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Abstract

The sinking rates in two size fractions of natural phyto-
plankton were measured over much of the photic zone
in a subtropical environment. At 24, 40 and 71 m,
sinking rates (£ SD) of the 3 to 20 um fractions were
0.72 + 0.05, 0.83 * 0.05, and 0.34 + 0.04 m - d7%,
respectively, and rates for the 20 to 102 um fraction
were 1.50 £ 0.21, 1.65 +0.14,and 0.95+0.22m - d™?,
respectively. At all depths sampled, the 20 to 102 um
size fraction was observed to sink significantly (P < 0.01)
faster than the 3 to 20 um fraction. Considering vertical
variability, both size fractions were observed to have
significantly (P < 0.01) lower sinking rates at 71 m than
at more shallow depths. The finding of lower sinking
rates in the region which lies just above the subsurface
chlorophyll maximum provides empirical support for
the hypothesis that variations in phytoplankton buoyancy
may be related to the maintenance of this feature which
is typical in oceanic environments. Analysis of sinking
rate traces describes the distributions of specific sinking
velocities for each size fraction and their variation.

Introduction

Interest in phytoplankton sinking is centered around
this phenomenon’s proposed role in contributing to the
downward flux of organic material and its influence
on the vertical distribution of phytoplankton biomass
and productivity (Steele and Yentsch, 1960; Semina,
1969, 1972; Smayda, 1970). The influence of phyto-
plankton sinking on the vertical transfer of photoauto-
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trophic biomass accounts for the appearance of a sinking
rate parameter in many ecosystem models, and the
transport of chemical constituents to the ocean floor
makes sinking of interest to sedimentologists. Phyto-
plankton sinking rates are dependent upon both physical
(e.g., size and shape) and physiological phenomena
(Munk and Riley, 1952; Smayda and Boleyn, 1966a,
b; Hutchinson, 1967; Eppley et al, 1967; Smayda,
1970; and others).

To date, most of the studies of phytoplankton sink-
ing have dealt with populations maintained in the labora-
tory. By comparison, very little is known of sinking rates
in nature, because most estimation methods either
cannot be employed with heterogeneous populations
and/or lack the sensitivity to monitor short time changes
in the sparse biomass levels of natural systems. A recent
study of heterogeneous populations in a Norwegian fjord
(Lannergren, 1979), based upon data from settling
columns, stands as the most intensive effort to describe
buoyancy in natural populations. Difficulties with the
accurate in vitro simulation of all parameters potentiaily
influencing buoyancy in studies of unialgal cultures
make the extrapolation of findings to the behavior of
heterogeneous populations in nature difficult.

In view of the desirability to make sinking rate
measurements on heterogeneous assemblages, a sinking
rate method suitable for the analysis of field populations
was developed (Rothwell and Bienfang, 1978; Bienfang,
1979). This technique, based upon measurement of
the transit time of radioactively (1*C) labelled cells
through a sinking column, was applied to the analysis
of sinking rates in two size fractions throughout the photic
zone in an oligotrophic environment. The site of this study
(Lat. 19°55'N, Long. 156°10'W) is located 12 miles
(ca 19 km) off Ke-ahole Point on the western side of
the island of Hawaii, USA. It is a hydrographically deep
station, a location of intensive phytoplankton studies,
and has been shown to support phytoplankton stocks
typical of open ocean subtropical areas.
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Materials and Methods

Water samples were collected using Niskin bottles, and
corrected depths calculated from reversing thermometer
data. All sampling was done prior to sunrise to avoid
light shock to the phytoplankton. Collected samples
were immediately transferred to a temperature-controlled
(18 °C) room and promptly subjected to gentle reverse
filtration (Dodson and Thomas, 1964; Holm-Hansen et
al., 1970; Harrison and Davis, 1977) to separate the size
fractions; this process was completed within ca 1 h after
collection. Whole water samples were passed serially
through 102 um and 20 um mesh Nitex screens, followed
by a 3.0 um pore Nucleopore (14 cm diameter) filter.
Slowly driven, “floating”-magnetic stirring bars (Markson,
Inc.) were used to keep populations in suspension and
off the filter during this process. To evaluate the pos-
sibility of physiological damage, the reverse filtration
procedure employed had previously been examined
in the laboratory and shown not to effect changes in the
C/N, ATP charge, or phacopigment:chlorophyll «
ratios of test populations. For the various trials, the 3 to
20 um and 20 to 102 um samples were brought to final
concentrations which ranged from 0.90 to 1.2 ug chloro-
phyll 2 - 1~! and 0.26 to 0.30 ug chlorophylla - 17%, re-
spectively.

The *C-labelled phytoplankton for sinking rate
analyses were acquired from an incubation process similar
to that used for measurement of primary productivity.
Size-fractioned samples (100 ml) were injected with
H*CO, (ca) 1 u Ci - ml™*; ¥ C solutions were prepared
from sterile, aqueous stocks (New England Nuclear)
brought to working activity levels by dilution with
buffered (pH > 9.0) distilled water. Sample incubation
took place throughout the day (ca 10 h) in an on-deck,
water-cooled assembly. The incubation temperature
was 27 °C for all samples; in situ temperatures at the
collection depths ranged from 23.6 °C (70 m) to 26.7 °C
(21 m). The light field in the incubator was made to
simulate both the light intensity and spectral quality
at the depths of the sample origin. The submarine
spectral distribution was matched by Rohm and Haas
(No. 2424) Plexiglas filters, matched to spectral data
from Bienfang and Gunderson (1977). Simulated light
intensities (quanta - s™! - cm~?) were calibrated using
a Quantum Scalar Irradiance Meter (Biospherical In-
struments) and matched to sample depth quantum flux
levels which were determined with a Profiling Quantum
Scalar Irradiance Meter (Biospherical Instruments,
Inc.). For the samples from 24, 40, and 71 m, the simu-
lated light fields were 49, 30, and 12% of the incident
irradiation at 1 m, respectively. Incident light levels
prevailing during the incubation period were monitored
with a LI-COR (LI-500) integrator equipped with a
185M module and 1908 sensor, and found to be 2.08
10 5.06 - 107 uE - m~2,

Phytoplankton sinking rates were determined by the
technique of Bienfang (1979), involving measurement of
the transit time of radioactively (1*C) labelled cells
through a settling column of known height. The technical
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approach in this sinking rate method is analogous to
the fluorometric (Eppley ef al, 1967) and microscopic
(Smayda and Boleyn, 1966a, b) techniques of the discrete
sample layer category (Bienfang er al, 1977) wherein
a sample containing the phytoplankton is carefully
layered onto the surface of a fluid column of slightly
(+1.6 %o S) hypersaline water. Filtered (0.45 um) water,
taken from the depth of sample origin, was used for the
column fluid so that the chemical environment during
the sinking rate trials simulated the in sifu conditions
from which the samples originated. Sinking rate trials
were performed in a temperature-controlled room (T =
25°C); water temperatures at the -depths of sample
origin ranged from 23.7° to 26.7 °C. Since the ¥C-
labelled cells from the incubations became available at
the end of the day, the subsequent sinking rate trials were
conducted in darkness for all samples; in addition to
avoiding perturbation of diurnal rhythms, the perfor-
mance of all trials in darkness provided identical yet
representative conditions for all trials, irrespective of
the depth of sample origin. The sinking rate trials took
place over a period of approximately 5 h.

The apparatus employed in these measurements
consists of an inverted, multichannel Geiger-Milier (GM)
detection system, coupled to a microprocessor to
simultaneously compile output from any or all of the
GM chambers for teletype printout. The GM component
is an array of eight, separately operable, upward facing
chambers which are flushed with Q-gas (98.7% He, 1.3%
iso-butane). Each of the GM chambers has detection
windows made of 12.5 um Kaptan, coated with 400 A
gold, and is held firmly in place by tightly fitting O-rings
seated in dual function support rings which also support
the settling columns. The settling columns which sit
atop the GM chambers consist of precision ground
Plexiglas cylinders having a functional height of 5 cm.
The lower lip of the column is grooved to accommodate
a tightly fitting O-ring that holds a Mylar membrane
taut. This membrane contains the fluid within the
settling column. When the settling chamber is seated in
the support ring, the membrane just touches the
window of the GM chamber. Technical aspects of the
apparatus are given in detail in Rothwell and Bienfang
(1978). Samples containing labelled phytoplankton were
carefully introduced to the top of the column fluid
using a peristaltic syringe to deliver steady flow-rate
infusion required to maintain column stability. The
upper lip of each settling column is internally bored
to allow seating of airtight covers which minimize free
surface area and enhance column stability. The sinking
rate chamber array was supported in a two-dimensional
gimbal suspension to dampen the effects of ship motion
and this assembly was tuned as a low pass filter to
attenuate propeller beat and vibrational modes up to
40 to 50 Hz.

For each depth, triplicate trials of both size fractions
were performed simultaneously together with a control
to verify that observed appearance of radioactivity at
the chamber floor was due only to the passive sinking of
labelled particulate material. Samples introduced to
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Fig. 1. Plots showing the arrival rate of radioactively labeled cells in samples from 3 depths over the photic zone of an oligotrophic
system. The time-course distributions of triplicate sinking rate trials are shown for each size fraction together with the control trial

(e) run with the samples from each depth

control columns consisted of filtered (0.45 um) aliquots
from the size fractioned samples; the time course of
control trials (Fig. la, c, e), containing only dissolved
14C, showed no detectable increase in activity over the
duration of the sinking rate trials. Following trials,
the final distributions of particulate ** C and chlorophyll
in the settling columns were measured to assess any
population fraction which had not reached the sensed

region. Calculation of sinking rates from the time-
course distributions (Fig. 1) was done according to the
mathematical framework for discrete-sample-layer meth-
ods. For each trial, the mean sinking rate, y, was calcu-
lated from the equation ¥ = h¢/ln (1 + h/l), where h
and 1 are the heights of the sample and settling column

cylinders, respectively, and ¢ :Ofwl_c_if dt, where f is the

t dt
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Phytoplankton sinking rate (m-day”q)
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Fig. 3. Vertical distribution of chlorophyll from 2 hydrocasts
taken at the time of sinking rate studies. Arrows indicate the
depths sampled for sinking rate experiments

population fraction to have reached the bottom at time
t, and comes from analysis of the time-course distribu-
tions (Fig. 1). The theoretical basis and mathematical
derivation of these equations are given Bienfang ef al
(1977).

For biomass analysis in the various size fractions,
triplicate samples (chlorophyll 2, phaeopigment, and
ATP) were passed through filters having pore sizes of
0.45 pm (Gelman, cellulose acetate), 3.0 um (Nucleo-
pore, polycarbonate), and 20 um (Nitex screen). Filtra-
tions were done under low vacuum (e.g., 10, 2, and <2
c¢m Hg for 0.45, 3.0 and 20 um pore sizes) to minimize
artifacts in retention efficiency. Chlorophyll samples
were measured using fluorometric techniques for extrac-
ted pigments (Strickland and Parsons, 1972). ATP
samples were analyzed according to the methods of Karl

(Student’s #-test). Comparison of the rates of the two
fractions averaged over all depths examined showed
that the 20 to 102 um fraction displayed sinking rates
which were ca 2x those of the 3 to 20 um fraction,
illustrating the influence of particle size on sinking
rates.

The sinking rate results for both size fractions are
plotted against depth (Fig. 2) to show the variations in
Y vertically for the samples collected from 24, 40, and
71 m. Within either size fraction, sinking rates in samples
from the upper 40 m region were statistically similar
(P > 0.05) with depth. In the deeper (71 m) region, the
sinking rates were much lower than those observed
higher in the water column. These differences were
significant (P < 0.01) in both size fractions of phyto-
plankton examined. The depth region in which the
decreased sinking rates were observed is marked by
increased chlorophyll levels relative to the overlying
surface waters and occurs just above the subsurface
maximum, which at the time of these trials was found
to be at 88 m (Fig. 3). The cooccurrence of lower phyto-
plankton sinking rates and increased chlorophyll levels
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Fig. 4. Distribution functions [p(v)] of the sinking velocities
calculated from the traces shown in Fig. 1 for the 3 to 20 um
and 20 to 102 um size fractions from 24, 46,and 71 m

in this region indicates that phytoplankton buoyancy
may be related to this characteristic feature of oceanic
environments.

Fig. 4a to f shows the distributions of specific sinking
velocities [o (v) = (t2/1) df/dt] in the two size fractions
taken from 24, 40, and 71 m; p(v) is the sinking velocity
distribution function, where the fraction of cells that
sink at rates between V and V + dV is p(v)dV. The
derivation of this equation comes from Equation (4)
in Bienfang ef al. (1977), and the distributions (Fig. 4a
to f) are based on the first derivative of the time-course
distributions (Fig. 1 a to f). All p(v) distributions have

LA SR R S B s
3.0

parallel variations in Y (Figure la to f). The 3 to 20 um
samples show p(v) maxima (Fig. 4 a, ¢, ¢) at lower V
than those for the 20 to 102 um fractions (Fig. 4b, 4, f).
They also show considerably lower curve areas at higher
V’s, reflecting smaller contributions of faster sinking
elements in the smaller size fraction. For either size
fraction, the p(v) distributions appear similar between
the populations from 24 m and those from 40 m, whereas
both samples from 71 m show curve peaks at lower
specific velocities and less curve area at higher specific
velocities than were evident higher in the water column.
The distributions of specific sinking rates indicate that
the lower population siking rates observed in both
fractions at 71 m were due to both smatler contributions
of faster sinking elements and generally lower sinking
rates in the cohorts having specific velocities constituting
the curve mode.

The information given in Fig. 4a to f was further
analyzed to describe the sinking rate distributions in
terms of the percentage of the populations having
sinking rates greater than various specific velocities
(Fig. 5a to f). This was done by a computer formulation
which calculated the area under the curve between
two given specific velocities (i.e., the p(v)dV product),
the % of the total area represented, and cumulative %
curve area represented by all cohorts sinking faster than
the lower bound of the dV interval in question. The
results from each of the triplicate trials, described in
Figs. 1 and 4a to f, were averaged and the mean (+ SD)
given by the data points and error bars shown in Fig. 5a
to f. The differencesin the relative contributions of faster
sinking elements between the 3 to 20 um and 20 to 102
um size fractions are apparent in samples from all depths,
and are most obvious in the pair originating from 71 m,
Irrespective of depth, the curves describing the 3 to 20 um
size fractions (Fig. 5a, c, e) show lower % at higher
sinking rates than their 20 to 102 um counterparts
(Fig. 5b, d, ), indicating that the observed size-related
rate differences occurred as a result of differences over
the entire range of specific sinking rates in these samples.
For both fractions, the % distribution curves are similar
between the 24 and 40 m comparisons (Fig. 5a and c,
and b and d). Both the 3 to 20 um and 20 to 102 um
samples from 71 m showed both lower contributions
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of faster sinking elements and more rapid curve decline
than their counterparts originating from higher in the
water column, suggesting that the lower mean sinking
rates observed at 71 m arose from differences incurred
throughout the entire range of specific velocities in
these samples.

Discussion

One of the interesting possibilities afforded by the
capability for sinking rate analysis on heterogeneous
assemblages from the field is the inspection of buoyancy
dynamics in the region of the deep chlorophyll maxi-
mum. Coinciding rather closely with the floor of the
photic zone and the top of the pycnocline, this feature
is typical of stable oceanic environments (Lorenzen,
1967; Saijo et al, 1969; Hobson and Lorenzen, 1972;
Venrick er al, 1973; Jeffrey, 1976; Bienfang and Gun-
dersen, 1977). Various explanations have been offered
for this distributional phenomenon. Phytoplankton
sinking rate deceleration has been suggested as an
important parameter maintaining this distribution at
the base of the mixed layer (Menzel and Ryther, 1959;
Steele and Yentsch, 1960; Steele, 1961 ; Goering et al.,

V(m-day™

1970; Venrick et al, 1973; Jamart ef al., 1977). In-
creased cellular content of chlorophyll via adaptation
to low prevailing light levels in the region has also been
suggested as potentially capable of causing and/or
reinforcing this distribution (Steele, 1962; Eppley ez al.,
1973; Kiefer et al, 1976; Jeffrey and Vesk, 1977). Al-
though both mechanisms are based upon supportive la-
boratory and/or field data of various kinds, to date neither
has had the benefit of empirical sinking rate observations
made in the field. A subsurface chlorophyll maximum is
a characteristic feature of the environment examined
here. In twelve hydrocasts taken over the course of
14 months, the depth of this maximum ranged from
64 to 94 m, and was generally situated at ca 85 m
(P. K. Bienfang and J. P. Szyper, in preparation). The
vertical chlorophyll distribution at the time of these
sinking rate studies (Fig. 3) showed the maximum at
84 to 89 m. Within the region around 71 m, the deepest
location of sample origin for sinking rate analysis, the
standing stocks of chlorophyll show increased levels
relative to the overlying waters. The observation of
substantially lower sinking rates in both the 3 to 20 um
and 20 to 102 um fraction (Fig. 2) in this region of
elevated chlorophyll levels just above the deep chloro-
phyll maximum represents the first set of empirical
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Table 1. Distribution of chlorophyll ¢, phaeopipments, and ATP in various size fractions in the oligotrophic water column studied
for sinking rates. Values give the % of total (collected on 0.45 um pore size filters), and are based upon means of triplicates in each case

Depth (m) Chlorophyll ¢ Phaeopigment ATP
<3 um 3-20 um >20 um <3 um 3-20 um >20 um <3 um >3 um
9 83.7 11.3 5.0 11.0 704 18.5 76.0 240
40 88.6 6.1 5.3 51.9 40.4 7.7 59.6 40.4
71 88.3 9.6 2.0 76.9 18.1 5.0 74.4 25.5
102 86.6 7.1 6.3 76.4 12.3 11.4 77.4 22.6
157 62.2 324 5.4 50.5 16.7 33.3

293 70.7

measurements showing a systematic co-variation of
phytoplankton sinking rates and chlorophyll standing
stocks. The lower sinking rates in the 71 m samples
indicate support for the hypothesis that vertical varia-
tions in phytoplankton buoyancy may be involved
in maintenance of subsurface chlorophyll maximum.
It should be noted that the phytoplankton sinking
rate information provided by this type of analysis does
not translate unambiguously to net downward transfer
rates. In the sea, the net vertical component of phyto-
plankton transfer is dependent on both the biological
parameters controlling buoyancy and the physical pro-
cesses of the water motion itself. This study gives evidence
only that the behavior of the biological component
near the region of the deep chlorophyll maximum would
support the accumulation of biomass; whether the
higher standing stock observed in this region actually
results from this behavior depends in part on the co-
occurring influence of physical processes.

To describe the population conditions in the environ-
ment in which the sinking rate measurements were
made, samples from the various depths through the
photic zone were assayed to show the prevailing size
distribution of biomass. Filtration of samples from 9,
40, 71, 102 and 157 m through filters having mean pore
sizes of 0.45 pym, 3.0 um, and 20 um showed most of
the biomass to be found in the < 3.0 um size fraction
(Table 1). Chlorophyll analysis showed that contribu-
tions of the <3.0 um, 3 to 20 um, and >20 um fractions
to the total showed ranges of 62.2 t0 85.6%, 6.1 to 32.4%,
and 2.0 to 6.3%, respectively. The predominant contri-
bution by the <3.0 um fraction was also evident in the
ATP data, which showed the <3.0 uym fraction to ac-
count for 29.3 to 77.4% of the biomass; ATP analyses
were not done for the >20 um case. In both biomass
estimates, the relative contributions of the <3.0 um frac-
tion was lowest in the deepest (157 m) case, and were high
and fairly uniform in the overlying waters. These data
show the population in question to be dominated by small
organisms. There is no data on the taxonomic composi-
tion of these samples or the sinking rates of the <3.0 um
fraction. Available data show sinking rates and their
vertical variation in two size classes, accompanied
by the relative contribution of those classes to the total.
If it is reasonable to assume that the sinking rates of the
<3.0 um fraction would be lower than those measured
for the >3.0 um fractions, the net downward velocity

of the entire population would be expected to be con-
siderably lower than that shown for the 3 to 20 um
fraction.

Calculation of the maximum vertical mixing velocity
in this area from the temperature and salinity distribu-
tions gave a rate of 3 - 1072 cm - s™! (P. Falkowski,
personal communication). Such an upward rate is suf-
ficient to retain substantial portions of both the 3 to
20 pm and 20 to 102 um size classes having specific
sinking rate distributions shown in Figs. 3 and 4. Even
mixing velocities lower by an order of magnitude could
retain considerable proportions at the low end of the
p(v) distributions for either size fraction. The ramifica-
tions of chlorophyll retention brought about by the
relative rates of water motion and particle sinking
would be expected to be more pronounced with con-
sideration of the <3.0 um fraction as well.

Calculation of the mean sinking rate by the equations
given in the Materials and Methods section is based upon
the arrival rate of relative proportions of the total sample.
Differences in the absolute value of the final plateau
region among various trials reflect differing degrees of
*C incorporation during the incubation period (due to
varying biomass levels and these specific 14 C-incorpora-
tion rates); but because ¥ is given by the arrival rate of
population fractions, variations in the plateau signal per
se do not affect the calculated sinking rate. Within any
given trial, it is necessary to know that the biomass
signal of the entire sample corresponds to the final
plateau maximum. In the analysis of these trials, parti-
cular care was taken to normalize the final plateau signals
to account for population elements which did not sink
fast enough to reach the detection region within the
trial period. This consideration can be very important
in avoiding overestimation of the true mean sinking rates
which would result if the apparent plateau maximum
did not correspond to the signal of the entire population,
ie., analysis of only the faster sinking population
elements. Within heterogeneous samples, both the relative
contributions of various size fractions and the specific
sinking rate distribution can influence the magnitude of
the necessary normalization. In trials with the 3 to
20 pm fraction, the degree of plateau correction ranged
from 8.8 to 22.0% and was generally about 8.9%; for the
20 to 102 um trials, the correction ranged from 10.3 to
22.2% and was usually about 10.9%. Although addressing
the relative contribution of comparatively small segments
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of the total population, the accounting of any un-
measured, slow-sinking elements enhances the accuracy
of the calculated mean sinking rates. The simultaneous
analysis of triplicate trials of the two size classes from
each depth allows the assignment of confidence limits
to sinking rate values at any given depth, and mini-
mizes the uncertainty of assuming equality of all buoy-
ancy-influencing factors that would be encountered
if independent measurements had to be made at different
times. In these trials, replication allowed for the statisti-
cal comparison of sinking rate values both between the
two size fractions and vertically for each fraction.

Indexing biomass arrival rates via recently assimilated
14 focuses the sinking rate assessment on the photo-
synthetically active elements in a sample. Although the
overall ¥ C signal is irrelevant to the calculated y, the
co-variance of specific incorporation rates among various
segments represented in the distribution of specific
sinking rates (Fig. 4) can have important ramifications
since the average loss of photosynthetic products from a
system depends on the ratio of both the specific incor-
poration and sinking rates of elements within a sample.
The size fractionation via gentle reverse filtration has
been shown not to alter metabolic activity within the
sample (Harrison and Davis, 1977); this is relevant
since physiological damage might influence the measured
sinking rates. Development of the reverse filtration
procedure used here included analysis of several indica-
tors of the physiological status (e.g., C/N, ATP charge,
phaeopigment/chlorophyll 4) in concentrated samples
and showed no evidence of pernicious effects to the
population.

During trials, the stability of settling column fluid
is a requisite demand for sinking rate assessments of this
type at sea, and reflects the effectiveness of the gimbal
operation, sample introduction, and the absence of
column free surface area in maintaining nonturbulent
conditions aboard ship. This was verified during those
sinking rate trials by 3 separate types of observations.
A “control” column, into which was introduced a filtered
(0.45 um) sample having only dissolved **C, was run
together with the triplicate sets of the two size fractions
from each depth. The absence of signal increase above
normal background counts in these controls (Fig. 1)
confirmed that the observed signal increases in sample
trials were due solely to the appearance of labelled
particulate material which had sunk through the sinking
column to the region of detection. Secondly, a dye was
added to this filtered sample so that the integrity of the
introduced sample volume could be monitored visually
both during sample introduction and throughout the
trials. Observation of these dyed samples in the control
columns, sitting adjacent to the trial runs, provided
visual evidence of even sample layering and revealed
the sample volume overlying the column fluid to remain
intact throughout the trials, thus giving evidence of the
absence of column turbulence. Thirdly, the final biomass
(indexed both by chlorophyll and particulate **C) distri-
bution in the columns at the ends of trials showed marked
nonuniformity between settled and remaining pelagic
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fractions (> 10:1), a condition which could not be
evident if mixing were occurring within the columns.

Description of the distributions of specific sinking
velocities (Figs. 4 and 5) provide information details
of the buoyancy patterns within these samples, and
gives a basis for inspecting intrasample variations of spe-
cific cohort velocities relevant to the different sinking
rates calculated. It is interesting to note that both the
3 to 20 um and 20 to 102 um samples contained com-
ponents which spanned a similar range of specific
velocities (0 — 5.0 m - d~1). Differences in the relative
contributions of various component fractions in the p(v)
distribution, rather than pronounced differences in the
absolute range of specific velocities, were primarily
responsible for observed sinking rate differences. The
lower overall sinking rates measured for the 3 to 20 um
fraction were shown not to be due solely to the absence
of population elements sinking much faster than the
mean but to intrasample differences which spanned most
of the distribution of specific sinking velocities. That
the low end of the p(v) distributions does not extend
to the ordinate reflects the analytical difficulty of direct
assessment of the very slow sinking elements in a sample.
Description of the distribution pattern relevant to the
very slow sinkers represents an analytical difficulty
involving both the trial duration (required to access
the slowest elements directly), and the time frame of
the df/dt regressions (required to give noise-free p(v)
patterns in the plateau region describing slow arrival
rates). Fortunately the accuracy of calculated mean
sinking rate does not suffer from this fact because the
Y calculation accounts for the presence and fractional
contribution of these slow and/or neutrally buoyant
cells.
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