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Greater than 509, increases in the amount of particulate organic carbon and
chlorophyll a per square meter occurred in a 13-m water column of Buzzards
Bay during tidal cycles. The composition and quantity of the resuspended
material varied seasonally. Greater percentages of the carbon in the water
column were resuspended during the summer and winter months while
more resuspension of chlorophyll a occurred during spring and summer.
Increases in the amount of primary production in the water column occurred
with the resuspension of chlorophyll 4, indicating that the resuspended
cells were viable. The contribution of this resuspended phytoplankton to the
total yearly primary productivity can be significant.

Thetidal resuspension of phytoplankton and detritus from the mud bottom
of Buzzards Bay, if utilized by the zooplankton community, could provide
significant food resources for secondary production,

Introduction

Rhoads & Young (1970) described how deposit-feeding bivalves such as Yoldia limatula and
Nucula annulata that dominate the mud bottom of Buzzards Bay rework the sediment to
make it unstable. Young (1971) first discussed the tidal resuspension phenomenon after
finding sedimentation rates as high as 138gm~2 day~? in Buzzards Bay and attributed sedi-
ment instability to this biogenic reworking. Comparing this seston flux to Hough’s (1940)
estimated rate of sediment incorporation to the benthos of 2:3 mm year~1? for the same area,
Young concluded that a maximum of 2%, of the sediment remained as permanent deposits
and 989, was resuspended. Steele & Baird (19%2) placed sediment traps at various depths
in a Scottish Loch and found that high sedimentation rates were due to resuspension of
zooplankton fecal pellets from the bottom by tidal currents. Rhoads (1973) related tidal
flow to turbidity cycles in bottom water above benthic deposit feeding communities.
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Looking more closely at the nutritive value of resuspended material, Rhoads et al. (1975)
found that a turbid layer extends from the bottom to a height about 3 m in Buzzards Bay,
and may extend to the surface in a 13-m water column during ebb and flood tides. They also
found increases in amount of chlorophyll @, particulate organic carbon and particulate organic
nitrogen in the water 1 m above the bottom during a tidal cycle. Monthly samples from 1 m
above the bottom taken 1 h after mean ebb tide had higher concentrations of chlorophyll g,
particulate organic carbon, and particulate organic nitrogen as compared to surface values ,
over a year except during the spring phytoplankton bloom. Studying the photosynthetic
activity of resuspended phytoplankton, Tenore (1976) found that primary productivity in
the water column increased 409, during a tidal cycle in Buzzards Bay. He postulated that
not only does tidal resuspension increase autotrophic activity but also heterotrophic activity
on the resuspended detritus; both phenomena resulting in an increased food source for the
benthic community by enhancing the nutritive value of the resuspended material. However,
data were needed to assess the seasonal changes in the quality and quantity of suspended
material. ‘

Results of studies on the utilization of detritus by copepods are important in determining
the significance of much of the resuspended particles for zooplankton. Heinle et al. (197.4)
demonstrated the nutritional value of detritus for zooplankton by the egg production of the
calanoid copepod Eurytemora affinis, fed natural detritus in the laboratory. Poulet (xg976)
found that detritus composed the major fraction -of the food ingested by Pseudocalanus
minutus, The tidal resuspension of phytoplankton and detritus from the mud bottom of
Buzzards Bay, if utilized by the zooplankton community could provide significant food
resources for their annual energy budget. To determine the effect of these resuspended
bottom muds upon the zooplankton community in Buzzards Bay, research was initiated to
ascertain: (1) What is the carbon and chlorophyll composition as well as quantity of the ma-
terial being resuspended ? (2) How much potential food is being resuspended in comparison
to that already present in the water column ? (3) Does the amount of carbon, and chlorophyll
in resuspended matetial vary over the year ?

Once the input of material from the bottom by resuspension is known, experimentation on
the utilization of this material by copepods would determine its ecological significance for
the zooplankton community.

Methods

The sampling station was located in Buzzards Bay in 13 m of water (Figure 1). This
station, typical of the silt-clay mud bottom of Buzzards Bay, was the same used in
Rhoads et al. (1975) study. At monthly intervals for 2 years water samples were taken every
2m from surface to bottom with Niskin samplers. In addition to the seasonal sampling,
every 2 months water samples were taken at 1, 5, 10 and 12 m at 2-h intervals over a tidal
cycle. '

Analysis of particulate organic catbon was determined with a Perkin-Elmer Model 240
Elemental Analyzer; chlorophyll @ was determined by fluorescense (Yentsch & Menzel,
1963); and primary productivity determined by the “in situ’C** method (Steeman-Nielsen,
1952). Chorophyl! in the sediment was determined from 5 cm diameter gravity core samples
and extracted by the method outlined by Tietjen (1967). Inorganic nutrients were analyzed
according to the methods outlined by Strickland & Parsons (1968).
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Figure 1. Sampling station (Black and White Gong Station) Buzzards Bay,
Massachusetts.,

Results

Seasonal cycles
The significance of the resuspended material will be assessed in the context of the yearly
cycles of particulate organic carbon, chlorophyil a and primary productivity. The 1974-1975
cycles of standing crop of phytoplankton as measured by chlorophyll 2 m~2 showed a phyto-
plankton peak in winter and fall with a lesser bloom in mid-summer and agrees with Fish's
(1925) original study of the area [Figure 2(a)]. The high amount of chlorophyll 2 m~%in the
sediment represents both endemic benthic diatoms and phytoplankton that have settled from
the overlying water column [Figure 2(b)]. Young (1¢71) reported up to 1500 diatoms cm™2
in sediment of Buzzards Bay.

The yearly cycles of primary productivity for the water column [Figure 2(c)] show maxima
during the summer and fall months. The amount of carbon fixed per m? per year is 89 g and
123 g for 1974 and 1975 respectively. The annual concentration of inorganic nutrients in the
water column reflects the decomposition of plant and animal material in the fall and winter
as well as the utilization of inorganic nutrients during phytoplankton blooms [Figure 2(d)].
No thermocline exists in Buzzards Bay because of tidal currents and hence nutrient con-
centrations tend to be homogeneous in the 13-m water column. Yearly cycles of particulate
organic carbon [Figure 2(e)] reflects both the phytoplankton blooms as well as the build-up
of organic detritus in the summer and winter months.

Tidal studies

In the context of these yearly cycles of particulate organic carbon and chlorophyll a several
changes over tidal cycles were observed.

The distribution of chlorophyll a in the water column during May 1975; a period of low
phytoplankton standing crop shows a threefold increase in the amount of chlorophyll a
from the surface to 11 m, in the resuspension zone [Figure 3(a)]. Over a tidal cycle a 100%
increase in the amount of chlorophyll 2 present in the water column is reflected in the change
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Figure 2. Seasonal hydropraphic and biological data; 1974-75, Buzzards Bay, Massachusetts. (a) Phytoplankton biomass as mg chlore-
phyll @ m=~%, (b) Sedimentary chlorophyll @ as mg chlorophyll @ m 241 standard deviation unit. (c) Primary production as mg carbon
m=? day-% (d) Nitrate and phosphate as mg m =%, (e} Particulate organic carbon as g carbon m =3,
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Figure 4. Depth distribution and tidal changes of chlorophyll g, Buzzards Bay,
Massachusetts. (a) Distribution of chlorophyll a (mg chlorophyll @ m~?) with
depth (m) for 28 July 1975 and 11 September 1975. (b) Change in chlorophyll g, 28
July 1975, for the integrated water column (mg chlorophyll am =?) and the change at
11 m (mg chlorophyll @ m ~3) for a tidal cycle (high water at 10.55). (c) Change in
chlorophyll @, 11 September 1975, for the integrated water column (mg chlorophyll
@ m~%) and the change at 11 m (mg chlorophyll @ m~?) for a tidal cycle (high water

at 13.13).
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due to tidal resuspension at 11 m [Figure 3(b)]. The distribution of chlorophyll a in the
water column during periods of high and low phytoplankton biomass is shown by comparing
data for the July and September sampling [Figure 4(a)]. Both sampling times occurred
during maximum flood tide, when resuspension is high. During September, at the onset of
the fall bloom, a faitly homogeneous distribution of chlorophyll @ was present. As the bottom -
current increased during flood tide additional phytoplankton cells were resuspended from
the bottom into the water column. The distribution of chlorophyll 2 in July in the water
column when the phytoplankton standing crop is low emphasizes the effect of tidal resus-
pension. The change in chlorophyll @ in the water column is reflected in a 509, increase in
the amount of chlorophyll a at 11 m [Figure 4(b)]. The phytoplankton in the bottom water
are composed of numerous forms. such as Pleurosigma spp., Gyrosigma spp. and Nitzschia
spp. species, many of which are absent from surface waters.

In order to ascertain the effect of tidal resuspension on primary production, ‘in situ’ C4
incubations were conducted during tidal cycle studies. For example on 22 July 1974 the
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Figure 5. Tidal changes in primary production (mg carbon m ~? day -?), Buzzards
Bay, Massachusetts. (a) 22 July 1974, high water at 10.55. (b) 28 July 1975, high
water at 12.56. (c) 11 September 1975, high water at 13.13.
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change in prini‘ary productivity was compared at 4 and 11 m over a tidal cycle [Figure 5(a)].

~ As ebb tide proceeded and chlorophyll was resuspended from the bottom, the primary

productivity at 11 m increased dramatically. To ascertain if light was limiting samples

collected at 11 m were incubated at 4 m. No significant difference was seen comparing the

two sets of 11 m water, indicating that there was sufficient light in the resuspension zone for

enhanced primary productivity to occur. A July 1975 study revealed the same phenomenon, -
this time occurring during flood tide. With the 509, increase in chlorophyll a shown in

Figure 4, the primary productivity at 11 m increased during mean flood tide [Figure 5(b)].

In contrast, tidal change in primary production in September 1975 during the fall bloom is
different to that in the July study [Figure s(c)]. Although concentrations of chlorophyll ¢

at 11 m were higher than that of the July study [Figure 4(a)}, the amount of primary produc-

tion was markedly reduced. The distribution of chlorophyll a in the surface water during

September was 6 times greater than in July. High surface productivity and cell biomass
perhaps shades the phytoplankton in the resuspension zone resulting in lower primary
production at these depths at various times of the year. '
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Figure 6. Tidal changes in particulate organic carbon (gm carbon m=%) and
change in chlorophyll a (mg chlorophyll @ m~?) for the integrated water column,
Buzzards Bay, Massachusetts. (a) 6 March 1975, high water at 16.09. (b) 28 May
1975, high water at 17.39. i

In March particulate organic carbon was high probably from the build-up of detrital
material over the fall and winter. The spring bloom resulted in a homogeneous distribution
of chlorophyll 4 in the water column. Tidal resuspension resulted in a 40Y%, increase in the
amount of particulate organic carbon in the water column during mean flood tide [Figure
6(a)]. Because no significant change in chlorophyll @ occurred in the bottom water, most of
the resuspended carbon was probably detrital. During May when the amount of particulate
organic carbon in the water column was at a minimum, chlorophyll a resuspension accounted
for the changes in the amount of carbon over a tidal cycle [Figure 6(b)]- Qualitative obser-
vations revealed that although much of the particulate material in the bottom water was still
detrital, greater percentages of the material were benthic diatoms, due to the supposed
higher benthic primary productivity during the preceeding spring months,
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Discussion
Seasonal cycles

The seasonal cycle of particulate organic carbon in the 13-m water column of Buzzards Bay
is influenced by benthic primary productivity and bioturbation by benthic animals. Although
the highest pulses in the amount of organic carbon reflect phytoplankton blooms in the water
column, subordinate peaks are measuring changes in energy from the benthos. One of these
sources of carbon is resuspended benthic diatoms, most active in the summer months when
the photoperiod is long and light penetration is great because of low cell densities in surface
waters. The biomass and feeding activity of the benthic community is highest in the summer *

months and the high amount of feces and pseudofeces that these animals produce (Rhoads,
1974) is resuspended into the water column by tidal currents and contributes to the organic
carbon measured in the water column. ,

Phytoplankton biomass as measured by chlorophyll @ is highest in the winter and fall
blooms, A subordinate bloom occurs during mid-summer of which resuspended diatoms
are a major component, Although the biomass of phytoplankton cells is lower during the
summer, photosynthetic activity is higher because of light intensity and the long photoperiod.
The greater primary production during 1975 may be attributed to: higher nutrient concen-
trations, warmer water temperatures during 1975, and lower grazing pressure by zooplankton
because of large numbers of predatory ctenophore species. Ctenophores decompose rapidly
and their role in nutrient regeneration may also contribute to high algal productivity.

Tidal cycles

Tidal resuspension results in the infusion of several types of particulate material back into
the water column, The resuspension of chlorophyll @ represents both endemic benthic
diatoms and phytoplankton that have sunk out of the water column. The tidal resuspension
of phytoplankton cells, both viable and senescent, reintroduces those cells sunk and lost from
the water column. The phytoplankton cells are resuspended up into two-thirds of the water
column; the residence time in the upper water column allows greater photosynthetic activity
and also utilization by the zooplankton community. In neritic waters phytoplankton blooms
preceed maxima of zooplankton biomass, tidal resuspension is a means of conserving the
algal food.

Benthic diatoms are also resuspended from the sediment into the water column where
enhanced primary productivity can occur. Chlorophyll @ concentrations are higher in the
resuspension zone except during the winter and fall blooms when the distribution in the
water column is homogeneous. In the context of yearly cycles of primary production and
phytoplankton biomass, the impact of tidal resuspension is greatest during periods of low
phytoplankton biomass in the water column. In late spring and summer primary produc-
tivity in the resuspension zone contributes the major percentage of the primary productivity
in the water column. The standing stock of phytoplankton is low so that self-shading is
minimal. One of the primary sources of nutrients is regeneration from the sediment (Hale
et al., 1975; Rowe et al.,, 1975); so the benthic diatorns may utilize this nutrient source
and when periodically resuspended into the upper water column where light intensity is
greater, exhibit enhanced photosynthetic activity.

Rhoads (1974) identified much of the resuspended material in Buzzards Bay as fecal
pellets from benthic deposit feeders. The nutritional value of fecal pellets for various organ-
isms was discussed by Newell (1965) and Frankenberg et al. (1967), and suggested as an
alternate food source for zooplankton by Jorgensen (1966).
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Our own qualitative observations on particulate material from the resuspension zone re-
vealed that a large percentage of the particles were macroalgae detritus with associated
microfauna communities: Marshall (1g70) has re-emphasized that adjacent saltmarshes have
significant seasonal inputs of organic matter into coastal waters of New England. In addition,
the submerged sea grasses and macroalgae such as Zostera marina and Fucus spp. are also
highly productive in shallow coastal embayments. Harrison & Mann (1975) found that eel
grass detritus decomposes slowly and Tenore (1975) determined eel grass detritus to be
very slowly available to detrital feeders; therefore,a large detrital pool may exist in Buzzards
Bay over the year. ,

The food sources for zooplankton available through tidal resuspension vary seasonally.
Benthic primary productivity is highest during late spring and summer when the amount of
chlorophyll 2 and primary productivity in the water column are greatest in the resuspension
zone. The winter and fall phytoplankton blooms result in many cells sinking to the bottom
and later being resuspended, often after phytoplankton in the surface waters have been
grazed. Detritus, in the form of zooplankton fecal pellets as well as feces and pseudofeces
from benthic organisms are highest in abundance in the resuspension zone during the
summer months. Macroalgal detritus enters the bottom water of Buzzards Bay primarily in
the fall and winter months. Because of its large particle size, high carbon : nitrogen ratio and
slow decomposition rate, it may be a year before the detritus is a suitable food source for
zooplankton. Therefore, because of the yearly cycles of particulate carbon and chlorophyll 2
measured in Buzzards Bay there is a possibility of seasonal changes in the food resources
available to zooplankton through tidal resuspensien. '

The significance of much of the resuspended material for the zooplankton community
awaits confirmation by feeding experiments. Benthic diatoms have not been used in grazing
or incorporation studies with copepods, yet their contribution in the annual primary pro-
ductivity of coastal waters may be significant. The work of Heinle ez al. (1974) has shown
utilization of detritus by a calanoid copepod. However, more work is needed on grazing
rates and incorporation efficiencies of common calanoid copepod species on specific detrital
sources.
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Seasonal changes in the particle size spectrum of suspended matter in
near bottorn water of Buzzards Bay was studied by fractional filtration.
The greatest fraction of the total particulate organic carbon and particulate
organic nitrogen throughout the year was less than 20 pm. The relative
independence of the seasonal size distribution of particulate carbon to
changes in the chlorophyll, as well as high carbon : nitrogen ratios during
winter, suggest that large amounts of detritus are present in Buzzards Bay.
Chlorophyll a distribution was dominated by nanoplankton in the spring
and summer months when inorganic nutrients were low and zooplankton
grazers abundant. The winter and fall phytoplankton blooms were dominated
by individual and chain~forming diatoms greater than 53 pm. The domin-
ance of nanoplankton and nanodetritus (<20 pm) in the suspended matter
of Buzzards Bay suggests that the major source of nutrition for filter feeding
zooplankton are small particles.

Introduction

The size distribution of particulate carbon, nitrogen and chlorophyll a reflect the composi-
tion of the seston community. Seasonal changes in the size distribution of suspended
particles are related to community succession and, with species composition and production
data, are a viable means of studying plankton trophic dynamics. Early phytoplankton studies
were performed with nets; the species found and seasonal cycles of phytoplankton abundance
described were for the larger net plankton. With the advent of whole water collection for
phytoplankton study, size separation by screens and filters, and chlorophyll analysis, investi-
gators found that nanoplankton (less than 20 pim) usually dominate both coastal and pelagic
phytoplankton biomass and primary production (Yentsch & Ryther, 1959; Malone, 1971;
Reynolds, 1973; McCarthy et al., 1974; Bermen, 1975). The distribution of particulate
organic carbon is also dominated by small particles. Riley (1963) and Sheldon et al. (1967)
found that organic aggregates, usually less than 8 pm, form in seawater and are in great
abundance in both neritic and pelagic seston. Analysing the size distribution of particulate
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carbon, by fractional filtration, Mullin (1965) showed that over 509, of the total organic
carbon in surface water from the Indian Ocean was less than 1o um. Sutcliffe (1972) using
ATP analysis, determined that over 60% of the living particulate organic matter in two
Canadian Bays was less than 8 pm,

Tidal resuspension can result in significant inputs of biologically useable energy into- the
water column of shallow coastal embayments. Rhoads et al. (1975) found that organic material
was resuspended up into two-thirds of a 13-m water column in Buzzards Bay, Hargrave
(1976) showed that tidal resuspension increased the amount of particulate carbon in the’
bottom 20 m of a yo-m water column in St. Margaret’s Bay. Roman & Tenore (1978) found
that tidal resuspension can result in greater than 509 increases in particulate carbon, primary
productivity and chlorophyll @ m™ 2 in Buzzards Bay. Therefore, because tidal resuspension
may be an important means of energy transfer in many coastal waters, resuspended matter
in Buzzards Bay was studied by fractional filtration to determine the seasonal size distribution
of particulate organic carbon, nitrogen, particle volume and chlorophyll . The information

~would assess the seasonal patterns in the range of quality, size and quantity of the food
resources available to zooplankton through tidal resuspension.

Methods

The sampling station in Buzzards Bay at a depth of 13 m was the same station used by
Rhoads et al. (1975) and Roman & Tenore (1978) who showed that a turbid layer extends
several meters from the bottom, Water samples were collected monthly from 1 m above the
bottom with a 5-1 Niskin sampler. Samples were collected during maximum tidal flow,
either at mean ebb or flood tides, to insure sampling at a time of maximum resuspension
(Roman & Tenore, 1978).

Seawater was poured through a series of Nitex screens to fractionate the particulate
material. The technique described by Mullin (1965) and modified by Loder (x971), em-
ployed 250 ml Nalgene beakers with the bottom replaced by Nitex mesh. An array of
stacked beakers with: 102 um, 53 pm, 20 pm and 10 um mesh over a 250-ml Millipore
funnel, o'5 um GFC filter and vacuum flask was used to filter the seawater. Samples were
filtered by gravity through the Nitex screens and by vacuum pressure of less than 500 mm
through the o-5-pm GFC filter. Particles remaining on the screens were removed by washing
with filtered seawater. Seawater and the wash was refiltered on o-5 pm GFC filters for
carbon, nitrogen and chlorophyll @ analyses. The per cent recovery of chlorophyll @ between
whole water samples and fractionated samples was equal to or less than the variation be-
tween whole water samples due to sample collection. Per cent recovery for particulate
organic carbon and nitrogen in the fractionation process was always greater than 1009%,.
The addition of carbon and nitrogen in the fractionation process was due to particles forming
in the filtered seawater used to wash off the screens. To correct for this addition, 200 ml
of filtered seawater was assayed for carbon and nitrogen and these values were subtracted
from each sample fraction which was diluted by 2ooml of the filtered seawater wash.
One liter of seawater was filtered for carbon and nitrogen samples and o-51 for chloro-
phyll a analyses. Particulate organic carbon and particulate organic nitrogen were determined
with a Model 240 Perkin-Elmer Elemental Analyzer. Chlorophyll ¢ was measured by
fluorescence (Yentsch & Menzel, 1963). The particle distribution of seston expressed as
corcentration (parts/10%) was determined with a Coulter Counter Model TAIL

Results

Nanoplankton and netplankton varied seasonally in their contribution to fluctuations in
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Figure 1. Size distribution of chlorophyll a (% of total) for 11 m Buzzards Bay,
Massachusetts (5/75-4/76). Total chlorophyll a (mg chlorophyll ¢ m=-*) for samples
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wash, =

loro- § the total chlorophyll biomass, The amount of chlorophyll @ measured in the resuspension
rined ¢ zone (Figure 1) agrees with the seasonal data of Fish (1925) and Roman & Tenore (x978).
d by A winter phytoplankton bloom occurred in March-February and a fall bloom in September.
:d as : Over 759, of the phytoplankton biomass during the winter and fall blooms was dominated

by cells greater than 53 pm. In contrast, spring and summer phytoplankton populations
were predominantly cells less than 20 pm. In June and July, over 809%, of the phytoplankton
‘ biomass was comprised of cells less than 10 pm.

1S in The seasonal cycles of particulate organic carbon and nitrogen (Figures 2 and 3) in the
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Figure 3. Size distribution of particulate organic nitrogen (% of total) for 11 m
Buzzards Bay, Massachusetts (5/75—4/76). Total particulate organic nitrogen
{mg nitrogen m~%) for samples are written at the top of the histograms.

TaBLE 1. Carbon:nitrogen ratios of particulates of various size fractions in water
samples collected at 12 m in Buzzards Bay, Massachusetts

Size divisions
0°'5-9 im 10—-19 Hm 20-52 fm  §53-101 jm  >102hm  Total

17 May 1976 72 65 6-0 58 §°5 66
18 June 1976 42 63 71 41 54 58
15 July 1976 72 66 69 71 90 81
14 August 1976 64 62 59 73 80 6-8
4 September 1976 7-8 63 58 .79 88 74
14 October 1976 69 5 53 64 62 61
17 November 1976 8:6 I1°2 10°9 87 65 86
16 December 1976 83 84 58 76 11°0 76
20 January 1976 90 13°0 87 14°1 9'4 10°4
26 February 1976 10°9 37 4'2 60 6-8 68
16 March 1976 93 74 7-8 74 72 80

1 April 1976 86 76 7°0 102 127 87

resuspension zone were influenced primarily by the amount of detritus in the water column.
It is assumed that over the year the major fraction of particulate carbon was detritus (Parsons,
1963; Riley, 1970). Therefore, whereas 809, of the phytoplankton chlorophyll during March
was due to cells greater than 53 pm, this fraction accounted for just 309, of the total particu-
late carbon. The carbon:nitrogen ratios of the various size fractions (Table 1) showed
seasonal low values during spring and summer and the March and September phytoplankton
blooms; and high values (up to 13) in November, December and January when the amount
of chlorophyll in the water column was low.

The size distribution of particulates (Figure 4) is a measure of both organic and inorganic
matter. One study in July on the weight of seston after ashing showed that less than 189,
of the total particulate material was organic. Thus clays, quartz and silica frustules from
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Figure 4. Size distribution of particle concentration (% of total) for 1x m, Buzzards
Bay, Ma§sachusetts--(’5/75—4/76). "Total particle concentration (parts/10® by volume)
- for samples are written at the top of the histograms.

diatoms also contribute to particulate mass. Seasonal changes in particle concentration
greater than 2o pm reflected the dynamics of the phytoplankton blooms. In general, however,
the distribution of particle concentrations correlated with the distribution’ of the large
particulate carbon pool rather than the chlorophyll @ seasonal cycles. Because of the limit
of sample size only 2-m! samples of seawater could be analysed in the Coulter Counter to
determine the particle spectrum. Sheldon & Parsons (1967) suggested that larger sample
sizes should be used when measuring the concentration of' particles greater than 100 pm.
Therefore the contribution-of particulate material in the greater than the 102 pm fraction
(Figure 4) may be underestimated.

Discussion °

Nanoplankton may dominate the phytoplankton biomass irt both neritic and pelagic environ-
ments. Looking at the seasonal size distribution of chlorophyll, Yentsch & Ryther (1959)
found that nanoplankton were dominant in Vineyard Sound during June and July. The
same seasonal pattern of nanoplankton biomass was found in this study. Inorganic nutrients
in the water column were at a yearly minimum during June and July (Roman & Tenore,
1978). Nanoplankton, because of their high surface to volume ratio and high incorporation
rate of inorganic nutrients, may be favored over the larger net plankton during summer
oligotrophic conditions. Another possible reason for the greater abundance of nanoplankton
is that net plankton are preferentially grazed over nanoplankton and are therefore in lower
abundance (Malone, 1971).

Several studies have shown that primary productivity of various size fractions of phyto-
plankton, although not measured in this study, are dominated by nanoplankton in many
coastal and pelagic areas. McCarthy et al. (1974) found that phytoplankton less than 3 pm
accounted for go% of the yearly primary productivity in the Chesapeake Bay. Berman (1975)
working off California, showed that 13-83% of carbon fixed was by cells between 1 and
3 pm. Roman & Tenore (1978) found that yearly primary productivity in Buzzards Bay
was highest in the summer, when nanoplankton comprised over 80% of the phytoplankton
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biomass (Figure 1). Assuming rapid turnover rates because of small size and high photo-
synthetic rates, nanoplankton are probably the primary algal food source for zooplankton
in Buzzards Bay during the spring and summer months, )

Microscopic identification and particle distribution data showed that particles less than
20 pm—nanoplankton, broken fecal pellets, macrophyte detritus and organo-mineral
complexes—comprised more than 509, of the total yearly particulate carbon biomass in
Buzzards Bay. Roughly 809, of suspended particles in the resuspension zone were inorganic
by ash weight analysis. Therefore, the organic carbon adsorbed to these minerals may'
be an important carbon fraction. Johnson (1974) found that particulate material at the
sediment-water interface contained organic aggregates of 13—719%, the total particle abun-
- dance. Nearly all clay and silt size particles were incorporated into an organic matrix.
Poulet (19776) found that small detrital particles comprised over 70%, of the annual particulate
carbon biomass in the Bedford Basin. In addition to small detrital particles, the less than
20 pm fraction also contains dominant ‘living carbon’ material. For example, Sutcliffe
(1972) working in two Canadian Bays found that 60%, of the total living carbon, as measured
by ATP, was less than 8 pm. .

Seasonal changes in the nutritive quality of different particulate matter are difficult to
assess because of the inability to accurately measure the amount of detritus in the water,
Nanoplankton are highest in abundance during the spring and summer; net plankton are
dominant in the fall and winter blooms. Zooplankton are most abundant in the water column
in summer and fall, when bioturbation by the benthos is also highest, Therefore, the resus-
pension of fecal pellets from these two sources is significant during the summer and fall.
Macrophyte detritus enters Buzzards Bay in large quantities in the fall (Marshall, 1970).
The detritus is reduced in particle size by decomposition and wave action, and small macro-
phyte detritus, as supported by microscopic identification and high carbon:nitrogen ratios
in the less than 20 pm fractions, is abundant in winter and spring. This seasonal trend was
also observed by Flemer & Biggs (1971), Sutcliffe (x972) and Hargrave (1976), who all
attributed yearly maxima of carbon : nitrogen ratios in the late winter to macrophytic detritus.
As the carbon:nitrogen ratio and particle size spectrum of macrophyte detritus changes
over the year, its nutritional quality changes for various zooplankton. Eel grass, a dominant
macrophyte in temperate coastal waters, decomposes slowly (Harrison & Mann, 1975;
Tenore, 1¢75). Because of this slow decomposition rate the residence time of the macro-
phyte detritus in the small carbon fractions may be considerable.

The quality, quantity and size distribution of the food resources available to zooplankton
through tidal resuspension vary seasonally. Yearly changes in the size distribution of
chlorophyll g, particulate carbon and nitrogen viewed in relation to the species composition -
and feeding strategies of zooplankton may explain their seasonal abundance and species
‘succession. For example, in Buzzards Bay the copepods, Centropages typicus and C. hamatus
reach their highest yearly abundance in the late winter and fall respectively (unpublished
data). During these periods the amount of net phytoplankton in the water is greatest.
Conversely, the smaller copepod Acartia tonsa is dominant in the summer when nano-
plankton comprised over 809, of the phytoplankton chlorophyll in this study. My own
preliminary laboratory results indicate that 4. tonsa is able to filter and ingest particles as
small as 2z um. Perhaps the larger C. typicus and C. hamatus are not able to retain such
small particles and thus do not dominate the zooplankton during spring and summer in
Buzzards Bay. When additional data are available on the particle ingestion capabilities of
copepods, ecological models might be constructed employing seasonal particle distribution
data to predict the abundance and succession of zooplankton species,
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