
A straw man for August 2008 cruise 
 
NOTE: This is how I would use 15 days of ship if asked today. It is putting the cart 
before the horse; we need a science plan before planning the cruise. Nevertheless, as I 
have agreed to serve as the chief scientist, I feel obligated to present this straw man 
(however silly), and to initiate the discussion as quickly as possible. I need help to turn it 
into something reasonable that would work for most of us, and the sooner the better.   
 
It may not be enough to learn what is out there. It may be necessary to learn how the 
ocean operates, and why it operates the way it operates. And we may need to learn it 
quickly.  
 
Cruise Theme: Ocean Perturbative Experiment (OPEREX) 
 
Objectives 
I have identified six objectives, all under the umbrella of perturbative experiments that I 
find worthy of consideration for the August cruise. 
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Objective 1. Vertical Mixing Cells experiment 
1.1 Rationale 
 
Both the surface data and the section data from the Bloomer cruise indicate presence of 
vertical mixing cells within the downwelling eddy (Fig. 1).  
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Figure 1. (A) Cruise track over a downwelling eddy during Bloomer cruise, (B) surface fluorescence 
properties (green traces) and photosynthetic efficiency (red trace) measured by the flow-through FRR 
fluorometer along the cruise track, (C) section of fluorescence signal across the eddy measured by FRR 
fluorometry. The fluorescence signals and the photosynthetic efficiency were enhanced at the periphery of the 
eddy, but were depressed at the center. This indicates that downwelling eddies recirculate water in a pattern 
indicated by the blue arrows, pumping the nutrients toward the surface at their outskirts, and sinking at the 
center. The system of local undulations in the sea surface height (panel A) indicates that such circulation 
patterns persist over large areas of Pacific Ocean.

The system of sea surface undulations (see the enclosed movie) originates at the 
boundary of the California current, and propagates westward. This system is likely to 
continuously stir the water up and down, affecting biology, primary production, and 
possibly producing local discontinuities in the community structure.  
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1.2. Questions 
One question is whether this system is driven by the wind stress or by the heat loading 
from the top. Other questions are: 
  

a) Can the presence and strength of mixing cells within eddy system be assessed 
from the SSH signature? 

b) How the rates of mixing and the nutrient/light exposure affect photosynthetic 
rates and local energy flow within the downwelling and upwelling regions of the 
mixing cells? 

c) How these factors affect local populations (presence of nitrogen fixers, 
phototrophy vs heterotrophy) within the downwelling/upwelling regions of the 
mixing cells? 

d) How general are these characteristics?  
 

A better look at the 2007 Bloomer eddy data may help to sharpen these questions.  
 
1.3. Approach  
Drive the boat over four of these undulations (two downwelling, two upwelling eddies in 
a row) with stations every 40 km. The cruise track will be determined by the mesoscale 
altimetry data prior the cruise. Three days of operation should cover about 900 km, 
sufficient to traverse four mixing cells. Collect and process water in a way similar to that 
performed during eddy part of the Bloomer cruise.  
 
1.4. Risks 
Bad weather may limit CTD operation. Eddies may not perform (we may not see 
presence of mixing cells). These risks are not manageable. Once we decide on the cruise 
track, we just plough through and see what will happen.  
 
1.5. Schedule 
First 3 days of the cruise to drive over three to four eddies. Drive through on more eddy 
when going home.  
 
 
Objective 2. Deep water enrichment experiment. 
2.1 Rationale.  
 
In the Bloomer deep water enrichment experiment (Fig. 2) the biomass increased in all 
the treatments, consistent with the picture in Fig. 1C. The initial rate of biomass increase 
was similar in all treatment, but the final level of biomass accumulation increased from 
800% (200 m water enrichment) to 2600% (500 m water enrichment, it was still going 
strong at day four). This indicates that under replete nutrient conditions (as in all 
treatments until hour 56 of the experiment), the rate of biomass increase was independent 
on the nutrients concentration. Hypothetically, there exist threshold level o 
nutrients/micronutrients above which the rates of biomass accumulation are controlled by 
the energy supply to the system (light level), not by the nutrient concentration. 

 3



 Biomass accumulation in Enrichment experiment 2

Time (hours)
0 12 24 36 48 60 72 84

B
io

m
as

s 
(fl

uo
re

sc
en

ce
 u

ni
t)

0

1000

2000

3000

4000

5000

6000
Fv (Biomass proxy)2.2. Questions. 

 
a) Will the initial slope of biomass 

accumulation change in proportion to 
the irradiance level? 

b) Which factor (enrichment depth or 
the light) will control the final level 
of biomass accumulation in the 
enrichment experiment? 

c) How the light/nutrients status will 
affect the final community 
composition (eukaryotic vs 
prokaryotic phytoplankton, 
phototrophic vs heterotrophic 
communities) 

 
2.3. Approach. 
Perform deep water enrichment incubation experiments similar to that performed during 
the Bloomer cruise, but at several different light levels (40%, 20%, and 5% of the 
ambient light). Run three incubations experiments, four days each. Use second incubation 
run to observe the effects of the pumped water on the surface ecosystems (see Objective 
5).  
 
2.4. Risks 
Bad weather may delay/limit the start of incubations, and the number of incubations. 
Cloud coverage may limit the effectiveness of the energy versus nutrients investigations, 
and scramble the results. These risks appear to be small and manageable.   
 
2.5. Schedule 
Initiate the first incubation on the second day of the cruise, repeat three times every four 
days, weather permitting. Sample twice a day, before dawn and after dusk for FRR 
measurements (50 ml) to monitor the progress of the incubation. Kill the incubations 
when the biomass reaches the plateau point.  
 
 
Objective 3. Bloom chasing experiment  
3.1. Rationale  
During the Bloomer cruise we have 
observed evidence of small-scale 
chlorophyll features at the surface (Fig. 
3). These features can be detected from 
space (if we are lucky), or we may detect 
them when driving over (more luck 
needed). The factors controlling 
presence and dynamics of such features 
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Figure 2. Results of the deep water enrichment 
incubation experiment from Bloomer cruise. The 
initial biomass increase was similar in all the 
treatments. The final level of biomass 
accumulation, however, changed between the 
treatments.  
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Figure 3. Fluorescence signal along 16 hours cruise 
track, Bloomer cruise, August 12, 2007, recorded by 
the bench-top FRR fluorometer.  



remain unclear. Speculatively, the particular combination of mixing cells (Fig 1) may 
produce quasi-consistent front-like features with strong local upwelling regime.  
  
3.2 Questions 

a) What controls the presence of small-scale blooming features? 
b) What is the depth distribution of these features? 
c) How dynamic are they (spatially and temporally) 
d) If they move in space, what defines their translational properties (direction and 

speed), and what they leave in their wake.  
 
3.3. Approach  
If we find a small-scale bloom feature we will stay there (continuously probing in/out) in 
a Lagrangian mode for a period of 10-12 days. We may find such features during the first 
three days of steaming through the eddy fields. If visible from space, we will try to plan 
the cruise track so that we visit and probe them when steaming through the eddy fields, or 
we will make them a final destination of the first 3-days exercise.  
 
3.4. Risks 
We may not find any of the blooms features. In that situation, the best performing eddy 
found during the first three days may serve as a location for the Lagrangian experiments. 
We may need some fallback strategy if that won’t work.  
 
3.5. Schedule 
10 to 11 days following the eddy driving exercise.  
 
 
Objective 4.  Mesocosm perturbation experiment  
4.1. Rationale 
We need to start looking at 
mesocosm experiment as quickly as 
possible (Riebessel has already beat 
us – see Fig. 4). The development, 
logistics, and proper execution of 
mesocosm experiments may take 
some time. On the other hand, 
mesocosms may offer the best 
approach toward experimenting on 
microbial population in the ocean. 
The critical factors in mesocosm 
experiments are good controls. To 
assess how good the controls are will 
require sampling the natural environment, sampling the control mesocosm, and verifying 
that the control mesocosms behave similar to the natural environment with respect to 
manipulated variable and the expected response. Only then we can properly interpret the 
results from the perturbed mesocosm.  

 
Figure 4. Riebesell mesocosm used in July 2007 in 
Baltic to investigate the effects of pH shift on 
nitrogen fixation. 
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Interestingly, these conditions were not satisfied in Riebesell experiment (Riebesell et al. 
Nature 2007), and ironically, the common knowledge is that photosynthetic rates will 
increase by 39% under pCO2/pH conditions of 2100. As we cannot run this business 
model in CMORE, mesocosm controls should become the priority for the next 1-2 years 
(how boring).   
 
Before that, we need to do some engineering and logistics. We may not be able to run 
mesocosm experiment in August 2008. However, we should make an effort to test some 
components of mesocosm deployments logistics during this cruise. I will work with Steve 
Poulos to see what can be done within the short time frame. 
 
4.2. Questions 
No science questions here, just engineering problems 

a) Logistics of mesocosm deployment and recovery: stiff mesocosm frame versus 
flexible mesocosm frame 

b) Logistics of mesocosm sampling: from the ship, or from small watercraft 
c) Closed mesocosms versus open mesocosms 
d) Disposable mesocosm? 

 
4.3. Approach 
We will try (Steve will lead the effort) to acquire, or to manufacture a mock mesocosm 
structure, and we will try to deploy and recover this thing. At this time, I plan to make it 
just a learning exercise, where we may try several concepts highlighted above. The trial 
deployment will be performed at the location of the bloom chasing experiment.   
 
4.4. Risks 
We may not have anything ready by August 2008. If we have something ready, we may 
fail to deploy and recover the thing. These risks are manageable, and will not adversely 
affect the science program.  
 
4.5. Schedule 
5th to 10th day of the cruise  
 
 
5. Wave driven pump experiment 
5.1. Rationale 
Data shown in Figs. 1 and 2 indicate that pumps may work, and that scares me to the 
bone. We need to learn how to run these contraptions as quickly as possible, and we need 
to learn what kind of damage they are capable to produce. I am convinced that we have to 
do this without any Atmocean assistance, and as quietly as possible. I assume that this 
will be a learning exercise, and any science that will come out will be a bonus. 
 
5.2. Questions 

a) What kind of sea state is required for the pumps to work 
b) Can we detect any biological effects in natural environment when operating as a 

single point source 
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5.3. Approach 
Deploy pumps at the local of the mesocosm experiment (less that one hour from the 
bloom chasing experiment). Identify the patterns of water movement around pumps (The 
Lagrangian conditions may not be 100% satisfied), and sample water ahead, and in the 
wake of pumps. Take water from direct vicinity of the pump at several depths, (“the 
enriched water”) and incubate this water on the deck for four days (one of the deck 
incubation experiment). This incubation experiment may allow us to detect biological 
responses even if we fail to see them in the natural environment (pump enrichment may 
dilute too fast to produce significant effect). Also, this incubation will tell us something 
about time scales of biological responses.  
 
5.4. Risks.  
Bad weather may make pump deployment impossible. Too good weather may make the 
pumps ineffective. It may not work at all even under proper conditions. These risks are 
not manageable; we will try to do as much as possible given the sea conditions.  
 
5.5. Schedule 
Start 4th to 5th day of the cruise, following eddy driving exercise. Run for about eight days 
(till departing home), in parallel with the bloom chasing experiment in a Lagrangian 
mode.   
  
6. Lab Incubation Experiments.  
6. 1. Rationale 
I have developed sea-going chemostats (Fig. 
5) that allow investigating the effects of 
pCO2, pH, light, and temperature on 
photosynthetic properties of phytoplankton. 
Our initial results performed on selected 
phytoplankton species, and on coastal 
phytoplankton communities indicate little or 
no response to pH changes smaller than 0.25 
units. Under pH shift within 0.25 to 0.5 unit 
range we have observed about 15% 
decreases in the efficiency of the 
photosynthetic light utilization, in the yield 
of the charge separation, and in the kinetics 
of the photosynthetic electron transport 
within photosystem II. The rates of electron 
transport from photosystem II to photosystem I, however, increased by about 20% under 
lower pH, indicating faster rates of photosynthesis under supersaturating irradiance. 
Nevertheless, under low to moderate irradiances the overall photosynthetic performance, 
and the phytoplankton growth rates decreased by 15-20% when shifting pH down by 0.5 
units.  To assess whether open ocean phytoplankton communities will be similarly 
affected by the anticipated pH shift, I will bring two of these units (four incubations 
vessels), and run them on selected water samples.  

 
Figure 5. Chemostat unit developed at MBARI 
allows manipulation of the pCO2, pH, light, and 
temperature.  
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6. 2. Questions 
Lab incubations represent the most convenient means of experimenting on the ocean. Are 
they any good as they introduce severe bottle effects? 
 

a) Can the lab incubation produce reasonable results at all? 
b) If so, how will they compare with the deck incubations (different scale of bottle 

effects), and with the pump experiment (assuming the pump works)? 
c) What kind of science will they allow (none?) 
 

6. 3. Approach  
We will just run the lab incubations. 
 
6.4. Risks.  
May be a waste of time. 
 
6.5. Schedule 
Flexible. 
 
SUMMARY 
At the straw man stage, the goal of the OPEREX cruise will be to push the concept of 
“Experimenting on the Ocean”. On one level, it will involve identifying the natural 
perturbations (eddy-related vertical mixing cells and small scale bloom events) and 
detecting the corresponding biological responses in the natural environment setting. On 
the other level it will rely of artificial perturbations (pumps, deck incubations, lab 
incubations) and interpreting the responses of interest using simplistic models and 
assumptions. Within this continuum of approaches, it will be necessary to assess the 
advantages and limitations of each, and to qualify how god (or bad) they are for 
addressing particular science questions.  
 
Comments? 
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