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I INTRODUCTION

The Massachusetts Bay phytoplankton data presented in
this section were collected by Dr. Hugh F. Mulligan and

associates. These data were presented in part ín chapter

Eight of ttA socio-Economic and Enviroment rnventory of the

North Atlantic Region'r TRTGOM-PARC (Mu11igan and Delara,

r974). The phytoplankton data available for sa.lem Harbor

h¡ere examined as a scientific basis suitable for and highly
relevant to a review of outfall location options for the

south Essex sewage District. Therefore, the data collected
off Bakerrs rsland in salern Harbor will be partícularly
emphas Lzed. Phytoplankton data collected at other stations
which rnight pertain to this region, and hydrographic data

collected currently with the phytoplankton sanpling program

are also included Ín this summary.

II. PREVIOUS STUDIES

Bigelow (L926, L927 ) nust be credited more than any

other individual for a comprehensive analysl_s of the

plankton characteristics and physicar oceanography of the

Gulf of Maine. He studied the regional phytoplankton

distribuÈions and abundance from l-9L2 to 1940, primarily at
stations located more than 81crn offshore. rn additíon to
Bigelowrs fundamental studies, other plankton studies were

conducted by Bigelow, Sears & Lillick (1940), Fish (LgzS) ,

Riley (1941-1947), Lillick (L937; 1938; 1940), and Sears

(1941). Gran and Braarud (1935) conducted srudies in the



Bay of Fundy and offshore waters (Gran, 1933; Braarud

1934). These sÈudíes represent nearly all the historic

phytoplankton data of the Gulf of llaine.

Because these studies represent the only historic data

available, Ëhey must be utilÍ-zed even though the following

limitatíons are evident: seasonal cycles are generalLzed

from sampling in varíous years; most studies are limited to

surface populations; much extrapolation of data was

necessêry; and, plankton nets allowed the escape of srnaller

planktonic forms and provicled only an order-of-magnitude

estirnate of abunCance. Of this hístoric data, the

observatíons of Gran and Braarud should be used

preferentially, since they used quantítatlve techniques,

including plankton collectíons made by water bottles rather

than qualitative net-tows. The mo<lern ancl more accurate

methods of phytoplankton collection and enumeration

introduced by Gran and Braarud have generally been used in
studies after 1931. l4ore recent investigations including

those by Mulllgan et al . (L974); Parker (L974); ÙlcAlice

(I972); and Donovan (L973) supply quantitatl-ve data on

phytoplankton dynarnics along the western coastal regions and

in specific bays and inshore areas. Smayda (1980) has

summarized the princípal features of the phytoplankton of

Èhe Gulf of Maine and its contiguous waters. This provides

a most useful comparison to assess the phytoplankton



community dynamics

in this índigenous
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in Salen Harbor and potential variations

flora.

TII. FACTORS AFFECTI}]G COI-{POSTTION

Phytoplankton species composítion and abundance and

dynaroics are influence<l by many factors, including water

circulation, temperature, salinity, dissolved nutrients,

díssolved organic matter, suspended materials, lÍ.ght

penetration, and water quality. The regional variability of

some of these factors will be discussed bríefly in this

section

3.1 Circulation and Vertical Stability

Circulation in the Gulf of Maine is predominated by a

counterclockwise gyre whlch is present throughout the year.

The water mass movement is strongest in spring an<l at the

surface. Major rivers ín the Northern regi-on of the Gulf of

Maine contribute 907. of the freshwater runoff entering the

Gulf (Bigelow & Shraeder, 1953). The only major input of

freshwater in the southern portion of the Gulf is the

lferrimack River. Runoff input for the entire region ís at

its maxirnum in spring. The large counterclockwise eddy

links these envíronmentally different uníts into a

regíonally coherent system. Thus, Salem llarbor cannot be

considered as a closed off body of water, but one ln

continuous exchange with off-shore waters. The rnagnitude of
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any augmented phytoplankton abundance and alterations in

this indigenous flora potentially acconpanying anthropogenic

enrichment will partly reflect vrater circulation and

flushing characteristícs. These will vary seasonally and

interannual 1y.

l"fassachusetts Bay is one of the eight major

subdivisions of the GuIf of Maine; Salem Harbor is located

at the lnner edge of Massachusetts Bay. Massachusetts Bay

ís generally considered to lnclude the region frorn Cape Ann

south to Cape Cod, rnith an area of I,2OO km2. The coastline
is rather irregular with many natural harbors. Generally,

inshore waters are less than 15m deep with irregular
bottoms. The aforementloned counterclockwise movement of
water ís not constant within Massachusetts Bay, but there is
a general southerly flow of water to Cape Cod. I^Iater within
Lynn Harbor circles and moves north around Nahant. There

are about 20 offshore islands in llassachusetts Bay; the Ëide

ranges from 2-3 ureters. Surface water moves around Cape Ann

into Massschusetts Bay, especially in the spring; water

flows out of Masschusetts Bay through Cape Cod Bay.

3.2 Temperature and Salinity

Temperature ranges from 0-20oC ín the Gulf of Maine;

July and August are the \^rarmest months. At depths greater
than 100 meters, the temperature is maintaíned at 2-6"C.

The waters of Massachusetts Bay are vrarmer Èhan other
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regions of the Gulf due to its shallow depths and relative

lack of circulation. Vertical stratification develops, but

is transient in waters shallol'¡er than 20m due to tidal
m]-x]-ng.

Sínce salinity is influenced by the volume of input of

freshwater and no major rí.vers empty into Massachusetts Bry,

the salinity here ranges only f.rom 27 to 33 0/00. Vertical
Cifferences in salinity are generally less than 1 0/00. Ten

year averages measured at the Boston Light Ship haci a

high of 32.38 0/00 (January) and a low of 30.71 0/00 (May).

3.3 Di.ssolved and Suspendecl Materlals

The influence of dissolved organic conpounds on

phytoplankton populations in the Gulf of Maine has not been

documented but various hypotheses have been propose<l ín

other locations. Prakash and Rashid (1968) and Margold

(1968) suggest that organic naterials including those in

runoff may favor the growth of dinoflagellates, or inhibit

other forms of phytoplankton. Curl (1962) proposed

that vitamin 812 in land drainage may have been responsible

for coasËal bloorns of Skeletonema costatum.

Most of the research done had focused on relating

dissolved inorganic nutrients to phytoplankton populations,

specífically phosphorus, niËrogen anrl silicon. Silicon does

not appear to limit diaËom growth in this region according

to Riley t, Chester (1971) . Phosphorus 1eve1s, (Bigelow,
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Lillick & Sears, 1940) , are not consídered to be a

sígnificant limitíng factor ei.ther. Ketchum (1947 ) has

dernonstrated that the rate of phosphorus uptake was

dependent on the concentratÍon of nitrate, but not the

reverse. Nitrogen appears to be the lirniting element in the

Gulf of l4aine since 1evels are sometimes non-detectable

(Bígelow et al., 1940); (Vaccaro, 1963). Vaccaro noted that

N-NH4 is abundant in the Gulf of Maine and may be an

important source of niËrogen for phytoplankÈon growth,

maximum concentrations occuring in August. Because both

phosphorus ancl nitrogen levels are high for

several nonths before spring bloons, these elements alone

are not considered responsible for the ínitiation of spring

bloons. It is suggested that a conbination of many factors

must be responstble for initiating phytoplankton bloons

(Lane, 1973). However, thereafter nitrogen availability

limits phytoplankton growth, with its supply as ltftl4 strongly

influended by anirnal excreÈion and v¡ater column

remineralization, and augmented by períodic infusÍ.ons of NO3

introduced by injectl-ons of deep water (Carpenter ancl

Capone, 1983). Thi.s singular role of níËrogen lirnitation ín

the coastal waters of New England is signÍficant to the

influence of potential inputs of this nutrient into Salem

Harbor.

Thernal stratification, whích occurs for most of the

summer in waters deeper than 20m, prevents nutrient
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regeneration from the bottom. Some minor regeneration of

nutrients occur in the surface lighted zone (Bigelow, 1940)

because of bacteria, whose maxima closely correspond to

phytoplankton maxima (Reuszer, 1933). Earlow and Bishop

(1965) have shown that the nigration and feeding of

zooplankton in the euphotic zone ís a means of returning

phosphorus and particulate matter to surface layers. The

combined nechanisms of water column and benthic animal

excretion of nutrients ín addition to exogenous nutrient

inputs apply to Salem Harbor.

3.4 Light Penetration

The euphotic zone ís defined as that portion of the

water column in which there is suffícÍent light for
photosynthesis. The depth of the euphotic zone is usually

defined as the depth to which 1% of the incident surface

irradiance penetrates. The euphotic zone along the coast

from Rye, NH to Boston Harbor ranges from 0.5 - 28 meters.

The open Gulf of lfaine has the highest values of

transpårency due to the lack of suspende<l rnaterials and

runoff.

Although phytoplankton are only minor consti-tuents of

the toÈa1 måss of particulate matter during most of the year

ín the coastal waters of the Gulf of Maine, during spring

bloorns they become a major component by volume. Suspended

material 1n the water column of Gulf of Maf-ne (coastal
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v¡aters) reaches a minimum at a depth of 50m and Ëhen

increases exponentlally to the bottom (Spencer & Sacks,

1970) .

IV.

4.r
SEASONAL CYCLES

Gulf of Maine Overview

Seasonal phytoplankÈon cycles exhibit similarities

Ëhroughout the Gulf of Maine (Smayda, 1980). The main

clifferences beÈween regions are differences in specí.es

compositíon, date of initial blooms, uItímate size of

populations and length of dominance. Gulf of Maine

phytoplankton populaËions are at their lowest leve1s of

abundance from November to February. From February to June,

various diaton species appear in the water column in great

abunclance. Spring blooms of Chaetoceros occur after

Thalassiosl-ra blooms. Chaetoceros socialis is common ín

I*lassachuseÈts Bay and in inshore areas to the north.

Skeletoneura costatum and Rhizosolenia spp. bloorn from June

to early fall in urany of the more coastal areas of the

Gulf. Secondary late summer and fall blooms of sorne neritic

diatoms occur,

Leptocylinclrus

such as Skeletonena Guinardia

and Rhizosolenia sPp.

4.2 Massachusetts Bay Overview

winter months, Ceratium tripos and

dominant within ìfassachusetts Bay.

During

are usually

C. longlpes

By the
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beginning of April, diatoms become abundant; Ceratium

longipes is the most abundant dinoflagellate in this
period. After the spring diato¡n bloon, diatoms become

scarce from the end of April until urid-May. In the first
week in May, Ceratium spp. domi.nate the phytoplankton south

of Cape Ann. Massachusetts Bay blooms appear to last a

short tine (a few days or weeks). This led Bigelow

(Bigelow, êt â1., 1940) to suggest that productivity nay be

low in relation to other regions of the Gu1f. More recent

producÈivity studies of I'lu11igan and Parker (L974) have

shown this is not the case.

In July and August, Rhizosolenia alata may dorninate the

phytoplankton of Massachusetts Bay. Skeletonerna costatum is

predoninant in the inner portions of the Bay in late August,

while Ceratl-um spp. dominates outer portions of the Bay.

The variable inflow of hrater from areas north of Cape Ann

however, makes seasonal descriptions of the llassachusetts

Bay phytoplankton dí fficult. From late August to late

October, Skeletonema costatum blooms continuously. Ceratíum

tripos outnumbers C. longipes by nid-Septenber and becomes

abunclant in Massachusetts Bay in early Noveurber.

V. B.YE NH TO BOSTON HARBOR l'{A

A coastal phytoplankton study of this portion of the

Gulf of Mai.ne was undertaken by Hugh F. llulligan, with
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support from Raytheon-Il.N.H. Sea Grant funds. This study,

which was í-nitiated in the summer of 1971, examines the

varí.ability of phytoplankton population along an 80kn

coastal transect from Rye, NH to Boston Harbor.

Hydrographic and phytoplankton data were collected at six

stations located 2-5k¡a offshore. Three stations were

located north of Cape Ann (Rye, l*ferrimac, and Annisquam) and

three stations hrere located south of Cape Ann (Bakerrs

Island, Flip Rock and Pope Rock) . Figure 1 shows the

locations of these sanpling stations. Station depths at MLW

ranged from 9m at Annisquan to 15rn at Baker I s Island.

Sampling occurrecl monthly from August, I97I to August,

I972, with additional saurpli.ng duri.ng the spring. Sarnples

were collected at 3 depths. Occasionally, sampling cruises

were abreviated or cancelled (early April, Bakerrs Is1and) ,

clue to weather conditions.

Phytoplankton and hydrographic data collected at the

Bakerfs Island, Salem Harbor sÈatLon will be described and

compared to sinilar data collectecl from Flip Rock, Pope

Rock, and stations north of Cape Ann.

5.1 Currents

At all ståtions, the general movement of surface water

is southerly ancl offshore, but movement i.s variable in

exposed areas. S/ater in the area of Baker I s Island and Flip
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Rock f lows mainly offshore. l,üater masses off Flip Rock have

a somewhat northerl.y flow (Bigelow, 1927); at pope Rock,

water flows directly south.

5.2 Salinity

The rnost constant salinity readings of all the coastal

stations occurred at Bakerrs Island and Flíp Rock in
February, r972. Maximum salinity values occurred in January

and February; lowest values occurred in late Apri1. There

was a decrease in surface salinity in June at the Bakerts

Island station which uray be attributed to a period of
increased rainfall. Lower saliníties and extreme

stratification were noted at both the Bakerrs Island and

Flip Rock stations. salinity values fol.lowed sinilar trends

north and south of Cape Ann and rangecl from 9.3 to 33.8

0/00.

5.3 Temperature

lfater at Bakerfs Island appeared to be well mixed most

of the year. Lowe-ct temperature values at this station,
(2.5"C) were registered in January and February. In May, a

thermocline started to develop with a 4oc difference between

surface water and that at 13m. In early June however,

temperature values renained constant lCìoC from the surface
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to 10m" Reduced temperature and salinity val.ues suggest

that storm generated vertical rnixing hacl occurred or that

colder more nixed h/aters, perhaps from the north, were

carried south and inshore in late May. A rapi<l warning

trend elevaËed surface temperatures in July to 18oC.

Vertícal stratification was also evident in July, wi.th a

difference of 8oC in 13m. This stratification continued

until Septenber (Figure 2 ).
Temperature fluctuations at the Flíp Rock and Pope R.ock

statíons were sinilar to those observed at Baker I s Island.

A thermocline developed in late May ancl continued through

Septernber. Greatest temperaÈure differences between surface

waters and waters below 10m (8-9tC) htere observed in July.

Temperature values for the entire sampling area ranged

from 1oc (January) to 18.1oc (Septenber). Surface

temperatures in waters south of Cape Ann were generally

3-4oC higher in the summer than waters off Rye, NH.

Temperatures of bottom waters and winter surface

tenperatures v¡ere consl-stent throughout the sampling

stations.

5.4 Percent Lieht Transnittance

One meter light penetration values varíed from 9A7"

457. at the Bakerrs Island Station during the year of

sampling. In August and September (197I) 607" of surface
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light was noted at a depth of lm. Tránsparency decreased in
October to a 1ow of. 457" and remained low in November (50%),

corresonding to the development of the fall bloom. One

meter light penetrations values ranged from 65 to 90% during

!üinter months (Decernber - March).

Light penetraton values at 5m appear to follol¡ the same

general trend as ln readings and ranged from 9-407". Values

again decreased in OcÈober coincident with the fal1 bloorn

and transparency was relatively high during winter months.

The 10m light values correspon<l somewhat to trends

noted at shallower depths. Transparency values were high

during winter months with the exception of December when 17"

was recorded at this depth. Thís low reading was most

likely due to the resuspensí.on of bottorn sedinents since

there Ís little biological activity at this time. Light
penetration values of 1 -27. were also noted at 10 meters in
August, October and May (see Figure 3) .

No significant correspondence could be found between

percent light transmission readings and phytoplankton blooms

in the spring. No cruise was conducted in early April due

Èo inclement weather. Maximun spring phytoplankton

populations could have occurred at that tine.
The Flip Rock station also had low light transmiÈtance

values in October, coincident with phytoplankton bloo¡ns but

mininal transparency occurred ín late August and rnid
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May. Chlorophyll a values in late August and early

September hrere the highest observed in the entire sarnpling

region at that time, suggesting a correlation then between

light values and bíological activity. Lower light values

observed in October and early I'fay do suggest a

correspondence between these values and increased

phytoplankton populatíons .

hlater at stations north of Cape Ann were more

transparent; with higher light transmlttance values.

l"faxiurum transparency occurred in August. The'shallorsest

depth for the euphotic zone ln the overall study was

recorded at the Merrimack station during the spring. This

was probably due to a conbination of large phytoplankton

populations and increased runoff from the }ferrinack River

then detectable.

5.5 Chlorophyll a

Chlorophyll a concentrations/n3 were measured aÈ all

stations at 5rn depth intervals after the nethods of

Strickland and Parsons (1973).

Chlorophyll a concentrations showed definite seasonal

fluctuations at the Bakerrs Island statí.on. A relatl^vely

large quantl-ty of chlorophyll a (4 ng/n3) was noted in

surface $rater during August (1971) and increased in

Septernber to between 7 and 11.5 mg/n3 at the three depths

sampled. These large concenÈrations of chlorophyll a
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coincided with the fal1 bloom. Levels declined in october

and November and the rninimum ve.Iue for this station, (0.5

rog/rn3) persisted from December to March. Samples were not

collected in early April, but in late April chlorophyll
levels increased to 4 mg/m3. The peak of the spring

phytoplankton bloom may have occurred in early April. The

light transmission levels and appearance of phytoplankton

ce1ls collected Í.n late April indicated conditions below the

surface layer usually noted after a phytoplankton bloom.

Snall summer blooms of phytoplankton and increased

detrital material in June and August coincided with a rise
ln chlorophyll a values (4 and 7 ngln respecÈively).

Chlorophyll a values r4¡ere integrated over depth in
Figure 4 for the six saurpling statíons. I'Iaters off Bakerts

rsland contained lower levels of chlorophyll a than those

off Flip Rock and Pope Rock. This suggests lower

phytoplankton populations occurred at Bakerts Island.
However, it is generally not possible to estimate acËual

population numbers from chlorophyll levels because of
species I dí fferences in chlorophyll content and the affect
of different speciest cel1 size on chlorophyll content.

High chlorophyll a values noted throughout the water

column at the Flip Rock station in September indicated

increaserJ phytoplankton activity. The presence of
phaeophytin and low light transmission levels in deeper

l'¡aters suggested the sinkíng and decomposition of
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phytoplankton and/or the resuspension of some botÈom

sedíments. Hígh chlorophyll a levels (10 mg/m3¡ ín October

coincided with a second bloorn; the remnants of the September

bloom v/ere noted in deeper waters . As at the Baker I s Island

station, observations were not made in early April.
However, chlorophyll a values in Late April (3.S mg/m3) and

the presence of characteristic spring bloom ciiatons suggest

that the sprlng phytoplankton populations were probably

higher ín early April aË this station. In June, åD increase

in chlorophyll a values present ln the form of phaeophytin

in deeper waters may have been due to a resuspension of
bottom detritus since it was not accompanied by a
significant phytoplankton population. A rise to 11 mg/m3 in
July however, does correspond to an íncrease in observed

populations.

The highest recorded chlorophyll value for Èhe sampling

stations, 15.4 ng/n3, was founcl in August (1971) in the

surface waters off Pope Rock. Chlorophyll levels remained

high through October, and an increase in detritus and

phaeophytin was noted å.s these populations decomposed. It
should also be noted that increased phaeophytin levels are

often considered to be synptomatic of increased grazLng on

phytoplankton by either herbi.vorous zooplankton or benthic

suspension feeders. No data was collected in early April,
but the high chlorophyll level in late Aprí1 (12.5 ng/m3)

suggested thaÈ the spring bloom at thi.s location was larger
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or occurred later than at the other stations. Chlorophyll a

values were generally higher south of Cape Ann.

5.6 Carotenoíds and Chlorophyll B

In general, carotenoid pignent 1eve1s appeared to

parallel chlorophyll. a values. Distribution of carotenoids

by depth dlffered somewhat fron chlorophyll a- in Septenber

and August (I972). Concentrations of carotenoids hrere found

to be about equal to concentratíons of chlorophyll a.

Chlorophyll B values appeared very htgh in August (I97L) but

1eve1s during the remaincler of the year appeared very low,

as did those at Flip Rock and Pope Rock.

Concentrations of carotenoids at the surface rl/ere

generally lower than concentrations at the Flip Rock and

Pope Rock stations, and were sírnilar to those observed at

more northerly stations during the fall peak.

Concentrations of carotenoÍds follor'¡ed the same seasonal

fluctuations as chlorophyll a values at Bakerf s Is.land and

therefore corresponded with several changes noted at Flíp
Rock and Pope Rock

5.7 Phytoplankton Populatíons - Bakerrs Is1and, Fllp
Rock and Pope Rock

Phytoplankton hrere l.dentif i.ed, counted, and reported on

the basis of cel1 numbers/1íter frorn whole water samples

collected near the surface in the Bakerrs Island Channel
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between Bakerfs and Misery Islands. The taxonomic features,

dístribution and abundance, and photographs of some of the more

m¡irêrous phycoplankters are notei ín the book, A photographic GJíde to the

Phyuoplæktc¡r of ttre Coastal Viaters, Grlf of l¡IaÍne (Gorcn & lfulligen , L1TB).

In most cases, whole water plankton samples hrere

collected near the surface from all stations on the same

day. All of the stations (including the Baker's Island

station) are under the influence of river runoff, tidal and

non-tidal currents and weather conditions; these factors are

expected to account in large part for the observed

station-Èo-station variability.
In comparison with sinilar phytoplankton data frorn the

other stations, specíes diversity appeared to be low at the

Bakerrs Island station, exceeding ten species only in April
anrJ July. Forty-three díatom species were identífied at
Èhis station during the sampling period (ín addition, six
dinoflagellaËes were also identified to species). A snall
fall bloorq occurred in September and consisted of three

diatom species; Nitzschia seriata 158 cel1s/lxl0-3,
Skeletonena costatum , 4I cel1s/txtO-3, and Guinardl-a

flaccida 31 ce1ls/fxtO-3 , respectively. Smaller quantities
of these species occurred in October and November. During

this period, Thalas s ionema r sp. numbers increased. This

taxon was noted in eight months of the sarnpling period and

was the dominant form from December through March. However,
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the total phytoplankton populations were quite smal1 during

that period.

Species diversity remained very low until Apri1.
During the spring bloom, Chaetoceros debilís , C. compressus

and Thalassiosira nordenskioeldii v/ere the major components,

with 398, 82 and 69 ce1ls/1x10-3, respecrively. These

numbers hrere recorded on April 20 (the phytoplankton uray

have been more abunclant in early April when the scheduled

cruise was cancelled due to weather conditions). These same

species were noted in reduce<J abundance in early May

throughout the water column. Many Chaetoceros spp. resting
spores were noted in late May. This would indicate the

denise of these populations.

A Carteria sp. reached its peak population in early
June (135 cells /txt0-3). This species v/as presenr at the

site in reduced numbers fron late April to Ju1y. The summer

bloorn took place ln July, with Skeletonema costatum (7 42

ce1ls/lxto-3) being the dominant form, comprising 627. of the

phytoplankton; Carteria sp. ï¡as second in dominance at (83

cel1s/txt0-3) and Chaetoceros corlpressus and Rhizosolenia

delicatula were also present at 34 and 29 cells/1x10-3,
respectively.

Species diverslty appeared to be somewhat higher at the

Flip Rock station in Broad Sound t 46 diaton species and 8

dinoflagellates identified. There were only 4 months when



-20-

the number of species at this station exceeded ten.

Population sl-zes utere greater at this station (as suggested

by the increased chlorophyll a values) in September during

the fal1 phytoplankton bloon. The most numerous diatom

species v/ere Nitzschia serj.ata, Thalassiosi.ra decípiens and

Guinardia. Nitzschia seriata and Guinardia ffaccida $/ere

also dominanË at the Bakerrs Island station, but Skeletonema

costatum, which appeared in numbers at the Bakerrs Island

station was not among the dornínant forms at FIip Rock. As

at the Bakerts Island station, Thalassionema was the

dominant form during the wl-nter months when overall

phytoplankton populations r^/ere low.

The spring bloon at Flip Rock consisted mainly of

Phaeocy stis pouchetii (1160 ce11s/txtO-3¡, varíous

Chactoceros soecies and Thalassiosira nordenskioeldii.¡-
Phaoecystis pouchetii composed 757. of the phytoPlankton

bloon. Because of weather conditions, tro sarnpling occurred

from early lfarch to late April at this station. It is

possible that a larger population of the characteristic

species for this region occurred at that tine.

Species diversity increased after Apríl- and the

greatest number of species was observed in July. As at the

Bakerf s Island station, remnants of the April bloorn htere

noted in lower numbers and in deeper $¡ater in early May.

The large summer phytoplankton bloom at Flip Rock consl-sted
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of Skeletonema costatum (728 ce1ls/txt0-3), Chaetoceros

com ressus (168 ce11s/1xfO-3¡ an<1 Eurrepria (169

cells/txtC-3¡. This flora is similar to the summer bloom at

Bakerrs Island in that Skeletonena costatum was the dourinant

form at both stations and occurred in similar numbers.

Carteria sp. and Rhizosolenia delicatula, noted at the

Bakerrs Island station, were also present at Flip Rock in
varying numbers. The major difference between the summer

bloorns at these stati.ons is the relatively reduced numbers

of Chaetoceros compressus and Eutreptia at Bakerts Island.
This occurrence of Eutreptia and elsewhere, as noted below,

however, is especially intriguing. This and related

euglenids are considered to be diagnostic of increased

enrichment in marine coastal waters (Smayda, 1980).

Extensive blooms of a simí1ar organism have been found in
the nutri.ent enriched !,raters of Narragansett Bay especÍal1y

durÍng the 1985 summer (Snayda, personal communication).

The Pope Rock station appeared rather different from

both the Bakerts Island and Flip Rock stations. Only 40

species of diatoms and 6 dinoflagellate taxa were ídentj,fied

to specíes at this station but the phytoplankton populations

were relatively high.

Skeletonena costatum (247 ce11s/lxtO-3) was rhe

<lominant fal1 bloon phytoplankter, reaching its peak

populatíon in September. Nitzschia seriata was also
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abundant at I27 cel1s 1x10-3. Both species dominated at the

Bakerts Island fall bloom, but in lesser numbers. N.

seriata was the most prevalent species at thaÈ station.

Leptocylindrus dani.cus (153 cells/1xtO-3¡ and Guinardia (18

cells/1xt0-3) were also noted during the fa1l bloom at Pope

Rock. The species were also noted at Bakerrs Island, but in

reduced abundances (13 an<l 31 cel1s/txt0-3, respecÈively).

From November through March, Thalassl-onema spp. l¡as agai-n

noted while overall phytoplankton numbers were 1ow.

A large, diverse population occurred during the sprí.ng

at Pope Rock. The peak occurred in late April - later than

at the other stations. Phaeocystis pouchetii numbers were

high at that time. Thalassiosira nordenskioeldii and

Chaetoceros debilis (25I and lr75 cells/txlQ-3, resPectiveiy¡

hrere the dominant diatoms, while Skeletonema costatum,

Detonula confervacea and C. socialis were also present.

Thallassiosira nordenskioeldíi and Chaetoceros debilis were

dorninant at Bakerrs Island also, however, the other species

were not noted.

Skeletonema costatum was again the dominant form during

the summer bloom at Pope Rock. At 2164 cel1s/1xt0-3 in

June, and high populations through July, ít comprísed 827" of

the observed populaÈion. Eutreptia (129) and Carteria sp.

(84 cells/1x10-3) were present at Bakerfs Island. Carteria

spp. abundance aÈ Pope Rock was sinllar (83 cells/fxfO-3¡

but Eutreptia numbers $¡ere very low (6.4 cel1s/lxtO-3¡.
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5.8 Ph t lankton P ulations - Massachusetts Ba
ompar son t ot t s.er

Although earlier studies by Bigelow (1926) and Lillick
(1937, 1940) concentrated on regions more offshore (greater

than 8kn) some qualitative sinilarities can be seen. yearly

variations were noted in species present, times of initial
appearances and duration of population bloons.

Massachusetts Bay appeared to be less influenced by

river drainage and had smaller standing crops of
phytoplankton as compared to stations north of Cape Ann.

The initiati.on of the spring bloom appeared three weeks

1aÈer in Massachusetts Bay (Bigelow, 1926) and (Mulligan, êr

al., 1974). Mulligan noted tl¡at species common to both

inshore and offshore areas appeared Èo be present for
sinilar lengths of time. Studies by Bí.gelow (1926) and

Lillick (1940) showed that Thalassiosira gravida and T.

nordenskioleodil were followed by Chaetoceros debilis in
Massachusetts Bay. Mulligan found Detonula confervacea to
be dorninant in the spring in addition to Thalassiosíra and

Chaetoceros debilis, followed ín abundance by C. socialis.
All studÍes noted a decline in diatom abunclance after

the spring bloon; and the concurrent appearance of
PhacocystÍ.s pouchetii was noÈed in some years. In earlier
studies, Rhízosolenia alata and perí.dinian dinoflagel lates
hrere doninant during summer blooms. During the L97L-72
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sunmer season, however, Rhizosolenia delicatula, R.

fragilissima and Skeletone¡na costatum !ùere the dominant

species. In all studies Skeletonema costatum bloomed from

late August through October. Lillick (1940) noted large

numbers of phytoplankton of the genus Ceratium but in L972,

Guinardia flaccida and Leptocylindrus sp. appeared to be

more doninant.

5.9 Gonyaulax tamarensis - Red Tíde

No single set of hydrographic conclitions apPear to

coincide with red Èide bloorns in Massachusetts Bay. Reduced

salLnl-Èies, high temperatures and high concentrations of

dissol-ved organic matter apPear to precede or occur

sinultaneously wlth red tide bloorns. Salinity and

temperature seem less important than the following:

upwelling for enrichnent; a period of warm, dry weather

which increases stratífication and results in an increased

concentration of sewage derived nutrients in river water;

and an increase in rainfall which moves the dinoflagellates

into estuaries (Mulllgan, 1-974).

Gonyaulax tamarensis blooms resulting ín Paralylic

Shellfish Poísoning have occurred in Septernber of L972 and

in May and August of 1974 and sporadically sLnce that tine.

During the summer of \972, low levels of Gonyaulax

tamarensi-s were noted in Massachusetts Bay in Boston Harbor,

Salem Harbor and north of Cape Ann. Even though both areas
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were subjected to the same meterological conditions,

populations increased to bloorn proportions only north of

Cape Ann and remained at low levels to the south.

The difference ln hydrologic conditions between the tl¡o

areas âppears to be that the ârea north of Cape Ann is the

site of more upwelling. In addition to this upwelling,

detritus fron previous phytoplankton blooms could have added

nutrients. The Merrinack River rnay have been the

<listinguíshing feature, however. The periocls of reduced

rainfall preceding each bloom concentrated sevrage waste

water in the river. This runoff , corobined with the rise in
temperature, added nutrient rich, r.i'arm river runoff to the
ttseed'r population of Gonyanlax tamarensis which was then

swept up into the coastal rivers by periods of heavy

rainfall.
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