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ABSTRACT: The vertical distribution of bacterial abundance and chlorophyll a was examined at the 
centimeter scale with a high resolution sampler and the variation at this scale compared to the variation 
across the entire water column. Samples were taken near the mouth of Chesapeake Bay, USA, in the 
coastal Atlantic environment as part of the MECCAS (Microbial Exchanges and Couplings in Coastal 
Atlantic Systems) program. Bacterial abundance changed up to 5.1 times over the entire water column, 
while changing up to 3.5 times over 10cm. Chlorophyll a concentration changed up to 8 times over the 
entire water column and 5.1 times across the sampler. The high resolution of the sampler revealed steep 
gradients of bacterial abundance and chlorophyll a. Bacterial abundance changed up to 35 times m-', 
while the water column change was up to 2.1 times m-'. Chlorophylla changed up to 45 times m-', 
while the water column changes were less than 2 times m-' These changes and gradients over small 
scales indicate that at least under some conditions there are 'small2-scale processes occurring that may 
be important to plankton ecology, as has been suggested by some theoretical studies. 

INTRODUCTION 

The Challenger Expedition sampled ocean waters 
from around the world, seelung the organisms inhabit- 
ing the global sea (Hardy 1970). This, along with other 
early expeditions and investigations, spawned descrip- 
tive biological oceanography. Since that time sampling 
resolution has continued to increase and there has 
been increasing emphasis on the interactions among 
organisms and between individual organisms and the 
environment. Uncoupled, loosely coupled, and tightly 
coupled are frequently used terms indicative of this 
increased attention to interactions (Ducklow & Kirch- 
man 1983). Most organisms at the bottom of marine 
food webs are microscopic, and as the question of 
coupling becomes more thoroughly studied, a subdisci- 
pline is emerging that studies how individual micro- 
plankton interact (Azam & Ammerman 1984, Mitchell 
et al. 1985, Jackson 1987). 

At small scales, as with larger scales, one of the first 
parameters to study is the distribution of organisms. 
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Hutchinson (1961) implied homogeneity at  small scales 
when he posed the question, 'The problem that is 
presented by the phytoplankton is essentially how it is 
possible for a number of species to coexist in a rela- 
tively isotropic or unstructured environment all com- 
peting for the same sorts of materials.' Others have 
inferred heterogeneity at small scales from indirect 
evidence; Bell & Mitchell (1972) used the chemotaxis of 
a few specially chosen bacterial isolates and the 
documented occurrence of phytoplankton excretion as 
evidence for the existence of 'phycospheres', clusters of 
bacteria around excreting phytoplankton. Azam & 
Hodson (1981) and Azam & Ammerman (1984) 
extended the concept of clustering of bacteria to any 
nutrient source and found indirect evidence for this 
extension in the uptake kinetics of natural populations 
of marine bacteria. 

In this paper centimeter scale distributions are meas- 
ured and discussed. Although centimeters are not of the 
same scale as the organisms themselves, this is the scale 
of distance and volume which has been shown to be the 
best, and in some cases, the necessary, scale to observe 
distinct motility responses of a small population to a 
stimulus (Adler 1966, 1969, 1973, Kessler 1985). Addi- 
tionally, volumes below 25 m1 are the scale at which any 
behavior of individuals is predicted to first be easily 
observable in marine environments (Mitchell et al. 
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1985). Here centimeter scale distributions of micro- 
plankton are described and inferences made from these 
distributions about the interactions of microplankton. 

METHODS 

The sampling device consisted of spring-loaded 
syringes spaced vertically 3 to 5 cm apart, depending 
on position along the sampler. Two samples were taken 
at each depth and the entire sampling interval was 
90 cm. Syringes were mounted in a solid aluminium bar 
1.5 m X 15 cm X 2.5 cm. A lever attached by a hinge at 
one end was used to depress and release all syringes 
simultaneously (Fig. 1). A trip wire released the bar, the 
springs moved the plungers three-quarters of the way 
out of the barrel and the syringes filled in less than 2 S 

(Mitchell 1988). Four quick-response (time constant 

Fig. 1 The sampler used In this study. Left: front view; right: 
sldeview. Center to center distance between synnge holes is 
4 cm horizontally and 3.3cm vertically. AB: aluminium bar; 
CL: compression lever; T: trigger; P: trigger pivot; SH: syringe 
hole; h: hinge; WH: weight hole. Photographs of various parts 

of the sampler can be found in Mitchell (1988) 

18 ms) thermistors were placed at 30 cm intervals along 
the sampling devices, and extended out beyond the 
tips of the syringes by about 1 cm. The thermistors were 
used for positioning the sampler in the thermocline. 
Temperatures along the length of the sampler were 
read in real time with an on-deck readout, and values 
observed on the screen could be printed out when 
desired (e.g. upon filling the syringes). Depth was 
measured from the top of the sampler by the length of 
wire below the sea surface. The sampler was used only 
during relatively calm periods to minimize vertical 
averaging and wire angle. 

Samples were taken in the Atlantic just outside the 
mouth of the Chesapeake Bay (37 OOON, 76 15" W) as 
part of the MECCAS (Microbial Exchanges and Cou- 
pling in Coastal Atlantic Systems) program during 
June and August 1985. The sampler was positioned in 
the pycnocline by the thermistor chain and CTD meas- 
urements. A vertical profile was generated from the 
CTD and used to initially find the pycnocline, while the 
thermistors attached to the sampler were used for exact 
placement. 

Bacteria were counted using the acridine orange 
method of Hobbie et al. (1977). All counts were done on 
an Olympus epifluorescence microscope with blue (400 
nm) filters for excitation and green (525 nm) for emis- 
sion. 

For measuring chlorophyll a, lOml of sample were 
filtered onto 0.45 pm HA Milhpore filters. The filters 
were quickly wrapped in aluminium foil and placed in 
a dark freezer for later measurement. The remaining 
sample was fixed with gluteraldehyde, final concen- 
tration 2.5 $6. Chlorophyll a was extracted in 10 m1 of 
90 % acetone (Phinney & Yentsch 1985), vortexed, kept 
in a dark freezer for 24 h, centrifuged, and a subsample 
gently poured into a cuvette. Readings were taken on a 
Turner Designs fluorometer, 2 drops of 10 '10 HC1 added 
and the cuvette read (Parsons et al. 1984). 

Bacterial growth rates were measured twice on the 
August MECCAS cruise using the thymidine incorpo- 
ration method (Fuhrman & Azam 1982). Five to 10 m1 of 
sample were dispensed into clean 20ml scintillation 
vials. When all vials contained sample the tritiated 
thymidine was added with an autopipet, final concen- 
tration 5nM. This took 2 to 3 min. After samples had 
been incubated at in situ temperatures for 1 h, incorpo- 
ration was stopped by placing the samples on ice in a 
deep freezer and adding 10 O/O TCA, followed by filter- 
ing on HA Millipore filters (0.45 pm pore size). The 
filters were rinsed 7 times with distilled water and 
stored in scintillation vials for later counting. 

A total of 200 to 1000 bacteria were counted among 10 
microscope fields for each sample. The mean and stan- 
dard deviation of the sample were calculated from the 
counts. All tests for significant differences between the 
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means for counting were evaluated at the 0.01 levelusing 
Tukey's comparison of means test (Sokal & Rohlf 1981). 
For eukaryotic autotrophs, counts were done by scan- 
ning transects of known length across the filter. The 
length of the transect was measured with the stage 
vernier micrometer. The objective of 200 cells counted 
per filter could not always be reached and often a transect 
was ended after 100 cells had been counted. Counts of 
eukaryotes were performed at a magnification of 1250 
times to ensure correct identification as photosynthetic 
eukaryotes. For in vivo fluorescence and chlorophyll a 
measurements, only one numberwasobtained from each 
syringe sample due to the volume required for each 
sample. The 4 MECCAS vertical profiles are representa- 
tive of a catalogue of 71 profiles (Mitchell 1988). 

RESULTS 

Bacterial abundance 

Bacterial abundance in the June MECCAS profiles 
changed by up to a factor of 2 over a lOcm vertical 
distance (Fig. 2) .  In this profile the increase in abun- 

Fig. 2. Bacterial abundance (106 cells ml-l) measured on the 
27 June 1985 MECCAS cruise. Top: Left set of syringes. 
Bottom: Right set of syringes. The distance on the y-axis is 
measured from the top of the sampler, which was at 4 m depth. 
Error bars are 4 1 standard deviation of the mean for 1 sample 
per syringe. Solid circles are not statistically different from 
each other at the 0.01 level, but are different from the open 
circles at the 0.01 level by a Tukey's comparison of means test, 

uslng the sample variance 

dance near 70cm occurred in both the left and right 
sets of syringes, and the peak in abundance at the right 
set of syringes appeared truncated, indicating the sam- 
pler may have sampled the shoulders of a peak. 

In addition to 1 and 2 point peaks in abundance (Fig. 
2), there was also a trend across the profile in the case 
of Fig.3. In both the left and right sets of syringes 
abundance decreased with depth, with the shallowest 
samples being significantly greater than the deepest 
samples (p < 0.01). Abundances at 60 and 70 cm in the 
left profile were different from each other by 23 % 
(p (0.01). The abundances at  the same positions on 
the right profile differed by only 2.2 % (not significant). 

Fig. 3. Bacterial abundance (106 cells ml-') measured on the 
24 June 1985 MECCAS cruise. Top: Left set of syringes. 
Bottom: Right set of syringes. The distance on the y-axis is 
measured from the top of the sampler, which was at 5 m depth. 
Error bars are 2 1 standard deviation of the mean. Solid 
circles are not statistically different from each other at the 0.01 
level, but are different from the open circles at the 0.01 level 
by a Tukey's comparlson of means test, using the sample 

variance. Squares do not differ from hollow or solid circles 

Salinity and temperature showed that the water sam- 
pled for profiles in Fig. 2 was mixed, detectable salinity 
stratification was absent and temperature decreased 
less than 0.30°C with depth. 

The water column from which samples for Fig.3 
were taken had gradients over the sampler depth of 
2.5C0 and 2.9%0. The thermistor profile made at  the 
time the samples were taken showed a total difference 
of 0.96"C, with the absolute temperatures ranging from 
20.91 to 21.87"C. A thermistor profile from the same 
depth 19 min earlier showed a gradient of 1.93"C with 
an absolute temperature range of 17.23 to 19.16"C. 
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The August and September MECCAS abundance 
profiles show characteristics similar to the June pro- 
files. The most noticeable differences were the 
decreased absolute abundances in the August to Sep- 
tember profiles versus the June profiles, and the promi- 
nence of single point maxima. None of these maxima 
occurred in both members of a left-right syringe pair 
(Fig. 4). 

T 'C 

Fig. 4. Data collected on 31 Aug 1985 MECCAS cruise. Top: 
Left set of syringes. Bottom: Rght  set of syringes. The distance 
on the y-axis is measured from the top of the sampler, which 
was at 9 m depth. Squares and circles are bacterial abundance 
(106 cells ml-I). Triangles are relative thymidine incorporation 
rate. Hollow squares are significantly different from all circles 
at the 0.01 level. Solid squares are not significantly different 
from either the hollow squares below or the solid circles above 
them. Solid circles are significantly different from the hollow 
squares and the hollow circles at the 0.01 level. Hollocv circles 

are different from all lower values at the 0 01 level 

Variability in bacterial abundance was compared 
between sampler profiles and profiles of the entire water 
column taken with 5 1 Niskin bottles. The water column 
profiles were from other MECCAS stations close to the 
sampler station. Profiles consisted of bacterial abun- 
dance data from 2 to 4 depths. The absolute abundance 
for all stations ranged from 0.7 X 106 to 5.5 X 106 cells 
ml-l. To facilitate comparison between profiles the 
largest value in a profile was divided by the smallest 
number in the profile. The resulting number is the factor 
by which the abundance changes over the profile. For 
example, the largest change for the whole water column 
profiles was a change of 5.1 times (7.6 X 106/1.5 X 

106 ml-l). With each pair of sampler profiles in the 

figures there were associated whole water column (WC) 

profiles. The relation of change in bacterial abundance 
between the WC profiles and sampler profiles varied. For 
Fig. 2 the bacterial abundance of the associated WC 

profiles changed from 3.2 to 5.1 times. The change 
across the sampler profile was 2.6 times. For Fig. 3 the 
change across the WC profiles was 1.0 (no change) to 2.5 
times and the sampler profile changed by 1.4 times. For 
Fig. 4 the WC profiles changed 1.2 to 2.6 times in 
comparison to 3.5 times across the sampler profile. 

In addition to the magnitude of the change, the 
steepness of the change (the gradient) is important for 
some biological processes (see 'Peak duration' in the 
'Discussion'). The gradients were standardized to 
change per meter for purposes of comparison. For the 
sampler profiles of Figs. 2, 3 and 4 the maximal changes 
per meter were 7.4, 4.0, and 35.0 times. The corre- 
sponding whole water profiles had gradients of 1.32 to 
2.10 times m-', 1.08 to 1.38 times m-' and 1.21 to 2.00 
times m-'. 

Chlorophyll a 

Precision of the chlorophyll a method was found to be 
7 % (95 % CI) by repeated measurements from a 50 m1 
sample. This measurement is within the 8 % precision 
that Strickland & Parsons (1968) state the fluorometric 
method should yield. The chlorophyll a profiles (Flg. 5) 
showed pronounced peaks and troughs. Profiles from 
the left and right sets of syringes both show 3 major 
peaks, although the peaks of the right profile are 
smaller and displaced toward the deeper end of the 
profile. In contrast to the pairs being out of phase with 
each other at the deeper points, the pairs at the shal- 
lowest 4 points are in phase and follow each other 
closely. The profiles do not diverge significantly until 
the seventh pair of points at 36.3 cm. 

The chlorophyll a variability shown in Fig. 5 was 
compared to the variability in the 25 nearest whole water 
column profiles in time and space. The absolute range of 
chlorophylla values for all water column samples of 
Fig. 5 was 2.7 to 14 pg chl a l-l, a change of 5.1 times. The 
steepest gradient in the profile is a change of 3 times 
over 6.6 cm, a change of about 45 times m-'. The range 
of chlorophyll a over all water column profiles was 0.2 to 
7.6 pg chl a I-'. There were 2 to 8 samples for each water 
column profile. There was no change over the length of 
some water column profiles, while other profiles 
changed by up to 8 times. Water column profile changes 
were less than 2 times m-'. 

Salinity and temperature profiles corresponding to 
Fig. 5 showed that the water was stratified. The CTD 
temperature and salinity gradients were 1 .70 C" and 
2.0 %o m-'. The thermistor gradient was 0.93 Co. At this 
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Fig. 5. Chlorophylla concentrations (pg I-') on the 28 Aug 
1985 MECCAS cruise. Top: Left set of syringes. Bottom: Right 
set of syringes. The distance on the y-axis is measured from 
the top of the sampler, which was at 9.5 m depth. There was 
insufficient sample for replicates. The error bars are f 13 %, 

or twice the measured error of the method 

station only the temperature from the lowest 10 cm of the 
CTD profile overlaps with the thermistor profile, sug- 
gesting thesampler may have been almost a meter below 
the bottom of the CTD profile. For the few minutes before 
the samples were taken the thermistor fluctuated 
between the 0.93 C" m-' gradient recorded and a gra- 
dient of as much as 2 C" m-'. Bottom depth was 9.5 m. 

Thymidine incorporation 

The thymidine incorporation rates in the upper half 
of the profiles showed a general trend, a growth rate 
inversely proportional to cell abundance (Fig. 4) .  A 
departure from this occurred at 40 to 80cm in one 
profile (Fig. 4a).  

Salinity and temperature for Fig. 4 show the water 
was mixed. The CTD temperature and salinity gra- 
dients were 0.03 C" and 0.003 %O m-'. The thermistor 
gradient was 0.45 Co. Bottom depth was 13 m. 

DISCUSSION 

The results establish that microplankton distributions 
are heterogeneous down to lengths of 3.3 cm vertically 
and 4.0cm horizontally in ocean water. The mechan- 

isms behind this heterogeneity are not yet clear, but 
some possibilities are discussed below. These mechan- 
isms include the presence of chemical micropatches 
and loosely aggregated organic particles (Alldredge & 
Cohen 1987), swarming by motile cells, population 
growth at interfaces and intrusions of one water mass 
into another. 

Single point abundance peaks 

To eliminate the chances of the single point abun- 
dance peaks being artifacts due to a lack of preserva- 
tion, all samples with peaks were tested (a saturated 
KMnO, solution turns brown in the presence of 
aldehyde) to make sure they had been fixed. These 
samples all tested positive for the presence of aldehyde 
fixative. These peaks are also unlikely to be due to 
statistical variation associated with samples that con- 
tain a small number of cells, since as described above 
samples contained millions of cells ml-' and between 
200 and 1000 cells were counted for each sample. 

Fig. 3 contains single point peaks of bacterial abun- 
dance. Syringes and sample vials were cleaned or 
sterile before use and samples containing peaks tested 
positive for aldehyde preservatives, so contamination 
and continued growth seems unlikely. The peaks 
might be explained by the presence of a thin discrete 
layer of increased cell number, but they were not found 
in both members of syringes at the same depth. 

Possibly, the peaks represented volumes of water that 
contained loose organic aggregates (marine snow) 
which were dispersed during passage into and out of the 
syringes. The intake is particularly disruptive to large 
particles. The syringes fill with about 15ml of water 
through a hole with a 1 mm radius in about 1 S. The shear 
from the wall to the center of the tube exceeds 5000 
(cms-l) cm-'. At this shear small bubbles from cavita- 
tion would further contribute to the destruction of any 
loosely aggregated particles (marine snow). For com- 
parison, the maximum turbulent shear in the ocean is 
about 1 (cm S-') cm-'. If a marine snow particle with few 
bacteria (2 x 106, Alldredge et al. 1986) is dispersed 
throughout a 15 m1 sample, the concentration of bacteria 
in the 15 m1 increases by about 1 X 105 cells ml-l, or less 
than 10 % of the free observed cell concentration. If, 
however, a particle with many bacteria (2 X 108bacteria, 
Alldredge et  al. 1986) is dispersed the concentration 
increases by about 1 x 10' cells ml-l. This is sufficient to 
explain the largest peaks observed, but does not prove 
that a dispersed particle caused the peaks. 

Comparing the number of large single point peaks to 
the total volume of all syringes sampled (about 8 1) gives 
a marine snow particle concentration of 0.75 particles 1-' 
(Mitchell 1988). This compares well with the value of 



146 Mar Ecol. Prog. Ser. 54: 141-148, 1989 

1 per liter (Alldredge et  al. 1986) for a similar Atlantic 
environment, considering: (1) the crudeness of the cal- 
culation here, (2) that not all marine snow particles have 
enough bacteria to noticeably raise the concentration, 
and (3) that the study by Alldredge et al. (1986) had a 
sample number for this environment of 2. 

Comparing physical and biological profiles 

Some sets of samples (represented by Figs. 2 and 4 )  
were taken from mixed and some other sets of samples 
(represented by Figs. 3 and 5) were taken from 
stratified water. All samples contained peaks and 
troughs in cell abundance, bacterial growth rate or 
chlorophyll a concentration. This might lead to the con- 
clusion that stratification had no influence on the dis- 
tribution of microplankton. However, closer examina- 
tion of the figures does suggest a possible difference 
between the distributions of microplankton in stratified 
versus mixed or slightly stratified water. 

The prominent feature of profiles from stratified 
water was the trend across the entire profile. Fig. 3 is an 
example of a trend in the distribution of bacterial 
abundance, with the highest abundances at  the shal- 
lowest depths. For Fig. 5 there appeared to be trends 
down the profile, but there were also peaks and 
troughs extending from the baseline. For Fig.5 this 
more complicated pattern might have resulted from the 
bottom having been less than a meter away. 

The prominent features of profiles from mixed water 
were the peaks and troughs that extended out from and 
returned to a constant baseline level. Fig. 2 is a clear 
example that shows no statistically significant trend in 
bacterial abundance across the length of the sampler. 
Instead, the dominant feature of Fig. 2 is the peak at  70 
to 80 cm. 

We believe that 2 different mechanisms are respon- 
sible for the 2 different kinds of profiles. A trend across 
a large part or all of an entire profile may indicate an 
interface between 2 water masses, and could result 
from migration of organisms in water where turbulence 
is weak enough to be easily overcome by motility, as 
described below ('Peak duration'). For mixed and 
slightly stratified water, the peaks and troughs could be 
patches of cells concentrated or dispersed by the ran- 
dom fluctuations of turbulently generated shear 
(Mitchell et  al. unpubl.). 

Comparing sampler and water column profiles 

The water column profiles of bacterial abundance 
ranged from no change to changing by a factor of 5.1 
times and the sampler profiles had a range of 1.4 to 3.5 

times. The absolute abundances were also similar in 
both types of profiles. The absolute abundance in Fig. 3 
was hlgher than any of the surrounding water column 
profiles and might have been a result of the sampler 
profile being a meter closer to the bottom than any of 
the water column profile Niskin bottles. 

The changes in bacterial abundance per meter of 
depth for the sampler were generally greater, 4 to 35 
times m-', than the water column changes, 1 to 4.9 
times m-'. If this were a function of sampling resolution 
then the steepness of gradients would simply be a 
function of sampling scale. The profiles indicate this is 
not necessarily the case (Figs. 2 to 5; Mitchell 1988). 
The importance of calculating gradients is that the 
steeper a gradient the greater the effort required to 
generate and maintain it against diffusion. The kinds of 
diffusive processes involved and the significance of 
steep gradients is explained below ('Peak duration'). 

The absolute abundance of the chlorophyll profile of 
Fig. 5,2.7 to 14 ygchl al-l, wassomewhat higherthan the 
range for the surrounding water columnn profiles, 0.2 to 
7.6 pg chl a 1-l. This may have been because the sampler 
was used at a meter deeper and a time and position 
intermediate among the water column profiles. For 
gradient steepness the whole water column profiles were 
1 to 8 timesm-l, and for the sampler profile45 times m-'. 
As with the steeper gradients in bacterial abundance, 
steep chlorophyll gradients diffuse away quickly unless 
energy is expended to maintain them. The formation and 
destruction of these can be driven by biological or 
physical processes as discussed below ('Peak duration'). 

Growth rate versus abundance 

Fig. 4 compares cell abundance to incorporation of 
tritiated thymidine per cell. In both profiles the per cell 
incorporation rate was highest where cell number was 
lowest. High growth rate and low number would seem to 
imply the bacterial growth rate is high at this depth and 
that the population is being removed. Removal could be 
due to emigration by motility. However, at a taxis velocity 
of even 10 um S-' thousands of seconds are required to 
generate the observed distribution. Removal could also 
be due to grazing, if the grazers at this depth were more 
numerous or more actively feeding than at surrounding 
depths. Grazing might also explain the higher activity 
levels if the grazers are regenerating nutrients as is 
believed (Ducklow & Kirchman 1983). 

Peak duration 

How long do peaks and troughs in cell abundance 
persist before they are reduced by mixing or cell motil- 



M~tchell & Fuhrman: Centimeter scale vertical heterogeneity 147 

ity? Since the profiles are single time point samplings 
the data do not measure the lifetimes of the peaks and 
troughs. The lifetime can be estimated, however, from 
the peak to background (or trough) distance, swim- 
ming speed of individual bacteria, and the turbulent 
eddy diffusivity. The peak lifetime is considered the 
time required to go from the original elevated cell 
number to l / e  of that number. 

The lifetime of a bacterial peak can be estimated 
using lifetime = h2/2D, where h is the peak to back- 
ground distance along the baseline, and D is the dif- 
fusivity due  to bacterial swimming or turbulent eddies 
(Berg 1983). An average bacterial swimming speed is 
30 pm S-'  (Berg 1975) and eddy diffusivity is 0.01 cm2 
S- '  in well-stratified water and 0.1 cm2 S-' in more 
thoroughly mixed water (Okubo 1971, 1980). The time 
required to disperse a peak due to eddy diffusivity is 
about 9min at 3.3cn1 separation of peak and back- 
ground along the baseline. Dispersion by swimming is 
an  order of magnitude faster, so that about l min is 
required if the movement is random and there is no 
signal to keep the bacteria clustered (Fig. 6). 

minutes 

Fig. 6. Graph of times required to disperse a peak versus the 
peak to trough distances. ( A )  Eddy diffusivity alone; (m) bac- 

terial motility 

Conversely, peaks in bacterial abundance may also 
form in a few minutes. Thus, for motile bacteria in calm 
water, swimming determines dispersion rates. In more 
thoroughly mixed water, where the turbulent eddy 
diffusivity is of the same order or larger than the biolog- 
ically generated diffusivity, eddy diffusivity and biolog- 
ical diffusivity add together to give dispersion in less 
than a minute at 3.3cm separation. Motile bacteria 
cannot, however, overcome higher eddy diffusivities to 
form a peak. 

The above are minimal theoretical estimates for peak 

lifetimes and do not indicate whether bacterial peaks 
and gradients are transient, dispersing in a few 
minutes, or whether the bacteria maintain these gra- 
dients against diffusion for hours, as would be  neces- 
sary if the part of the peaks were to result from growth 
of the population at  that depth. 

Under at least some circumstances centimeter scale 
variation in microplankton abundance can equal or 
exceed variation for the whole water column. The 
mechanisms that create and maintain this variation are 
not known for the ocean, although chemotaxis has 
been proposed as one possibility (Mitchell et  al. 1985, 
Jackson 1987). Physical mechanisms such as  biocon- 
vection which are based on cell morphology and 
density might also cause small-scale variation in 
abundance. These mechanisms can allow a small clus- 
ter of cells to travel up to 10 times faster than a single 
isolated cell (Kessler 1986). Whatever the mechanism, 
such small-scale changes in distributions of micro- 
plankton may be at least as important to the plankton 
and their ecology as changes over the whole length of 
the water column. Indeed, it is a t  the volumes of millili- 
ters and below that predation, particle encounter and 
nutrient uptake occur. Further study of distributions 
and processes at  this scale should considerably ad- 
vance understanding of microplankton ecology. 
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