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Picophytoplankton in the Hauraki Gulf, New Zealand
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Abstract Qualitative and quantitative data for
picophytoplankton from the Hauraki Gulf, north-
east New Zealand, were gathered from May 1986 to
February 1987. Records for both whole and size-
fractionated samples (net-, nano-, and picophyto-
plankton) allowed the relative contribution by the
picophytoplankton to total biomass and overall rates
of carbon fixation to be estimated. Picophyto-
plankton represented a mean value of over 30% of
the total chlorophyll a in winter and c. 20% in other
seasons. In terms of total carbon fixation, values of
23% and 13% contribution were obtained. The
picophytoplankton were composed of chroococcoid
cyanobacterial cells, 0.7-1.2 îm in diameter, at
densities between 103 and 104 ml"1 together with
larger (1-2 |im) eukaryote cells at densities up to
103 ml"1. Winter counts were lower than those for
summer. Cyanobacteria displayed subsurface peak
densities higher in the water column than the
eukaryotes. The cyanobacterial cells at depth tended
to be larger and more brightly fluorescing than those
in the surface waters.

Keywords marine picophytoplankton; qualitative
data; quantitative data

INTRODUCTION

Picoplankton is defined by Sieburth et al. (1978) as
consisting of planktonic organisms able to pass
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through a filter of 2 fim pore size. Marine photo-
synthetic picoplankton has received recognition as
an important primary producer in the oceans only in
recent years (Li et al. 1983; Platt et al. 1983; Smith
et al. 1985; Glover et al. 1986; Joint et al. 1986).

Photosynthetic picoplankton (picophyto-
plankton) is known to be composed of chroococcoid
cyanobacteria and very small eukaryotic algae at
total cell densities of between 103 and 10s ml"1

(Waterbury et al. 1979; Douglas 1984; Murphy &
Haugcn 1985; El Hag & Fogg 1986). Atsuch densities
they represent between 10 and 90% of the total
phytoplankton chlorophyll a (Li et al. 1983;
Takahashi&Bienfang 1983; Smith etal. 1985; Joint
et al. 1986). The contribution picophytoplankton
makes to primary production varies from 60 or 80%
in tropical waters (Li et al. 1983; Platt et al. 1983) to
20% or less in temperate and arctic waters (Joint &
Pomroy 1983; Douglas 1984; Smith et al. 1985). A
comprehensive review on algal picoplankton in both
marine and freshwater environments has recently
been published by Slockncr & Antia (1986).

Qualitative and quantitative details for marine
picophytoplankton from New Zealand have to date
not been published. In this paper we present some
basic data concerning the composition, biomass,
and rates of photosynthesis, together with spatial
and temporal distribution patterns for pico-
phytoplankton within the Hauraki Gulf in north-
eastern New Zealand.

To determine the relative contribution by
picophytoplankton to total biomass and to overall
rates of carbon fixation, it has been necessary to
investigate these aspects for both whole and size-
fractionated samples. Measurements of rates of
extracellular organic carbon (EOC) release and
bacterial uptake of EOC have been necessary to
enable estimation of total carbon fixation rates.

MATERIALS AND METHODS

Study sites and sampling program
The Hauraki Gulf is situated on the eastern coast of
the North Island, New Zealand (36-37°10'S,
174°40'-175°30'E: Fig. 1). This broad trough of
water, about 40-45 m average depth, is open to
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Tasman
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Fig. 1 Hauraki Gulf, New
Zealand: bathymetric map, land
catchment (after Jillett 1971), and
the location of sampling stations.

exchange with oceanic water to the north and north-
east and is influenced by land run-off, especially in
the shallow south and south-western slides. Salinity
ranges from about 33.5 X 10~3 in areas of high run-
off during periods of high rainfall, to 34.5-35.5 X
10~3 for more open waters (Jillett 1971) and
temperature ranges from a winter low of c. 12°C to
a summer high of c. 22°C (Booth 1985).

From May 1986 to February 1987 water samples
were collected at approximately fortnightly intervals
from the surface 500 m east of Goat Island, and
monthly from discrete depths within the water column
at the 50 m depth isoline about 3 km east of Cape
Rodney (Fig. 1). Whole water samples were collected

directly (surface) or with a Ruttncr sampler (depth
profile) into well-rinsed 250 ml polyethylene bottles,
3 for each site/depth. Together with a bulk 5 litre
surface water sam pie, these were transported quickly
for processing at the Leigh Marine Laboratory.
These samples from the north-west Hauraki Gulf
provided information for the seasonal aspects of this
study.

Three cruises aboard the research vessel James
Cook (14-22 November, 5-10 December 1986, and
19-21 January 1987) permitted a more compre-
hensive survey of phytoplankton within the Hauraki
Gulf during spring and summer. Sampling stations
are indicated in Fig. 1.



Booth & S0ndergaard—Picophytoplankton, Hauraki Gulf 71

Identification and enumeration of
picophytoplankton
Epifluorescence microscopy
Samples of 10-20 ml, either freshly collected or
preserved (in 2% buffered glutaraldehyde), were
prefiltered through 2 Jim Nuclepore polycarbonate
filters to remove net- and nanophytoplankton and
then passed through blacked 0.2 |j.m Nuclepore
filters. A portion of each 0.2 |j.m filter was mounted
in immersion oil and examined under a Zeiss
epifluorescence microscope equipped with a HBO
50 W high-pressure mercury light source, a Pan-
Neofluar X 63 objective and filter combination BP
450-490, FT 510, and LP 520. This allowed red
autofluorescing eukaryotic cells to be readily
distinguished from the yellow-orange cyanobactcrial
cells. Assisted by a calibrated grid and fine graticle,
at least 200 cells were counted and their dimensions
estimated. The counts for both eukaryotes and
prokaryotes were converted to numbers of cells per
ml sea water.

Scanning electron microscopy

Preserved and prefiltered (< 2.0 |im) samples were
passed through 0.2 (J.m filters, washed with 2 ml of
distilled water, rapidly frozen in liquid nitrogen, and
then frcezc-dried. A portion of each sample was
mounted onto an aluminium stub, coated with gold,
and examined with a Philips VI scanning electron
microscope (SEM).

Biomass estimates
Both total phytoplankton biomass and the biomass
of each of the contributing size classes were estimated
in terms of the chlorophyll a concentration they
represented.

For the north-west Hauraki Gulf samples "in
vivo" or in late winter to summer "in vitro", chloro-
phyll a fluorescence was determined using a Turner
III fluorometer equipped with a blue excitation filter
(Corning 5-60) and a red emission filter (Corning
2-64). The fluorometer was corrected for "dissolved"
chlorophyll a using a filtrate obtained from 1-3 litres
of the bulk sample filtered through a47 mm diameter
GF/F filter. The residue from this filtration, after
extraction in ethanol and spcctrophotomctric analysis
for chlorophyll a concentration (Jespersen &
Christoffersen 1987), was used for calibrating the
fluorometer. The size classes considered in this part
of the survey were: netphytoplankton > 30 |irn,
coUectedonNybolt 150-T cloth; nanophytoplankton
3-30 |im, collected on a 3 |jm Nuclepore filter; and

picophytoplankton 0.2-3 Jim, collected on a 0.2 jam
Nuclepore filter.

For Hauraki Gulf Cruise samples, the same basic
plan for the determination of total and size-frac-
tionated chlorophyll a concentrations was employed.
However, the more widely accepted size class limits
of 20 (im for netphytoplankton, 2-20 |4.m for
nanophytoplankton, and 0.2-2 |j.m for picophyto-
plankton were used and all chlorophyll a determin-
ations were based on analysis of extracted pigments.

Rates of carbon fixation and EOC release
Conventional 14C methods were used for the
determination of rates of total and size-fractionated
carbon fixation (S0ndergaard et al. 1985). Net EOC
release rates (EOCn) were determined from analysis
of the dissolved organic carbon fraction and gross
EOC from the sum of net EOC together with the
fraction taken up by the hcterotrophic bacteria (B ).
For this latter calculation, parallel dark 14C-glucose
and light 14C-bicarbonate incubations were necessary.
Analyses of the rates of heterotrophic activity and
rates of carbon fixation of size-fractionated samples
from these incubations allowed total heterotrophic
activity to be assessed (S0ndcrgaard & Jensen 1986).

The 4-6 h incubations were, where possible,
conducted in situ or at near in-situ light and
temperature conditions. The only exception to this
was the incubation of a sample from Station 59 (see
Fig. 4) where, although the sample came from 35 m,
the incubation was conducted in shade in an open-
flow water bath on ship deck.

RESULTS AND DISCUSSION

Picophytoplankton components
Epifluorescence microscopy revealed the presence
of yellow-orange autofluorescing coccoid
cyanobacteria, probably of the genus Synechococcus,
together with red autofluorescing eukaryotic cells.
The former were numerically dominant and ranged
in size from c. 0.7 to 1.2 [im whereas the less
numerous eukaryotes were 1-2 )im in diameter.
Scanning electron micrographs showed that the
cyanobacteria were ncar-sphcrical in form whereas
the eukaryotes were oval- to pear-shaped. No specific
taxonomic identification was attempted.

Abundance based on chlorophyll a
concentrations and cell counts
Mean total chlorophyll a levels in the surface waters
of the north-west Hauraki Gulf were lowestin winter,
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highest in spring, and of intermediate value in summer showed that, for most of the year, the contribution by
and in late autumn (Table 1). This chlorophyll was picophytoplankton was highest between 10 and
primarily associated with nanophytoplankton and 40 m (Table 4). In summer these higher values
netphytoplankton, except in winter when a high extended deepest into the water column,
nanophytoplankton value was matched with very The results from total chlorophyll a and size-
low netphytoplankton chlorophyll a (Table 2). class distribution analyses for the Hauraki Gulf

Picophytoplankton contributed c. 20% of the cruises showed a high degree of variability between
total chlorophyll a at each season. Results of analysis samples and the highest percentage contribution of
of absolute chlorophyll a values for the chlorophyll a associated with net- and nanophyto-
picophytoplankton indicated that there was no plankton (Table 5). Picophytoplankton contributed
significant difference between the seasonal sets of a mean of 20% of total chlorophyll a, or in terms of
samples (Table 3). Neither were there significant absolute concentrations, c. 0.3 mg Chi. am"3. Inborn
differences between the seasonal sets of cell counts cases these values are similar to those obtained from
for the cyanobacterial and eukaryotic picoplankters. the north-west Hauraki Gulf in spring and summer.

Vertical distribution patterns of picophyto- This was in spite of the different size limits used in
plankton chlorophyll a within the water column the 2 sampling programs which would have favoured

Table 1 Seasonal variations of total chlorophyll a for surface waters from the
north-west Hauraki Gulf. Means ± SD given as mg Chi. a nr3.

Late autumn

x 1.05 ±0.40
N 7

Winter

0.87 ±0.26
13

Spring

3.07 ±1.67
12

Summer

1.43 ±0.58
12

Table 2 Percentage of total chlorophyll a associated with each size class for the
samples considered in Table 1. Means ± SD.

Late autumn

pico 17 ± 7
nano 41 ± 10
net 42 ± 14

Winter

33 ±13
61 ±13
6±4

Spring

17 ±6
49 ±13
34± 11

Summer

22 ±14
50±7
28 ± 14

Table 3 Picophytoplankton abundance as mg Chi. a m~3 and cells X 103 ml~' for
the samples considered in Table 1 and 2. Means ± SD; ns, no sample.

Late autumn

Chi. a 0.19 ± 0.06
Cyanobacteria ns
Eukaryotes ns

Winter

0.27 ±0.1
5.67 ± 3.9
0.25 + 0.2

Spring

0.45 ± 0.22
9.79 ± 4.07
0.17 ±0.13

Summer

0.25 ±0.12
26.36 ± 24.66

0.21 ±0.18

Table 4 Percentage distribution of picophytoplankton chlorophyll a for the
depth profiles conducted at each season. Means ± SD; N = \ for late autumn,
otherwise N =2.

Depth (m)

0
10
20
30
40
50

Late autumn

9
18
19
25
12
17

Winter

15 ±6
24 + 5
22±2
14±2
15 ±5
12 + 6

Spring

16±8
28 ±1
23 ±2
13 ±3
9±6
8±5

Summer

18±5
16± 1
13 ±1
19 ±3
25 ±8
10 ±0
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a higher percentage contribution by the north-west
Hauraki Gulf samples, if a significant proportion of
the picophytoplankton chlorophyll a had been assoc-
iated with particles 2-3 11m in diameter. Table 5
shows there was considerably less variation between
samples for p icophytoplankton-associa ted
chlorophyll a than for total chlorophyll a. This
suggests that picophytoplankton densities are less
variable than those of the other components of the
phytoplankton.

The phytoplankton was not evenly distributed
within Hauraki Gulf waters. Horizontal differences
were apparent, e.g., for samples taken on the same
day from 10 m depth at Stations 72, 75, and 76,
different chlorophyll a concentrations were recorded
(Table 6). These differences in total chlorophyll a
concentrations were not paralleled by proportionally
large differences in picophytoplankton chlorophyll
a. This relative stability in terms of picophytoplankton
chlorophyll a content was, however, not closely

Table 5 Total chlorophyll a and its distribution amongst
the 3 size classes for the 41 samples analysed from the
Hauraki Gulf. Means + SD.

mg Chi. a nr 3 % of total

Total phytoplankton
Nctphytoplankton
Nanophytoplankton
Picophytoplankton

2.49 ±3.15
1.44 + 2.94
0.75 + 0.57
0.30 ±0.16

100
43 ±20
37+13
20 ±12

matched by cell counts. A dense population of small,
weakly fluorescing cyanobacteria was present at the
low-Chl. a Station 72, whereas fewer but more
brightly fluorescing cyanobacteria together with
some eukaryotes were present at the high-Chl. a
Stations 75 and 76.

Chlorophyll a concentrations of the picophyto-
plankton samples may depend not only on the number
of cyanobaclerial and eukaryote cells present, but
also on the pigment content of individual cells and
their fluorescing characteristic. Detailed analysis of
the pigments from cells from different populations
was, however, not included in this study, thus the
effect on chlorophyll a measurements cannot be
evaluated.

Vertical differences in chlorophyll a distribution
were present at all stations investigated. For example,
at Station 84 there were differences in both chloro-
phyll a concentration and the percentage size-class
distribution with depth (Table 7). Again,
picophytoplankton chlorophyll a values did not vary
greatly yet cell counts did. So too did the size and
brightness of the cyanobacteria. Dense populations
of small, more weakly fluorescing cells were
associated with surface to mid-depth waters, whereas
less dense populations of large brightly fluorescing
cells were present at greater depths. Cyanobacteria
were present at greatest density at 10 m depth
whereas eukaryote density peaked at 20 m. Once
more the comparison among cell size, number, and
chlorophyll a content revealed that chlorophyll a
and biovolume were not proportional.

Table 6 Total chlorophyll a, picophytoplankton chlorophyll a, cell counts of picophytoplankton, and fluorescence
characteristics for 3 stations sampled in January at 10 m depth.

Station

72
75
76

Chlorophyll

Total

0.20
1.82
2.97

(mg Chi. a rrr3)

Pico

0.12
0.36
0.44

Cell counts X

Cyanobacteria

8.38
5.44
7.42

103 ml"1

Eukaryotes

0
0.08
0.29

Cyanobacteria

Size (u.m), fluorescence

0.8, pale
0.8, moderately bright
0.8, moderately bright

Table 7 Total chlorophyll a and picoplankton chlorophyll a together with cell counts, size, and flourescence
characteristics for Station 84.

Depth
(m)

0
10
15
20
25

Total
Chi. a

(mg rrr3)

0.75
1.00
1.45
2.30
1.30

% distribution of Chi. a

Net

26
33
26
18
50

Nano

44
43
46
59
35

Pico

30
24
28
23
15

Pico
Chi. a

(mg nr3)

0.23
0.24
0.41
0.53
0.20

Pico counts X

Cyanobacteria

19.88
33.56
32.41
20.94
3.24

103 ml"1

Eukaryotes

0.14
0.66
0.62
0.95
0.10

Cyanobacteria

Size (|i.m), flourescence

0.7-0.9, pale
0.8, moderately bright
0.8, moderately bright
1.2, bright
1.2, bright
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Fig. 2 Left: examples of the seasonal distribution of
carbon fixation among different size fractions: bacterial
net uptake of EOC (Bn) and net release of EOC (EOCn);
right: biomass-specific productivity of each size class.
The use of inverted commas is explained in the text. All
samples from Goat Island, north-west Hauraki Gulf (see
Fig. 1).
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Fig. 3 Examples of the distribution of carbon fixation
and biomass-specific productivity among different size
fractions at different stations within the Hauraki Gulf (see
Fig. 1).

Rates of carbon fixation and EOC release

North-west Hauraki Gulf examples of the seasonal
distribution of carbon fixation according to algal
size, extracellular organic carbon (EOC) release,
and bacterial EOC uptake are presented in Fig. 2
along with a comparison of biomass (Chi. a)-specific
productivity for each size class.

The distribution of carbon fixation among the
different size classes showed considerable seasonal
variations. The large netphytoplankton species
dominated in spring (28 October), the nanophyto-
plankton in autumn (22 May), whereas the
picophytoplankton reached its highest contribution
of 33% in winter (15 July) and the lowest (3%) in
spring. Nano- and picophytoplanklon contributed
equally in winter (15 July: Fig. 2).

The release of EOC ranged from 20 to 35% of the
total carbon fixation. The calculated bacterial net
uptake of the released products accounted for a

smaller part (1-11%), leaving most EOC in a
dissolved form (Fig. 2).

A comparison of the contribution of each algal
size class to chlorophyll a (Table 2) and carbon
fixation did not show proportional variations. Such
a comparison is expressed here by the "P/B ratio"
(Fig. 2). The inverted commas indicate that this is
not a true ratio, since chlorophyll a and not carbon
biomass (Banse 1977) was used as the denominator.
Except in May, where the ratios around 1 indicated
a close correlation between chlorophyll a and
photosynthetic activity, the results showed that
netphytoplankton contributed more to carbon fixation
than would be expected from the chlorophyll a data
("P/B" >1: Fig. 2). In all 3 cases the nanophyto-
plankton had values around 1, whereas the photo-
synthetic activity of the picophytoplankton in winter
and spring was substantially lower than expected
(Fig. 2).
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Fig. 4 Vertical distribution of
chlorophyll a and carbon fixation
at Station X (see Fig. 1).
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Hauraki Gulf cruise water samples with such
widely differing chlorophyll a concentrations as
shown in Tables 5, 6, and 7 can be expected to
display a wide range of carbon fixation rates. Stations
72 and 75 from 10 m depth, and Station 59 from
35 m are examples showing contrasting rates of
carbon fixation (Fig. 3).

At Station 72, with the lowest algal biomass
(Table 6) and lowest productivity (1.4 \x.g C I"1 Jr1),
the picophytoplankton dominated and contributed
about 30% of the total carbon fixation, while the
nano- and netphytoplankton contributed 20 and 3%,
respectively (Fig. 3). With an intermediate fixation
value of 11.9 \ig C H h"1 at Station 75, the contri-
bution by pico- and netphytoplankton was reversed
(Fig. 3). The netphytoplankton was totally dominant
at Station 59, where the fixation rate was high (75 \ig
C H h"1).

The release of EOC was rather uniform,
representing between 40 and 50% of the total carbon
fixation at these 3 stations and, as in the north-west
Hauraki Gulf, bacterial EOC uptake was low (less
than 10% of total carbon fixation) (Fig. 3).

The "P/B ratios" showed net-, nano-, and pico-
phytoplankton to have lowerphotosynthetic activities
than expected at Stations 72,59, and75, respectively,
whereas values very close to unity were found in all
other cases (Fig. 3).

Profile of carbon fixation and EOC release
Incubations with 14C in situ at different depths at
Station X gave a profile of rales of carbon fixation

and indicated a compensation depth of about 35 m
(Fig. 4). Size-class percentage carbon fixation,
chlorophyll a, and "P/B ratios" at each depth are
given in Fig. 5. The percentage contribution to
carbon fixation by netphytoplankton increased with
depth whereas the reverse was true for the nanophy to-
plankton. Picophytoplankton maintained a level of
contribution of about 8% throughout the water
column. EOC varied between 30 and 54% of the
total carbonfixed by thephytoplankton. The bacterial
hcterotrophic uptake ranged from a high of 9% in
nearsurface water to less than 0.5% at 25 m. The
percentage carbon fixation matched closely the
percentage chlorophyll a content for most of the
nanophytoplankton samples, whereas the netphyto-
plankton tended to be over-represented and the
picophytoplankton under-represented in terms of
their percentage carbon fixation (Fig. 5).

Integration of the carbon fixation data from this
profile (Fig. 4) gave a rate of 110 mg C nr2 h"1 (about
1 g C m~2 day"1). This value is associated with
chlorophyll a levels of just over 2 mg nr3, a
concentration that is similar to the mean values for
the spring-summer results (Tables 1 and 5).
A carbon fixation rate in the vicinity of 100 mg
C ITT2 h"1 may therefore prevail in much of the inner
Hauraki Gulf during spring and summer.

However, because the assimilation number (unit
carbon fixation per unit Chi. a) of 2.99 determined
under nearsurface conditions at Station X was lower
than the mean estimate from 6 other stations
(4.79 ± 2.25), the production value may be a
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Fig. 5 Vertical distribution of size class specific carbon fixation, chlorophyll a, and biomass-specific productivity at
Station X.

conservative estimate. It is important to note,
however, that the relationship between pigment
concentration and productivity is seldom constant. It
may vary depending on the species involved (Holm-
Hansen 1973), the nutritional status of the assemblage
(Vedernikov & Solovyeva 1972), the sampling time
in terms of diurnal pattern (Sournia 1974), the light
and temperature adaptation capabilities (Steele &
Baird 1965), and the physiological state of the algae
(J0rgensen 1966). The assimilation numbers deter-
mined for the Hauraki Gulf are therefore quite
variable, but their mean falls within the range for
natural phytoplankton populations of 0.1 to 6.0 mg
C (mg Chl. a)"11"1 tr1 (Parsons et al. 1977) and close
to the mean of 3.7 found by Ryther & Yentsch
(1957).

Contribution to overall carbon fixation
To assess the contribution of each of the 3 size
classes to the overall carbon fixation, mean assim-
ilation numbers were determined for each size class
from 6 water samples collected at different stations
from 10 m depth. Mean values were as follows:
picophytoplankton, 2.84 ± 1.87; nanophytoplankton,
4.61 ± 3.07; and netphytoplankton 4.60 + 3.41.
Although the mean assimilation number for pico-
phytoplankton is lower than for the other 2, this
difference is not statistically significant. Evidence
from incubations from a range of depths, stations,
and seasons (Fig. 2, 3, and 5) indicates that the

picophytoplankton carbon fixation rates per unit
Chl. a are generally lower than those of the nano- and
netphytoplankton.

Using the mean assimilation numbers, together
with the chlorophyll a data from Tables 2 and 5, the
relative distribution of carbon fixation for the 3 size
classes during the spring, summer, and autumn
could be estimated. About 13% of the total carbon
fixation was associated with pico-, 48% with nano-
, and 39% with netphytoplankton. During winter,
coinciding with a dramatic reduction in
netphytoplankton, the relative contribution by the
picophytoplankton was a high 23% matched with
70% and 7% for nano- and netphytoplankton,
respectively. Such estimates should, however, be
treated with caution, as the mean assimilation
numbers used in the calculations were based on a
small number of trials, the results of which were
highly variable.

In addition, without separate estimates of rates of
EOC release for each size class, the accuracy of the
assimilation numbers is questionable. Lee &
Nalewajko (1978) suggested that EOC release may
be relatively greater for smaller phytoplankters than
for large ones. Determination of size-dependent
rates was not attempted in this investigation.

It should be emphasised that the relative values
of EOC release were high in all samples measured.
From 30% to 50% of the total photoautotrophic
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carbon fixation was immediately lost from the algal
cells, and since bacterial uptake was low
(S0ndergaard & Jensen 1986), total primary
production will be seriously underestimated if only
the particulate fraction is included in a primary
production measurement as is normally the case.

Comparison with other records
The picophytoplankton within the Hauraki Gulf
contributed over 30% of the chlorophyll a and about
23% of the carbon fixation in winter, a period of
general low netphytoplankton densities. In other
seasons the picophytoplankton contributed about
20% of chlorophyll a and 13 % of the carbon fixation.
These values are low compared with records for
tropical/subtropical waters (Li etal. 1983; Plattet al.
1983), but are similar to many of the records for
temperate waters (Joint & Pomroy 1983; Douglas
1984; Glover et al. 1986; Joint et al. 1986).

The picophytoplankton was composed of
cyanobacterial cells, 0.7-1.2 \xm in diameter, at
densities between 103 and 104 ml"1 together with
larger (1-2 urn) eukaryote cells at densities up to 103

ml"1. These values are similar to those determined
for picophytoplankton in other temperate marine
systems (Douglas 1984; Murphy &Haugen 1985;E1
Hag&Fogg 1986; Glover etal. 1986). Cell numbers
of cyanobactcria were lower during winter than
those found during summer (Table 3), a seasonal
pattern similar to that recorded by Krempin &
Sullivan (1981) in their studies of chroococcoid
cyanobacteria in southern California coastal waters,
and by El Hag & Fogg (1986) in their studies in the
Menai Straits and Irish Sea.

Although present in substantial numbers at all
depths, the picophytoplankton was not evenly
distributed in the water column. The cyanobacteria
displayed a subsurface density peak whereas the
eukaryotes, absent from some surface samples,
reached their peak below thecyanobacteria. A similar
pattern of distribution has been reported by Murphy
& Haugen (1985) and Glover et al. (1986).
Cyanobacterial cells at depth tend to be larger and
more brightly fluorescing than those in surface waters,
a feature also noted by Glover ct al. (1986).
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