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Abstract 

This report is an examination of the effect of seawater pCO2 concentration 

(650µatm and 1200µatm) on the abundance and communities present in marine 

phytoplankton. This 22-day mesocosm experiment had three treatments in triplicate, and 

samples were retrieved daily and tested for phytoplankton biomass (chlorophyll a) and 

community (flow cytometry). It was found that the concentration of chlorophyll a was 

significantly different between the high pCO2 and control pCO2 treatments, and that there 

was a shift from smaller, high chlorophyll organisms to larger phytoplankton as the 

experiment progressed through time. 

Introduction 

Ocean acidification is a growing concern in the modern world. The ocean is a key 

mediator in the maintenance of atmospheric carbon dioxide (CO2), and acts as a carbon 

sink (Sarmiento 1998, Orr 2005). Absorption of anthropogenic emissions of carbon 

dioxide by the ocean is expected to create larger pH changes in the ocean in coming years 

than any experienced on Earth in the past 20 million years (Riebesell 2004). These pH 

drops will occur in surface waters where most oceanic organisms reside (Caldeira 2003), 

making the impacts on biology an essential area of research. These microorganisms drive 

a process known as the biological pump, where CO2 is incorporated into organic matter. 

Some of this material sinks to the deep ocean, allowing the ocean to absorb more CO2 

from the atmosphere (Sarmiento 1998).  

Although there has been public awareness and coverage of the effect of 

decreasing ocean pH on calcifying organisms like corals and coccolithophores (Orr 2005, 

Engel 2005, Fabry 2008), research on phytoplanktonic communities in high pCO2 
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conditions (Kim 2006, Riebesell 2007) are less publicized and less researched. Increases 

of atmospheric carbon dioxide have been seen to facilitate photosynthetic carbon fixation 

in communities of phytoplankton and other small marine organisms (Riebesell 2004), and 

changes in these surface-ocean communities could impact ocean ecosystems.  

Fundamental shifts in food web structure have the potential to affect entire 

ecosystems, as changes in one population can impact adjacent trophic levels (Walther 

2002). These changes in phytoplanktonic populations often cascade to zooplankton 

grazers, and in turn their predators (Loeb 1997), which may be a cause of economic 

concern for fishing and other industries. 

Chlorophyll a is an important indicator of photosynthetic populations present in a 

system, and chlorophyll a concentration is often used as a way to quantify phytoplankton 

biomass (Mantoura and Llewellyn 1983). Often used as a measure of the amount of 

photosynthetic organisms present in a system, chlorophyll a measurement is used in both 

open-ocean observations (Farsham 1999) and in mesocosm experiments similar to this 

one (Engel 2005; 2008, Riebesell 2007). In previous mesocosm experiments, “moderate 

increases” in CO2 were seen to facilitate photosynthetic carbon fixation in some 

phytoplankton groups (Riebesell 2004). It was also found that increases in chlorophyll a 

correspond to a decrease in nitrate and phosphorous, as well as a minor drop in pCO2 

(Engel 2005, Riebesell 2007). Egge et al (2009) observed a higher cumulative primary 

production at higher pCO2 levels.  

A primary goal within this project is to observe changes in chlorophyll a levels in 

different CO2 treatments, and note any community shifts that may occur within the 

mesocosm bags. Changes in chlorophyll a concentration will be recorded and correlated 



	   Porcino 4 

to factors like CO2 levels. Photosynthetic communities will be observed and analyzed in 

terms of phytoplankton-chlorophyll relationships (Riebesell 2007). These primary 

producers will also be scrutinized in regards to chlorophyll a concentration and cell 

count, to see if there are shifts in the amount of chlorophyll present in populations 

through time (Arrigo 2005). 

Methods and Materials 

This mesocosm experiment was conducted at the University of Washington’s 

Friday Harbor Laboratories (48°32’46”N 123°00’46”W) and ran from 9 April 2013 for 

22 days. The experimental setup consisted of nine polyethelyne mesocosm bags. Each 

contained an average of 2983L, tested three different CO2 treatments in triplicate – a 

“control” of 650µatm,  a “high” of 1200µatm, and a “drift,” set initially to 1200µatm. The 

treatments were staggered to reduce environmental variance that may have occurred. The 

treatments were staggered as follows: control (mesocosms 1, 4, 7), high (mesocosms 2, 5, 

8), drift  (mesocosms 3, 6, 9). These mesocosms were covered with a mesh screening to 

reduce light by approximately 50%. Each bag was six meters long, one meter above 

water level and five meters submerged, with a mesh cap to cover the top from direct 

sunlight and a clear acrylic dome to prevent contamination. The mesocosm bags were 

attached to metal frames to a portable dock.  

Experiment Setup  

Seawater collected 2 meters from the dock was run through a plastic/Teflon 

diaphragm pump to fill a 1500L reservoir. The seawater was screened through 500µm 

mesh to exclude large zooplankton, and collected in the reservoir to reduce variability 

between bags. To decrease variability, the portable floating dock faced the inlet, oriented 
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to the east for equal sunlight to each of the nine mesocosms. The bags were also 

simultaneously filled with the use of nine tubes that ran from the reservoir to each of the 

mesocosms.  

Each mesocosm was filled with seawater from the reservoir at a rate of 1L/minute 

for approximately 60 hours. Once the mesocosms were filled, 3500g NaCl and 15L 

reverse osmosis H2O was added each bag utilizing a multiple-siphoned apparatus to 

create an even distribution of NaCl into the mesocosms. The change in salinity of the 

bags allowed a calculation of the volume of the mesocosms.  

Many previous mesocosm experiments (Riebesell 2007, Engel 2005) let pCO2 fall 

naturally after they are spiked at the beginning of the experiment. In this experiment, CO2  

saturated 0.2µm filtered seawater was generated and maintained on the mesocosm dock, 

and was pumped into the mesocosms to maintain the pCO2 at desirable levels, letting only 

the “drift” treatment bags decrease in pCO2. Light was a controlled variable in the 

experiment, and lowering of the mesh bags (approximately one meter) and removal of the 

mesh caps was decided on T10. This split the experiment into two distinct phases: T0 to 

T10 was a pre-bloom environment, limited in light and with low biomass. T11 to T21 

was considered the bloom period, spurred by the removal of mesh caps and lowering of 

the mesh bags on the mesocosms. 

Sampling protocol 

Light measurements were taken daily using a LI-COR apparatus. The light levels 

were taken at the same depths in each mesocosm – one reading right above the surface of 

the water, one reading right below the surface, and then one reading every 0.5 meters. 

Afterwards, each mesocosm was mixed with an acrylic disc, with separate discs for 
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separate treatments to avoid contamination. Temperature and salinity measurements were 

taken with a Sea-Bird 37SMP CTD in each mesocosm after mixing.  

Individual samples for research projects were then taken with a depth-integrated 

sampler and a Niskin bottle. The 3 meter integrated sampler was lowered into the 

mesocosm, capped, and retrieved onto the mesocosm dock. The water was drained into a 

10L carboy for individual sampling. The Niskin was lowered to a depth of 2 meters, 

retrieved, and sampled from directly. Both sampling devices were rinsed with filtered 

seawater after every sampling. 

Chlorophyll protocol  

Duplicate 147ml samples for chlorophyll analysis were taken from the depth-

integrated sampler. A filtering method similar to Mantoura and Llewellyn (1983) was 

used. A pre designated volume of the sample was set aside, determined from the previous 

day’s raw fluorescence (Fo ) readings. Samples were filtered using a filtration rack and 

25mm glass fiber filters. After all of the sample volume had drained, the filters were 

folded and placed in 13x100mm glass tubes containing 6ml 90% acetone. They were 

placed in a -20° freezer for 24 hours. After 24 hours, the samples were removed, 

defrosted in the dark, and analyzed using a Turner Model TD700 Fluorometer.  

Filtered volumes were adjusted to prevent a raw fluorescence reading greater than 

999.9 in the fluorometer, as anything higher than this required dilution of the sample. The 

decision to lower the volume depended on the fluorometer readings from the day before. 

In this experiment, volumes were lowered using a set of two criteria: a) if a majority of 

the Fo readings were greater than 200 and b) if the chlorophyll counts were expected to 

increase. A fluorometer reading of 300 or below was considered optimal, as higher 
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counts take longer to stabilize for an accurate reading. Pre-bloom, all 147ml were filtered. 

As the chlorophyll a levels began to increase, the filtered volume was lowered, first to 

50ml, then 25ml, 20ml, and 10ml. These smaller volumes were taken from the 147ml 

individual sample using a serological pipette.  

Flow cytometery (FCM) procol  

Samples were taken from the integrated sampler using 15ml falcon tubes. The 

samples were fixed using a final concentration of 2% paraformaldehyde. In this case, 1ml 

of 16% pre-mixed paraformaldehyde added to 7ml of sample to achieve a 2% 

concentration of paraformaldehyde. We then added 1ml of EM grade paraformaldehyde 

to create the proper concentration. The fixed samples were refrigerated until they could 

be run in a flow cytometer. Samples from mesocosms 1, 2, 3, 4, 5, and 9 were analyzed in 

order to give two complete sets of treatments.  

Pure cultures of Synechococcus, a cyanobacterium, and Dunaliella and 

Rhodomonas, different genuses of algae, were run in the flow cytometer and “gated” on 

the relevant dot plots prior to running samples from the experimental bags (Fig. 1). The 

gates were scrutinized at for approximate size to divide the gated cells into three 

categories – smaller than 1.5 microns (SYN), between 1.5 and 5 microns (NANO), and 

larger than 5 microns (EUK). These sizes are approximated from average sizes of the 

sampled organisms. 2 micron beads were also run with several of the samples. 2ml of 

sample was vortexed prior to insertion, and analyzed using a BD FACSCalibur Flow 

Cytomer. CellQuestPro was used for data collection, and post acquisition analysis was 

done using CellQuestPro and R Studio.  
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Results 

Chlorophyll a  

 Changes in chlorophyll a concentration was measured in µgL-1 and tracked over 

time (Fig. 2). As previously described, the experiment was separated into two phases, 

primarily based on light limitation. In the first phase (T0-T10), chlorophyll a 

concentration increased slowly over the 11 day period. Initial chlorophyll levels were 

measured to have medians of 0.7 (±0.1), 0.8 (±0.0), and 0.8 (±0.1) µgL-1 in the control, 

high, and drift mesocosms respectively, with 0.6 µgL-1 on the dock. In the second phase 

(T11-T21), chlorophyll a concentrations began increasing in all the mesocosms, leading 

to a peak on T19 (28 April 2013) with median chlorophyll levels of 30.1 (±3.8), 31.0 

(±8.0), and 17.6 (±10.3) µgL-1 in the control, high, and drift bags respectively. The dock 

sample peaked a day earlier, on T18 (27 April 2013) with a chlorophyll a concentration 

of 2.7 µgL-1.  

When approaching the data using statistics, the treatments were not found to be 

normally distributed using the Shapiro-Wilk test for normality (control: W=0.78 

p=1.29x10-08 high: W=0.80 p=4.33x10-08 drift: W=0.78 p=1.28x10-08). To compensate 

for this, nonparametric tests were used in all statistical analyses. A Friedman rank sum 

test rejected the null hypothesis that the three treatments were statistically similar with a 

confidence interval of 0.05 (chi-squared=21.80, df=2, p=1.85x10-05). Post-hoc analysis 

showed a significant difference between the control and high treatments (p<0.001, test 

statistic=0.71, std=-4.09) and between the high and drift treatments (p=0.001, test 

statistic=0.62, std=3.74).  
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Statistically significant correlations were observed between pCO2 levels and 

chlorophyll a concentration (Fig. 3a). The control (rho=-0.55, p=2.0x10-06), high (rho=-

0.64, p=9.9x10-09), and drift (rho=-0.86, p<2.2x10-16) treatments all had high significance 

with a 0.05 confidence interval. O2 levels and chlorophyll a concentrations were also 

correlated (Fig. 3b), with statistical results as follows: control (rho=0.06, p=8.7x10-07), 

high (rho=0.83, p=2.2x10-16), drift (rho=0.77, p=4.0x10-14).  

Phytoplankton cells ml-1 and chlorophyll a concentration were also scrutinized for 

any correlations. Overall, higher numbers of large phytoplankton were counted at higher 

concentrations of chlorophyll a. When analyses were done on the phytoplankton count 

data, a Friedman rank sum test determined no statistical difference between treatments 

(Chi-squared=0.404, df=2, p=0.809) (Stephens 2013). Correlations between chlorophyll a 

concentration and phytoplankton count were observed, with the control (rho=0.95, 

p<2.2x10-16), high (rho=0.93, p=1.3x10-14), and drift (rho=0.93, p=7.9x10-15) all having 

strong correlation and low p-values.  

Flow Cytometry 

Three populations were gated and measured with the flow cytometer. The three 

populations were Synechococcus and similar cyanobacteria (SYN, 0.5-2 microns), 

nanoplankton (NANO, 2-5 microns), and large phytoplankton (EUK, 5+ microns). When 

analyzing the dot plots produced by CellQuestPro, two populations were immediately 

visible – the blue NANO cells and yellow and green EUK cells (Fig. 5).  

It was a similar trend across all mesocosms sampled (1, 2, 3, 4, 5, 9) that NANO 

and SYN cells decreased over time, with EUK cells becoming the dominant community 

towards the end of the experiment. At the beginning of the experiment, the control and 
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high treatments had larger populations in the NANO category than the other two 

categories (Fig. 6, Fig. 7). In the control treatment, the population remained NANO cell-

dominated until T16, at which point EUK cells became the dominant population. EUK 

cells became the dominant population in both the drift and high treatments on T6, 10 days 

earlier than the control treatment.  

When analyzing the data using statistics, a Shapiro-Wilk test was used to confirm 

an abnormal distribution in all gated populations (SYN: W=0.75, p=1.44x10-09 NANO: 

W=0.89, p=1.56x10-05 EUK: W=0.87, p=4.20x10-06) between treatments, and a Kruskal-

Willis test was run on each population. The test supported a statistical difference between 

the SYN cell counts (chi-squared=14.05, df=2, p=8.89x10-04), and the same was true for 

all NANO counts (chi-squared=44.08, df=2, p=1.22x10-07). There was no statistical 

difference between EUK cell counts between treatments (chi-squared=1.35, df=2, 

p=0.51). Because the NANO cells were found to be statistically different between 

treatments, and because they showed a size class not analyzed in other parts of the 

experiment, they were most closely scrutinized in the following discussion.  

Despite a distribution that was not normal, means were used instead of medians in 

Fig. 6, Fig. 7, and Fig. 8, as only two duplicates for each treatment were possible given 

the time restraints presented in the course of the experiment. 

Discussion 

Chlorophyll a 

Chlorophyll a concentrations in every treatment were found to be significantly 

correlated to both pCO2 and O2 levels in the mesocosms (Fig. 3). The former is 

understandable considering the link between CO2 and chlorophyll a: the same organisms 
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that produce chlorophyll a (namely photosynthetic bacteria and phytoplankton) uptake 

CO2, and would be sensitive to changes in pCO2 changes in their environment (Engel 

2005). The latter is expected, considering that one of the end products of photosynthesis 

is Oxygen. However, these correlations do not explain, and do not seem to have 

impacted, the two phases of growth present throughout the course of the experiment. 

The two distinct phases present in this experiment were observed in the 

chlorophyll a readings (Fig. 2) as well as in hand counts of large phytoplankton (Fig. 4). 

These phases were differentiated due to different amounts of light available to the 

organisms within the mesocosms, and showed up in both the chlorophyll a readings and 

phytoplankton counts as two distinct slow-growth (phase one) and fast-growth (phase 

two) phases. The reduced growth during the first phase was likely due to the severe 

limitation of light that occurred – the mesh bags and caps were meant to cut down light 

by 55%, slowing down the biological activity in the mesocosms. However, the amount of 

light that reached the bags was less than projected, spurring a removal of the caps and 

lowering of the bags in order to stimulate growth within the mesocosm. It is possible that 

the distinction between the two phases occurred because the phytoplankton cells in each 

phase were using different growth strategies. 

K. Arrigo discussed different phytoplankton growth strategies in his 2005 Nature 

article. In it he stated the possibility of cells utilizing different growth strategies 

containing different amounts of chloroplasts and growth machinery. Two of the strategies 

he discussed that were of particular interest were the “survivalist” and “bloomer” cell 

types – it is possible that these two were present in the mesocosms over the course of the 

experiment.  
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These cell types may have been present during different stages of the experiment. 

In the first phase, when light was limited, a “survivalist” cell would have been equipping 

itself to sustain growth when resources were scarce (Arrigo 2005). This would imply an 

increase in chlorophyll a concentrations, since the cells were oriented toward resource 

acquisition, but cell numbers would not increase rapidly. This hypothesis is supported by 

hand counts of large phytoplankton, which do not show much increase before T10 (Fig. 

4), while chlorophyll shows a slow but steady increase. As light became more plentiful in 

the second phase of the experiment, types of cells may have shifted towards those that 

were in a “bloomer” stage, adapting to the new conditions in preparation for exponential 

growth. These “bloomer” cells would have less chlorophyll overall compared to the 

“survivalist” type (Arrigo 2005), but because of their quick growth there would be many 

more of them present. This may have been what was observed in Fig. 4, when both 

chlorophyll a concentration and phytoplankton count begin to increase rapidly around 

T12.  

Distinct correlations between phytoplankton count and chlorophyll a 

concentration were observed (Fig. 4). This was expected, as phytoplankton were the main 

organisms utilizing primary production in the mesocosms. Between T0 and T10, despite 

the relative stability of large phytoplankton counts, chlorophyll a concentration increased. 

From T12 onwards, however, both chlorophyll a concentration and phytoplankton cell 

counts rose with a visually similar trend. This supports the idea that these two distinct 

phases of the experiment were limited by light, and that they may have been different 

compositionally. These points were also analyzed and discussed using the flow cytometry 

data. 
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Flow Cytometry 

The FCM data was used in the context of this experiment to observe, monitor, and 

track changes in populations of photosynthetic organisms smaller than those counted 

under light microscopy. To reiterate, the communities discussed were categorized as 

follows: smaller than 1.5 microns (SYN), between 1.5 and 5 microns (NANO), and larger 

than 5 microns (EUK). These sizes were general estimates and were based on the 

approximate sizes of pure cultures of several genera of microorganisms run through the 

flow cytometer before the start of experimental data collection. The flow cytometry 

results were used to support multiple aspects of the project; during the investigation of 

both the correlation between large phytoplankton and chlorophyll a, and the hypothetical 

shift from survivalist to bloomer cells.  

The flow cytometry data supported correlations that were found between 

phytoplankton hand counts and chlorophyll a concentration. The correlation coefficients 

between these two groups were high across all treatments (0.93+0.02), but were not 

perfect. This may be due to the fact that while large phytoplankton make up the majority 

of the biomass of photosynthetic organisms, there were photosynthetic organisms present 

that were smaller than what was visible under a light microscope. This is reflected in the 

FCM data, where the photosynthetic organisms analyzed were all smaller than the hand 

counted phytoplankton. There was an especially prominent group of small cells present, 

especially in the first phase of the experiment, seen in the NANO gate. 

The NANO gated cells were a potential source of the imperfect correlation 

coefficient of large phytoplankton to chlorophyll a. Smaller than any hand counted 

phytoplankton cell, the NANO cells made up approximately 50% of the initial FCM data 
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collected (Fig. 7). The presence of this significant population of cells would have 

increased the total chlorophyll a concentration in the mesocosms without being 

accounted for under light microscopy. These cells were also resource-oriented. 

This data also supported the hypothesis that many cells present in the beginning 

of the experiment were of the “survivalist” growth strategy (Arrigo 2005). These NANO 

cells contained a relatively high amount of chlorophyll a, and little to no phycoerithrin or 

phycocyanin (Fig. 1). Both the high chlorophyll concentration and small size could have 

indicated that these cells were primed for resource acquisition. This presence of small, 

resource-oriented cells supported the idea of cells in the “survivalist” stage in the first 

phase of the experiment. However, the data also displayed a shift to a more varied cell 

presence in the second phase of the experiment (Fig. 5). 

As the experiment moved forward in time and light became a more available 

resource, larger EUK cells became more numerous. While it was observed that about half 

of the early biological community was composed of NANO cells (uniform in their 

smallness and amount of chlorophyll a), they were overtaken in percent composition by 

cells in the EUK gate across all treatments by T16 (Fig. 7). These EUK cells were larger, 

more internally complex, and contained multiple types of photosynthetic pigments. This 

increase in larger phytoplankton was also mirrored in the light microscopy data, as these 

larger photosynthetic organisms became more prevalent within the mesocosms. The data 

showed organisms were able to flourish in greater abundance at a larger size as time 

progressed.  

During the experiment, population shifts were observed on different scales. 

Whether observing cell counts of different size classes of organisms (Fig. 8), or looking 
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at different populations present in a small size range (Fig. 6), it is clear that there were 

trends in how the communities changed through time. Although there were definite shifts 

in the number of organisms in each size class, the time and order at which they peaked 

were not different between treatments. From the data gathered over the course of this 

experiment, it was not obvious if higher levels of CO2 impacted the community shifts in 

any way. However, there was a difference in total phytoplankton biomass.  

Conclusion 

Previous experiments have concluded that increased amounts of pCO2 are not 

beneficial to most photosynthetic organisms (Riebesell 2004), and this experiment 

supported that conclusion. Though at points the high treatment mesocosms contained 

more chlorophyll a than the control treatment mesocosms, the final median chlorophyll a 

concentrations were 2µgL-1 higher in the control treatment than the high treatment. The 

expectation of higher photosynthetic biomass in lower CO2 conditions was also an 

observable trend in the hand counted large phytoplankton, as well as in the smaller 

fluorescent cells counted in the flow cytometer (Fig. 8). While rates of photosynthesis 

may remain roughly constant as oceanic CO2 increases, this experiment showed that 

future more acidic oceans may have smaller numbers of primary producers. 
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Figures 

 

Fig. 1. Example of a Flow Cytometry (FCM) dot plot. Axes show relative orange 
fluorescence, like that from phaecocyanin and phaecoarithrin (FL2-H), relative red 
fluorescence, like that from chlorophyll a (FL3-H), relative size (FSC-H), and relative 
complexity (SSC-H). Each dot on these plots was an event, or cell. The gates discussed in 
this paper are as described: “SYN” cells were those found in gates R3, R5, and R6, based 
on pure cultures of synechococcus cyanobacterium. “NANO” cells were those found in 
gate R4, based on a distinct population of cells with similar size and chlorophyll a 
fluorescence. “EUK” cells were those found in gate R7, which encompasses gates R1 
(pure culture of rhodomonas) and R2 (pure culture of dunaliella), and expands to include 
cells of a similar size. 
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Fig. 2. Development of Chl a concentration through the course of the experiment. 
The line indicates the different phases of the experiment: a pre-bloom phase from T0 to 
T10, and an exponential growth phase from T10 to T21. Green circles indicate the control 
treatment, red squares indicate the high treatment, and blue triangles indicate the drift 
treatment. Because of a non-normal distribution of values, medians with median absolute 
deviations (MAD) were plotted. The three treatments were statistically different with a 
confidence interval of 0.05 (Friedman chi-squared=21.8008, df=2, p=1.845x10-05). Post-
hoc analysis shows a significant difference between the control and high treatments 
(p=.000, test statistic=.712, std=-4.091) and between the high and drift treatments 
(p=.001, test statistic=.652, std=3.743).  
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Fig. 3a and 3b. pCO2 and O2 to chlorophyll a concentration. Chlorophyll a showed a 
correlation to both O2 and pCO2 in all treatments. pCO2: control (rho=-0.5467, p=2.0x10-

06), high (rho=-0.6356, p=9.9x10-09), drift (rho=-0.8583, p<2.2x10-16). O2: control 
(rho=0.05664, p=8.7x10-07), high (rho=0.8320, p=2.2x10-16), drift (rho=0.7703, 
p=4.0x10-14). Green indicates control treatment, red indicates high treatment, blue 
indicates drift treatment. Solid symbols are chlorophyll a values, similar to Fig. 2. Line-
symbols are pCO2 and O2 values. 
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Fig. 4. Plot of chlorophyll a concentration and phytoplankton cells ml-1. More 
phytoplankton cells are seen at higher concentrations of chlorophyll a. Shaded area 
represents chlorophyll a concentration, lines represent phytoplankton cells ml-1. Using the 
Spearman test of correlation, chlorophyll a was found to be strongly correlated to the 
phytoplankton cells in each treatment. The most cells were seen in the control treatment 
(rho=0.9495, p<2.2x10-16), the highest chlorophyll a concentration was seen in the high 
treatment (rho=.9254, p=1.3x10-14), and the drift treatment (rho=0.9280, p=7.9x10-15) 
contained the lowest chl a concentrations and phytoplankton numbers. Symbols similar to 
Fig. 2. 
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Fig. 5. FCM dot plots over time. One sample from each treatment through time is 
shown. Shifting populations are visible in the changing numbers of different coloured 
dots, especially visible in the increase of yellow/green dots (EUK cells) and decrease of 
blue dots (NANO cells).While the control treatment sample (bag 001, left column) sees 
an increase in NANO cells through time, the other treatments see a decrease in NANO 
cells. EUK increases are statistically similar through the treatments (chi-squared=2.42, 
df=2, p=0.30). 
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Fig. 6. Trends in cell count through time in FCM gated populations. Dotted lines 
indicate NANO population. Solid lines indicate EUK population. Dashed lines indicate 
SYN population. Colours and symbols similar to Fig. 2. 
 
 

Fig. 7. Trends in gated cells through time per treatment. Red is the NANO 
population, blue is the SYN population, and green is the EUK population. These figures 
show percentages of types of populations present through time. Of total cells counted, 
NANO communities were significantly different from each other between treatments 
(chi-squared=44.08, df=2, p=2.68x10-10). The drift treatment saw a much more prominent 
EUK community than the other treatments.  
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Fig. 8. Trends in cell count through time per treatment. This graph describes bacterial 
cell counts (right vertical axis), NANO and phytoplankton cell counts (left vertical axis) 
over time. NANO cell trends are shaded, phytoplankton trends are plotted with dotted 
lines, and bacterial trends are plotted with solid lines. The white line symbolizes a break 
in scale of the x axis. NANO counts peak on T6, bacterial counts peak on T16, and 
phytoplankton counts peak on T20. Symbols similar to Fig. 2. 
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