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00:00

OK, Thanks a lot Carla, and I want to thank everybody who has joined in for the first of 5 webinars on the North Atlantic Bloom Experiment. It’s a beautiful evening in Maine; I hope it is a beautiful evening wherever you are all located. 

[00:16 Starts with “Webinar 1 Main Map- Mary Jane Perry”}
What I’d like to do is give an introduction to the experiment, and then I’ll talk about 1 aspect of the experiment, and that is the bloom. So that’s the concept map that you see right now. I’ll spend most of our time on that.

00:30

What I want to do is give an introduction to the experiment, and this bloom experiment was designed to study one of the major events on the planet, and that is the subpolar North Atlantic spring bloom. 

[00:56 Clicks on Concept “Introduction” and shows Image #1: Diatom Plankton Community ]

What I am doing right now is going to the assets under the introduction. I’d first like to introduce…

01:00

…the organisms that are doing the ‘blooming’. I would call them the ‘stars’ of the bloom. And these are the phytoplankton . . . the photosynthetic organisms that are responsible for making the food for the rest of the food web, for absorbing CO2 [carbon dioxide], and impacting the CO2 budget in the atmosphere. This slide shows a mixture of phytoplankton, large phytoplankton…

01:30

…and it’s mostly dominated by phytoplankton. They’re the ‘stars’ of the North Atlantic Bloom. 

[01:44 Clicks on Image #2: North Atlantic Winter]

The second asset that I’d like to show are two of what I call ‘screen shots’ of satellite ocean color. I want to just point out a difference between the winter time [and spring time]. This is called a false color image, and a little bit later in the webinar…

02:00

…I’ll talk a little bit about the background of ocean color. Cool colors are low concentrations, and hot colors are high concentrations. The area that  we studied is the subpolar North Atlantic -where my cursor is hovering right now - and in the winter time there is relatively little phytoplankton, but if I click on the next asset

02:30

[Clicks on Image #3: North Atlantic Spring]

 . . much higher concentration of phytoplankton in the North Atlantic. What I am going to do now is go to the asset that shows a film. 

[02:47 Clicks on Video: North Atlantic Ocean Color]

This is a movie that was put together by NASA, where they’re essentially doing a ‘do loop’. I’m going to put my cursor [on the video screen] in the region of Iceland where we were studying, that essentially is looping through…

03:00

…an annual cycle of ocean color. It almost looks like the ocean is ‘breathing’ in terms of this change in color —which is representing the change in the concentration of phytoplankton—the ‘stars’ of this bloom experiment. I’m going to go back to the assets…

[03:20 Returns to Webinar 1 main map, Clicks on Concept “Introduction” again, and chooses Image #4” Carbon Dioxide 1958-Present]
…and talk about one of the reasons that we were interested in going to this region, and that has to do with the potential regulation …

03:30

…of phytoplankton during the spring bloom that they have on atmospheric CO2 on a very large scale. You probably are familiar with this trend from 1960 to the present of atmospheric CO2 at the Mauna Loa observatory [located on the Big Island of Hawaii]. One thing you can see is that there is a solid line that’s a trend, and then there is a ‘wiggly’ line that actually represents interannual variability. Now that’s not the part of the ocean

04:00

that we were working on, but I just wanted to show a long time series of increasing atmospheric CO2, but [with] an interannual variability. If you just think about one small section in terms of an annual cycle. ..

[04:20 Clicks on Image #5: Monthly Mean Carbon Dioxide (CO2) in subpolar North Atlantic Ocean]

…I’ll go next to some data that were collected in the subpolar North Atlantic -going from January to December-, and this is related to atmospheric concentration. You see… 

04:30

that same kind of a pattern [as in the video], where there is a draw-down of atmospheric CO2, because the phytoplankton are actually undergoing such strong rates of photosynthesis, that they are using up some of the CO2 in the ocean. So the flux of CO2 is from the atmosphere into the ocean. You can see that interannual pattern. That is one of the reasons that the phytoplankton…

05:00

…spring bloom in the North Atlantic is so important. Now this project was unique in that it used new tools to study the bloom. 

[05:10  Clicks on Image #6: Floats and Gliders: North Atlantic Bloom (NAB)]

One of the problems and challenges that we have as oceanographers is trying to time the use of a ship to get out and study a particular phenomena, but by using a combination—some people call these underwater robots—and Eric  D’Asaro in week 3…

05:30

…will be talking a lot more about the tools that we use. This is an underwater glider that goes to a 1000 meters, and comes back to the surface, and so it undulates in a saw tooth pattern, and makes measurements of phytoplankton and other properties. This is a mixed layer float that follows the trajectory of the water. Using this combination of robots, and additionally ships, we were able to study for over a 3-month period…

06:00

…a phenomena related to the North Atlantic bloom. 

[06:05  Clicks on Image #7: Track of the North Atlantic Bloom (NAB) assets]

Here is a map, and here is Iceland. We launched the autonomous vehicles, these 4 gliders and this float at this site, about 60 degrees North,  20 degrees West. Greenland is over here (points to left-hand side of map). Europe is over here (points to right-hand side of map), and the float followed the water, and the gliders followed the float. One of the things that we were doing is tracking a ‘patch’ of water…

06:30

…studying the broader spatial scale with the gliders, and following the progression of the spring bloom in a way that has never been done before. We were in the water for a 3-month period, and we were able to follow that. In addition to using these autonomous--what we call ‘assets’—some people call them robots—

[06:56  Clicks on Image #8: Ships used during the North Atlantic Bloom (NAB experiment]

…we also had 4 cruises.

07:00

We left out of Reykjavík, Iceland. An important part of the cruise measurements was the calibration of the sensors. Here’s the ship leaving Iceland, and this was in early April. It was absolutely beautiful, but one of the things…

[07:23  Clicks on Image #9: North Atlantic weather - North Atlantic Bloom (NAB) experiment]

…we are always reminded of when we go  to sea, in addition to having an extended observing period, there are actually reasons where you might want to have a robotic presence…

07:30

…than actually being there all of the time. This is a typical early April view of the North Atlantic bloom. 

[07:44  Clicks on Image #10: North Atlantic Bloom (NAB) Cruise crew]

Now, one of the unique aspects of this program is that it was highly collaborative.  It was very—I would say—‘multi-everything’. It was multi-disciplinary: physical oceanographers, chemical oceanographers, biologists of many different kinds…

08:00

…engineers, modeles. So we had a combination of a lot of different approaches to studying this problem. So that was sort of unique. The approach included: (1) going out and making robotic measurements, so we had observations; (2) going out with ships  - taking physical samples and biological samples. We were actually doing some manipulation experiments, and we used high technology.

08:30

There were lots of different kinds of people. So there was the diversity in terms of the roles of people, from young graduate students to senior scientists. So here’s me - underneath the [mouse] cursor. I think we had 26 people on this crew. They came from 5 different nations. Also it was an international project. Now one of the things that we’re particular proud of…

[09:02 Clicks on Image #11: Biological Chemical Oceanographic Data Management Office (BCO-DMO)]
We’re sharing data. We put a great effort into collecting and validating the data, so that it is now available [Audio Problem] to anyone who is interested in using it. This is the Biological Chemical Oceanographic Data Management Office called BCO-DMO.
09:30

[Audio problem 9:32-9:43] [Return to main concept map]

One can go online and access that data, and underneath the resources logo…is the information for accessing that data. 

[9:47 Clicks back to main map: Concept “Introduction”: Resource: BCO-DMO portal for public data sharing]
10:00

We will be - as part of the educational modules-  sharing that data with you as well. Just as a brief overview in terms of what happens next…

[10:12 Goes back to Webinar 1 main map and clicks on Concept “Introduction”; Clicks on the concept map symbol to access map: ‘NAB Webinar Overview Map (latest)’]

Here’s the map that we’ll be using over the next five weeks. I’ll be talking about what’s the bloom, who’s blooming, and be focusing on ‘exponentials’ [i.e., mathematic exponentials]. I hope that will be useful in terms of an educational aspect.

10:30

I’ll talk about what’s the bloom. Next week the talk by Amala Mahadevan will be talking about the physical conditions that initiate the bloom: mixing and stratification. In two weeks from now Eric D’Asaro will be talking about how we measured it _ the technology, the approaches _ the philosophy behind that. For the, 4th week…

11:00

Ivona Cetinic and Nicole Poulton will be talking more about the biology and species succession, and carbon flux. And then the wrap-up one we’ll be talking about why we care: what’s the large picture in terms of the North Atlantic bloom?

11:30

We’ll also talk about climate change, fisheries, and changing ecosystems. 

[11:35 On the ‘NAB Webinar Overview’ Map: Clicks on green square “Webinar 1: July 7” to return to the Webinar 1 - Mary Jane Perry (main map)]
That’s the introduction in terms of the bloom. Now what I’d like to do is talk about what’s a bloom. If you go back to what the word ‘bloom’ means…

[11:49 Clicks on concept “Bloom”: Image #1: Bloom etymology]

It has to do with plants. It has to do with flowering. It has to do with what happens at the beginning of the spring…

12:00

…the beginning of the bloom (growing season). So the derivation of the word ‘bloom’ is very plant-related. As I mentioned before…

[12:15 Clicks on concept “Bloom”: Video: North Atlantic Ocean Color]

…here again is the video we linked in terms of showing the ocean blooming [see also 02:47]. This is the phytoplankton growing, blooming, producing…

12:30

I want to jump quickly to showing some more images of phytoplankton. They are the plants – equivalent to the plants of the ocean. Phytoplankton are genetically diverse. They are far more diverse genetically than we are from mice for example. So when we talk about phytoplankton we are really varying a whole lot of genetic diversity. There are phytoplankton,

13:00

there is an image of chain-forming diatoms in the ocean. There’s a whole series of other slides. So some of the main characters of the early part of the spring bloom are the diatoms, but there is a later transition to other organisms  -dinoflagellates, such as this Ceratium. There are, much later in the year, Coccolithophores that have a calcium carbonate shell. If you still have a chalkboard in the classroom,

13:30

it is made up of sedimented Coccolithophores. So phytoplankton are the organisms that are ‘blooming’. This whole concept of bloom _ there is sort of a relative scale in terms of what’s the magnitude. So we can think about blooms in the open ocean, and we can think about blooms in the coastal zone,

14:00

which sometimes reach very, very high abundance of the phytoplankton, because there is human input of plant nutrients into the system. The general processes in terms of phytoplankton growth
apply not just to the North Atlantic bloom, but they are also scalable in terms of talking about coastal processes and coastal pollution.

14:30

For growth rates, there is a really fundamental - it’s pretty simple, but it’s very fundamental in terms of: why do you have a bloom? You have a bloom _ it’s the change in phytoplankton concentration (dP), as a function of time (dt) [referencing an equation], so it is a change in phytoplankton abundance over time is a function of the present phytoplankton concentration times

15:00

a net growth rate. That’s their intrinsic rate of growth minus a loss rate, and that loss rate could be due to grazing; it could be due to sinking; it could be due to death by viral attack. In order to have a bloom, the growth rate minus the loss rate has to be positive (+). I’ll talk a little bit more about that in terms of

15:30

the data sets, and the assets. In order to detect a bloom, we can measure phytoplankton as chlorophyll. That happens to be _ because we can measure as cell numbers, but we can also measure as mass. Chlorophyll is a really handy mass. It is a chemical involved in photosynthesis, that is only found in phytoplankton. It is sort of like the ‘holy grail’ of having a chemical index

16:00

of something that you are interested in measuring, because it is only in phytoplankton. The structure of chlorophyll _ it is a unique molecule _ it has this (what’s called) a phytol tail, which enables it to be embedded in the chloroplast membrane, and then it has a porphyrin ring. So it has a unique chemical structure. It also has a unique

16:30

chemical absorption spectra. This is an absorption spectra that’s normalized, so it is a relative absorption spectra from the blue wavelength to the red, from 400 to 700 [nanometers]. We see that it has 2 absorption spectra. Phytoplankton have some other pigments that sort of fill in the gap, but I am looking out the window at the trees, and they are bright green because they absorb in the blue, and they absorb in the red, and 

17:00

the light that they don’t absorb is the light that is reflected back to my eye. Now phytoplankton have a few more pigments in here, but this selective absorption of wavelength is the basis for those satellite maps of ocean color. So the basis of ocean remote sensing, which is a really powerful way to measure phytoplankton at a variety 

17:30

of spatial scales has to do with the fact that phytoplankton absorb certain wavelengths of light. If you look at _ if you go to Hawaii or you go to Bermuda, or you go to someplace where it’s highly stratified, and there’s not that many nutrients that get up into the surface water, they can’t support a very high concentration of phytoplankton, so the color of the water is very blue. The color that gets reflected back to your eye

18:00

is blue, because there is very little phytoplankton absorbing that blue light. If you go to a place like in the Gulf of Maine, where there is high concentration of phytoplankton, the water is very green, because there are so many phytoplankton that are absorbing that blue light. So the color of the water tells you something about the concentration of phytoplankton, and that’s the basis of these maps. This is called

18:30

a ‘false true-color’ map of ocean color. Here is Iceland again, and the darker the colors are places where the phytoplankton are higher, and they have absorbed more light. I put some assets called ‘resources’ (the little book icon here) that give some sources of places to go If you have a student interested in more details

19:00

in terms of remote sensing. These are great places to follow-up in terms of the details of remote sensing. The color that we see is a function of the pigments that these phytoplankton have. Now another property of these pigments, in addition to absorbing light, is they also _ there is a certain class of pigments that can also reemit a small percentage

19:30

of that light. That’s called fluorescence. It was named by Stokes back in the 1800s based after when he shone a UV (ultraviolet) light on feldspar (a type of rock/mineral), it reemitted light. But chlorophyll reemits a red light. If we look at the assets, here is a little test tube, and the green is an acetone extract of chlorophyll.

20:00

The reason that the bottom part of this test tube looks red is that there is a white light that is being shown on that, and some of the light is being reemitted as red light. This actually is a great demo. You can take spinach, chop it up very finely, put it in acetone overnight, and then filter it out. If you have a strong flashlight or a microscope light _ it’s just a really dramatic demo of fluorescence. The other slide

20:30

show pictures of phytoplankton fluorescence underneath what’s called an epifluorescent microscope, where they have a filter set so that they are shining blue light, and then they are just looking at the red light that is emitted from the chloroplasts. This is actually a diatom from the North Atlantic. Then on a very small scale these little red dots are cyanobacteria. We also find them in the subpolar North Atlantic. If we didn’t use this filter combination,

21:00

they would look like this _ the next slide. So by using these filter combinations, you can see this chlorophyll fluorescence. We took advantage of that, and put sensors that could measure chlorophyll fluorescence on the float, on the gliders, and on the ship. Here’s a data set that shows - from the beginning of April until the end of May - chlorophyll concentration that was measured

21:30

by using this fluorescence characteristic of phytoplankton. One of the things that we see is this float is following the water mass _ that’s that map I showed in the introduction _ and here we see that phytoplankton aren’t really growing. Then next week Amala (Webinar 2) will talk about the physics that lead to shallow mixing as opposed to deep winter mixing. Do you remember that storm picture? Well, one of the consequences of storms

22:00

is that the water gets mixed very deeply. So a combination of stratification —that she’ll talk about—allows the phytoplankton to stay in the light _ so you see this growth of phytoplankton. Then Ivona  and Nicole in the 4th week will talk about why it all of a sudden crashes, and it has to do with nutrients and with some other things. So what I want to do now is

22:30

talk about why you get a bloom. Just go back for a second and recall that a bloom is an increase in phytoplankton biomass. The reason that the phytoplankton biomass increases is that the growth rate is greater than the loss rate _  so you can have a net accumulation. We can measure phytoplankton by using

23:00

chlorophyll. Now let’s look in a little bit more detail in terms of phytoplankton growth rate, and what controls it. If we go to the growth rate assets _ the growth rate is measured as the increase in the number of cells , or the increase in the mass of phytoplankton. In this case we are using 

23:30

Chlorophyll A because it is unique, and because we can measure it by fluorescence. We’re also using _ there are several different ways, to talk about growth rate. The growth rate terms we’ll use is something called the specific growth rate which we use the term µ, (pronounced “mu”) which is the proportional increase in abundance. Here we’re talking about chlorophyll per unit time. The units for µ are reciprocal days. 

24:00

That’s because we’re talking about an increase in chlorophyll relative to existing chlorophyll _ so the units cancel in terms of grams cancel grams. We are left with reciprocal units of time. The phytoplankton of time P is a function of the initial phytoplankton, and the growth rate, and the time. Those are the terms

24:30

of looking at growth rates. What controls phytoplankton growth rate? If we look at…the major terms are light, nutrient availability, and temperature. Now light, if we go back to this side in terms of the ocean seasons in the subpolar regions, light is a ‘real biggie’.

25:00

That is really a very important determinant in terms of why there is very little phytoplankton in the winter, and why there is a lot in the spring. This representation shows that in the winter time, because of the tilt of the earth, which is another asset that will be available to you, that there is a small magnitude, a small amount of light that reaches the surface, and the day length

25:30

is very short, whereas in June there is much more light reaching the surface, and the day length is very long. In the part of the world where we were doing the experiment, it was about on the order of almost 20 hours. So light is important in terms of growth rate.

26:00

This is an example of the growth rate of phytoplankton as a function of light. Deeper in the water column, or in the winter time, light is very low, so the growth rate is going to be very low. At higher light [levels],  growth rate saturates. The phytoplankton are growing as fast as they can. So there’s  2 points: low light and low growth rate and high light and high growth rate. But there is a linear part, and there is a non-linear part. We’ll see this in the

26:30

data set _ how this effects the growth rate of phytoplankton _ how we parameterize the growth rate of phytoplankton in the ocean. So that shape of the curve in terms of growth rate vs. irradiance’s importance. Then the other principle that’s important is light is attenuated with depth. The extent to which light will penetrate into the ocean is a function of the magnitude that reaches the surface,

27:00

and then something called the attenuation coefficient. In the dataset we have some tools for you to explore that. So light and seasonality are really closely coupled. The other parameter that is important, but not so much in the beginning of the spring bloom, is nutrient concentration. In places like the subtropics where nutrients are very low, phytoplankton growth rate is low,

27:30

because nutrients are low. In the beginning of the spring bloom, nutrients are high, so nutrients are not a regulating factor in the initial part of the spring bloom. Ivona and Nicole in week 4 will talk about how silicate, which is required for diatoms, is important for regulating phytoplankton growth rate. Then the other aspect of nutrient concentration is that it sets an upper boundary condition.

28:00

If you have very low nutrients, the potential for growing a lot of phytoplankton is low. In the North Atlantic, the nitrate for example is 18 μM (micro-Molar; a concentration). That is very high, and sets up the potential for growing lots of phytoplankton. Temperature is useful because it sets a boundary condition on how fast phytoplankton can grow as a function of temperature. Temperature is a really important determinant

28:30

of enzyme rates, and of growth rate. This curve shows how if you know the temperature, you know immediately something about what the maximal growth rate could be. It could be lower, because the phytoplankton might be light-limited or nutrient-limited, but it sets some boundary condition. In terms of climate change, if the temperature shifts, you’ll have an increase in growth rate. However, you might have different species.

29:00

So this curve is actually a very fundamental curve in terms of understanding phytoplankton growth. Now I’d like to go back and just briefly introduce the datasets. Again, to remind you, that this term ‘growth rate’ …we can talk about the real growth rate of phytoplankton, which is controlled by light, nutrients, and temperature, and then we can

29:30

talk about an ‘apparent growth rate’ which is actually growth minus grazing. Here is an example of if phytoplankton are not grazed, and they are growing, you have this exponential increase in biomass over time. That actually is what we saw during the first part of the spring bloom.

30:00

It looked very much like a positive exponential function. We can take that information and let us imagine that we are starting after a big storm.This is phytoplankton concentration as a function of depth. Here we go to a 100 meters. We had a big storm, so everything is uniform. Now if we take a growth rate that is controlled by light

30:30

_ notice that this says this is a relative amount of chlorophyll produced _ you notice that up near the surface where light is high, that looks pretty straight. Then as light decreases we have a decrease in the production of new phytoplankton. We are using chlorophyll as a surrogate for phytoplankton concentration. So we started with this 

31:00

for example on Monday (this would be the phytoplankton concentration on Monday) over the course of the day they grew in a light-dependent fashion. If we add the two of these together this would be what we would observe on Tuesday after a day of growth. If we add in a loss term, for example zooplankton grazing, we still have at the beginning of Monday _ we start out with a well mixed water column

31:30

because we are imagining we had a big storm come by; we have light dependent phytoplankton growth where you get more production of chlorophyll at the surface. Then we have a loss term, so we have grazing. So now, what we see on Tuesday (let’s just put the cursor here). If we had no grazing, what we would see on Tuesday

32:00

would be a higher concentration of phytoplankton. So it’s the combination of the growth of phytoplankton and loss - due to grazing, or sinking, or death- that either gives us a bloom or not. So if we go back to the float data, there’s chlorophyll from the North Atlantic. It looks like here we’re not having net growth, but during this entire period—this little dip here is due to another  mixing event--

32:30

the growth rate exceeds the grazing rate, and voilà - we have a bloom!


