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Hello, Everyone. Welcome to this 4th webinar in this North Atlantic bloom experiment webinar series. My name is Nicole Poulton, as Carla mentioned. I am a phytoplankton ecologist. I will be talking about the community composition of the bloom - as it was introduced by Prof. Mary Jane Perry (UMaine) in our 1st webinar.  The community that we are going to be talking about today sort of encompasses

00:30

our primary food web starting with the primary producers here. Again it was introduced as a primary bloom event that was introduced by Mary Jane Perry. We also have secondary producers moving down the traditional food web. These secondary producers will then feed to higher trophic levels - which I am not going to be discussing today. But I am going to mention the ‘degraders’ of the community as well. I am going to discuss how we look at these 3 components
01:00

and how these relate to the ‘biological pump’. This is basically a diagram - sort of encompassing the biological pump, meaning the ‘pump’ of carbon dioxide from the atmosphere into the ocean in a biological fashion and how it is processed through the ocean. So we have here these primary producers as I mentioned that are sequestering the carbon in the surface water, and then how the demise of the bloom

01:30

takes place through the - through the zooplankton in aggregate formation, and the sinking of carbon through the system, and into the deep ocean. Ivona will be talking a lot about the carbon flux later in the presentation. What I am going to be talking about is the community composition, and specifically the phytoplankton and the microzooplankton, and how that composition changes through time; how we have successional events. They have diatoms initially, and that may be moving toward much smaller organisms

02:00

as the bloom progresses. I’ll be talking about that today.  To be actually able to determine and look at the community composition, I am going to be talking about the different instrumentation we have been using while we were at sea during this project. Now Eric D’Asaro last week (Webinar 3) gave a really nice presentation about the different types of gliders, and floats, and other autonomous vehicles that we use to examine the bloom. He talked about these things. They looked at the chemical
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and physical structure of the water. He also mentioned to be able to understand what these gliders and floats are doing, we need to understand or calibrate – to intercalibrate these floats. What we do is we have research cruises where we go out and actually sample the water using these sorts of instruments you see here- water samplers that basically profile the water. We can collect water from different depths. What I am looking at is the community composition of the water. Basically, 

03:00

What are the players? Who are they? We can’t really get that from a float or a glider. We can tell what type of chlorophyll or how much fluorescence is present in the water column. But to be able to understand the actual ‘players’ and look at them, I use a technology called flow cytometry over. This is actually my flow cytometry lab when we were on board one of the cruises during the North Atlantic bloom. I used 2 different instruments: A Flow Cytometer and a Flowcam.

03:30

I looked at the very small organisms present in the water column. This is to just to give you a size-range of what organisms we are discussing here. The zooplankton usually fall—the multi-cellular zooplankton, which we will discuss later—are visible with the naked eye. You can actually see them [without a microscope]. They range in size from one millimeter (1.0 mm) to 10 centimeters (10 cm, or 100 mm). As the microzooplankton get smaller, you see the single-cell zooplankton and the phytoplankton - which are the primary drivers of the bloom- are fairly small. 

04:00

 We are talking about 5 μm up to 100 μm in size. Just to give you an idea of what a 100 μm is like; it is about the width of your hair - ranges between a 100 and 200 μm. The Flowcam, which I am going to be introducing to you in a moment, looks at phytoplankton within this range. I am going to describe the instrument in a little bit more detail in a moment. The nanoplankton and the picoplankton _ we’re now getting down to 1 to 10 μm in size. 

04:30

1 μm is about the size of a bacterium. What we’re doing is we actually looking at those organisms with what we call a flow cytometer. I’m about ready to describe that instrument in a moment. The other instrument I’d like to introduce right at this time, and Ivona will talk about later, is how do we look at this carbon flux or this biological pump, and how these players sink the carbon from the atmosphere and into the ocean, and into the deep sea. We use it in 
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a tool called a sediment trap. This is a PELAGRA sediment trap that we used while we were on board. Ivona will be discussing this later. So in terms of the instrumentation, just expanding on Eric’s talk (Webinar 3), we have a flow cytometer on board, which is basically an oceanographic optical tool to look at very small phytoplankton and bacteria in the water column. What we use is a laser light to detect particles 

05:30

in a moving stream. Each individual particle basically—instead of actually utilizing a microscope for example, we actually look at the scatter of the cells (basically how much light is scattered by the laser). We can tell -on this scale here - the relative size of the organism. On the y-axis here you can actually determine from this blue light that’s shining here, whether the particle has fluorescence. This is another aspect that was discussed in Mary Jane Perry’s 
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talk, when she talked about chlorophyll fluorescence. This is the same type of red fluorescence indicative of chlorophyll that we’re looking at on the screen. What we’re seeing here is dots on this plot, and the density – the colors basically change with [an increase in] the density of the cells. Each dot represents a cell on this plot.
You can sort of see there is quite a few dots and there’s quite a few bacteria. This is about what comprises about a half a milliliter (0.5 ml) of water 
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out in the open ocean. What we can get from this is that we can get the number of these cells in the water column, the size of these cells. Then using different carbon-to-volume ratios, we can get a handle on the carbon that is being produced by these different organisms. You can also see through time how density has changed. You can actually see this dot plot is earlier during our cruise. This is later during our cruise where you can see there is a shift in the number of these picophytoplakton.

07:00

Now the Flowcam instrument - very similar. It works on the same principle as flow cytometry, but basically the enhanced ability of the Flowcam allows us to take a photograph. You can actually see the pictures here. This is a picture produced by this instrument. These are automated methods. They allow us to rapidly detect these particles in the water column. What you can see here is cell size, again,
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and this red fluorescence- indicative of the chlorophyll. We are looking at the phytoplankton in the water column. We take the images. From the images we can actually get the volume of the particle. We can actually get the biomass, and convert that into a carbon measurement. Here’s basically a little bit larger schematic of the flowcam where you can see the water sample flows through. Actually it is a ‘sideways microscope’ in many ways. A laser light detects the particles as they 

08:00

flow through. You have a camera here taking an actual photograph of the particle. With this unique instrumentation, we can start to get a handle on the community composition, and the players that are within this community. The bloom - as introduced by Mary Jane Perry (Webinar I), diatoms are the prevalent at the onset of this bloom. We can talk about the ‘triggers’ that cause this bloom, and those were 
08:30

introduced by Mary Jane Perry (Webinar I). If you think of light, nutrients and carbon dioxide - here is that ‘sequestering’ of the carbon dioxide by the phytoplankton. Light, as you know, is a primary necessity of the phytoplankton, along with nutrients. All of these are going to drive the different organisms that are within this community. As you know, light basically will regulate the growth rate. Again, this was introduced by Mary Jane (Webinar I).


09:00

Light attenuates with depth, meaning basically that it gets darker the further you move down the water column. Light will also limit phytoplankton growth. Nutrients are another key factor that we have been discussing over the last few weeks. The major players here are nitrate, silicate, and in some cases, iron. But the major ones we’ll  be discussing this evening are the sort of interplay 
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between nitrate and silicate, and how that changes the community composition of the phytoplankton as the bloom progresses. We can also see again the amount of nitrate or silicate in the water column, and even phosphorus, also regulates phytoplankton growth rates, and the amounts or biomass as nutrient concentration changes - again introduced by Mary Jane in the 1st week (Webinar I).
10:00

Going back to the ‘players’ of the bloom, the initial part of the bloom is a diatom-dominated bloom. These are very large particles. I am actually going to show you a Flowcam image. This is actually generated by the Flowcam. You can see there are many different genera of different diatoms observed -one of the major ones being a Chaetoceros species here in the North Atlantic bloom. These are large, and they contain and require silicate. Diatoms require silicate to grow. They have actually a glass house.

10:30

They cannot move through the water column. What we’re going to see through time, over the course of the North Atlantic bloom, are changes in the nutrient concentrations that will affect how these blooms occur - ‘successional changes’ in the community structure. If you want to think of a terrestrial example, you could think of maybe the spring time on land where you shift (in species) from daffodils
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to tulips (flowers). However, for this land-based example, the triggers of the [species] changes are for different reasons. In this case (i.e., NAB), the nutrients are the primary driver of these changes. You can actually see here the mixed flagellates, ciliates, and diatoms, which are actually different players, but they don’t require silica. The other communities, that I was talking about earlier, are these very small picophytoplankton, which I enumerate using the flow cytometer as I discussed earlier.

11:30

See how they change through time? There are changes through time in their density structure. They increase over the course of the bloom. We see here a schematic of how these changes occur. We see over the course of the winter we have this sequential mixing. This was the physical structure that was discussed by Amala in her talk (Webinar II). What we see is that as the nutrients and the light increases, temperature increases…

12:00

…we see the onset of a diatom bloom - very large cells. They have a huge amounts….They form basically these large aggregates in the surface water. Then what we will see is that the silica will decrease near the height [of the bloom]. The mixed layer depth increases. Then when the silicate drops what happens is that we see a demise of the diatom bloom. Then we’ll see a successional event where we’ll see a shift to both flagellates and dinoflagellates, 

12:30

but we’ll also see a shift to a much larger picophytoplankton community. The other thing that I’d just like to mention is that the ‘players’  -we have this shift as you can see here. This is a marine food web. Just a little bit about the carbon cycle here. You can see the large phytoplankton

13:00
moving to the small phytoplankton. The shift, basically the amount of carbon that’s in these different phytoplankton, will also play a role in how much carbon is moving through the cycle – through the marine food web. What you can see in this plot here _ this is just to give you an idea of how much carbon is in these different cells. We can actually determine this. We can look at some of this with the FlowCam. You can actually empirically determine using cultures the amount of carbon
13:30

in different types of cells. Diatoms have a lower carbon density than some of the other protist-type plankton in there. We need to take this into account when we are doing carbon measurements of phytoplankton using carbon-to-volume ratios. Now I’d just like to briefly mention some of the other ‘players’ in the bloom. Although I am a phytoplankton ecologist, and I spend a lot of time working with phytoplankton, the other ‘players’ are also very important,

14:00

such as zooplankton feeding on the phytoplankton. What we’re going to find is that one of the key players is Calanus finmarchicus. This is a zooplankton species (copepod) as you can see here. This is an organism that has a copepodite stage—a juvenile stage—that overwinters in the deeper water. It then actually comes to the surface in its adult stage,

14:30

coinciding with the phytoplankton bloom.  This organism (copepod) then enters into its sexual cycle, and reproduces and creates nauplii. This is again a major portion of the zooplankton species. What you can see here is that when they feed on the phytoplankton bloom, they (copepods) actually produce fecal pellets. They basically defecate, and “re-package” the phytoplankton up into much tighter units.
15:00

This is a huge amount of the type of carbon ‘exported’ from the community. Going back briefly to the phytoplankton. The diatoms when they initially bloom form potentially large aggregates. So a combination between these aggregates formed in the initial diatom bloom in combination with the fecal pellets of the zooplankton bloom, start to produce something that is known as an ‘export community’.

15:30

I am going to be shifting over here in a brief moment to Ivona who will discuss further about our ‘export’ out of the system here. Throughout the water column the bacterium-virus component are the ‘degraders of the bloom’. These folks along with the zooplankton community are

16:00

also ‘recycling’ some of this carbon that’s up in the upper water column. Bacteria and viruses respire carbon dioxide (CO2), and release nutrients back into the water column. The carbon is actually ‘cycling’. However, we’re also trying to study the flux of carbon out of the upper water column and into the deep ocean. We’re starting to look at two communities. We look at the export community, and the role that these different players have in that export community,

16:30

as well as looking at this recycling community.  We see a shift in the different types of phytoplankton that are a lot smaller, as well as a predominance of bacteria and viruses that are recycling the nutrients in the upper water column. I am going to ‘pass the baton’ here to Ivona, who is now going to put a lot of this community composition that I have been talking about into a carbon context.  

-
-
-
-
-
-

17:00

Hi, Everybody. My name is Ivona Cetinic. I am a post-doc resident at the University of Maine. I will continue the story about the community composition during the North Atlantic bloom. I am going to turn off some buttons (on the concept map), and turn my buttons on. So I will be reiterating the story that Nicole just said, but using more of a ‘carbon vocabulary’. Once again, it is really important to decide the community composition because 
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community composition, especially phytoplankton community composition. Phytoplankton itself is an important link in the chain of the ‘biological pump’. It’s very very important to know how the phytoplankton community changes, because it tells us a lot about how efficient that carbon ‘transfer’ is in the water column. Knowing the change in the community composition, and the interactions within that community, is really important because it gives us an input for 
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ecological models. Ecological models have already been discussed in this North Atlantic bloom webinar series. Mary Jane (Webinar I) talked a bit about ecological models. Ecological models are something that gave us an opportunity to predict what’s going to be the change in biomass, this dp/dt (equation) over a certain period of time as a function of the growth and loss rate of the phytoplankton. Each of these phytoplankton over a period of time
18:30

will grow certain amounts. Their growth rate is going to be a function of light, function of temperature, and a function of nutrients. It will also be defined by the loss rate. The loss rate is going be due to the grazing of zooplankton, dilution from vertical mixing, or just sinking - which is going to be playing an important role with the diatoms. But this model is just talking about the general phytoplankton concentration. We can take this model a step further. If we know something about the community composition, we can start introducing

19:00

different [19:01 word?] So what I am showing you here is actually an example of the dataset that I am going to be sharing with you guys tonight. We’re trying to model two different groups. One of them being the blue one, that’s the diatom group, and the second one being picoeukaryotes.  We can actually start teasing out these differences in community composition. How does the shift in community composition play a role in carbon transfer? This is very important, because these ecological models can be ‘nested’, can be implanted in these bigger (larger scale) geophysical models.
19:30

By tweaking geophysical models, we can predict what is going to be the impact of climate change on phytoplankton production, change in circulation of phytoplankton production, and fisheries and so on. Craig Lee will discuss a little bit about that next week in our last webinar (Webinar V) in our series. Going back to the community composition, one of the coolest things is that there are different primary producers.

20:00

From the perspective of carbon here, it is really important to know through which primary producers does carbon get entrained. Once again, carbon is [taken] from the atmosphere, gets in the ocean, and gets assimilated by these primary producers. As it’s going down the water column, less and less and less carbon gets transferred to deeper and deeper ocean. It’s a little teeny teeny tiny part. I will let you know how much of that actually gets buried in the sediment.

20:30

It is believed that around (via outputs from models) 41 Petagrams (Pg) a year gets assimilated by the phytoplankton. A petagram is a 1015. That’s like lots of zeros. I was trying to find a good explanation of how much a ‘petagram’ is—actually how much a ‘peta’ is. I found a definition in Wikipedia. Try to imagine all the ants in your kitchen, all the ants in your house, then just imagine how many of them are in the world. That’s how much a ‘peta’ is.
21:00

There’s like tons of carbon being assimilated. With all that carbon being assimilated, just a portion of it gets transferred all the way to the bottom of the food web.  It’s really important to see that carbon is going to get entrained into the food web via primary producers who are part of the export community, or the recycling community. If we look a little bit deeper into the composition of the export community during the North Atlantic bloom,

21:30

we can actually observe a plot very similar to this. This is the phytoplankton carbon data that has been collected during the North Atlantic bloom experiment. In black dots here I’m showing the diatom concentration. Actually it’s the concentration of carbon that is associated with diatoms. In the red diamonds you can see the concentration of carbon that is associated with the picoeukaryotes. You can see diatoms growing, growing and growing during the first 10 to 15 days…

22:00

…then suddenly we see the ‘collapse’ of this diatom community. In a way the composition changes towards the picoeukaryote-dominating community, which we refer to as a ‘recycling community’. So what are the drivers of this change? As Nicole mentioned before, nutrients play a key role in this ecological succession -  in the exchange of the diatom-dominated community, and the picoeukaryote-dominated community. If we take the same plots,

22:30

again phytoplankton and carbon over time. In black dots we see the diatoms, and the red little diamonds we see the picoeukaryotes. We superimposed that plot on top of the silica concentration - here shown in blue, and the nitrate concentration - here shown in red. We can see that over a period of time as the plankton was growing, the silica concentration is getting lower, and lower, and lower. At one point it reached the point of one microMolar (µM). That’s the point

23:00

when diatoms become “sticky”. They start producing this sugar, these polysaccharides that make them very very sticky. They start lumping into each other forming these aggregates, and pretty much dying. These  aggregates are really heavy. They start sinking through the water column really really fast, taking all that carbon they assimilated with them outside of the mixed layer, and outside of the euphotic zone. This is why we refer to them as an ‘export community’. Afterwards, we see the lack of silica didn’t impact the growth 
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of the picoeukaryotes. They just continued growing because they don’t require silica. There was enough nitrate; they just continued growing. As Nicole mentioned, these guys are part of the recycling community, which together with the heterotrophic nanoflagellates, ciliates and bacteria - just recycles this carbon and nutrients within the water column. So again, the shift between the export community (the good exporters of carbon outside the mixed layer depth), and the recycling community

24:00

(the ones that just keep on recycling the carbon and nutrients within the mixed layer) were driven by the change in nutrient composition in the surrounding water. How do we know that this export community is actually exporting? As I said before these diatoms, when they start getting stressed because there is no silica, start forming aggregates. These aggregates when they form and fall through the water column are referred to as ‘marine snow’. We call them that because these aggregates look like little snowflakes. 

24:30

When there is a big marine snow event, it really looks like a little snowstorm with tons of little snowflakes falling down through the ocean. How do we measure that? Nicole mentioned this PELAGRA sediment trap. This PELAGRA sediment trap is a really really cool platform. Imagine it to be something like a float-- like the one Eric D’Asaro talked about last week (Webinar III)—that we can park at any depth in the ocean. On this float we have these sediment traps,

25:00

these little cones mounted in. We deployed this sediment trap in whatever depth we want, for whatever period of time. On the bottom of these cones we have these cups, during the period of time of deployment of that sediment trap, collect any of that marine snow - those aggregates, that fall through the water column. When the PELAGRA trap comes back to the surface, we see these cups with this gooey browny stuff inside.

25:30

This gooey browny stuff is actually marine snow. This is a photo that was taken during the North Atlantic bloom experiment. This is how it looked like. When we took a sample of this marine snow, it was actually filled with Chaetoceros cells (diatom species), the same ones that Nicole was talking about. They were blooming on the surface. What else they did is they went and measured the amount of carbon in these sediment cups. What they saw in this image - you can take your time later, and look at it again-

26:00

You can see the phytoplankton carbon again: black dots are diatoms; red diamonds are picoeukaryote. The silica gets depleted, and the exact time here, you see these really tall bars. So the upper panel is showing the concentration of carbon that we found in these sediment traps. In the beginning of the bloom there was almost no carbon. But, when the diatoms started disappearing from the mixed layer and forming these aggregates, and sinking really fast through the water column, you find the highest amount of carbon in these sediment cups. 
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So we know there is an actual [26:33 word?] transfer after the collapse of the diatom bloom. Going back to my favorite schematic. Again I said there’s about 41 Pg of carbon being sequestered by the primary producers in the ocean. Only 5 to 10% of that reaches 100 meters in depth. So it’s like outside the mixed layer depth, outside of the euphotic zone, outside of that light zone where they can produce. If you are going down deeper through the water column

27:00

only like 1% - less than 1%- [of exported carbon] reaches this area of 1000 meters. What is actually happening as these things are falling down the water column? Where is this carbon disappearing? What happens as Nicole mentioned before: bacteria and viruses. Viruses not so much, but bacteria and Archea are throughout the water column. They don’t need light to be alive. They’re happy wherever they are. This bacteria lives out of this

27:30

marine snow that is falling through the water column, decomposes this marine snow. As it consumes the carbon and decomposes the carbon and releases the carbon back into the water column in the shape of CO2 [carbon dioxide] as you can see here. Going back to this image that I like so much…It is really important where this carbon is going to end up. We said the carbon uptake is happening in the top 50 to 100 meters in the euphotic zone at the top of the water column.
28:00

We have only 10% of it reaching the 100 meter (m) level. Whatever is between 100 m and 1000m has a big possibility of getting back to the surface during the deep winter mixing. Even if we release some carbon there, there is a big possibility it is going to come back to the surface really fast. So we’re going  to get that carbon out of there. Only a small percentage passes this line at 1000 m. When it passes this line at 1000 m

28:30

it actually gets trapped in the ocean for a longer period of time, somewhere around 1000 years. I’m going to go back here. As this carbon is traveling down the water column, a really really really teeny -tiny percent of it is going to reach the ocean [floor], somewhere around 0.1% [28:53 word?]. When it reaches the bottom of the ocean, and there’s not even like 0.04 Pg.

29:00

…So let’s see…0.04 times 1015 times ‘all the ants in the world’ carbon will reach the sediment, and effectively be sequestered from the atmosphere. Again, this carbon flux [won’t] happen if we have a really strong recycling community - only a small portion of the carbon that gets sequestered by the recycling community will be effectively exported outside the mixed layer depth. Almost none of it will reach the sediment layer.

29:30

I’m kind of done with my ‘carbon story’. I hope you enjoyed this. I’ll give it back to Carla to open up ‘the podium’ for discussion.

