (W9607), the highest beam attenuation values were concentrated near the harbor and coastal
regions. The Boston-Nearfield and Cohassett transects (Figure 4-19) revealed a beam attenuation gradient
from near the coast to offshore. Fluorescence data also indicated high levels of chlorophyll a in this
region (Section 4.3), suggesting that beam attenuation was influenced by the concentration of biogenic
material. Suspended material in coastal runoff and harbor export also may have contributed to the high

beam attenuation in the coastal region.

During the June survey (W9607), the bottom waters of stations F16, F17, and F19 showed local maxima
of beam attenuation values (Figure 4-19). Deep water particulate matter may be a result of resuspension
of bottom sediment, but the lack of physical mechanisms for deep water resuspension in the summer
suggests that the particulate matter was from settling of material from the water column. Chlorophyll data
are consistent with a deep water component of biogenic particulate matter in the boundary region (Section
4.3), potentially contributing to the bottom water beam attenuation data.

4.2 Nutrients

Regional and nearfield nutrient data from the first semi-annual period of 1996 demonstrate the typical
progression of seasonal events in the Massachusetts Bay system. Maximum nutrient concentrations were
measured throughout the water column during the well-mixed early winter surveys. The late winter bloom
documented during the first two combined farfield/nearfield surveys (Section 4.3) resulted in regional
depletion of nutrients by March (W9603) in the nearfield, and by the third combined survey in early April
(W9604) in the farfield. Phosphate and ammonium remained at modest levels in the surface water of the
harbor and near the coast, primarily due to the current outfall source in Boston Harbor. During the
stratified season, bottom water nutrient concentrations begin to increase due to remineralization of nutrients
from organic matter.

Nutrient data were preliminarily analyzed using x/y plots of nutrient relationships. In Appendix D,
nutrient distributions are organized for each survey showing the following relationships for regional areas
(Figure 1-2): nutrients vs.-depth, nutrient:nutrient relationships, and nutrient:salinity relationships. As with
the physical characteristics, surface water contour maps (Appendix B) and vertical cross sections
(Appendix C) were also created using nutrient data.

4.2.1 Horizontal Distribution

During the pre-stratification period, the spatial distribution of nutrient concentrations in surface water
indicated that Boston Harbor, followed by the coastal region, consistently had the highest concentration
of all nutrients measured. As discussed below, during the pre-stratification period, depletion of surface
water nutrient concentrations closely paralleled areas of chlorophyll production (Section 4.3). Regional
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surface water was nutrient-depleted beginning during the third combined nearfield/farfield survey in April
(W9604), and remained depleted through to the early stratification survey in June (W9607).

Nutrient concentrations throughout regional surface waters during the first combined nearfield/farfield
survey in early February were the highest measured in the semi-annual period. Nitrate (NO,), for example,
ranged from 7.3-14.5 uM, except for a single station (F02) located in eastern Cape Cod Bay (0.5 pM),
indicating that the surface water there was nutrient-depleted (Figure 4-20). Similarly, silicate (SiO,) and
phosphate (PO,) had minima at FO2 (1.3 uM and 0.3 uM, respectively), while regionally, surface water
was replete with these nutrients (8.3-23.9 uM and 0.8-1.6 uM, respectively). The depletion in eastern
Cape Cod Bay was related to the late winter bloom (Section 4.3). Relatively low concentrations (7.3 pM)
in the nearfield suggested the onset of a bloom there as well (Figure 4-20). A complete set of farfield
contour maps of nutrient concentrations is available in Appendix B.

By the second survey in late February (W9602), nutrient concentrations had decreased throughout the
region except in Boston Harbor, indicating a relatively widespread late winter bloom (Figure 4-21).
Maximum nutrient depletion during this period was notable in Cape Cod Bay, in the boundary region, and
in the nearfield. Outside of Boston Harbor, surface water nutrient concentrations during this survey were
reduced to: <1 to 7 uM (NO;), 1.4-9.5 uM (SiO,), and <0.8 uM (PO,). Boston Harbor concentrations were
highest regionally, but lower than in early February, suggesting the onset of a bloom there as well.

Ammonium (NH,) concentrations did not follow the same pattern as the other dissolved inorganic
nutrients. The distribution of NH, is strongly influenced by the tidally-dependent effects of the existing
outfall in Boston Harbor. In evaluating nutrient:nutrient and nutrient:salinity relationships (Appendix D),
the DIN:PO, ratio indicated that harbor and coastal waters were relatively enriched with DIN due to the
NH, component. In addition, NH, was the only nutrient that showed a relationship with salinity,
indicating a similar trend of decreasing NH, with increasing salinity following the transition from inside
to outside of the harbor.

Regional surface waters, including Boston Harbor, were consistently nutrient-depleted during the final pre-
stratification farfield survey in April (W9604), and were generally the lowest measured regionally during
the semi-annual period (<1 pM NO;, 0.3-1.9 pM SiO,, and 0.1-0.4 pM PO,). The surface water remained
nutrient-depleted until the final farfield survey in June (W9607), although there were slightly higher
nutrient concentrations measured in Boston Harbor due to the mixed water column (Section 4.1) and the
cessation of the harbor spring bloom (Section 4.3).

4.2.2 Vertical Distribution

Farfield. During the first combined nearfield/farfield survey in early February, nutrient concentration
transects (Appendix C) show that the water column was replete with nutrients, with an inshore/offshore
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gradient of all nutrients measured. By the second farfield survey in late February, deep water
concentrations remained similarly elevated as in early February, but surface water concentrations had

decreased. For example, maximum SiO, depletion was located in the upper 20 m of the offshore region
of all three transects (Figure 4-22). Depletion of NO,+NO, and PO, showed similar patterns, while NH,
was depleted throughout the water column (Appendix C).

The range of nutrient concentrations throughout the water column was lowest during the early April
combined survey, resulting in a spring marked by low productivity outside of the harbor (Section 5.0).
Outside of the harbor, NO,+ NO,, SiO,, and NH, were depleted in surface water, while PO, was present
in low levels (0.2-0.4 pM). The distribution of nutrients with depth (Appendix D) indicated that Boston
Harbor also was depleted with respect to NO;+ NO, (<0.5 pM) and SiO, (<2 pM). During this survey,
the upper water column of the boundary region had the highest nitrogen nutrients (NO,+ NO,
approximately 1.0 uM), and Cape Cod Bay had the highest SiO, (approximately 2 uM). The water
column was beginning to be vertically stratified with respect to nutrients, with deeper water maximum
concentrations reaching approximately 4 uM of NO,;+NO,, 3 uM SiO,, and 0.8 uM PO,

During the final combined nearfield/farfield survey in June, the upper water column remained depleted
of nutrients, again except for low levels of PO,. The stratified lower water column, however, showed the
beginning of nutrient-enrichment, as maximum concentrations reached approximately 10 pM of NO;+NO,,
14 uM SiO,, and 1.0 uyM PO, '

Nearfield. Because of the increased frequency of sampling, the nearfield data showed higher temporal
resolution of nutrient concentrations at all nearfield stations throughout the monitoring period. Surface
and bottom water SiO, concentrations from five nearfield stations representing the four corners of the
nearfield grid (NO1, N04, NO7, and N10), and the center station (N21) were plotted to demonstrate several
observations from the semi-annual period (Figure 4-23). Overall, the highest nutrient concentrations were
measured during the first semi-annual survey in early February. Following nutrient minima in March
(W9603), a gradient between surface and bottom water nutrient concentrations increased throughout the
spring and summer. An early summer bloom in June (W9607), especially in the harbor (Section 4.3),
caused a surface water depletion at several stations. Following the June survey, the final two surveys in
July indicated that both surface and bottom water began to re-establish nearfield nutrient concentrations.
These trends, and several specific events, are discussed in more detail below.

Data from the first survey in February (W9601) resulted in the highest measured values of all nutrients
in the nearfield water column. The winter bloom documented in late February (W9602; Section 4.3)
resulted in overall nutrient depletion, including a decrease from approximately 8-11 uM to 2-6 uM of
NO,+NO,, 0.8-1.1 upM to 0.4-0.6 uM PO,, and 12-17 uM to 5-8 uM SiO, (Appendix D).

Bloom-related depletion of nutrients in-the surface water of the nearfield reached a maximum in March
(W9603). The distribution of nutrient concentrations with depth (Appendix D) indicated that the onset

+
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of vertical stratification with respect to nutrients was early in the year, demonstrating that a nearfield
nutrient surface to bottom water gradient existed as early as the March survey. Phosphate and the nitrogen
nutrients especially showed depth-dependent gradients that persisted throughout the semi-annual period.
Measurements in March resulted in gradients of approximately 0.5 uM for PO,, and 4 M NH, and
NO;+NO,. Silicate was relatively low throughout the water column during this survey (<3 pM at depth).

The distribution and concentrations measured in the following surveys in early (W9604) and late (W9605)
April were relatively unchanged from the prior survey (Appendix D). Beginning in May (W9606), bottom
water nutrient concentrations increased as the summer stratified season began to develop. Overall, the
surface/bottom water gradient-driven nutrient profiles in the water column were similar as the prior spring
surveys. An exception was an incursion of higher SiO, surface water (>7 pM) among the outer nearfield
stations (Figure 4-24a). This water mass also had very low salinity (Figure 4-24b; Section 4.1), and was
associated with the intrusion of the low salinity freshet documented in continuous mooring data.

Nutrient:depth profiles in the nearfield in June (W9607) were similar to the spring surveys except for an
overall reduction of surface water SiO, from the prior survey at many nearfield stations. Bottom water
SiO, was also depleted at station N10, nearest Boston Harbor. The reduction of SiO, was related to
diatom production during this period (Section 5.3).

The final two surveys of the annual period conducted in early and late July (W9608, W9609) indicated
that the surface water remained relatively depleted in nutrients. The nutrient:depth profiles, however, show
more scatter in the data in the mid-water column due to a “mounding” of nutrient concentrations along
the nutricline. The trend towards increased nutrient concentrations with depth during remineralization of
organic matter during the summer may provide a nutrient source for the mid-summer periods of
productivity in the nearfield suggested by biological data (Section 5).

Nearfield surface water in the summer was the most nitrogen-depleted during the semi-annual period.
Nutrient:nutrient ratios were plotted, showing the relative depletion of all the nitrogen nutrients relative
to PO, and SiO, (Appendix D: Figures 4-110, 4-112, 4-127). Nutrient trends showed the DIN:PO, ratio
to be below the Redfield value of 16 during the entire semi-annual period, decreasing from a high of 10-
14 in the nearfield during the first survey in February, to 2-6 in June (W9607) and early July (W9608),
reaching a minimum range of 1-5 during the final survey in late July (W9609).

4.3 Chlorophyll a

Maximum chlorophyll a production (referred to simply as chlorophyll in the text) during the first semi-
annual period occurred regionally during late February (W9602), and in Boston Harbor throughout April-
June. HOM Program chlorophyll data were compared with data collected in Boston Harbor through the
Boston Harbor Water Quality Monitoring Program (Harbor Studies Program) to provide a link between
nearfield and harbor productivity.
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4.3.1 Horizontal Distribution

Surface water chlorophyll concentrations were regionally low during the first semi-annual survey in early
February, ranging from 0.6 to 3.8 ug/L, except for a high concentration measured at station F02 (13.1
ug/L) in eastern Cape Cod Bay, indicating the presence of a local bloom (Appendix B). The limited
extent of chlorophyll in Cape Cod Bay during this survey can be demonstrated by the fact that the lowest
regional concentrations (approximately 0.6 pg/L) were measured in western Cape Cod Bay. Aside from
eastern Cape Cod Bay, the highest regional concentrations were in the nearfield (approximately 4 pg/L.).

Two weeks following the first survey, in late February (W9602), a system-wide late winter bloom had
developed, resulting in multiple localized maxima of chlorophyll (Figure 4-25). The focus of the local
maxima were in Cape Cod Bay (9-12 pg/L), off the Marshfield area (9 pg/L), in the nearfield (5 pg/L),
and at the northern end of the boundary region (10-12 pg/L). '

By the third combined nearfield/farfield survey in early April (W9604), chlorophyll concentrations were
reduced generally to <1 pg/L throughout Massachusetts and Cape Cod Bays, except in and near Boston
Harbor. A local harbor bloom resulted in concentrations ranging from 9-11 pg/L in the harbor, and 2-8
ug/L in the inner nearfield and along the coast south of the harbor (Figure 4-26). Chlorophyll monitoring
in Boston Harbor through the Harbor Studies Program, in conjunction with available farfield
phytoplankton data, supported the potential presence of a spring diatom bloom that peaked in late March-
early April, with concentrations reaching 20 pg/L.

The regional surface water distribution of chlorophyll during the final farfield survey in June (W9607) was
similar to that measured in early April, except with an overall lower range of concentrations (3-6 ug/L in
harbor, 1-4 pg/L in the nearfield). '

4.3.2 Vertical Distribution

Farfield. The three farfield cross sections (Figure 1-3) show the distribution of chlorophyll in the water
column both regionally and with depth in the water column (Appendix C). For example, the first survey
was conducted during a period of relatively low biomass in early February, except for higher chlorophyll
in the outer nearfield and offshore regions of the transects, reaching concentrations of 3-4 pg/L in the
upper 20 m.

The winter bloom in late February (W9602) resulted in a patchy distribution of chlorophyll regionally,
generally concentrated in the surface water of the boundary and offshore regions of the transects (Figure
4-27). Maximum concentrations (up to 10 pg/L) were measured at stations FO6 (Marshfield transect), F16
(Cohassett transect), and F27 (Boston-Nearﬁeld transect). The highest concentrations were actually below
the surface at station F16.
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Regionally, chlorophyll was relatively low during the final two combined nearfield/farfield surveys in
April (W9604) and June (W9607). In April, chlorophyll was <0.5 pg/L everywhere except in the harbor
and near the coast, and in the mid-water (20m) of the offshore region (0.5-1 pg/L). The early April
farfield survey was conducted during the beginning of the peak spring bloom in Boston Harbor,
documented by data collected through the Harbor Studies Program. In June, chlorophyll again was <0.5
ug/L everywhere except the harbor (up to 3 ug/L), concentrated along the pycnocline (Figure 4-11) of the
Cohassett and Marshfield transects (1-3 pg/L), and very deep in the boundary region (1-3 pg/L).

Nearfield. Chlorophyll data collected in the nearfield during the first semi-annual period of 1996
demonstrate the relative productivity of the nearfield, and the importance of harbor-nearfield interaction
dynamics. Calibrated ir situ fluorescence data, averaged over 0.5 m bins, were contoured over the vertical
cross section through the nearfield (Figure 1-3), showing the patchiness of chlorophyll during the nine
nearfield surveys. These transects will be used, in tandem with the Harbor Studies Program data, to
evaluate the nearfield chlorophyll trends during the first semi-annual period.

Chlorophyll production in the nearfield during the first early February survey (W9601) indicated plankton
growth isolated in the outer nearfield, without a harbor component (Figure 4-28). Concentrations of >4
pg/L in the nearfield were widespread in the upper 20 m of the central and outer nearfield. Harbor
chlorophyll data collected through the Boston Harbor Studies program consistently showed only trace
chlorophyll concentrations of <1 pg/L from January to mid-February.

By late February (9602), the regional winter bloom resulted in nearfield chlorophyll concentrations of >6
pg/L, with a subsurface maximum (10-20 m) located in the central nearfield (station N21). The nearfield
was more productive than the harbor during the winter bloom, which showed concentrations of generally

<2 pgf/L.

The third nearfield survey in March (W9603, nearfield stations only) resulted in a bimodal distribution
of chlorophyll (Figure 4-28). There was a clear harbor and coastal influence, with station N10 near the
harbor mouth showing concentrations of >6 pg/L in the upper 10 m. By the third week of March when
the W9603 survey was conducted, Boston Harbor Studies data indicated the beginning of a productive
local spring bloom that climaxed in early April. In contrast to the harbor-related chlorophyll, a second
area of chlorophyll was present in the deep water (20-40 m) of the outer nearfield (NO4), also reaching
concentrations of >6 ug/L.. This may either represent sinking (but still photosynthetically active)
phytoplankton, or localized production at depth as the surface water cleared (e.g., NO4 data in Figures 4-28
and 5-3).

Chlorophyll was scarce in the nearfield during early April (W9604), except at station N10 which showed
evidence of the harbor bloom where concentrations of approximately 10 pug/L were measured (as discussed
above). Similarly, the nearfield reflected continuing bloom conditions in Boston Harbor in late April
(W9605), where peak annual chlorophyll measurements were made of >20 pg/L during the Harbor Studies
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program. Concentrations of >6 pg/L were measured in the nearfield during this survey at approximately
10 m water depth at station N10 (Figure 4-28).

Harbor-influenced chlorophyll continued throughout May and June, with maximum concentrations of >6
pg/L in May (W9606) and >4 pg/L in June (W9607). During the final two nearfield surveys in July,
chlorophyll concentrations were <2 pg/L in the nearfield (Figure 4-29), despite continued concentrations
in the harbor of approximately 5-10 pg/L (Harbor Studies Program). Chlorophyll in the nearfield was
concentrated in the surface and mid-water of the outer nearfield. Evidence also was found that a nearfield
bloom occurred between the two July surveys (Sections 5.1 and 5.3). Particulate organic carbon (POC)
results were consistent with these chlorophyll data (Section 5.2). The distribution of chlorophyll in the
summer months was investigated further using biological monitoring results (Section 5).

4.4  Dissolved Oxygen

The distribution of dissolved oxygen (DO) in the water column was examined first for temporal and
spatial trends in the farfield (Section 4.4.1) and then in the nearfield (Section 4.4.2). For contingency
purposes, individual bottom water DO minima were investigated. The minimum measured bottom water
DO concentration during the semi-annual period was 7.6 mg/L in the nearfield in July (W9609).
Regionally, the minimum DO concentrations was in the bottom water of Cape Cod Bay (8.1 mg/L) in June
(W9607).

4.4.1 Regional Trends of Dissolved Oxygen

Average bottom water DO concentrations throughout the farfield area ranged from 10 to 11.5 mg/L
throughout the winter and spring (Figure 4-30a). Regionally, DO maxima were consistent with the
observed distribution of the late winter/spring bloom. During the final combined nearfield/farfield survey
in June (W9607), DO concentrations in bottom water had decreased to a range of 9-10 mg/L.. Cape Cod
Bay had the lowest farfield bottom water DO, with an individual station minimum value of 8.1 mg/L
measured in June (Figure 4-30 represents bottom water values averaged over all stations in each region).

DO saturation for the most part was consistent with the DO concentration, with peaks occurring in March
or April (Figure 4-30b). The one exception was Boston Harbor, which showed the highest saturation in
June, consistent with the high productivity measured at the time (Section 5.1). The observed decline in
regional bottom water DO concentration between April and June was due to increasing'temperatures and
the effects of respiration after the onset of stratification.
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The vertical distribution of dissolved oxygen shows that during the winter bloom in late February
(W9602), maximum DO concentrations of >11.5 mg/L were located in the nearfield and offshore regions
of the farfield transects (Figure 4-31), generally following the pattern of chlorophyll production (Figure
4-27). Bottom water concentrations during this survey remained relatively high (10 mg/L) because of the
vertically mixed water column.

Regionally, bottom water DO decreased to levels of around 9.5 mg/L by June, and DO maxima of around
11 mg/L remained in the mid-water depths, above the pycnocline (Figure 4-32). Although there was
relatively little chlorophyll measured in the water column, the DO pattern provided supportive evidence
for summer productivity (Section 5.1). The biological activities during the sammer surveys are discussed
further in Section 5.

4.4.2 Nearfield Trends of Dissolved Oxygen

Dissolved oxygen and saturation in nearfield surface (A) and bottom (E) water were averaged among the
17 nearfield stations and plotted for each nearfield survey. The concentration of surface water DO was
highest in the water column during the first. three nearfield surveys, increasing from around 11 mg/L
during the first two surveys as the. winter bloom progressed, to a semi-annual maximum of >12.0 mg/L
during the third nearfield survey in March (Figure 4-33a). The seasonal decline of surface water DO
concentration was apparent by early April (W9604) and continued to the end of the semi-annual period
as the surface water warmed. Bottom water DO was lower than surface water by approximately 1 mg/L
during the pre-stratified period, and followed the same pattern throughout winter and spring until June.
In June, the bottom water DO concentration was higher than the surface water concentration due to the
large temperature difference (around 8°C, Figure 4-13). In July, the trend towards decreasing bottom
water DO continued, but bottom water DO remained higher than surface water for all three summer
nearfield surveys.

Surface water DO concentrations were consistently at or above 100 percent saturation throughout the semi-
annual period (Figure 4-33b). Peaks in saturation were evident during March (W9603) and June (W9607),
coincident with reported peaks in productivity (Section 5.1). In contrast, bottom water DO concentrations
were at or below saturation throughout the period. Periodic maxima were similar to those seen in the
surface samples.

The observed increases in both DO concentration and DO saturation during June (W9607) are the subject
of continued investigation. This event followed the large-scale advection of fresher water from the north
and its possible resupply of nutrients to the surface water of the nearfield. The DO increases also
coincided with a number of remarkable observations discussed in Section 5: increased productivity (Figure
5-3), higher respiration (Figure 5-6), elevated POC (Figure 5-7), and higher carbon-specific respiration
(Figure 5-8). All of these observations suggest that a significant bloom may have occurred in the nearfield
between surveys W9606 and W9607. The large error bars-displayed in the DO results shown in Figure
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4-33 indicate substantial spatial variability within the nearfield, which will be further resolved in the 1996
Annual Water Column Report.

4.5 Summary of Water Column Results
Physical Characterisﬁcs

*  Regional horizontal gradients of temperature and salinity during the winter-spring surveys
allowed differentiation of boundary/offshore, coastal, harbor, and Cape Cod Bay water masses;

*  The boundary/offshore regions had the highest temperatures and salinities during the winter, and
the harbor had distinctively lower salinity;

*  An early February regional density gradient, caused by a layer of fresher, cooler surface water,
was not present two weeks later during the late February survey, indicating that mixing had
occurred, potentially due to February northeasters;

*  The surface water started to warm in Boston Harbor and Cape Cod Bay as early as April
(W9604);

*  The annual onset of vertical stratification, defined by a Ao, of >1.0 kg/m3, developed by mid-
April (W9605) in the inner nearfield, and by mid-May (W9606) in the outer nearfield, primarily
due to an increase in surface water temperature;

»  Early spring stratification was augmented by calm weather in early May, and a persistent surface
water salinity decline through April and May (which resulted in minimum values of <29 PSU),
caused by a water mass intrusion of low salinity water (freshet) from the Gulf of Maine,
potentially related to spring fluvial discharge;

* Regional water masses were vertically stratified by June (W9607) except in the harbor, which
remained relatively well-mixed throughout the semi-annual period, encouraging harbor
productivity throughout the summer; '

*  An early season hurricane (Bertha) contributed to a precipitation record set for the month of
July, resulting in cooling of nearfield surface water in late July;

*  Beam attenuation data indicated influence from harbor chlorophyll as well as fluvial runoff in
surface water, and an offshore bottom water particulate component potentially related to deep
water chlorophyll;
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Nutrients

*  The first winter survey in February resulted in the highest concentrations of nutrients regionally
for the entire semi-annual period, except for a single station in eastern Cape Cod Bay signaling
the beginning of a late winter bloom;

“»  Nutrient scavenging during the early winter bloom in February was consistent with chlorophyll
patterns;

*  Depletion of water column nutrients in the nearfield was evident in March, as was the initial
formation of a nearfield nutrient surface to bottom water gradient;

*  Depletion of nutrients which resulted in the collapse of the spring bloom in the nearfield
continued throughout the spring, except for an apparent resupply of nutrients to the surface water
(especially higher SiO,) associated with the spring freshet;

»  The elevated silicate was stripped in surface waters by the June survey as a result of diatom
production;

*  Nutrient concentrations in the bottom water began to increase in May due to remineralization
of organic matter;

*  Nearfield surface water in the summer was the most nitrogen—dépleted during the semi-annual
period;

Chlorophyll a

*  Surface water chlorophyll concentrations were regionally low in early Febmary, except for
eastern Cape Cod Bay;

*  Inlate February, a system-wide winter bloom had developed, resulting in multiple local maxima
in Cape Cod Bay, off the Marshfield area, in the nearfield, and at the northern end of the
boundary region; '

*  The winter bloom resulted in nearfield chlorophyll concentrations of >6 pg/L, with a subsurface
maximum (10-20 m) located in the central nearfield, while the harbor showed concentrations of

generally <2 pg/L;

'« Two chlorophyll maxima were evident in the nearfield during March, including an inshore
surface peak at N10 caused by coastal influences, and an offshore peak at NO4 caused by
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continued production by the late winter/spring bloom in deeper water, apparently as surface
water became clearer;

*  Chlorophyll was low regionally (<1 pg/L) in early April, except in Boston Harbor with the
beginning a spring bloom;

*  Harbor-influenced chlorophyll in the nearfield, concentrated at station N10, continued throughout
May and June, with-maximum subsurface concentrations of >6 pg/L;

»  Patchy regional chlorophyll in June showed concentrations of up to-3 pg/L in Boston Harbor and
along the pycnocline;

*  Summer 'chlorophyll concentrations were relatively low (<2 pg/L), but indications existed that
nearfield bloom events may have occurred between surveys W9606 and W9607, and again
between W9608 and W9609;

Dissolved Oxygen

*  The minimum measured bottom water DO concentration during the semi-annual period was 7.6
mg/L in the nearfield in July;

*  The highest surface water DO concentrations were measured in the nearfield during the first
three winter surveys related to the late winter bloom, reaching a peak in March;

*  Surface water DO concentrations began to decrease in the nearfield after the mid-March survey
(W9603) due to lower solubility (production appeared to offset any respiration effects), while
the bottom water DO concentrations declined due to both increased temperature and respiration
effects;

»  Surface water DO concentrations were at or above saturation throughout the semi-annual period,
whereas bottom water DO concentrations were at or below saturation;

 The observed temporal patterns of surface and bottom water DO saturation were similar
throughout the study period;

» The observed increase in both DO concentration and DO saturation between May and June
(surveys W9606 and W9607) may have been a result of horizontal advection, local production,
or a combination of both. A
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Time-Series of Average Surface and Bottom Water Salinity (PSU) in the Farfield
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4-39




W9606

N04
42.44-]
7
NO1
42.423 -
: XX 6
42.40-
5
42.38 zn
42.36- ;
42.34- .
\ s
| | | .
70.86 70.84 70.82 70.80 70.78 70.76 70.74 70.72 1

Silicate (uM)

$30.2

29.9
29.6
— = . =
70.86 70.84 70.82 70.80 70.78 70.76 70?74 70?72 293

Salinity (PSU)

FIGURE 4-24
Surface Water Distribution of Silicate (top) and Salinity in the Nearfield in May

4-40



n°0 70°50° 70°40° 70°30° 70°20° 70°10°

42°30° [

42°20°

42°10°

42°0

Minimum Value 1.52@N16

Maximum Value 11.64@F02 +11.64
: Contour Interval 2.0 pg/l
i | l L
FIGURE 4-25

Surface Water Contour Plot of Chlorophyll a (ug/L) in Late February (W9602)

4-41



42°40°

42°30°

42°20°

42°10°

42°0’

7°0’ 70°50° 70°40° 20°30° 70°20° 70°10°
o ] [ I
4 )
4108
4028
+0.00
4+0.24
+°.18 ]
| z +0.00
3 +0.00 _
40.24
\\ +°.17
Minimum Value 0@NO07 ' /~
Maximum Value  11.32@F31 +114
Contour Interval 1.0 pg/l -
: R 4005
| | BRI ] | [
FIGURE 4-26

Surface Water Contour Plot of Chlorophyll a (ug/L) in Early April (W9604)

4-42



Depth (m)

Depth (m)

Depth (m)

N
o

-3
o

2]
o

80

100

20

-9
o

2]
o

[
o

100

20

40

60

80

100

Boston-Nearfield Transect

3 A1R 410

W

]

F05 FO06 FO07 _ F12

%
X
X XXX

10.0

FIGURE 4-27
Chlorophyll a (ug/L) Contours Along Three Farfield Transects in Late February (W9602)

4-43



N9 N2t N15 N?4

E
I =y
=
a

4 WwWose01

50 5 y : R ——— .
z R RSB
g ey, - s ..«.o§:§§§EEEEEE:I:I:.-.-.-.
3 7777727777 7
. o . >
E ;I' 47 /IIIIIIII’IIIIIIIII’,III/;;;
£ . o 2 0k
5 -

Ni0 N9 N2 N15 N0
E —
[
=
L+
Q
Ni0 N19 N1 Ni5 NO4

0

10
E
=
|
o

40

50

pte e e e
X

625050
X
pteteded
e
ieleted
X

0 1 2 3 4 5 6
Chiorophyll {ug/L)

FIGURE 4-28 . .
Chlorophyll a (pg/L) Contours Along the Nearfield Transect During the First Five Nearfield Surveys

4-44



Depth (m)

Depth {m)

Depth {m)

Depth {m)

N1 Nf9 et Nt5 {4

N0 it N2t N5 Nnd

%
X
XX

Chlorophyll (ug/t)

FIGURE 4-29
Chlorophyll a (ug/L) Contours Along the Nearfield Transect During the Final Four Nearfield Surveys

4-45



Dissolved Oxygen (mg/L)

Dissolved Oxygen (% Saturation)

(a) Dissolved Oxygen Concentration

11.5 -
N % \\\\
" - / i :\ \
10.0 \
9.0
~~©-—Harbor »
—Ar—Coastal
8.5 —3¢—Offshore
—F—Boundary
—@—Cape Cod Bay
8.0 : ; . : . .
Jan Feb Mar Apr May Jun Jul
(b) Dissolved Oxygen Percent Saturation
120%
115%
110% /
. //
100%
/ \A
95% -V/E ~—8
90% —G—Harbor N
—A—Coastal \\B
—3¢—Offshore
0,
85% -—f3—Boundary
~—Cape Cod Bay
80% : ; -
Jan Feb Mar Apr May Jun Jul
FIGURE 4-30

Time-Series of Average Bottom Water Dissolved Oxygen Concentration (mg/L)

and Saturation (%) in the Farfield

4-46

I1.5

11.0

10.5

10.0

9.5

9.0

85

8.0

120%

115%

110%

105%

100%

95%

90%

85%

80%



Depth (m)

Depth (m)

Depth (m)

20

40

60

80

100

20

40

60

80

100

20

40

60

80

100

Boston-Nearfield Transect

F12

T

T

02

10.0

10.5 11.0

11.5 12.0

FIGURE 4-31
Dissolved Oxygen Concentration (mg/L) Contours Along Three Farfield Transects in Late February
(W9601)

4-47



Depth (m)

Depth (m)

Depth (m)

20

40

60

80

100

20

40

60

80

100

N
o

£
o

N
o

Dissolved Oxygen Concentration (mg/L) Contours Along Three Farfield Transects in June (W9607)

Boston-Nearfield Transect

I

Cohassett Transect

I

F14 F15 F17 _ F28

Marshfield Transect

FO7

0%

8.5 9.0 9.5 10.0 10.5 11.0 11.5

FIGURE 4-32

4-48




Dissolved Oxygen (mg/L)

Dissolved Oxygen (% Saturation)

(2) Dissolved Oxygen Concentration

13 13
- —@—Surface !
12 /i -~-&—Bottom 12
11 11
10 10
9 L 9
8 8
7 7
6 6
5 A : : : 5
Jan Feb Mar Apr May Jun Jul
(b) Dissolved Oxygen Percent Saturation
130% 130%
—©—Surface
~—8—Bottom
120% 120%
110% 110%
100% /J.L I 100%
90% T - J- 90%
80% 80%
70% : ; - 70%
Jan Feb - Mar Apr May Jun Jul
FIGURE 4-33

Time-Series Average of Surface and Bottom Water Dissolved Oxygen Concentration (mg/L)
and Saturation (%) Among all Nearfield Stations

4-49



ENSR

5.0 PRODUCTIVITY, .RESPIRATION, AND PLANKTON RESULTS

51 Productivity

Production measurements were taken at three nearfield stations (N04, N10, N16) and one farfield station
(F23), at the entrance to Boston Harbor. All stations were sampled during the four farfield surveys
conducted during this semi-annual reporting period; additionally, NO4 and N10 were sampled during all
nine nearfield surveys 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 and in Appendix A.

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 E), 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, areal production (mgCm?d™’) is presented, determined by integrating the
measured productivity over the depth interval. 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, a measurement of the efficiency of production and physiological status
of the phytoplankton population.

51.1 Areal Production

Measured areal production during the first semi-annual period was indicative of the different conditions
affecting productivity between the harbor (station ¥23) and harbor-influenced (station N10) regions, and
the nearfield, represented by stations N0O4 and N16. In the nearfield, areal production peaked during the
second winter survey in late February (W9602). The spring bloom appeared to be completed by April
(W9604), with lower productivity levels typical of nutrient-depleted summer conditions extending into
June. In and near the harbor, the seasonal increase in productivity did not diminish concurrently with the
more offshore locations, but continued to show high rates of production through July.

In the nearfield, areal production was relatively high (>1,000 mgCm?2d™") during the first regional survey
(W9601) at NO4 and N16, and then reached semi-annual nearfield maximum concentrations of
approximately 3,000 mgCm’d" during the winter bloom in late February (Figure 5-2). Productivity then
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declined to the semi-annual minima measured at these stations (<100 mgCm2d™) in April (W9604). As
measured at station NO4 during the nearfield surveys, productivity remained relatively low throughout
April, May, and June (486-620 mgCm*d™!).

During the first July survey (W9608), productivity results from N04 increased again to 1,833 mgCm™d’’,
although chlorophyll was low in the outer nearfield surface water (Figure 4-29). In late July (W9609),
areal productivity decreased slightly (1,159 mgCmd™). The cause of the observed increase in early July
is being examined further, however, it is similar to the July 1995 event which was caused by an influx
of subpycnocline nutrients into the euphotic zone.

Boston Harbor data showed a different pattemn of productivity relative to the nearfield, and were more
consistent with chlorophyll measurements made in the Harbor Studies Program (Section 4.3). As
measured at F23 during the four farfield surveys, areal productivity increased from a seasonal low in early
February (216 mgCm?d™), to higher values in April (2,536 mgCm?d™), to the semi-annual maximum areal
productivity value among all of the monitoring stations in June (5,203 mgCm?”d™'; Figure 5-2).

Station N10 was sampled during all nine nearfield surveys, with results showing a sawtooth pattern of
episodic periods of productivity. As was seen at F23, the semi-annual minimum at N10 (369 mgCm?d™)
occurred in early February (W9601). Areal production increased to 2,771 mgCm?2d™! in March (W9603).
Throughout the spring, measurements of areal production shifted between values of approximately 1,000
mgCm?d" in early April (W9604) and May (W9606), to a station high value of 5,053 mgCm?d"' during
the harbor spring bloom in late April (W9605), and 4,455 mgCm?d in June (W9607).

51.2 Chlorophyll-Specific Production

In order to compare production with chlorophyll concentrations, chlorophyll-specific production (daily
production normalized to average chlorophyll concentrations over the water column) values were
calculated. The spatial and temporal distribution of production and chlorophyll-specific production on a
volumetric basis was summarized by showing contoured production through the first nine surveys of 1996,
along with the depths of the samples collected and processed (Figures 5-3 and 5-4).

Daily production during the second survey (W9602) conducted in February was focused in the surface
water of the outer nearfield stations NO4 and N16 (Figure 5-3), consistent with the winter bloom
characterized in the chlorophyll and nutrient data. Chlorophyll-specific production was slightly higher at
NO4 (Figure 5-4). The summer period in the outer nearfield, especially at NO4 (because of the higher
temporal resolution), showed that daily prbduction was almost as high as during the early winter bloom.
Station NO4 had very high chlorophyll-specific production throughout the summer in the upper water
column (Figure 5-4), indicative of a physiologically active (but nutrient-deprived) phytoplankton
assemblage.
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Chlorophyll-specific production is an estimate of the efficiency of photosynthesis. The distribution of
chlorophyll-specific production indicates that during the summer, the efficiency of production was high
relative to the amount of biomass present (as measured by total chlorophyll a) in the outer nearfield. At
the outer nearfield station NO4, chlorophyll-specific production was almost 500 mgC/mgchla/d during the
early July survey (W9608). Despite the low chlorophyll biomass in the water column during the summer,

supporting monitoring data contain evidence for high summer productivity. Plankton data from the early
July survey, for example, indicated that diatom organic carbon (as measured by estimated carbon
equivalence) actually exceeded estimates made during the spring bloom (see Section 5.3, Figure 5-13).
Both particulate organic carbon and respiration data also indicated high productivity in the surface water
(Section 5.2). The low concentration of chlorophyll in the nearfield water column during the early July
survey was likely a result of grazing by the zooplankton population.

The high chlorophyll-specific production may also have been an indication of the onset of a bloom.
Available data from the WETLabs spectrophotometer, located at a depth of 6 meters on the USGS
mooring near N18, indicated that chlorophyll concentrations tripled during the week following survey
W9608 (Figure 5-5a). The localized diatom bloom captured at the surface of N04 during W9608 (Section
5.3) may have been responsible for the surface chlorophyll maximum shown in Figure 4-29 for W9608.
The WETLabs data would also suggest that the surface bloom developed throughout the surface mixed
layer since the week-long peak in concentration was also documented in the 13.5 meter sensor (Figure 5-
5b). This sequence is reminiscent of productivity measurements taken during 1995 which indicated the
onset of a bloom between survey dates (Cibik ez al, 1996). The WETLabs data also documented a brief
but strong increase in chlorophyll concentrations concurrent with the June survey (W9607), consistent with
the increase in productivity seen at N16 and N10 during that period.

At stations F23 and the harbor-influenced station N10, daily production increased early, then remained
relatively high throughout the semi-annual period (Figure 5-3). Chlorophyll-specific production showed
continuous increase throughout the period. During the summer at station N10, chlorophyll-specific
production was approximately 300 mgC/mgchla/d for all three summer surveys (Figure 5-4). Because the
harbor was vertically well-mixed and nutrient replete throughout the summer, productivity continued to
increase through the summer with increasing light levels.

5.2  Respiration

Respiration was measured at the same three nearfield stations (N04, N10, and N16) and one harbor station
(F23) as productivity, as well as at farfield station F19, in Stellwagen Basin (Figure 1-2). All stations
were sampled during the four farfield surveys; additionally, N04 and N10 were sampled during all nine
nearfield surveys during the first semi-annual period of 1996. Measurements were made on samples
collected at three depths (surface, mid-water, and bottom). Samples were incubated without light and at
in situ temperatures. Bottom water respiration measurements were also obtained at station F19 during the
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first three benthic flux surveys (March, May, and July).' These data will be presented in the annual water

column synthesis report.

Both respiration (in units of uMO,/hr) and carbon-specific respiration (UMO,/uMC/hr) 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.

5.2.1 Water Column Respiration

Respiration rates during the winter and spring surveys (W9601-W9606) in 1996 were <0.15 pMO,/hr for
all of the stations and depths measured (Figure 5-6). Generally a similarity of respiration rate in a well-
mixed water column is expected because respiration is a temperature-dependent reaction, and also the lack
of a pycnocline allows unrestricted flux of particulate organic carbon (POC) to the bottom waters. During
the winter and spring of 1996, however, there was a slight difference between surface and bottom water
respiration at several stations, likely due to a slight lag in delivery of POC to bottom water even during
well-mixed conditions. At the Stellwagen Basin station F19, for example, the surface water was slightly
higher, especially during the second February survey (W9602), indicating an effect from the late winter.
bloom on surface water respiration rates (Figure 5-6).

In the outer nearfield (stations N0O4, N16), a slight difference between surface and bottom water respiration
rates was present throughout winter and spring, except during the third nearfield survey in March (W9603)
at NO4. During this survey, bottom and surface water respiration rates were equal. This is a result of
increased respiration of sinking plankton from the late winter bloom, as discussed further below (Section
5.2.2). By the following survey in early April (W9604), the difference in surface and bottom water
respiration began to be controlled by differential water temperature and the onset of stratification. It
should be noted that respiration during the colder mixed periods temporally lags production. Respiration
shows less temporal fluctuation than photosynthesis due to the less variable nature of its temperature -
dependent rate (as opposed to the more variable light-dependent photosynthesis), and the buffering effect
of detrital carbon.

Surface and bottom water respiration remained low until the first summer survey in June (W9607), when
the surface water respiration increased by a factor of 2-3 at all stations except at F23, where rates
increased by a factor of 6. The high surface water respiration indicated a source of respirable carbon,
which potentially could have been supported by the observed production, despite the relatively low
chlorophyll concentrations seen in the samples. However, elevated concentrations (peaking around 6 pg/L)
were evident in the WETLabs sensor results (Figure 5-5), suggesting that a localized bloom may have
occurred. The present outfall in Boston Harbor also provides a source of respirable carbon to F23 and -
N10. The zooplankton directly contribute to respiration through grazing by producing available substrate
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in the form of fecal material. The particulate organic carbon (POC) data are consistent with these results,
and are further discussed in terms of carbon-specific respiration below (Section 5.2.2).

The final semi-annual survey in late July (W9609) showed a drop in surface water respiration (and carbon-
specific respiration, Section 5.2.2), consistent with the observed decrease in productivity.

522  Carbon-Specific Respiration

Carbon-specific respiration normalizes microbial activity for variations in the size of the carbon pool.
Differences in carbon-specific respiration result from variations in the quality of the available organic
matter or from 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 the typically lower substrate quality caused by partial degradation during sinking.

POC results were plotted for the same stations and depths as respiration measurements (Figure 5-7). The
highest semi-annual POC value measured at station N04 was actually in the bottom water during the
March (W9603) survey (36 uM), which when integrated with the chlorophyll data indicates that this was
a result of the sinking of the late winter bloom (Section 4.3). Respiration rates at NO4 were equal in the
surface, mid-, and bottom water, with the bottom water rate being the highest of the semi-annual period
(Section 5.2.1). The carbon-specific respiration rate for bottom water was low, however (Figure 5-8),
indicating that decomposition of the winter bloom was occurring during sinking.

POC results did not always correlate with chlorophyll results. For example, the early April combined
farfield/nearfield survey (W9604) yielded the highest surface water POC concentrations for the semi-
annual period at stations F23 (56 uM), N16 (36 pM), and NO4 (29 uM). The fact that chlorophyll was
low in the outer nearfield during the April survey makes interpretation of the source of POC to the surface
water more difficult. The POC at F23 may have been related to the beginning of the harbor bloom in
April. Carbon-specific respiration at these stations during early April, however, indicates that the source
material was of low quality (Figure 5-8). It appears that the POC in surface water during this period was
associated with degraded bloom material or possibly advected POC from coastal sources.

In June (W9607), a peak of POC in the surface water at station N10 (40 uM) was consistent with harbor-
influenced chlorophyll production. Carbon-specific respiration was high at both F23 and N10, suggesting
the presence of fresh POC production. Evidence for productivity at nearfield station NO4 in early July
(W9608) was corroborated by a peak in POC concentration and evidence of a diatom bloom (Section 5.3)
in the surface water, as well as increased respiration and a relatively high carbon-specific respiration rate.
The cumulative evidence suggests that, at nearfield station NO4, early July was a productive period despite
the lack of chlorophyll measured in the water column. It thus appears from these results that both the
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outer and inner nearfield are driven primarily by in situ processes, with the inner nearfield occasionally

showing additional periodic coastal influence.
5.3  Plankton Results

The 1996 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 N10) were occupied in the nearfield surveys, while an additional
ten locations were sampled during the combined events (Figure 5-9). During 1996, station N16 continued
to be sampled during the farfield segment of the combined events in lieu of a station revisit at one of the
two nearfield stations. In this report, the first half of the 1996 plankton record is presented (surveys
W9601 to W9609), including four of the six annual combined sampling events (W9601, W9602, W9604,
and W9607). 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 presénce 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 F-1
tabulates dominant phytoplankton species (>5% of total abundance) for whole water surface samples, along
with the associated cell densities and percent abundance. Appendix F-2 provides similar information for
the mid-depth samples. Appendix G-1 and G-2 includes information for screened phytoplankton results,
while Appendix H presents zooplankton results.

5.3.1 Phytoplankton
5.3.1.1 Seasonal Trends in Total Phytoplankton Abundance

Total phytoplankton abundance in nearfield whole water surface samples (averaged results) increased
through early March (survey W9603, Figure 5-10a). Average nearfield densities diminished by late March
(W9604), however, peak average surface densities for the reporting period occurred during mid-April
(W9605). After the onset of stratification (late April), averaged nearfield densities stayed relatively low
until a secondary peak occurred in late June (W9608). Patterns were similar in the mid-depth samples
(Figure 5-10b), although the mid-depth peak seen during W9605 did not exceed that reported from
W9603.
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Cape Cod Bay had the highest regional densities in the first two combined events, both at the surface and
mid-depth (Figure 5-10a and 5-10b). Samples from the harbor and coastal areas had the highest densities
during the third combined event (late March, W9604). During the June combined event (W9607), harbor
and coastal samples again were highest at the surface, but peak densities were noted in the mid-depth

samples from the boundary and Cape Cod Bay samples.
5.3.1.2 Nearfield Phytoplankton Community Structure

Phytoplankton abundance and community composition at the tliree nearfield stations were plotted for
surface (Figure 5-11) and mid-depth (Figure 5-12). Note that station N16 was only sampled during the
four combined surveys conducted during the reporting period. Overall densities at station N10 were
notably higher than N16 or NO4, particularly in the surface samples. While the late winter/sbring bloom
appeared to have diminished by early April at the more seaward stations, it continued to increase in
magnitude at N10 (as well as in the harbor and coastal waters, see following section) through April.
Dominant phytoplankton groups during the bloom were microflagellates and centric diatoms.

The centric diatom Thalassiosira spp. dominated the nearfield early in the bloom (10 to 50 percent of total
abundance through the first three surveys, Appendix F-1). Peak densities of around 600,000 cells/L were
reported during W9603 at N10. Chaetoceros spp. co-dominated during late February and March (W9602
and W9603), and became the dominant centric diatom at the inshore station N10 through mid-May
(W9606). Peak densities of Chaetoceros reached approximately 2 million cells/L during April (W9605),
comprising 60 percent of total abundance (Figure 5-10, Appendix F-1). Mid-depth samples from N10
showed a similar pattern (Figure 5-11), but densities were less than that reported from the surface.

Once the centric diatom bloom ceased, microflagellates were the numerically dominant plankton group
(Figures 5-11 and 5-12). Cryptophyte species were co-dominant in the nearfield once stratification set up,
reaching densities of around 300,000 cells/L. A localized surface bloom of the centric diatom
Rhizosolenia fragilissima occurred at NO4 during the beginning of July (Figure 5-11c). Surface densities
reached 900,000 cells/L, as compared with typical results of <50,000 cells/L during June and July
(Lemieux, 1996a).

Plots of estimated phytoplankton carbon also demonstrate the delayed development of the spring bloom
at the inshore station N10 (Figures and 5-13 and 5-14). However, with the development of the harbor and
coastal bloom during March and April (see following section), carbon at station N10 typically exceeded
other nearfield carbon estimates throughout the reporting period. The one exception to this pattern was
the surface bloom of R. fragilissima at NO4 in early July (Figure 5-13c). Chaetoceros and Thalassiosira
were the dominant carbon producers during the spring bloom. Surface carbon was typically equal to or
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in excess of mid-depth results, with the one main exception being N0O4 in March (W9603), where
phytoplankton carbon increased at mid-depth but decreased at the surface (Figures 5-13c and 5-14c). This
was due to increased densities of Chaetoceros in the mid-depth sample (Appendix F-2).

Dominant dinoflagellate species detected in screened sample results included Ceratium tripos, Gonyaulax
and Protoperidinium spp. eatly in the season. Densities were typically less than 1,000 cells/L. (Appendix
G-1 and G-2). By W9604, Ceratium longipes and Dinophysis norvegica began to emerge in the
dinoflagellate flora of the nearfield, reaching densities of a few thousand cells/L. by the end of the
reporting period.

5.3.1.3 Regional Phytoplankton Assemblages

Abundance plots from farfield station whole water samples were used to demonstrate the differences in
regional successional patterns (Figures 5-15 through 5-18). Nearfield results were included to facilitate
regional comparisons. Eastern Cape Cod Bay (station F02) had a fully developed centric diatom bloom
by the first survey (Figure 5-15). The bloom was dominated by Rhizosolenia delicatula, with densities
of around 740,000 cells/L at the surface and 570,000 cells/L at mid-depth. Chaetoceros spp. co-dominated
at the surface (380,000 cells/L), with Skeletonema costatum co-dominant at mid-depth (290,000 cells/L).
Also present at both depths was the pennate diatom Asterionellopsis glacialis at densities of up to 800,000
cells/L. Outside of Cape Cod Bay, only NO4 at the northeast corner of the nearfield, and boundary station
F27 had noticeable contributions from centric diatoms during this first survey, predominately composed
of Chaetoceros and Thalassiosira.

By late February (W9602), the diatom component of the phytoplankton assemblage had increased system-
wide throughout Massachusetts and Cape Cod Bay (Figure 5-16a), with the dominant taxa consisting of
Chaetoceros and Thalassiosira (Appendix F-1). Samples from mid-depth were similar in taxonomic
composition but showed less variability in abundance across the regions (Figure 5-16b). The diatom
bloom in eastern Cape Cod Bay had extended westward to station FO1, and was also pronounced in
surface samples at coastal station F24 and offshore station FO6. The bloom continued in eastern Cape Cod
Bay (F02), however, the previously dominant taxa (Rhizosolenia and Skeletonema and A. glacialis) had
all but disappeared from the assemblage there (Lemieux, 1996b).

Results from the early April combined survey W9604 revealed a well developed centric diatom bloom
(Chaetoceros and Thalassiosira) in the harbor and coastal stations, and almost complete absence of
diatoms in Cape Cod Bay and offshore waters (Figure 5-17). Densities of Chaetoceros exceeded 4 million
cells/L at harbor station F31.

By late June (W9607, Figure 5-18), the harbor and adjacent waters still had a dominant presence of centric
diatoms, although Chaetoceros had a reduced presence and Skeletonema costatum was the dominant taxon.
Chaetoceros did produce a biomass peak at mid-depth at the boundary station F27 (Figure 5-18b). Small
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flagellates and cryptophytes dominated the remaining regional results, with a small Gymnodinium species

present in most samples.

The dinoflagellate flora in the early season farfield samples exhibited similar dominant taxa as those
reported for the nearfield stations (C. tripos, Gonyaulax and Protoperidinium spp.). Relatively high
densities of several taxa appeared in surface results from the Boundary station F27 by W9604. As with
the nearfield, farfield samples from W9607 also revealed succession by Ceratium longipes and Dinophysis
norvegica as the dominant dinoflagellates.

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 each of these
species includes the late winter and spring periods covered by this semi-annual report. During 1996,
however, none of these species was reported at densities which would cause concem.

A. tamarense was not reported in any samples from the period. Results from monitoring activities
conducted by Dr. Don Anderson of Woods Hole Oceanographic Institution which target this species
confirmed that very low densities were found for A. tamarense in Massachusetts Bay during 1996 (D.
Anderson, pers. comm.). There were no instances of shellfish toxicity reported in Massachusetts Bay
coastal waters during the reporting period.

Likewise, the late winter and spring of 1996 yielded low densities for P. pouchetii. The maximum density
reported for this taxon was 179,000 cells/L in a surface screened water sample taken at Boundary station
F27 during survey W9604 (Table 3-4; Appendix G-1). All other samples were at least an order of
magnitude lower than this maximum reported result. These reported densities were low relative to bloom
densities which can reach several million cells/L.

Due to the difficulty in taxonomically separating the toxic diatom P. multiseries from the morphologically
similar taxon P. pungens using light microscopy, the HOM Program conservatively reports their combined
abundance as an indicator species. The maximum density of this indicator species (12,000 cells/L) was
reported during survey W9602 in the surface sample at harbor station 23 (Table 3-1). A slightly lower
peak of 11,000 cells/L. was reported in eastern Cape Cod Bay (station F02) during the same survey
(Appendix F-1). These results are well below the 100,000 cell/L threshold tentatively being used by the
HOM Prbgram based on domoic acid toxicity levels observed in Canadian waters (S. Bates, pers. comm.).
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Zooplankton
Seasonal Trends in Total Zooplankton Abundance

Zooplankton densities in the nearfield generally increased through W9604 (early April), with peak
densities coinciding with reductions in total phytoplankton abundance at N16 and N04 (Figure 5-19).
Initial total abundances during the first survey ranged from around 4,000/m’ (N10) to close to 20,000
(NO4). Peak densities by W9604 reached around 40,000/m’. Unfortunately, due to sample loss during
shipment to the laboratory following survey W9605, zooplankton densities were not reported for the
nearfield only survey W9605 in late April. Total densities decreased slightly by the next survey during
mid-May.

Total zooplankton abundance peaked at stations N16 and NO4 in mid-June (W9607), with maximum
densities of around 105,000/m’ and 192,000/m’, respectively. Peak abundances of around 50,000/m’ at
station N10 were not reached until the mid-July survey W9609.

Nearfield Zooplankton Community Structure

Zooplankton community composition during the early surveys predominately consisted of copepod adults
and copepod nauplii (Figure 5-20), although the more inshore station N10 had a larger contribution from
barnacle nauplii and polychaete larvae (Appendix H). Copepods and their nauplii continued to dominate
the zooplankton assemblage as the season progressed. These two groups, plus a large occurrence of
bivalve larvae (close to 50,000/m’® at N04) comprised the peaks in abundance observed at stations N16
and NO4 in mid-June.

The numerically dominant species among the copepods during the reporting period was Oithona similis,
with initial densities in February reaching around 5,000/m® and peak densities in July of around 15,000/m*
(Appendix H). Other dominant copepods included Pseudocalanus newmani, Calanus finmarchicus, and
Temora longicuris. In terms of estimated biomass, Calanus finmarchicus was by far the dominant species,
with adults comprising an estimated 6x10° ugC/m>. The next most important contributor of zooplankton
biomass was Pseudocalanus newmani, with an estimated carbon contribution of around 5x10* pugC/m’.

Regional Zooplankton Assemblages

Regional data for the first combined nearfield/farfield survey (W9601) showed highest zooplankton
densities (around 22,000/m’) in eastern Cape Cod Bay (Figure 5-21). This was the only result which
exceeded densities reported in the outer areas of the nearfield. The Cape Cod Bay assemblage was also
numerically dominated by copepod adults and nauplii. Other stations were all less than 10,000/m?, with
relatively high densities reported from Coastal station F13 and Offshore station FO6. The copepod
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. component was numerically dominated by Oithona similis and Pseudocalanus newmani, although Cape
Cod Bay station FO2 had a large numerical contribution from Centropages hamatus (Appendix H).

By the late February survey W9602, highest densities reported from farfield stations were found at F06,
Cape Cod Bay stations FO1 and F02, and Boundary station F27 (Figure 5-22). Maximum densities were
lower than the nearfield station N04, and ranged from between 15,000/m® to 27,000/m>. Polychaete larvae
had a greater contribution to the total assemblage in coastal stations than that seen in early February, and
barnacle larvae were much more important in the harbor and adjacent waters.

During the April combined survey (W9604), the zooplankton assemblage was dominated by copepods and
copepod nauplii (Figure 5-23). Maximum densities were reported at the Boundary station F27, where the
numerical dominant was Calanus finmarchicus copepodites (around 15,000/m®). The nearfield stations
were similar in composition, with C. finmarchicus copepodite densities ranging from 7,000 to 8,500
individuals/m®.

Coastal station F13 had the highest zooplankton abundance outside of the nearfield during the mid-June
(W9607) combined survey (Figure 5-24). The assemblage there and at F24 also exhibited the large
abundance of bivalve larvae seen at NO4 during this period. The Cape Cod Bay assemblage was similar
in structure to Offshore station FO06.

54  Summary of Water Column Biological Events

Areal production trends differed between the harbor-influenced stations (F23, N10) and the more
seaward nearfield stations (NO4, N16);

e Major production events among the outer nearfield stations (NO4, N16) occurred during the
winter bloom in late February (approximately 3,000 mgCm?”d™), followed by a secondary peak
in early July (almost 2,000 mgCm?d™’) at station N04;

*  Productivity in the outer nearfield reached minimum semi-annual values in April following the
decline of the late winter/spring bloom, and remained low through June;

¢ Productivity in the harbor increased linearly throughout the period, whereas productivity was
episodic at nearfield station N10, with peaks in March, April, and June;
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» In June, areal production reached semi-annual maximum values among all stations at F23 in
(5,203 mgCm?d") and N10 (4,455 mgCm?d?);

» Elevated chlorophyll-specific production at station NO4 in June provided evidence of highly
efficient photosynthesis, despite the relative absence of chlorophyll in the water column, which
was indicative of a developing bloom;

*  Respiration rates during the winter and spring remained <0.15 pMO,/hr in both surface and
bottom water at all stations and water depths measured;

» A slight difference between surface and bottom water respiration rates was generally present
throughout winter and spring, except during March at N0O4, when bottom rates were as high as
the surface due to respiration of sinking plankton from the late winter bloom;

*  The highest semi-annual POC value measured at station NO4 was in the bottom water during
March, and carbon-specific respiration data indicated that the POC was of low quality,
suggesting that decomposition of the winter bloom was occurring during sinking;

*  Surface water respiration increased by a factor of at least 2-3 at all stations in June (W9607),
which combined with POC measurements indicated that a bloom may have occurred during the

prior survey interval;

*  Surface water respiration remamed high through survey W9608 at station NO4, consistent with
the observed diatom productlon

*  Cape Cod Bay had the highest regional phytoplankton densities during the late winter bloom;

*  The dominant phytoplankton taxa during the late February regional bloom were the centric
diatoms Thalassiosira and Chaetoceros;

* Total phytoplankton abundance in the nearfield increased through early March, with
Thalassiosira dominating early (up to 50 percent of total in first three surveys);

*  The late winter phytoplankton bloom diminished in more seaward samples by early April, but
continued to develop in the harbor through mid-May;

*  Chaetoceros became the dominant phytoplankton taxon at the inshore station N10 and the harbor
(reaching 2 million cells/L, or up to 60 percent of total);
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»  After the onset of stratification, nearfield phytoplankton densities stayed relatively low until a

secondary peak occurred in late June produced by a mixed assemblage of microflagellates,
centric diatoms, cryptophytes, and dinoflagellates;

» The Harbor and adjacent waters retained a strong centric diatom complement through June,
although Chaetoceros was replaced by Skeletonema costatum as the dominant taxon;

* A localized surface bloom of the centric diatom Rhizosolenia fragilissima occurred at NO4
during the beginning of July, which may have spread throﬁghout the nearfield;

*  Nearfield zooplankton densities generally increased through early April (W9604), with the April
maxima coinciding with reductions in phytoplankton abundance at N16 and N04;

»  Total zooplankton abundance peaked at stations N16 and N04 in mid-June, but did not peak at
N10 until mid-July;

*  Zooplankton community composition during the early part of the year consisted predominately
of copepod adults and nauplii;

»  The numerically dominant copepod during the reporting period was Qithona similis, with peak
densities reported in July;

»  Calanus finmarchicus was by far the dominant copepod in terms of estimated biomass.
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Time-Series of Areal Production for Productivity/Respiration Stations
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WETLabs Sensor Chlorophyll Results (June 9 - July 31, 1996)

Triangles on x-axis mark survey dates.
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Time-Series of Water Column Respiration at Productivity/Respiration Stations
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Time-Series of Carbon-Specific Respiration at Productivity/Respiration Stations

5-21




42°30°00”

42°15°00"

42°00°00”

71°00°00” 70°45°00” 70°30°00" T0°15°00°

Figure 59
1996 Plankton Station Locations (Enlarged Text)

5-22



Abundance (Millions of cells/L)

Abundance (Millions of cells/L)

10

-

0.1

10

=y

0.1

10

(a) Surface Data

O
O

D>
>

+

+ O e

+ ' ' X Harbor

A Coastal

g —%¥— Nearfield

@ Offshore

+ Boundary

O Cape Cod Bay

Feb Mar Apr May Jun Jul

10

(b) Chlorophyll a Maximum Data

+

X O

>

AN 1

AN
—F Y N\

X Harbor
A Coastal
* —¥—Nearfield
+ @ Offshore
4 Boundary
0 Cape Cod Bay

0.1

Jan

Feb Mar Apr May Jun Jul

FIGURE 5-10
Regional Phytoplankton Abundance, Surveys W9601 - W9609
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Phytoplankton Abundance by Major Taxonomic Group, Nearfield Surface Samples
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Phytoplankton Abundance by Major Taxonomic Group, Nearfield Mid-Depth Samples
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Phytoplankton Carbon by Major Taxonomic Group, Nearfield Surface Samples
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Phytoplankton Abundance by Major Taxonomic Group -W9601 Farfield Survey Results
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6.0 SUMMARY OF MAJOR WATER COLUMN EVENTS

The purpose of this section is to provide a brief synthesis of some of the regional events supported by
both the physical and biological trends in the data. Major events that occurred both regionally and in the
nearfield as supported by a vartety of data are presented.

A system-wide late winter bloom occurred in the latter part of February, resulting in high chlorophyll
concentrations in all regions except Boston Harbor. The bloom was dominated by the centric diatoms
Thalassiosira and Chaetoceros. Nutrient depletion in surface water was consistent with patterns of
chlorophyll production. Maximum nutrient depletion in the nearfield water column during the semi-annual
period was measured in March following the winter bloom. Local chlorophyll maxima in the surface
water were measured in Cape Cod Bay (9-12 pg/L), off the Marshfield area (9 pg/L), in the nearfield (5
pg/L), and at the northern end of the boundary region (10-22 pg/L). Nearfield sub-surface chlorophyll
concentrations were >6 ug/L, with a maximum (10-20 m) located in the central nearfield, while the harbor
showed concentrations of <2 pg/L. The highest nearfield surface water DO concentrations were measured
during the first three winter surveys related to the late winter bloom, reaching a peak in March.
Productivity measurements were consistent with bloom conditions, with the highest values measured at
the two outer nearfield productivity/respiration stations (approximately 3,000 mgCm?d™").

By the third (nearfield only) survey in March (W9603), maximum chlorophyll concentrations were
segregated between inner and outer nearfield stations. A harbor-influenced inshore component resulted
from the further development of the regional bloom into the harbor and coastal regions. A mid-water (20-
40 m) continuation of the late winter bloom was also evident in the outer nearfield, where bottom water
respiration (at NO4) was as high as in surface water due to increased respiration of the settling organic
material. The highest semi-annual POC concentration measured at station N0O4 was also reported in the
bottom water during March. This substrate supported the maximum bottom water respiration rates
measured during the period. Both chlorophyll and carbon-specific respiration data indicated that this
material was associated with the late winter/spring bloom.

The onset of stratification was developing by mid-April (W9605) in the inner nearfield, but not until mid-
May (W9606) in the outer nearfield. Stratification was augmented by calm weather and a persistent
surface water salinity decline through April and May, reaching minimum values of <29 PSU. The spring
freshet was caused by a water mass intrusion of low salinity water from the Gulf of Maine, potentially
related to spring fluvial discharge. The depleted nutrients in the nearfield surface water, which contributed
to the collapse of the late winter/spring bloom in the outer nearfield, appeared to be resupplied by this
water mass incursion as evidenced in the May survey (W9606) nutrient data. These additional nutrients,
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particularly the increase in SiO, in the surface water (>7 uM), appeared to have resulted in increased
diatom productivity. Evidence of this production in the nearfield data included:

*  rapid reductions in dissolved SiO, concentrations;

» elevated water column DO concentration and percent saturation by the ensuing June survey
(W9607);

»  increased chlorophyll-specific production in surface water during W9607; and

e peaks in surface water respiration, POC, and carbon-specific respiration during W9607;

Unfortunately, continuous data from the WETLabs instrument were not available prior to June 11. The
initial record did suggest a trend of decreasing chlorophyll at the onset of the data, potentially indicating
elevated chlorophyll concentrations were present in early June. The data did show a modest increase in
chlorophyll coincident with the June survey.

The rate of daily production in surface water at NO4 in the subsequent survey (W9608, early July) was
as high as during the winter bloom. A localized bloom of the centric diatom Rhizosolenia fragilissima
was reported at NO4 during this survey, with indications from continuous monitoring that it may have
developed further during the following week. There was a peak in surface water POC, and chlorophyll-
specific production at station NO4 provided evidence of efficient photosynthesis, despite the low biomass
in the water column. The cumulative evidence suggests that high levels of production were occurring in
the nearfield during June and July. The phytoplankton production was apparently being rapidly grazed
by zooplankton, whose total abundance peaked in the nearfield during the period, keeping phytoplankton
biomass low.

By contrast, the data indicate that productivity in the harbor increased throughout the period, reaching the
semi-annual maximum value at station F23 in June (5,203 mgCm™d™). Although peak production in the
inner nearfield coincided with the climax of the late winter/spring bloom in April (station N10, around
5,000 mgCm™2d™?), a secondary peak occurred in June as well (4,455 mgCmd'). Again, concentrations
of chlorophyll were relatively low in the harbor and adjacent stations (3 to 6 ug/L), indicating that grazing
was also controlling phytoplankton biomass.

R:\pubs\projects\4501006\331-1.ALL 6-2 January, 1998



ENSR

7.0 REFERENCES

Bowen, J.D., R.A. Zavistoski, S.J. Cibik, T. Loder, B. Howes, and C. Taylor. 1997. Combined
work/quality assurance plan for baseline water quality monitoring: 1995-1997. MWRA
Environmental Quality Dept. Misc. Rpt. No. ms-45. Massachusetts Water Resources Authority,
Boston, MA. 93 pp.

Cibik, S.J., B.L. Howes, C.D. Taylor, D.M. Anderson, C.S. Davis, T.C. Loder, and J.D. Bowen. 1996.
1995 Annual water column monitoring report.- MWRA -Environmental Quality Dept. Tech. Rpt.
Series No. 96-7. Massachusetts Water Resources Authority, Boston, MA. Draft.

Lemieux, K.B. 1996a. Plankton Data Report 96-3. Massachusetts Water Resources Authority, Boston, MA.

Lemieux, K.B. 1996b. Plankton Data Report 96-2. Massachusetts Water Resources Authority, Boston, MA.

Lemieux, K.B. 1996¢. Plankton Data Report 96-1. Massachusetts Water Resources Authority, Boston, MA.

. MWRA. 1997. Contingency Plan. Massachusetts Water Resources Authority, Boston, MA. 73 pp.

NRCC. 1997. Northeast Regional Climate Center, http://met-www cit.cornell.edu/climate/Impacts.html.

R:\pubs\projectsV501006\331-1.ALL - 7-1 January, 1998



APPENDIX A

Productivity Methods

RAPUBS\PROJECTS\ME01006\331-1A.APP

August, 1997



Methods

Production Analyses by C - Field Procedures.

From each of the 5 productivity depths at each productivity station, samples were obtained by
filtration through 300 mm Nitex screen (to remove zooplankton) from the Niskin bottles into
opaque 1 gal polyethylene bottles. Under subdued green light, sub-samples were transferred by
siphon into individual 75 ml acid cieaned polycarbonate bottles. Each bottle was flushed with
approximately 250 ml of sample. A total of 16 bottles (14 light bottles, 2 dark bottles) were
filled for each depth and incubated in a light and temperature controlled incubator. Light bottles
from each depth are incubated at 14 light intensities (250 W tungsten-halogen lamps attenuated
with Rosco neutral density filters) and all bottles incubated within 2° C of the in situ temperature
at each depth for 4-6 hr (actual time was recorded). Single bottles of sample collected from each
depth was assayed for background (time-zero) activity.

* The 75 ml samples were incubated with 5-10 uCi “C-bicarbonate (higher activity during winter
and spring season) and biological activity terminated by filtration of the entire contents of the
bottles through 2.5 cm diameter Whatman GF/F glass fiber filters and immediate contact of the
filters with 0.2 ml of a 20% agueous solution of acetic acid contained in pre-prepared 20 ml glass
scintillation vials (vials immediately recapped). For specific activity determination 0.1 mi
aliquots of sample were placed in pre-prepared 20 ml scintillation vials ¢ontaining 0.2 ml of
benzethonium hydroxide (approximately 1.0 M solution in methanol; Sigma Chemical Company)
to covalently sequester the *C inorganic carbon (vials immediately recapped). Specific activity

" was determined from the measured activity and measurements of DIC.

Samples for DIC analysis were collected from the Niskin bottles into 300 ml BOD bottles,
following collection procedures used for oxygen analyses. Within 6 hr. of BOD sample
collection, duplicate 10 ml samples were injected into 20 ml crimp-sealed serum bottles
containing 0.5 ml of a 2N aqueous solution of sulfuric acid for subsequent LR. analysis
(Beckman IR-315 infrared analyzer) of the gaseous phase (5 - 150 ml samples) at the W.H.O.L
laboratory. '

During summer months 1995 some of the C incubations (W9508-W9513) were incubated on
shore in the MWRA laboratory at Deer Island. Samples were collected in opaque bottles and
maintained at in sitz temperature until transport to the lab. The "C incubations were begun
approximately 2 - 3 hr from sample collection and should compare favorably with samples that
are incubated aboard the ship.

Production Analyses by *C - Laboratory Procedures.

Sample processing. Upon arrival to the W.H.O.I. laboratory scintillation cocktail (10 ml
Scintiverse II) were added to the scintillation vials containing the specific activity samples and
analyzed using a Packard Tricarb 4000 liguid scintillation counter which possesses automated
routines for quench correction. Vials containing acidified filters were opened and placed in a



ventilator in the hood for overnight to allow the filters to dry and excess C carbon dioxide
dissipate. The vials containing the filters were analyzed by scintillation spectroscopy as
described above.

Calculation of Primary preduction. Volume specific primary production was calculated using
equations similar to that of Strickiand and Parsons (1972) as follows:

1.05(DPM{i}-DPMI(bik))

P@)= ViAT
1.05(DPM(d)-DPM{bLk))
P (d) = ViAgpT
__ DPM(say-DPM(back)
Ap= VieDIC

where:

P(i) = primary production rate at light intensity i, (1gC I'h or mgC m~h")
P(d) = dark production, (ugC I'h? or mgC mh")
Ay = specific activity (DPM/pugC)
DPM(i) = dpm in sample incubated at light intensity i
DPM(blk) = dpm in zero time blank (sample filtered immediately after addition of tracer)
DPM(d) = dpm in dark incubated sample
- DPM(back) = background dpm in vial containing only scintillation cocktail
V. = volume of incubated sample (1)
T = incubation time (h)
V. = volume counted of specific activity sample (ml})
DIC = concentration of dissolved inorganic carbon (pLg/ml)

P-I curves. For each of the 5 depths for each photosynthesis station a P-I curve was obtained
from the data P(I) = P(i)-P(d) vs. the irradiance (I, UE m?s) that the incubating sample is
exposed. The P-I curves were fit via one of two possible models, depending upon whether or not
significant photoinhibition occurs. In cases where photoinhibition is evident the model of Platt et
al. (1980) was fit (SAAM 11, 1994) to obtain the theoretical maximum production, and terms for
light-dependent rise in production and degree of photoinhibition:

PN =Py (1 —e)e™®

Pmax” = Py"[a"l(a” + B B/(a" + F")}F" (Lobrenz et al., 1994)

Y

" where: '

P(I) = primary production at irradiance 1, corrected for dark fixation (P(i)-P(d))
Py''= theoretical maximum production without photoinhibition

a = a"I/Psb”, and o*is the initial slope the light-dependent rise in production

2



b = B”I/Psb”, and B“is a term relaying the degree of photoinhibition
Prus*= light saturated maximum production '

If it is not possible to converge upon a solution the model of Webb et al. (1974) was similarly fit
to obtain the maximum production and the term for light-dependent rise in production:

PO)=Pua"(1-¢)
where: _ ’
P(I) = primary production at irradiance I corrected for dark fixation (P(i)-P(d))
Poux“= light saturated maximum production
a'= 0¢“I/Pmax”, and ot“is the initial slope the light-dependent rise in production

Nearly all P-I curves obtained did not show evidence of photoinhjbiu'on and were fit according to
the Webb model.

~ Light vs. depth prefiles. To obtain a numerical representation of the light field throughout the
water column bin averaged CTD light profiles (0.5 m intervals) was fit (SAAM II, 1994) to an
empirical sum of exponentials equation of the form:

Iz=A1e™% +Are022
which is an expansion of the standard irradiance vs. depth equation:

I;=Ie™2

where:
Iz = light irradiance at depth Z
I, = incident irradiance (Z=0)
k = extinction coefficient
Ai, A, = factors relating to incident irradiance (Tp = Ar+Az)
a,, a; = coefficients relating to the extinction coefficient (k = a,+az)

The expanded equation was used as pigment absorption and other factors usually resulted in
significant deviation from the idealized standard irradiance vs. depth equation. The best fit
profiles were used to computé percent light attenuation for each of the sampling depths.

Daily incident light field. During normal CTD hydrocasts the incident light field was routinely
measured via a deck light sensor at high temporal resolution. The average incident light intensity
was determined for each of the CTD casts to provide, over the course of the photoperiod (12 hr
period centered upon solar noon), a reasonably well resolved irradiance time series consisting of
12-17 data points. A 48 point time series (every 15 min.) of incident was obtained from these
data by linear interpolation.



Calculation of daily primary production. Given the best fit parameters (Pmax”, o”, B”) of the
P-I curves obtained for each of the 5 sampling depths, percent in siti light attenuation at each
depth determined from the sum of exponential fits of the in situ light field, and the photoperiod
incident light (I,) time series it was possible to compute daily volumetric production for each
depth. To do this at a given depth, hourly production was determined for the in situ light
intensity computed for each 15 min. interval of the photoperiod, using the appropriate P-I
parameters and in situ irradiance computed from the percent attenuation and incident irradiance.
Daily production (ugC I'd"') was obtained by integration of the determined activity throughout
the 12 br photoperiod. An advantage of this approach is that seasonal changes in photoperiod
length are automatically incorporated into the integral computation. For example, during winter
months computed early morning and late afternoon production contributes minimally to whole
day production, whereas during summer months the relative contribution during these hours is
more significant. The investigator does not have to decide which factor to employ when
converting hourly production to daily production. The primary assumption for the approach is
that the P-I relationship obtained at the time of sample procurement (towards the middle of the
photoperiod) is representative of the majority of production occurring during the photoperiod.

Calculation of daily areal production. Areal production (mgC m?d?) was obtained by
trapezoidal integration of daily volumetric production vs. depth from the sea surface down to the
0.5% light level. The P-I factors from the uppermost sampling depth (approximately 1.2 - 2.7 m,
depending upon weather state) were used to compute the contribution of the portion of the water
column between the sea surface interface and uppermost sampling depth to areal production
(rather than to assume that the activity in the uppermost sample is representative of that section
of the water column, which is not always the case). :

Calculation of chlorophyll-specific parameters. Chiorophyll-specific measures of the various .
parameters were determined by dividing by the appropriate chiorophyll term obtained from

independent measurements:

~ [chia)

‘ Pmax”
Pmax = Tohla]

where:

o = chlorophyll-a-specific initial slope of light-dependent production

[(2C(gehla) b (MEm sy ']
Pmax = light saturated chlorophyll-specific production {gC(gchla)'h™]



_ APPENDIX B
Surface Contour Plots - Farfield Surveys

All contour plots were created using data from the surface bottle sample (A). Each plot is labelled
on the bottom right with the survey number ("9601"), 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 B: Table of Contents

Parameter Name Map Parameter Name Units
Temperature temp_lin °C
Salinity sal_lin PSU
Transmissivity (beam attenuation) tran_lin /m
Nitrate = (NO;) no3_lin M
Phosphate (PO,) po4_lin uM
Silicate (Si0,) sio4_lin Y|
Dissolved Inorganic Nitrogen (DIN") din_lin M
Chiorophyll a fluo_lin pg/L

*NO, + NO, + NH,
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APPENDIX C
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 C: Table of Contents

Parameter Name Units
Sigma-T (c,) n/a
Temperature °C
Salinity PSU

Beam Attenuation
Nitrate + Nitrite
Phosphate (PO,)
Silicate (Si0,)
Ammonium (NH,
Fluorescence (clophylla) pg/L
Dissolved Oxygen mg/L.

EkkES

"NO, + NO, + NH,
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APPENDIX D
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 Qf 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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FIGURE 4-1
Depth vs. nutrient plots for farfield survey W9601, (Feb 96).
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Depth vs. nutrient plots for farfield survey W9601, (Feb 96).



Depth (m})

Depth (m)

0.0 0.2 0.4 0.6

1.6

10 4
20 -
30 -

40 4

50 -+
60
70: X
80
90 - [}

100 4 2

®

SI0, (M}
0 2 4 6 8 10 12 14 16 18

10 1

20 4

0 o ¢of
o

30 -
40

50 A

60 A
70: X
80
90- O

100 a

OBoundary ¢ Cape Cod Bay aCoastal OHarbor ®Nearfield X Offshore

FIGURE 4-3
Depth vs. nutrient plots for farfield survey W9601, (Feb 96).
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Nutrient vs, nutrient plots for farfield survey W9602, (Feb 96).
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Nutrient vs. nutrient plots for nearfield survey W9605, (Apr 96).
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Nutrient vs, nutrient plots for nearfield survey W9605, (Apr 96).
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Nutrient vs, nutrient plots for nearfield survey W9605, (Apr 96).
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Nutrient vs. salinity plots for nearfield survey W9605, (Apr 96).
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Nutrient vs. salinity plots for nearfield survey W9605, (Apr 96).
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Depth {(m)

Depth {m)

(a)

NOz+NO, (uM)
4 6 8 10

} M 1 . 1 A 1

12

14

100

&

NH. (uM)
4 6 B

I " i

10

12

104

20+

50
60+
701
80 +
80 +

100 ¢

1
T T T

FIGURE 4-77
Depth vs. nutrient plots for nearfield survey W9606, (May 96).



Depth (m)

Depth (m)

0.2 . 0.4 0.8 0.8 1.0 1.2

1.4

1.8

100 +

)

SIO, (uM)
8 10 12 14 16

18

20

22

101

20+

40+
50 +
60

70 +

90 +

100 +

3]
¥ [. T T ¥ T T

FIGURE 4-78
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Nutrient vs. nutrient plots for nearfield survey W9606, (May 96).
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Depth vs. nutrient plots for farfield survey W9607, (Jun 96).



Depth (m)

Depth {m)

PO, (uM)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0 - 1 J%! @ T o: . l' L : :
10+ b o
J * ”* £
20+ ] x‘ mA i} o
30+ My o &
N o N g9 X
40 + s % X
4 oo
L J
50+ 4 ]
.| b )2< x -
60 O
1 &
70+ X
J xx
'301-
g0 o
100 1+ a
(b}
SiO, (kM)
0 2 4 8 10 12 14 16 18 20 22
x o
o
K ° ]
50+ 4 O
J b4 X 4
60 + o
] O
u|
70 + X
] X X
go 4
20 + .
100+ O

FIGURE 4-93

B Boundary € Cape Cod Bay 4 Coastal oHarbor ® Nearfield X Offshore

Depth vs. nutrient plots for farfield survey W9607, (Jun 96).



Depth {m)

Depth (m)

(a)

TSS (mg/L)
0 2 4 3] B 10

10 AL
20 1 oﬂ.qo,
30 :- .ox
40 o
50
60 :-

70 +

80 +

100 + o

(&)

Biogenic Silica (pM)
0 2 - 4 6 8 10

1 L 1 L L

glx'o.?.\. e @ o '

0 o
40+
504
604
704
80 :...
90 _.-

100+ g

B Boundary ¢ Cape Cod Bay 4 Coastal ©Harbor ®Nearfield X Offshore

FIGURE 4-94
Depth vs. nutrient plots for farfield survey W9607, (Jun 96).



DIN (uM)

NO,+NO, (M)

(a)

PO, (uM)

G Boundary ¢ Cape Cod Bay 4 Coastal ©Harbor ®Nearfield X Offshore

FIGURE 4-95
Nutrient vs. nutrient plots for farfield survey W9607, (Jun 96).
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Nutrient vs. nutrient plots for farfield survey W9607, (Jun 96).
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WNutrient vs. nutrient plots for farfield survey W9607, (Jun 96).
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Nutrient vs. nutrient plots for farfield survey W9607, (Jun 96).
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Nutrient vs. salinity plots for farfield survey W9607, (Jun 96).
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Nutrient vs. salinity plots for farfield survey W9607, (Jun 96).
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Nutrient vs. salinity plots for farfield survey W9607, (Jun 96).
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Depth vs. nutrient plots for nearfield survey W9608, (Jul 96).
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Nutrient vs. nutrient plots for nearfield survey W9608, (Jul 96).
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Nutrient vs. nutrient piots for nearfield survey W9608, (Jul 96).
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Nutrient vs. nutrient plots for nearfield survey W9608, (Jul 96).
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Nutrient vs, nutrient plots for nearfield survey W9608, (Jul 96).
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Nutrient vs. salinity plots for nearfield survey W9608, (Jul 96).
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Nutrient vs. nutrient plots for nearfield survey W9609, (Jul 96).
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Nutrient vs. nutrient plots for nearfield survey W9609, (Jul 96).
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Nutrient vs. nutrient plots for nearfield survey W9609, (Jul 96).
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Nutrient vs, salinity plots for nearfield survey W9609, (Jui 96).
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APPENDIX E
Photosynthesis-Irradiance (P-I}) Curves

Productivity calculations (Appendix A) utilized light attenuation data from a CTD-mounted 47 sensor
and incident light time-series data from an on-deck 27 irradiance sensor. After collection of the
productivity samples, they were incubated in a temperature-controlled incubator. The resulting
photosynthesis (mgC/m’*/h) versus light irradiance (LE/m?s, 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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APPENDIX F-1

ABUNDANCE OF PREVALENT SPECIES
IN WHOLE WATER SURFACE SAMPLES

r\pubsiprojects\d501006\331.ovr

January, 1998



Abundance of Prevalent Species (> 5% Total Count} in Surface Sample
Whole Water Phytoplankton, Survey W9601

Species Group Parameter Station Cast
F23 F30 F3M  F13  F2¢ F25 NO04 N0 N6 TF06 F27  Fo  Foz
ASTERIONELLA GLACIALIS PD 10°Cells/L 0.02  0.80
% 7 24
BLUE GREEN SINGLE SPHERE SPP. ] cY 10°Celis/L 006, '
R R N e
BLUE GREEN TRICHOME SPP. S oY | 1ccelsiL
% .
GHAETOCEROS SP#t DIAM <10 MICRONS o] oo | etcelisi | 008
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10%Cells/L 0.04
%
CRYPTOMONAS SP¥2 LENGTH>1OMICRONS ~ - - "{.  '©R | 10°CelisiL. |
PROTOPERIDINIUM SP.#2 31-75W 41-80L DF 10°CallsiL 0.11
°/D
RHIZOSOLENIA DELICATULA - - ] epu | dofcellbi
- : R i . S , % 7 o )
THALASSIOSIRA SP#2 DIAM >20 MICRONS CD 105CellsiL 0.03  0.07 0.12
%
UNID; CENTRIC DIATOM.DIAM <10 MICRONS  + - . " |.. ©D "} 10%allsn. |00 " 7 .. i 004 .
' - ' S ' ow e 5 - oo
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 7 10%CellsiL 0.24 0.59 0.88 0.48 0.68 0.39 0.31 0.30 0.37 0.64 0.46 ' 0.06 0.48
% 58 81 75 70 62 72 45 65 55 72 54 30 14
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
o] Other .
PD Pennate Diatom

12111497 Waed1 A WW




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9602

Species Group Parameter Station Cast
F23 F30 F31 F13  F24 F25 NO4 N0 N6 FO8 F27  Fo1  Fo2
BLUE GREEN TRICHOME SPP. cY 10°Cellsi. | 0.10 0.04
% 17 7
CHAETOCEROS SP#1 DIAM <10 MIGRONS - cb 10°Cells/L | - 0.07 0.07 .09 005 007 017 S o9
RS S B S [P I PR SR TRIREIE | MU T SPC E I 7 I 8
CHAETOCEROS SP#2 DIAM 10-30 MICRONS cD 10%CelisiL | 0.03 0.05 010 0.13 005 016 003 045 032
% 5 6 1 15 8 14 9 11 14
CHOANOFLAGELLATESPP.  * - o | qotcens, Lo Tgee R
o S . - %
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 1 10°CalisiL. 0.03
% 10
GYMNODINIUM SP#1 520UM W 10200ML -~ |© “BF . |-10°CalisiL
PHAEOCYSTIS POUCHETIl ' WP 10°CellsiL
%
THALASSIOSIRA NORDENSKIOLDIf - ClBVE .| 76D 0 jracfcensi [ 008 0 o 004" A0 o - o4
' S e R PR A s T g 5 ST
THALASSIOSIRA SP#1 DIAM <20 MICRONS cD 10%CeiisiL | 0.04 0.07 0.08 008 014
% 6 7 23 10
THALASSIOSIRA SP#2 DIAM >20 MICRONS - - €D . | 10°CetsiL | 008 0.09 007 0.24 - 0.04 029 048
' ' e |12 8 8 200 14 21 21
UNID. CENTRIC DIATOM DIAM <10 MICRONS ch 10°CellsiL 0.05
% 6 5
UNID. MICRO-PHYTOFLAG LENGTH <iOMICRONS | . " MF = | 10°Cellsfl | 016 068 " 0.60 - 0.41 021 - 049 010 . 038 - 0.74
L R e T e % | 28 599 24 16 28 oy e
Group Definitions: CD Centric Diatom
DF Dinoflagellate )
MF Microflagellate
0 Other
PD Pennate Diatom

120111497 WaB02 A WW




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

Whole Water Phytoplankton, Survey W9603

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 N04 Nig N16 - FO06 Fa27 FO1 Fo2
CHAETOCEROS SP#1 DIAM <10 MICRONS cb 10°CellsfL 0.17 0.63
_ % 14 28
CHAETOCEROS SP#2 DIAM 10-30 MICRONS - ¢Db 10°CellsiL .0 032
THALASSIOSIRA SP#1 DIAM <20 MICRONS Ccb 10°Cells/l. 0.41
% 18
THALASSIOSIRA SP#2 DIAM >20 MICRONS D $0°CeflsiL 020
i : ! : R PN
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10%CellsiL 0.71 0.42
% 60 19
Group Definitions: cD Centric Diatorn
DF Dinoflagellate
MF Microflageilate
o} Other
Pb Pennate Diatom

12111197

Wge03 AWW




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9604

Species Group Parameter Station Cast
F23 F31 F43 F24 F25 NO4 N10 N16 FOB  F27  FO1  FO2
CHAETOCEROS SP#1 DIAM <10 MICRONS cD 10°CellsiL | ©.76 430 1.03 006 159 005 124 003
% 34 69 64 7 56 8 44 6
CHAETOCEROS SP#7 DIAM 10-30 MIGRONS - co dofcens | 020 033 .- 009 0008 047 L 027
GYMNODINIUM SP#1 5-20UM W 10-20UM L DF 10°CellsiL ' o ' 0.02
‘ % 8 8 7
THALASSIOSIRA-SP#1 DIAM <20 MICRONS ., 6o qofCenel |05 078 . B L
SRR TR | RS ERT ST
THALASSIOSIRA SP#2 DIAM >20 MICRONS cD so%CelsiL | 020 o035
% o 8
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS - CMEC | 10%Cénsi | 081 1457084 0.36 .- 025 254
o Lo R A Cheol s | e e STB 73 .90,
Group Definitions: CD Centric Diatom
DF Dincflageliate
MF Microftagellate
0 Other
PD Pennate Diatam

12111497

Wa604 A WwW




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

Whole Water Phytoplankton, Survey W9605

Species Group Parameter Statlon Cast
F23 F30 F31 F13 F24 F25 No4 N10 N16 FO6 F27 FO1 F02
CHAETOCEROS SP#1 DIAM <10 MICRONS CD 10°CatlsiL 0.10 1.98
% 6 60
THALASSIOSIRA SP# DIAM <20 MICRONS cD | 1o°Cellsit U est-
o : . . B o . 1 % T 9.
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°CellsiL 126 078
% 76 23
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
o} Other
PD Pennate Diatom

12111197

WEE05 A WW




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9606

Species Group Parameter Station Cast
F23 F30 F3 F13 F24 F25 NO4 N0 N16 FO6 F2r  Fo1  FO2
CHAETOCEROS SP#1 DIAM <10 MICRONS CD 10°CalisiL 0.17
% 23
CRYPTOMONAS SP#1 LENGTH <10 MICRONS - | cr - 10%Calis/L ' S 004
N : A . - LR ) i . o ) o . _% : [
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10°CellsiL 004 007
% 6 10
GYMNODINIUM SP.#1 520UMW 10-200ML =« o[ DF | -1c%alisil | B 008
. | ’ - ‘ T PRI X . O/D o - . S --;:‘. TR . 7 3
PRORGCENTRUM MINIMUM DF 10°Celisil. 0.07
% 10
UNID: MICRO:PHYTORLAG LENGTH<10MICRONS. - .|~ MF .} 1ofcensi | - - S TS T o4 oaa
Group Definitions: CcD Centric Diatom
bF Dinoflagellate
MF Microflagellate
o} Other
PD Pennate Diatom
12M1197

Wag06 A VW




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W9607

Species Group Parameter Station Cast
' F23 F30 F3t  F13 F24 F25 N04 N0 N6 F06 F27  Fo1  Fo2
CALYCOMONAS WULFFII cH 10°Celis/L 0.03 0.04
% 5 6
CRYPTOMONAS SP#1 LENGTH <10 MICRONS | cr 10CelisiL | . 0.19 v 048 006 006, 006 0.04 '
Lo o R S O R Y SUEREY- BT S R o
CRYPTOMONAS SP#2 LENGTH >10 MICRONS "~ ¢R 10°cels | 028 0.3 0.06 041 008
% 10 6 6
GYMNODINIUM SP.#1 5:20UMW 10-20UM L~ o[ - 0DF -~ | qefcensi |- .o 1 0 oo T 642 007, U008 008 -
: B oo o w R - ) R B P U
SKELETONEMA COSTATUM GREV+CLEVE ¢D 1ofcetsi | 022 034 o082 208 0.1
% 8 15 54 57 1
UNID. CENTRIC DIATOM DIAM <10 MICRONS oo eb P adens |0 o 0.41 '
[ . - - T : X ;:% . L0 - . - ’ 11 P e U s e T
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10fCellsiL | 138 142 045 080 043 051 098 067 060 070 040 042 046
% 50 62 30 79 12 51 78 60 89 75 77 86 67
Group Definitions: cD Centric Diatom
DF Dincflagellate
MF Microflagellate
o] Other
PD Pennate Diatom

1211197 Wa607 A WwW




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

Whole Water Phytoplankton, Survey W9608

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 ND4 N10 N16 FG6 F27 FO1 FG2
CALYCOMONAS WULFFIE CR 105Cells/L 0.07
!yD 5
CRYPTOMONAS SP#1 LENGTH <10 M_!CRONS CR : __10‘(:5"511_ 0,07
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10°Calls/L. 0.28
20
KATODINIUKE ROTUNDATUM DF 0.8 -
RHIZOSOLENIA FRAGILISSIMA cb 10°Cells/L 0.91 019
% 35 14
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF | 10°CelisiL 127 049
Group Definitions: CcD Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Qther
PD Pennate Diatom
12111197

WS608 A WW




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Whole Water Phytoplankton, Survey W8609

Species Group Parameter Station Cast
) F23 F30 F31 F13 F24 F25 N04 N0 N16 F06 F27 FO1 Fo2
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10°CsllsiL 0.06 015
% 7 15
CRYPTOMONAS SP#2 LENGTH >10 MICRONS R | 1oCelisn. _ . L .- 040
) - O S o . - : . % EON - o ot
GYMNODINIUM SP#1 5-20UM W 10-20UM L DF 10°Calis/L 007 0.1
% 8 i
KATODINIUM ROTUNDATUM, Coo s DF A0SCelisiL [ ¢ s e T T lee
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°Cells/L, . 0.64 0.41
% . 70 43
Group Definitions: cD Centric Diatom
) DF Dinoflagellate
MF Microflagellate
e} Other
PD Pennate Diatom

1211197 Wo609 A WwW



APPENDIX F-2

ripubs\projects\ds01006\331.cvr

January, 1998



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9601

Species Group Parameter . Station Cast
F23 F30 F31 F{3 F24 F25 NO4 N0 Ni6 FO08  F27  FO1  Fo2
ASTERIONELLA GLACIALIS PD 10°CelisiL 0.68
' % 21
BLUE GREEN TRICHOME SPP. oY 10%celisi S
CHAETOCEROS SP#2 DIAM 10-30 MICRONS co 10°Cellsil.
%
CRYPTOMONAS SP#1 LENGTH <10 MICRONS ol R s actealis, |
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10°Cels/l. 0.03 .0.04 6.05
5 [} 7
CYLINDROTHECA CLOSTERIUM 1. eB. 0.03
RHIZOSOLENIA DELICATULA cD 10°CellsiL 0,57
% 18
SKELETONEMA COSTATUM . GREWWCLEVE] . ¢cD | -fo°gelisi | C10:28
ST e e g -
THALASSIOSIRA SP#1 DIAM <20 MICRONS co 10°%Cells/L
%
THALASSIOSIRA SP#2 DIAM >20 MICRONS. - o oeo o adtansi | C0.04 008 .l 0.0
UNID. CENTRIC DIATOM DIAM <10 MICRONS cD 105CellsiL 0.04 0.03 0.05 0.25
% 6 8
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS .-~ |~ 'MF - | 1o%Censi.-| 0.47 032 046 - 0:36 - € ;088
D U PP RPN Sl B 7SN - SRR - . i 21
Group Definitions: cD Centric Diatom
DF Dinofiagellate
MF Microflagellate !
0 Other
PD Pennate Diatom
1211197

Was01 C Ww



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

Whole Water Phytoplankton, Survey W9602

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 No4 N10 N6 FO06 F2z FO1  Fo2
CHAETOCEROS DEBILIS cD 10°CellsiL 0.08 0.03 0.01 0.08
% 12 6 5 8
CHAETOCEROS SP#1 DIAM <10 MICRONS cb | qo°cepsit [ 002 004 008 004 0.07. 005 0.06 008 0.10
' e T : ' Coogr | e 7 8. 7 T Tz M2 8-
CHAETOCEROS SP#2 DIAM 10-30 MICRONS cD i0°CelisiL 0.03 0.05 0.08 0.10 008 009 0.05 0.15  0.10
‘ % 5 8 11 " " 7 12 10
GHOANOFLAGELLATE SPP. MF - 10%GelisiL | 04: ¢ SR ‘ 3
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10°CellsfL 0.02
% 1
GYMNODINIUM SP:#1 5-20UM W 10-20UM L T OF 10°CellsiL 0.06 .
THALASSIOSIRA NORDENSKIOLDII CLEVE co 10°Cells/L | 0.02 0.07 0.04 010 005 008 0.10
% 8 1 8 12 8 10 8
THALASSIQSIRA SP#1 DIAM <20 MICRONS cD. " | dofcelsiL | 0110 008" 041 .009.0.0.40. 0,05 008 004 - 019 002 047
BRIt T S Gl f a7 e UL UHel UAf:oa200 6 4T 5 27 120 14 2]
THALASSIOSIRA SP#2 DIAM >20 MICRONS cD 10°%Cells/L | 005 005 006 008 011 008 012 011 007 005 002 028 0.15
% 17 10 8 11 9 1 14 15 9 7 1M1 24 18
UNID. CENTRIC DIATOM DIAM <10 MICRONS . - co 10%elsi | o . PR 0.04 . S
UNID. MIGRO-PHYTOFLAG LENGTH <10 MICRONS ME 10%elis/L | 002 0413 048 014 032 014 026 030 027 016 008 025 018
% 7 26 60 24 40 27 30 3% 35 24 39 2 18
Group Definitions: CD Centric Diatom
DF Dincflageilate
MF Microflagellate
0 Other
PD Pennate Diatom '

12111/97

W3602 C Ww/



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Whole Water Phytoplankton, Survey W9603

Species Group Parameter Station Cast
F23 F30 FM F13 F24 F26 No4 N0 N16 FO6 F27 Foi F02
CHAETOGEROS SP#1 DIAM <10 MICRONS cD 10°Celis/L 0.56 0.7
% & 22
CHAETOCEROS SP#2 DIAM 10-30 MICRONS CD | 10%Celisil. 042 040
- S Cm | L
THALASSIOSIRA SP#1 DIAM <20 MICRONS co 10°Cellsi. 0.08 0.20
% & 12
THALASSIOSIRA SP#2 DIAM >20 MICRONS €0 | 10Cetisi: |- . 024 043
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°CellsiL 031 078
. % 21 44
Group Definitions: cD Centric Diatom
' DF Dinoflagellate
MF Microflagellate
O Other
PD Pennate Diatom

1211197

W9603 C wWw/



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

Whole Water Phytoplankton, Survey W9604

Specles Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 ND4 N10 N1§ Fos F27  Fo1  Foz
CHAETOCEROS SP#1 DIAM <10 MICRONS CD 10°CensiL | 0.54 1680 3.15 074 007 226 048 003 0.07
% 34 3 60 3 7 80 29 5 7
CHAETOCEROQS SP#2 DIAM 10-30 MICRONS (s} 1ofcelsn | 020 039 o a0 . S X ER
) ' - L % i3 8 40 T ST
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DE 105CellsiL 0.06 0.04 0.05 003 008 0.04
% 5 15 0 12 6 12
THALASSIOSIRA SP#1 DIAM <20 MICRONS €D~ .| 10°%Celisi | 0.24 - 052 . 053 043 ..o 049l - IR TA o
S T - I Bt R AR (R g
THALASSIOSIRA SP#2 DIAM >20 MICRONS cD 16°Celisil, | 0.14 027 0.17
u/ﬂ
UNID. MIGRO-PHYTOFLAG LENGTH <10 MICRONS MF | aofeansi 0797 034 018 077 022
S ' o R e 48 89 14 T4 T
Group Definitions: CD Centric Diatorn
DF Dinoflagellate
MF Microflagellate
o} Gther
PD Pennate Diatom

121197

Wag04 C WW



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a Maximum Sample
' Whole Water Phytoplankton, Survey W9605

Species Group Parameter Station Cast .
F23 F30 F31 F13 F24 F25 N04 N10 Ni6 F06 F2t . FO1 F02
CHAETOCEROS SP#1 DIAM <10 MICRONS cD 10°CellsiL 0.94
% 52
THALASSIOSIRA SP#1 DIAM <20 MICRONS : cD 10°Cellsil ‘ 0.25
‘ S : % . 14
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°Cetls/L. 066 041
% 92 23
Group Definitions: cD Centric Diatomn
DF Dinoflagellate
MF Microflageliate
o} Other
PR Pennate Diatom
1211097

W8E05 C Ww



Abundance of Prevalent Species (> 5% Total Count} in Chlorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9606 '

Species Group Parameter Station Cast
. F23 F30 F31 F13 F24 F25 N04 N10 Ni6 F06 F27 FO1 Fo02
CHAETOCEROS SP#1 DIAM <10 MICRONS cD 10°CellsiL 0.54
% 56
CRYPTOMONAS S$P#2 LENGTH >10 MICRONS S er 10°Celsi | S ' " 0.02
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 10°Cells/L . 0,04
% 12
PROROCENTRUMMINIMUM - : o PP aefeellsie 0 T e T T T
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10%Cells/L 021 020
% 67 21
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
8] Other
PD Pennate Diatom
12M11/97

W3606 C WW



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll  Maximum Sample
Whole Water Phytoplankton, Survey W9607

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N0 N6 F06 F27 FO1  FO2
CALYCOMONAS OVALIS CH 10°CellsiL 0.08
% &
CHAETOGEROS SP#1 DIAM <10 MICRONS ‘ D 10%Cellstt. | 0.10 S031 - 008 o192
e et e RTINS S~ T O L U -
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10°Cefls/L 0.12 009 008 015 0.20 0.28
% 7 % 7 22 14 8
CRYPTOMONAS SP#2 LENGTH 310 MICRONS - o CRe .| cfcellsiL | 0.1 009 008 - “o.008 0008 004,
: - o : '- ‘ : o 7 5 : 6 TS 76 L 5
GYMNODINIUM SP.#1 5-20UM W 10-20UM L DF 105CellsiL 0.08  0.06 0.06
: % "7 9
KATODINIUM ROTUNDATUM . o] D | dfcelsn | e e e s
) o o coe . . . 1 - % ' e T . L . 7
MICROCYSTIS AERUGINOSA oY 105CellsiL 0.35
% 30
SKELETONEMA COSTATUM GREV+CLEVE cO. |- 1ofCensi | 012 062 L0 632 - 008
UNID. GENTRIC DIATOM DIAM <t0 MICRONS cD 10°CellsiL 0.12 0.04
, % 7 6
UNID. MICRO-PRYTOFLAG LENGTH <10 MIGRONS |- MF_ | 10°Celisl | 0.88 05T 068 054 0511066 021 044 "039. 104. 071 252 049
) S ST [ T N 72 55 D9l 47 i1 3883, 72 24 . 75 89
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflageilate
Q Other
PD Pennate Diatom

1211097 WoB07 C WW



Abundance of Prevalent Species {> 5% Total Count) in Chiorophyll a Maximum Sample
Whole Water Phytoplankton, Survey W9608

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F26 N04 N10 Ni16 F06 F27 FO01 FO2
CRYPTOMONAS SP#1 LENGTH <10 MICRONS CR 10%CellsiL 0.20 0.1
% 17 8
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10°Cellsi. . o 015 0.26 -
KATODINIUM ROTUNDATUM DF 10°CslisiL 0.06
% 6
RHIZOSOLENIA FRAGILISSIMA® - co dogels | e T L R X
UNID. MICRO-PHYTOFLAG LENGTH <10 MICRONS MF 10°CellsiL 0,68 0.52
' % 58 48
Group Definitions: CD Centric Diatom
DF Dinoflagellate
MF Microflageliate
G Other
PD Pennate Diatom

12111197

W8608 C Ww



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll a Maximum Sample
Whole Water Phytoplankfon, Survey W9609

Species Group Parameter Station Cast
F23 F30 FM F13 F24 F25 ND4 N0 Ni6 FOB F27 F01 FO2
CALYCOMONAS WULFFII CR 10%CellsfL 0.03
% 5
CRYPTOMONAS SP#1 LENGTH <10 MICRONS . CR 10Cells/L. , . 006 0.5
| a ‘ o N - . | " S | T .
CRYPTOMONAS SP#2 LENGTH >10 MICRONS CR 10%Cells/L 006 0.07
% 10 kh
GYMNODINIUM SP.#1 5:20UM W10:20UML ] or w0'Cels [ SN 008005
o . -‘ : ' . 5 % | i Lo 8
UNID, MICRO-PHYTOFLAG LENGTH <1¢ MICRONS MF 10%CellsiL 032
% &8 51
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
e} Other
PD Pennate Diatom
12011197

Wg609 C WwW
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Abundance of Prevalent Species (> §% Total Count} in Surface Sample

Screened Phytoplankton, Survey W9601

Species Group Parameter Station Cast
E23 F30 F31 F13 F24 F25 NO4 N10 N16 Fo§ F27 FO1 Fo2
CERATIUM FUSUS DF 10°Calls/L 0.00001
% 8
CERATIUM LONGIPES DE 10°CetlsiL | 0.00001 '
. .. : - N ; o 0/5.7 G R - . S S
CERATIUM TRIPOS DF 10°Cells/L. | 0.00005 0.00004 0.00002 0.00002

GONYAULAX SPP.

% 8

14

% _ ‘L & R - R g _ _
NITZSCHIA PUNGENS PD 10°Celisi. | 0.00001 0.00005 0.00004 O©.00021 0.00004 0.00017 0.00008 0.00005 0,00100
% 10 25 7 16 15 7 16 13 24
NITZSCHIA SERIATA “PD | {ofGelisfL | 000003 . - ©,00008 000005 - . Uit oioodoa 0.00041 L p.o0s00]
NITZSCHIA SP#2 LENGTH 30-70 MICRONS PD 10°CensiL | ' ‘ 0.00004
% 24
PHAEOCYSTIS POUGHETI .~ Hp | 1otcen 0.00100 “70.00042 0,00100 "0,00021 . 000200 ~ 0.00033: 0,01 T obtoza T
i HETI e e R B
Group Definitions; ch Centric Diatom
DF Dinoflagellate
MF Microflagellate
0] QOther
PD Pennate Diatom

12111797

WI601 A Scr




Abundance of Prevalent Species (> 5% Total Count) in Surface Sample
Screened Phytoplankton, Survey W9602

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 N04 N10 N16 F06 F27 FO1 F02
GONYAULAX SPP. DF 10%Cells/L | 0.00100 0.00100 0.00019 0.00100 0.00028 0.00100 0.00042 0.00015 0.00100 0.00100 0,00034 000400
% 78 1] 53 48 20 57 5 5 30 72 7 83
NITZSCHIA PUNGENS " BD s0°Cellsl. . 1600049 . . oowis
e o % 13 gt Pl
NITZSCHIA SERIATA PD 10°%Cells/L 0.00012 0.00027 0.00046
% 7 10 9
PHAEOCYSTIS POUCHETII . HE L 10%Censi | 0.00019° 000024 0.00010 0/00100 0,00100 0.00046. 0,00600: 0.00200. 0.00200! 0.00200, ‘0.00020 0.00400 ©0.00040
- % | a5 o a s ow e e e s - et 45 e 8
Group Definitions: Cb Centric Diatom
DF Dincflagellate
MF Microftagellate
0 Other
PD Pennate Diatom

12111197

Wa602 A Scr




Abundance of Prevalent Species (> 5% Total Count} in Surface Sample

Screened Phytoplankton, Survey W9603

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 ND4 N10 N16 F06 F27 Fo1 F02
PHAEOCYSTIS POUCHETII HP 10°Cellsfl. 0.00200 0.00200
% 78 88

Group Definitions: CD Centric Diatom

DF Dinoflagellate

MF Microflagellate

0 Other

PD Pennate Diatom

12111197

WS8603 A Scr




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

Screened Phytoplankton, Survey W9604

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N10 N16 FoG F27 Fo1 Fo2
CERATIUM FUSUS DF 10°CellsiL 0.00001
% 23
CERATIUM LONGIPES DF _10°CellsfL | ©.00000 0.00001 0.00002 0.00001 © 0.00001 0.00001
o —— L%, S 6 ST s e 12 19 R
CERATIUM SPP. DF 10°CellsiL £.00001 0.00001 ' 0.00000
% § 17 6
CERATIUM TRIPOS OF | 10%Celisi 0.60002
' S % T .
DINOPHYSIS NORVEGICA DF 10°CelisiL | 0.00000 0.00001
% 6 15
GONYAULAX SPP. DF " {cPcellsil. | 0.00004 0.00011 0.00010  0.00005 0.00000- ' 0.00014° - IR
R o we e e e e e e | o
PHAEQCYSTIS POUCHETII HP  10°Calls/L 0.00011 0.00015 0.00100 0.00100 0.00100 0.17900 0,00049
% 40 58 _ 90 76 81 99 93
PROTOPERIDINIUM DEPRESSUM: CDF | ofcetisil | 7 6.00000 - BT, N
- _ % T e _
PROTOPERIDINIUM DIVERGENS DF 10°Cells/L 0.00000
% 10
PROTOPERIDINIUM PYRIFORME DF " 10°Celis/L’ 0.00000° ;.
' % -
PROTOPERIDINIUM SP.#1 10-30W 10-40L DF 10°Cells/L | £.00002 ©.00003 ©.00002 0,00002 0.00002 0.00003 0.00004
% 21 10 16 19 7 58 24
PROTOPERIDINIUM SP#2 31-75W 41-80L DF . 10%Ceils/L. | 0.00001 . 000001 0.00002. 0.00001 - - 0.00000 00001
Group Definitions: CcD Centric Diatom
DF Dinoflagellate '
MF Microflagellate
0 Other
PD Pennate Distom

1211197

Wo604 A Ser




Abundance of Prevalent Species (> 5% Total Count} in Surface Sampie

Screened Phytoplankton, Survey W9605

Species Group Parameter Station Cast
F23 F30 F31 E13 F24 F25 N4 N10 N16 F05 Fa7 FO1 Fo2
GERATIUM LONGIPES .DF 10°Célis/L o o sty , 000001 .- j T
N i ST DA e
CERATIUM SPP. DF 10°Celrsii. 0.00000
% 10
DINOPHYSIS NORVEGICA ‘OF 105 Callsil T 0.00000 10.00000
GONYAULAX SPP. DF 10°CallsiL 0.00000
% 13
NITZSCHIA SERIATA FD i0°CellsiL 0.00000
PROTOPERIDINIUM DEPRESSUM DF 10°Cells/L 0.00001
% 14
PROTOPERIDINIUM DIVERGENS . DF “10°CellsiL . 0.00000;
' ‘ AV i . : - . °/° . B
PROTOPERIDINIUM SP.#2 31-75W 41-80L. DF 10%Cellsil, 0.00001  0.00001
% 14 51
Group Definitions: cb Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Other
PD Pennate Diatom

12111497

W9605 A Scr




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

Screened Phytoplankton, Survey W9606

Specles Group Parameter Statlon Cast
F23 F30 F31 Fi3 F24 F25 No4 N10 N16 Fo6 F27 FO1 F02
CERATIUM LONGIPES DF 105Calls/L 0.00002  0.00004
% 24 14
DINOPRYSIS NORVEGICA - DF 10°Cals/L ©.0,00001  0.00004
g . C% SLEREEE T A
GONYAULAX SPP. DF 10%callsiL 0.00003
% 35
NITZSCHIA SERIATA P | io%ceilsiL B
SR S g
PROTOPERIDINIUM DEPRESSUM OF 10%CallsiL 0.00002
% 6
PROTOPERIDINIUM PYRIFORME DF. - 10°Callsii. 0.00002
PROTOPERIDINIUM SP.#2 31-75W 41-80L DF 10°CellsiL 0.00001  0.00004
‘ % 8 12
Group Definitions: CcD Centric Diatom
DF Dinoflageltate
MF Microflagellate
o Other
PD Pennate Diatom

1211197

WO606 A Scr




Abundance of Prevalent Species (> 5% Total Count} in Surface Sample

Screened Phytoplankton, Survey W9607

Species Group Parameter Station Cast
i F23 F30 F24 NO4 N0 N16 Fos F27 FoA FO2
CERATIUM FUSUS DF 10°Celisf 0.00003 0.00002 0.00002 0.00001
% 6 5 24 18
CERATIUM LONGIPES DF 10%Cells/L |.0.00026 0.00016 0.00024 0.00028 0.00023 . 0.00033 0.00016 0.00043 .0.00019°:0.00013 ~ .  0.00005
‘ R o w e 2 ' © 200 A7S.LoT2 23 820 8578 86
CERATIUM TRIPOS DF 10°Celis/L ' 7 000002
% 19
DINOPHYSIS NORVEGICA “ooF | soPcepsit [-0.06i00 0.~ 0.00100 - 0.00003,0.00100 0:00100..0;00010 0.00049. 0.00005. 0.00005.: 0.00003." 0.00005 _, 0.00002
o S Sy P I E R £ I T - [ T | AR T: SR N T
DINOPHYSIS PUNGTATA DF 10°CellsiL 0.00007 0.00008
% 6 6
POLYKRIKOS SP. " DF 10%CellsiL B 0.00003
- % | - S
Group Definitions: cD Centric Dialom
bDF Dincflagellate
MF Microflagellate
o Other
PD Pennate Diatom

12111097

W9807 A Scr




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

Screened Phytoplankton, Survey W9608

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N10 Ni8 FO6 F27 FO1 Fo2
CERATIUM LONGIPES DF 10%CelisiL 0.00033 0.00008
% 72 66
DINOPHYSIS NORVEGICA DF _ 10°CellsiL 0.00011 . 0.00003 _
I ' Vo - PEOr

Group Definitions: CcD Centric Diatom

DF Dinoflagellate

MF Microflageilate

8} Other

PD Pennate Diatom

12111597

w9608 A Scr




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

Screened Phytoplankton, Survey W9609

Species Group Parameter Station Cast
F23 F30 F31 Fi3 F24 F25 No4 N1o N16 FO§ F27 FOA FO2
CERATIUM FUSUS DF 10%CellsiL 0.00012
% 37
CERATIUM LONGIPES DF 10°Celterl. | 0.00013 0.00100 -
o _ % 39, a0
CERATIUM TRIPOS DF 10°CellsiL 0.00002
% - 7
DINOPHYS!S NORVEGICA - DF 10°Celsi | -~ obooto T
- % 8
PROTOPERIDINIUM SP.#1 10-30W 10-40L DF 106%CellsiL 0.00003
% 9
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Other
PD Pennate Diatom
i2H1e7

WS9608 A Scr
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Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9801

1211497

Speciles Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N10 N16 FO6 F27 Fo1 FO2
CERATIUM FUSUS DF 10°CelisiL 0.00007
% 5
CERATIUM TRIPOS DF 10°Cells/L | 0.00007 0.00003 0.00002 0.00008 ~ 0.00004
Sl L 6 -8 e SRR L T
GONYAULAX SPP. DF 10°CelisiL 0.00003 6.00004 0.00023 0.00009
% 8 8 9 13
GYMNODINIUM SP#2 21-40UM W 21-50UML | bF-: o] defceli | - .. 000002 S e
NITZSCHIA PUNGENS - PD 10°CellsiL | 0.00013 0.00003 0.00008 0.00022 0.00013 0.00024 000018 0.00006 0.00004 0.00007 0.00026
% 10 7 27 a7 26 9 14 9 18 51 18
NITZSCHIA SERIATA - PD | 10°CetisiL | ©. i 0.00008 . 0.00010°0.00004 7000007 L +0.00016 RN 1T 1]
R ST o e A WEE T - T 4 ’ i7d e
NITZSCHIA SP#2 LENGTH 30-70 MIGRONS pD 105CalisiL 0.00007 0.00010
% 23 7
PHAEQGYSTIS. FOUCHETIL ~HP- | 10°CefisfL | 0.00100" 0.00030° ' - - .:0.00100:'0.00025 0.00030: 0.00200 - 0.00100 : 0.00039-. . - .  '0.00100 :
IR s P B I - IR afi. 88 U iE 0 UTE . 86 92
Group Definitions: CcD Cenlric Diatom
DF Dinoflageliate
MF Microflagellate
(o} Other
PD Pennate Diatom

W89601 C Ser



Abundance of Prevalent Speties (> 5% Total Count) in Chlorophyll a Maximum Sample

Screened Phytoplankton, Survey W9602

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F2g NO4 N10 N16 Fas F27 Fo1 Fo2
GONYAULAX SPP. DF 10%Cells/L | 0.00400 0.00100 0.00100 0.00033 0.00100 0.00100 0.00023 0.00017 0.00046 0.00011 0.0002% 0.00100
% 24 43 75 23 46 48 9 12 7 20 8 23
NITZSCHIA PUNGENS P | qofcansn. - © 0.00010 o
NITZSCHIA SERIATA PD 10°Cells/L 0.00009 0.00046 0.00005
% 6 7 9
PHAEQCYSTIS POUCHETI . - HP | 10%Celién,  0.00200  0,02700 0.00100 - 0.00603 000034 0.00300, 0.00300
T SRR AR A M Cegreioee veel Te&: o 61, 84T .89
Group Definitions; cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Other
PD Pennate Diatom

1211197

WI602 C Ser



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

Screened Phytoplankton, Survey W8603

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N10 N16 F08 F27 Fo1 Fo2
GONYAULAX SPP. DF 10°CellsiL 0.00015
% ]
PHAEOCYSTIS POUCHETI CHP 10°CellsiL. . 0.00200 0.00160
RO L% L 81

Group Definitions: cDh Centric Diatom

DF Dinoflagellate

MF Microflagellate

o] Cther

PD Pennate Diatom
1211097

W86803 C Scr



Abundance of Prevalent Species (> 5% Total Count) in Chlorophyll 2 Maximum Sample
Screened Phytoplankton, Survey W9604

Specles Group Parameter Station Cast
F23 F3o F3t F13 F24 F26 NO4 N0 Ni6 Fos F27 Fo1 Fo2
CERATIUM FUSUS DF 10°Cells/L 0.60000
% 7
CERATIUM LONGIPES DF 10°Celis/L | ©.00001 0.00003 0.00002 0.00004  0.00001 0.0000%.
. _ % | s _ 20 BT 13 5 .25
CERATIUM SPP. DF 10°Cells/L 0.00001 0.00002 0.00000
% 10 ) 7
CERATIUM TRIPOS oF | tofgensit . 0.00001
I T o w R LR
DINOPHYSIS NORVEGICA DF 105Cells/L 0.06001 0.00001 0.00002 0.00000
% 9 8 8 1
GONYALLAX SPP. DF 10°CelisiL. | 0.00018  0.00019 - . © 0.00008 IR
s I - e mooo T4y et o _
PHAEQCYSTIS POUCHETII HP 16°CellsiL ‘ 0.00003 0.00100 0.00005 0.00005 000013 0.00004 0.01700 0.00100
% 13 84 29 31 42 50 99 97
PROTOPERIDINIUM DIVERGENS of. | ecanst | Ce T oo o.00000
PROTOPERIDINIUM PENTAGONUM DE 105CeisiL 0.00001
% ]
PROTOPERIDINIUM.SP.#1 10-30W 10-40L OF - | ac%etisn | 0:00008 - 0:00001 © 0.00003 0.00001- 0.00003 ' - 0,00004 - 0,00001 . 0.00000
T - Lo o : S % i 75 e 23 : 17 13 L FE. —
PROTOPERIDINIUM SP.#2 31-75W 41-80L DF 10°Cellsit. 0.00001 0.00002 0.00002 000002  0.00000 0.00001
% 5 14 11 6 5 22
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microftagellate
o Other
PD Pennate Diatom -

12187

Waged4 C Scr



Abundance of Prevalent Species {> 5% Total Count) in Chlorophyll 2 Maximurm Sample

Screened Phytoplankton, Survey W9605

Speciles Group Parameter Statlon Gast
F23  F30 Fa1 F13 F24 F25 N4 N1 N16 FOG F27 Fo1 FO2
CERATIUM FUSUS DF 10°Cells/L. 0.00000 .
% 6
CERATIUM LONGIPES DF 10°CallsiL. £.00000 ; 0.00000
CERATIUM SPP. DF 10%CellsiL 0.00000
% 7
DINOPHYSIS NORVEGICA DF [ 10°eisi 0.00000 0.00000
GONYAULAX SPP. DF 10%Cells/L 0.00001
_ % 17
GYRODINIUM SP#2 21:40UM W 21-50UM L - s 108celis/L 0.00000
: o o B : ‘ % SRV N
PROTOPERIDINIUM DEPRESSUM DF 10°Cells/L 0.00000
% 8
PROTOPERIDINIUM DIVERGENS DF 105Celis/L “0.00000 . -
. . : : - ! % : . 7 :
PROTOPERIDINIUM PALLIDUM OF 10°CellsiL 0.00000
% 11
PROTOPERIDINIUM SP:#2:31:75W'41-80L - CDF | qobgelisi 0.00001 0:00002-"
; R _ ST 28 o Ef
Group Definitions: CcD Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Other
PD Pennate Diatom
12111197

WHOB05 C Scr



Screened Phytoplankton, Survey W9606

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

Species Group Parameter Statlon Cast
F23 F30 F31 F13 F24 NO4 N10 Fo2
CERATIUM LONGIPES DF 10°CellsiL 0.00005
% 18
DINOPHYSIS NORVEGICA DF 0°Cellsi 000005 0.00009
GYRODINIUM SP#2 25 -40UM W21-50UM L DF 105Cells/L 0.00001
% 5
NITZSCHIA SERIATA PD. 10°GellsiL | ~. +0:00006 - 000011
PROTOPERIDINIUM DEPRESSUM BF 10°Cells/L 0.00004
% 19
PROTOPERIDINIUM DIVERGENS “DF 10°CeNsi: | " 6,00002
PROTOPERIDINIUM SP.#2 31-75W 41-80L DF 10°CellsfL 0.00003 0.00004
% i4 11
Group Definitions: cD Centric Diatom
DF Dinoflagellate
MF Microflagellate
&) Other
PD Pennate Diatom

1211197

W8606 C Scr



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

Screened Phytoplankton, Survey WS607

Specles Group Parameter Station Cast
F23 F30 E3 F13 F24 F25 NO4  N10 N6 FOG F27 Fo1 FO2
CERATIUM LONGIPES DF 10°Cells/L [ 0.00010 000011 0.00010 0.00027 0.00049 0.00016 0.00007 0.00009 0.00100 0.00100 0.00003 0.00018 0.00100
% 27 9 8 21 7 13 29 23 a3 48 16 30 49
DINOPHYSIS NORVEGICA DF 10°CellsfL | 0.00024 0.00100 0:00100 0.00100 0.00600 0.00100-.0.00045 0.00030 0.00200 0.00100 0.00002 0.00037 0.00100
' - % 66 86 ... 8. 76 . 9 . 8. 63 - 72 g8 48 i s 81 =40
DINOPHYSIS PUNCTATA DF 10°%CellsiL 0.00008 '
% 5
POLYKRIKOS SP. . DF 10°CetisiL ‘ ' 00001 .
RS . e
PROROCENTRUM MAXIMUM DF 10°CelisiL 0.00001
0/“ 7
PROTOPERIDINIUM DEPRESSUM DF 10°CellsiL 0.00004. -
PROTOPERIDINIUM PALLIDUM DF 10°CelisiL 0.00001
% 5
PROTOPERIDINIUM PYRIFORME OF $0%CellsiL. ©.0.00001
P e _ BRI S O 8
PROTOPERIDINIUM SP_#1 $0-30W 10-40L DF 10°CelisiL. ) 0.00001
% 8
PROTOPERIDINIUM SP.#2 31-75W 41-80L- - DF 10°CellsiL 0.60001 .
Group Definitions: cp Centric Diatom
DF Dinoflagellate
MF Microflagellate
0 Other
PD Pennate Dlatom

12111/97

W8607 C Scr



Abundance of Prevalent Species {> §% Total Counf) in Chlorophyll a Maximum Sample

Screened Phytoplankton, Survey W9608

Species Group Parameter Station Cast
F23 F30 F31 F13 F24 F25 NO4 N10 N6 F06 F27 FO1 F02
CERATIUM LONGIPES DF 10°Cells/l. 0.00100 0.00010
% 91 34
DINOPHYSIS NORVEGICA OF 10°Cellsii. 0.00006 0.00019
L o ow a] (5 64l

Group Definitions: cD Centric Diatom

DF Dinoflagellate

MF Microftagellate

o} Other

PD Pennate Diatom

12111187

Wog08 C ScR



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

Screened Phytoplankton, Survey W9609

Specles Group Parameter Station Cast
F23 F30  F3 F13 F24 F25 Nod N10 Ni6 Fo5 F27 FO1 Fo2
CERATIUM LONGIPES DF 10°CellsiL 0.60021  0.00033
% 74 7i
DINOPHYSIS NORVEGICA DF 10°Cels . 000007
7. . . - - R ‘ . .%7 - . 15
PROTOPERIDINIUM SP.#1 10-30W 10-40L DF 10°CellsiL 000002
% 5
PROTOPERIDINIUM SP #2 31:75W.41-80L DF | 10°CelsiL. 0:00002 ...’
Group Definitions: cD Centric Diatom
DF Dinoflagelfate
MF Microflagellate
o} Other
PD Pennate Diatom
12111/97

W9609 C Scr
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Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9601

Species

Life
Stage

Group

Parameter

F23

F30

F31

F13 F24

Station Cast
NO4 N10 N6

N18

F27

F06

FO1 Fo2

CENTROPAGES TYPICUS
GIRRIPEDE SPP. B
copslpob SPP.
(:O.i?!éi?bij'SP?.-‘: :_;ﬂ "
MI(:Z:RO:Sé‘i‘\E:LLA NORVEGICA
OITHONA SIS,
OITHONA SIMILIS

UNIDENTIFIED LARVAE

. cLaus |

CLAUS

c

ind/m?
%
lhdi®
indfm’®
%
indim?® <.

1091
Bg

1m0

s
e

| s
g1

e
4270

oo

2686

567 1363
10 6
80

-, 2027
- -:9: -

Life Stage Definitions:

<4 z=zr-mol

Copepodite stages |-V

Copepoda aduit female
Larva

Copepoda adult male
Nauplii
Trochophore (larval stage of polychaete)
Cypris Larva of Barnacle

Group Definitions:

B Barnacle

C Copepod
oz Other Zooplankton

1211497

WO601 Zoo




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W93602

Species Life Group Parameter Station Cast
Stage F23 F30 F31 F13 F24 F25 ND4 N10 N16 N18 F27 F0B Fo1 F02
CALANUS FINMARCHICUS c c indim® 793 538 792
CIRRIPEDE SPP. N B i | 978: - 11381742050 3337, 2601 Cqdeel =
S : %. | 17, A8 - 4835 . 18 13 : L
COPEPQD SPP, N c ind/m? 2098 1471 2070 2480 4947 4230 4518 10069 16743 10080 14220
) o ) % L 24 22 28 37 41 50 66 62 54 73
GASTROPGDAMOLLUSCA ~ 0z {lomdm® -, e e 721 AR
OIKOPLEURA DIOICA oz ind/m® 773 3164 1163
. L L 9 128
OITHONA SIMILIS CLAUS | - © C indm®. | 302 . 485" . 1043. ‘1839 2204 2147 1810 - 73550 <2154 2399
S S I Y e | REE P R > P YO R T T | U
POLYCHAETE SPP. L oz ind/m? 1084 2040 1035 603 983
% 19 33 11 6 7
POLYCHAETE SPP. ‘Tt oz | indm* | 284 @33 ..
PSEUDOCALANUS NEWMANI G c ind/m® 320 363
% 6 6
Life Stage Definitions: C Copepodite stages 1-V Group Definitions: B Barnacle
F Copepoda adult female c Copeped
L Larva oL Other Zooplankton
M Copepoda aduit male
N Nauplii
T Trochophore {larval stage of polychaete)
Y Cypris Larva of Barnacle

12111797

W9602 Zoo




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9603

Species Life Group Parameter Station Cast
Stage F23 F30 F31 F13 F24 F25 NO4 N10 N16 N18 F27 Fo06 FO1 FO2
BIVALVIA SPP. L oz indfm’ 1626
%
CALANUS FINMARCHICUS c e ndied
. ) ' '. ’ % -
CIRRIPEDE SPP. N B ind/im®
) Yo
COPEPOD SPP. Nofoooe U [
GASTROPODA:MOLLUSCA L oz ind/m®
% .
OITHONA SIMILIS CLAUS | C. G| dndim® . 4208 g2
L . ] . : I . : . % . A8 10

Life Stage Definitions: cC Copepodite stages |-V Graup Definitions: B Barnacle |

F Copepoda adult female c Copepod

L Larva (074 Other Zooplankton

M Copepoda adult male

N Nauplii

T Trochophore (larval stage of polychaete) .

Y Cypris Larva of Barnacle

12M11/97

w603 Zoo




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9604

Species Life Group | Parameter Station Cast
Stage 23 F30 F31 F13 F24 F25 NO4 N10 N16 N18 F27 F06 FO1  FO2
BIVALVIA SPP. L oz ind/m® 1437
% 6
CALANUS FINMARCHICUS c o ind/m® - 1723 351 8483 7300 6826 14785 3263 = 2108
: Ty 17 7 23 17 - 29 8 119
CIRRIPEDE SPP. N B Ind/m’® 868 073 2765
% 6 7 6
COPEPOD SPP. "N ¢ | nm® ) 1899 4863 2090 8002 . 17905 ‘8363 . - 17394 13622 10566
AR S PN D T T R AR Sh T A 0 s asl e
ECHINODERM PLUTEI 0z ind/m® . 3653
% 7
GASTROPODAMOLLUSCA L OZ. ,indxmf’., :
HARPACTICOIDA SPP. c ind/m® 868 744 594
% 6 15 12
OIKOPLEURA DIOICA oz .| ingm? B 818, .. 2610 3321 9740 2039.. -
o ‘ . % 6 7 14 s 7
OITHONA SIMILIS CLAUS c c ind/m® 919 1008 351 3861 3581 2029 2783 4813 4480
% .15 7 10 7 11 8 9 5 18 19
POLYCHAETE §PP. L | oz | indm® | 465 s473 d008 @i g SEUPL
- % ¢ 2 2 7
PSEUDOCALANUS NEWMANI o} C ind/m® 1135 910 270 1268
% 8 9 6 5
Life Stage Definitions: C Copepodite stages -V Group Definitions: ‘B Barnacle
F Copepoda aduit female c Copepod
L Larva 0z Other Zooplankton
M Copepoda adult male '
N Naupfi
T Trochophore (larval stage of polychaete)
Y Cypris Larva of Barnacle

120111097

W0504 Zoo




Abundance of Prevalent Species (> 5% Total Count)
Zooplankton, Survey W9606

Species Life Group | Parameter Station Cast
Stage F22 F30 F31 F13 F24 F25 N04 N10 N16 N18 F27 F06 FO1  FO2
BIVALVIA SPP. L 0z ind/m® 1531
_ % 6
COPEPOD SPP. N | ifdim?® 9698 4135
% 3 2
GASTROPODA;MOLLUSCA oz indfm® 2207 1393
OIKOPLEURA DIOICA .oz indim® | 2297 -
OITHONA SIMILIS CLAUS c c ind/m® 4594 2612
. % . 715
PSEUDOCALANUS NEVWMANI c. A jn:d]ma_ B 2542:}" 2916
Life Stage Definitions: C Copepodite stages |-V Group Definitions: B Barnacle
F Copepoda adult female c Copepod
L Larva 074 Other Zooplankton

M Copepoda adult male
N Nauplii

T Trochophore ([arval stage of polychaele)

Y Cypris Larva of Barnacle

12H197

W8606 Zoo




Abundance of Prevalent Species {> §% Total Count)
Zooplankton, Survey W9607

Species Life Group | Parameter Statlon Cast
Stage F23 F30 F31 F13 F24 F25 NO4 N10 N16 N18 F27 Fo6 Fo1 FO2
BIVALVIA SPP. L QZ ind/m® 65996 16818 4406 49021 2192 30849 3380 2766
_ _ _ % o 56 21 27 26 6 29 9 7
CALANUS FINMARCHICUS o ¢ | indm?® L - S : 4625.
COPEPOD SPP. N c ind/m® 25394 8286 30387 27049 4282 77345 14405 49358 32377 17447 15378 20359
% 56 43 26 33 27 40 41 46 54 46 41 54
EVADNE SPP. oz | Jindim® Ll et qoss | RSN '
OITHONA SIMILIS CLAUS c G ind/m® 3555 3487 9971 14015 2700 25328 5219 12596 14881 9226 9763 5643
%7 8 18 8 17 17 13 15 12 25 24 26 15
OITHONA SIMILIS claus |- F | © | indin® - B Y ¢ JEE R SR T ‘ ' 2037 .
POLYCHAETE SPP. L (074 ind/m® 4165
% 9
PSEUDOCALANUS NEWMAN! Ce c ind/m® 1190 900 ) 13817+ 2296
L T ' : % -8 RN SO I
Life Stage Definitions: C Copepodite slages |-V Group Definitions; B Barnacle
F Copepoda aduli female c Copepod
L Larva (074 Other Zooplankton
M Copepoda aduit male
N Nauplii
T Trochophore (larval stage of polychaete)
Y Cypris Larva of Barnacle

1211197

W9607 Zoo




Abundance of Prevalent Species (> 5% Total Count)

Zooplankton, Survey W9608

Species Life Group | Parameter Station Cast
Stage F23 F30 F31 F13 F24 F25 NO4 N10 N16 N18 F27 FO6 FO1 Fo2
ACARTIA HUDSONICA C c ind/m?® 1157
% _ 5
CALANUS FINMARCHICUS c C ndim® 3971
% 6
COPEPOD SPP. N c ind/m® 30772
% 48
OITHONA SIMILIS CLAUS { C ¢ | ingim® . A7537.. 331
SRR 1 o ey o6
OITHONA SIMILIS CLAUS F Cc indfm? 3640
% 5
PSEUDOCALANUS NEWMANI c ¢ | indm G452 1485
Life Stage Definitions:; c Copepodite stages |-V Group Definitions: 8 Barnacle
F Copepoda adult female C Copepod
L Larva Qz Other Zooplankton
M Copepoda adult male :
N Nauplii
T Trochophore (larval stage of polychaete)
Y Cypris Larva of Barnacle

12111097

WO608 Zoo




Ahundance of Prevalent Species (> §% Total Count)
Zooplankton, Survey W9609

Species Life Group Parameter Statlon Cast
Stage F23 F30 F31 F13 F24 F25 NO4 N10 N16 Ni8 F27 F06 FO1 F02
BIVALVIA SPP. L (974 ind/m® 12945
% 26
COPEPOD SPP." - NG indim® | 17097 27785
o % o4 58
OITHONA SIMILIS CLAUS c c indfm® 13429 2842
% 32 6
PSEUDOCALANUS NEWMANI . ¢ | ¢ indim. [ 2804 -
Life Stage Definitions: (o Copepodite stages |-V Group Definitions: B Barnacle
F Copepoda adult female c Copepod
L Larva (074 Other Zooplankton
M Copepoda adulf male
N MNauplit
T Trochephore (larval stage of polychaete)
Y Cypris Larva of Barnacle

1211087

W9609 Zoo
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