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Project Abstract

Global warming will change physical, chemical and biological processes in the oceans. Ocean-
climate model predict that heating of the surface layer may yield a stronger vertical 
stratification, which starts earlier in spring and lasts longer in autumn. This results in suppressed 
upward mixing of nutrients from the deep ocean. Changes in stratification will have major 
effects on the production and species composition of phytoplankton (=unicellular algae). This 
will subsequently impact grazing, virally induced mortality and sedimentation rates, with 
cascading effects on ecosystem functioning and biogeochemical fluxes. Little is known, 
however, of the exact implications of global warming for these fundamental processes. 
As part of the Dutch ZKO (Sea, Coast and Ocean) competitive funding program we will 
investigate how changes in vertical stratification affect phytoplankton communities along a 
north-south gradient in the Atlantic Ocean. Six institutes and 7 PIs are involved in the 
STRATIPHYT project. The project runs for 4 years (2009-2013).
Our study is based on oceanographic cruises from the Canaries to Iceland, advanced models of 
hydrodynamics and plankton growth, and detailed laboratory experiments with representative 
phytoplankton species. We have chosen for the Northeast Atlantic Ocean, because it is a key 
area in global ocean circulation, a large sink for atmospheric CO

2
, and a major determinant of 

the climate in Western Europe. Furthermore, the Atlantic Ocean offers a gradient from weak 
seasonal stratification in the North to strong permanent stratification in the (sub)tropics. This 
gradient offers ideal opportunities for the comparative study of different stratification regimes. 
Our integrated approach of physical, chemical, and biological processes, by a new research 
team, will enable a better understanding of the implications of global warming for plankton 
growth in the North Atlantic Ocean.

Table 1. Project participants (project coordinator underlined).

Postdoc E. Jurado Physical Oceanography UU and VU

Name Speciality Institute

Postdoc W. vd Poll Phytoplankton Ecology RUG and NIOZ
PhD-student 3 Biological Oceanography NIOZ
Postdoc M. Kehoe Theoretical Ecology UvA and CWI

Dr. C. Brussaard
Dr. K.R. Timmermans Phytoplankton Ecology NIOZ

Biological Oceanography NIOZ

Prof. A.G.J. Buma Phytoplankton Ecology RUG 
Prof. J. Huisman Aquatic Microbiology UvA 
Dr. B. Sommeijer Computational Science CWI 
Prof. H. Dijkstra Physical Oceanography UU/ IMAU
Dr. H. van der Woerd Remote Sensing VU / IVM
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Project Introduction and Objectives

Observations as well as results from climate models indicate that stratification patterns in the 
ocean may change due to global warming (Sarmiento et al. 1998, Levitus et al. 2000, 
Toggweiler & Russell 2008). For example, warming of the surface layer may yield a stronger 
stratification, which enhances average light exposure for phytoplankton and can suppress the 
upward mixing of nutrients from the deeper nutrient-rich waters below. Global climate change is 
likely to have a particularly strong effect in the North Atlantic, which has been estimated to 
store 23% of the total oceanic uptake of anthropogenic CO

2 
(Sabine et al. 2004). The North 

Atlantic Ocean is a key area in the global ocean circulation, and a major determinant of the 
climate in Western Europe. It has a clear north-south gradient, with permanent stratification in 
the subtropics and seasonal stratification in the temperate zone. The North Atlantic has already 
undergone a major warming, potentially affecting the strength of its meridional overturning 
circulation (MOC). 
Changes in stratification patterns have major effects on phytoplankton growth (Behrenfeld et al. 
2006, Huisman et al. 2006). Typically, prolonged stratification yields nutrient-poor surface 
waters with deep chlorophyll maxima (DCMs), whereas seasonal stratification induces a strong 
spring bloom. Fifty years of monitoring (the Continuous Plankton Recorder survey) suggests 
changes in phytoplankton and zooplankton abundance and composition in the Northeast Atlantic 
Ocean that agree with expectations based on global warming (Richardson & Schoeman 2004, 
Beaugrand et al. 2002). However, comprehensive and integrated studies are however, lacking 
and little is known on the exact nature of the consequences of global warming for the 
phytoplankton community in the Northeast Atlantic. 
We will investigate how changes in vertical stratification affect phytoplankton communities 
along a north-south gradient by a combination of oceanographic cruises, high resolution ocean-
biochemistry and mathematical modelling, and detailed laboratory experiments with 
representative phytoplankton species. 
The North Atlantic Ocean offers the opportunity to investigate our overarching hypothesis 

Phytoplankton fix large amounts of CO
2 

and account for almost half of the total primary 
production on Earth. These photosynthetic microorganisms make up the base of the marine food 
web and provide more than 99% of the organic matter used by marine food webs. 
Phytoplankton production sets upper limits to both the overall activity of the pelagic food web 
and the quantity of organic carbon exported downwards. The nature and activity of the 
phytoplankton community are strongly influenced by physical and chemical factors that 
determine their light and nutrient availability. Phytoplankton losses by viral infection-induced 
death, grazing and sinking, however, restrain primary production and are thus equally important 
for ocean ecosystem productivity (Suttle 2007, Ruardij et al. 2005, Baudoux et al. 2006). These 
controlling processes influence the cycling of energy and biogeochemically relevant elements 
each very differently, directly affecting the production/respiration ratio of the ocean and the 
efficiency of the biological pump. As nicely formulated by Kirchman (1999), “how 
phytoplankton die largely determines how other marine organisms live”. Phytoplankton biomass 
that sinks from the euphotic zone has a strong impact on carbon sequestration in the oceans, 
whereas grazed algae are channelled to higher trophic levels. Viral lysis directly affects the 
standing stock of dissolved organic carbon which forces the food web towards a more 
regenerative pathway (Brussaard et al. 2005, Suttle 2007). 

that global warming will lead to enhanced stratification and reduced vertical transport in 
key areas, which in turn affects marine primary production and losses, plankton species 
composition and carbon storage in the ocean. 
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A stronger stratification is expected to suppress productivity in the (sub)tropics, where nutrients 
are typically limiting algal growth. At mid-latitudes, with seasonal stratification, the spring 
bloom may start earlier but phytoplankton may experience severe nutrient limitation already at 
the onset of summer. At high latitudes, decreased mixed layer depth and higher temperatures 
may stimulate phytoplankton growth. Modifications in vertical mixing and stratification will not 
only alter phytoplankton productivity, but also their species composition and most likely their 
nutritious value for higher trophic levels (Arrigo et al. 1999, Huisman et al. 2004, Diehl 2007). 
Model studies indicate, furthermore, that reduced vertical mixing may induce oscillations and 
chaos in the phytoplankton at the DCM, generated by differences in time scale between the 
sinking flux of phytoplankton and the upward flux of nutrients (Huisman et al. 2006). 
Anthropogenic global warming may thus destabilize the phytoplankton dynamics both in the 
upper mixed layer as well as DCM, with implications for oceanic productivity, species 
composition and carbon export. 
Shifts in algal abundance and species composition will directly affect the degree of viral lysis 
and grazing. For instance, viral infection is dependent on encounter rate between host and virus 
and have a stringent host-specificity. Grazers can be selective in their choice of prey, depending 
on the nutritious quality and abundance of their prey species. Furthermore, changes in vertical 
stratification may directly and indirectly (e.g. shift towards smaller-sized phytoplankton in 
reponse to more severe nutrient limitation upon reduced vertical mixing) impinge on the 
sedimentation rate of algae from the euphotic zone.
Clearly, the interaction of physical, chemical and biological processes is extremely important in 
structuring plankton communities. Yet integrated, multidisciplinary programmes covering these 
aspects are scarce. At present such an approach is vital to enhance our understanding of 
potential shifts in phytoplankton distribution, ecosystem structure and function due to current 
global climate change. 

The overall objectives of our research program are:
1) To establish the physical and chemical characteristics of the upper ocean (200 m) of the 
Northeast Atlantic Ocean, along the transect Iceland–Ireland–Canary Islands, with particular 
emphasis on the stratification patterns along this transect. 
2) To model the effect of a changing atmospheric forcing on the upper ocean stratification and 
vertical transport along this transect. 
3) To obtain remote sensing measurements and phytoplankton biomass data for the Northeast 
Atlantic Ocean to validate and improve net primary productivity estimates along this transect. 
4) To determine the variability of the phytoplankton, grazer and algal virus community 
abundance and composition in the mixed layer and the DCM, as well as in the translocation 
experiments mimicking changes in nutrient supply and mixed layer depth. 
5) To determine primary production, phytoplankton physiology and cellular composition in the 
surface ocean, DCM, and during the translocation experiments. 
6) To investigate loss factors structuring the phytoplankton community in the surface ocean, 
DCM and translocation experiments, i.e. viral lysis and grazing of relevant groups and size 
classes of phytoplankton. 
7) To study the ecophysiology, sinking rates, sensitivity for viral infection and grazing of 
representative phytoplankton species in laboratory culture under different light, nutrient and 
temperature conditions. 
8) To model phytoplankton dynamics and species interactions in response to changes in 
seasonal stratification and vertical transport caused by climate change. 
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The STRATIPHYT cruise 2011

We studied for a month the vertical stratification and the biology of plankton (with a major 
focus on phytoplankton) in the Northeastern Atlantic Ocean, along a transect from Las Palmas
(Gran Canaria) to Reykjavik (Iceland). This cruise was undertaken as part of larger integrated 
study with the main merit of assessing the physics, chemistry and biology of the upper water 
column (typically top 200 m) in order to understand the impact of vertical stratification of the 
water column for the unicellular algal community; its production, mortality and diversity. This 
is the second of two cruises, one in summer (2009) and the current one in spring (2011). The 
cruise track is shown in Figure 1, the station details in Table 2 and the participant and crew list 
in Table 3.
Different geographical locations and subsequently biological communities were studied in order 
to allow unique and optimal insight into the contribution of the different algal groups and to the 
functioning of the pelagic food web. 

Fig. 1. Cruise track STRATIPHYT-II 2011.
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Table 2. Station details STRATIPHYT – 64PE334 cruise with R/V Pelagia.

Station date Latitude Longitude
degrees decimal degrees decimal

test 7-04-11 28.999.686 -15.000.194 
0 8-04-11 28.999.982 -14.999.994 
1 9-04-11 30.018.594 -15.070.508 
2 10-04-11 31.220.091 -14.870.195 

2B 11-04-11 32.138.433 -14.709.789 
3 12-04-11 32.820.495 -14.590.394 

no station 4
5 13-04-11 34.719.725 -14.260.068 
6 14-04-11 35.529.688 -14.110.193 
7 15-04-11 36.529.698 -13.939.981 
8 15-04-11 37.279.965 -13.800.038 
9 16-04-11 38.420.489 -13.575.978 
10 17-04-11 39.499.900 -13.390.100
11 18-04-11 40.529.594 -13.190.131 
12 18-04-11 41.249.872 -13.049.851 
13 19-04-11 42.340.079 -12.879.929 
14 19-04-11 43.079.889 -1.277.936 
15 20-04-11 44.279.789 -1.260.983 
16 20-04-11 44.914.194 -12.517.894 
17 21-04-11 45.529.783 -12.430.106 

17B 21-04-11 46.268.504 -12.319.125 
18 22-04-11 47.570.082 -12.110.403 

no station 19
20 23-04-11 49.915.062 -16.356.662 

no station 21
22 24-04-11 52.621.788 -16.497.225 

22B 24-04-11 53.508.041 -16.520.077 
23 25-04-11 54.633.279 -16.508.962 

no station 24
25 28-04-11 58.000.163 -16.520.083 
26 28-04-11 58.650.223 -17.179.777 
27 29-04-11 59.500.026 -18.069.873 
28 29-04-11 60.119.958 -18.729.966 
29 30-04-11 60.680.043 -19.340.095 
30 1-05-11 61.710.326 -20.490.256 
31 1-05-11 62.299.777 -21.159.864 
32 2-05-11 62.800.035 -21.740.748 
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Table 3. R/V Pelagia Cruise STRATIPHYT-II Participants and Crew listing.
R/V Pelagia Cruise STRATIPHYT-II, spring 2011

PARTICIPANTS LIST

Name Institute/University, Country
Brussaard, C * NIOZ, NL
Timmermans, K NIOZ, NL

Asjes, S NIOZ, NL

Boom, L NIOZ, NL

Gonzalez, S NIOZ, NL

Noort, v. G NIOZ, NL

Van Ooijen, J NIOZ, NL
Doggen, R NIOZ, NL

Kooijman, K NIOZ, NL

Mojica, K NIOZ, NL
O’Connor, P NIOZ, NL

Schuback, N NIOZ, NL

Jurado, E UU, NL
Doeschate, A UU, NL

Schoffelen, N UU, NL

Poll, v.d. W RUG, NL
Rozema, P RUG, NL

Kehoe, M UvA, NL

Shelford, E UBC, Canada

* = Chief Scientist 

CREW LIST
Burkhard, C Master

Puijman, B Ch. Officer

Kikkert, K Ch. Engineer
Verheyen, D 2nd Officer

De Kleine, M 2nd Engineer

Nieboer, A Cook
Heide, vd R AB

Maas, J AB

Van Vorsselen, W AB
Vitoria, J AB

Hiemstra, F Steward
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The physical vertical stratification was studied using a Scamp instrument (see for more detail
furtheron in cruise report). 
Water samples were taken using the 24 Teflon samplers (NIOZ design Pristine Bottles, 27 liters 
each), which were mounted on a ultra-clean (trace metal-free) system that consists of a full 
titanium sampler frame equipped with CTD (Seabird 9+) and auxiliary sensors. When aboard 
ship, the sampler frame was stored and sampled in its own 20 foot Clean Container. Deployment 
of the frame was from a non metallic hoisting cable, again to ensure contamination free 
sampling. Auxiliary sensors were: Oxygen (Seabird model 43), Fluorescence (Chelsea 
Aquatracka Mk III), Light transmission (Wet-Labs C-star), PAR (Satlantic) and OBS (Sea-Point 
turbidimeter). To compensate for variance in the sunlight, a deck reference PAR sensor 
(Satlantic) was installed, enabling ratiometric measurements.
Furthermore, a vertical net was used to collect the larger sized mesozooplankton (>300 μm 
mesh size).

Besides direct sampling of the upper water column and short termed (max 24 h) on-board 
incubation, on-deck incubations using 20 L bottles were conducted for up to one week. These so 
called ‘translocation experiments’ provide insight in the response of the algal community to 
more or less nutrient input in combination with enhanced or reduced light conditions. 
Additionally, optical measurements were obtained and the ship’s continuous Aquaflow system 
from a depth of 3 m (detecting temperature, salinity, optical back scatter, and fluorescence) was 
and will be used for validation, adaptation and testing new satellite products for Chlorophyll and 
primary production retrieval.

The results of this timely project will largely advance our comprehension of the importance of 
different stratification scenarios for phytoplankton population dynamics. The results are 
expected to provide new insights in our understanding of the functioning and structure of marine 
pelagic food webs and the impact of global change. The obtained data will, furthermore, be 
essential for the different models (to be) developed within the project. 
The Atlantic Ocean showed indeed, according to expectation, permanent stratification with a 
deep mixed layer in the (sub)tropics and complete deep mixing in the Northeastern section of 
the transect (Fig. 2). The, furthermore, low concentrations of nutrients (Fig. 3), as found in the 
south, promoted only the very small-sized algae (majority typically <2 μm). Larger sized 
phytoplankton were observed during leg 2 (Cork-Reykjavik), resulting in enhanced total algal 
pigment (Chlorophyll a) fluorescence (Fig. 3).

In total 32 locations were sampled (stations), during which 103 CTD casts, 160 SCAMP profiles 
and 48 vertical net hawls have been performed. Only some of measurements could be analysed 
on board (e.g. macronutrients, direct counts of phytoplankton, physical and optical variables). 
Numerous samples were stored for later analysis at the home laboratories.

Detailed description of the different scientific activities can be found in the following section.
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Figure 2. CTD profiles of temperature (red line), Chlorophyll a fluorescence (green line), light
(blue line) and salinity (yellow line) for station in the southern and northeastern part of the 
cruise track.
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Figure 3.  Transect plots from Las Palmas to Reykjavik, showing from top to bottom and from left 
to right: temperature, salinity, and inorganic phosphate and NOx (nitrate and nitrite) 
concentrations.
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Scientific activities (per variable):

Nutrient measurements

- Jan v Ooijen –

Summary

During the cruise about 5000 analysis (1250 samples) were analyzed using a Seal Analytical 
QuAAtro Autoanalyzer connected to an autosampler. The different nutrients were determined 
colorimetrical as described by Grashoff (1983).

: On this cruise samples were analyzed on inorganic phosphate, ammonium, nitrate and 
nitrite. Samples for the reactive silicate were filtered and stored at 4 degrees until analysis in the 
NIOZ home lab.

Methodology

Standards were prepared fresh every day by diluting the stock solutions of the different nutrients in 
nutrient depleted surface ocean water. This water is also used as  baseline water. Each run of the 
system had a correlation coefficient for 9 calibrant points of at least 0.9999. The samples were 
measured from the lowest to the highest concentration in order to keep the carry over effects as 
small as possible. 

: Samples were obtained from growth experiments and from an ultra clean CTD with 
24 bottles of 27 Liter. Each sample from the CTD was taken in a polypropylene bottle and filtered
though a 0.2 um pore-size Acrodisc filter. The samples were subsampled in 5 mL polyethylene 
vials. These vials were all stored dark at 4 C until analysis within 18 hours. As a light source the 
QuAAtro uses a LED instead of a lamp to avoid the noise effect of the movements of the ship on 
the light source and therefore on the baseline.

In every run a mixed nutrient standard containing silicate, phosphate and nitrate in a constant and 
well known concentration, a so called cocktail, was measured as a triplicate. This cocktail was used 
as a guide to check the performance of the analysis.

Chemistry
Ammonium reacts with phenol and sodiumhypochlorite at pH 10.5 to a indo-phenolblue complex. 
Citrate is used as a buffer and complexant for calcium and magnesium at this pH. The color is 
measured at 630 nm.

:

Phosphate reacts with ammoniummolybdate at pH 1.0, and potassiumantimonyl-tartrate was used 
as an inhibitor. The yellow phosphate-molybdenum complex was reduced by ascorbic acid and 
measured at 880 nm.
Nitrate plus nitrite (NOx) was mixed with a buffer imidazol at pH 7.5 and reduced by a copperized 
cadmium column with a reductionpercentage of at least 98%, to nitrite. This was diazotated with 
sulphanylamide and naphtylethylenediamine to a pink colored complex and measured at 550nm.
After substracting the nitrite value of the nitrite channel the nitrate value was achieved.
Nitrite was diazotated with sulphanylamide and naphtylethylenediamine to a pink colored complex 
and measured at 550 nm.

Table. Statistics of the analysis of this cruise. (A) within one run and (B) between runs.
(A)The standard deviation of samples measured in one run:

PO4: 0.002 uM 0.19% of full scale value
NH4: 0.009 uM 0.13% of full scale value
NO3 + NO2: 0.020 uM 0.13% of full scale value
NO2: 0.002 uM 0.19% of full scale value
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(B) The standard deviation of samples measured between different runs:
PO4: 0.005 uM 0.24% of full scale value
NH4: 0.021 uM 0.19% of full scale value
NO3 +NO2: 0.043 uM 0.16% of full scale value
NO2: 0.003 uM 0.16% of full scale value

Vertical turbulence and POC

- Elena Jurado and Anneke Doeschate –

Microstructure measurements with SCAMP

During the cruise, high-resolution vertical profiles of temperature, pressure (depth), conductivity, 
fluorescence, and PAR (Photosynthetically Active Radiation) of the first 100 m of the water 
column have been measured with SCAMP, a free-fall microstructure profiler. Compared to the first 
STRATIPHYT cruise, we have used a new SCAMP device (SCAMP SN61), equipped with 
additional sensors for fluorescence and PAR. We have also brought the SCAMP device from the 
first cruise, SCAMP SN43, as a spare instrument. Bringing two SCAMPs was a benefit, due to the 
frequent technical problems encountered with the instrument. 

Sampling procedure

We performed 2 to 14 SCAMP casts in each station, during the time period from 11h to 15h (see 
figure below). The total number of casts in this cruise is 214, about one fourth more than the first 
STRATIPHYT cruise. Few casts were performed when the SCAMP had a failure, adverse 
environmental conditions, or shortening of the sampling time for external reasons. 

Figure legend. Number of SCAMP profiles per day during the STRATIPHYT-II cruise.
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The maximum depth reached by the instrument was not always 100 m because the compromise 
between the need to obtain a large number of profiles and the tendency of the instrument to drift 
away from the ship due to its slow falling velocity. Furthermore, parts of the beginning and end of 
the profiles had to be trimmed, due to the influence of the waves, currents, or other phenomena that 
generated a large variability in the falling speed of SCAMP. This falling speed should be constant 
and equal 10 cm/s, so that the measures are more credible. 10 cm/s was hard to obtain, generally the 
SCAMP descended in the water between at around 15 cm/s. 
As in the first STRATIPHYT cruise, the instrument was deployed with the fly-winch, property of 
NIOZ, with longer rope than the one provided with the SCAMP. It allowed to measure deeper 
depths, and permitted an easy recovery from the deck.

After each cast, the data was uploaded in a computer. After each scamp session, consisting in a 
group of casts from roughly 11h to 15h, the data was post-processed. The post-processing consists 
in a number of trimming, filtration, smoothing, and binning (1 m bins) procedures, plus the 
derivation of essential turbulent quantities. In this report we focus on the following turbulent 
quantities: the temperature eddy diffusivity (KT), or vertical mixing coefficient of temperature, and 
the turbulent kinetic energy dissipation rate ( ). KT proportionately reflects the effects produced by 
eddies from all other levels on the variation of the temperature at a certain depth level. represents 
the rate at which kinetic energy is lost by molecular viscosity  and appears as thermal energy.

Obtained data

In the following picture (see figure below), are shown the typical variables measured with the 
SCAMP and averaged over the 15 profiles recorded at the station 5 the 13th April. Besides 
temperature (T), salinity (S), fluorescence (Fluor) and Photosynthetically Active Radiation (PAR), 
Figure 2 shows derived quantities such as density ( ) and the buoyancy frequency (N). The latter is 
indicative of the stratification strength of the water column. As a general tendency, more 
stratification indicates less mixing.

Figure legend. Depth-binned (blue dots) and station-averaged (larger black dots) temperature (T), 
salinity (S), buoyancy frequency (N), density ( ), fluorescence (Fluor), and PAR recorded by 
SCAMP at the station 5 the 13th April.
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In this figure, the surface mixed layer is indicated by the continuous part of the temperature and 
salinity profiles, and it extends up to 40 m depth. Just below the mixed layer, occurs the 
thermocline, where also the buoyancy frequency N has a maximum. In the mixed layer, the 
temperature eddy diffusivity KT is also large (see figure below) indicating a strong mixing in this 
layer. The energy dissipation rate , more uniform than the KT, is also somewhat larger in the 
mixed layer, and presents an increase towards the surface due to surface-waves' related turbulence. 
Both turbulent quantities present similar vertical trends agreeing with the results of the previous 
cruise STRATIPHYT-I. The magnitude of is larger than in the previous cruise, which took place 
in August. In the period of STRATIPHYT-II, the large convective events of the winter have a 
stronger print. 

Figure legend. Depth-binned (blue crosses) and station-averaged (thick line) temperature eddy 
diffusivity (KT), turbulent kinetic energy dissipation rate ( ) recorded by the SCAMP at the station 5 
the 13th April.

Overview of the STRATIPHYT-II cruise and comparison to the values in STRATIPHYT-I cruise

From a first analysis, the results in this STRATIPHYT-II cruise indicate a major mixing than in the 
STRATIPHYT-I cruise (Figure 4) and also a lower stratification of the upper 100 m of the ocean. 
We do not perceive a uniform decrease of stratification below the mixed layer, as observed in the 
first cruise. Instead, the stations present more sparse mixing situations. Furthermore, 
STRATIPHYT-II presents two well-distinguished types of stations in terms of mixing. The first leg 
(stations from 0 to 17) present mixed layers of less than 100 m, the second leg (stations from 22 to 
32) present mixed layers of more than 100 m (see figure below). It agrees with the transition from 
permanently stratified stations in the lower latitudes to seasonally stratified ones in the northern 
latitudes.
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Figure legend. Depth-binned profiles of temperature eddy diffusivity (KT) in the STRATIPHYT-I
and STRATIPHT-II cruise. Dotted vertical lines delimit the sampling stations, and the number of 
the station is shown at the top of the figure. The mixed layer depth (MLD), according to Levitus 
[2000] criteria, is also plotted. No MLD is plotted when it exceeds 100 m depth.

The second cruise offers us a unique opportunity to compare the fluorescence measurements with 
the turbulent quantities, both measured by SCAMP. The fluorescence measurements are a rough 
indicator of the chlorophyll a concentration, and thus of the phytoplankton concentration. A first 
look on the profiles of fluorescence points out to a relation with the turbulent mixing. The 
fluorescence tends to be higher in regions where the mixing is lower (see figure above and below).
In certain stations, however, the fluorescence peaks in the mixed layer, in the region of more 
mixing. In addition, and in the first leg, the stratified region below the mixed layer acts like a 
barrier to the phytoplankton distribution, and may contribute to prevent the phytoplankton to spread
upwards or downwards (see figure below). Further research, and the connection to the nutrients 
distribution, needs to be done in that direction.
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Figure legend. Depth-binned profiles of fluorescence. Relative units of in situ fluorescence. The 
highest fluorescence value of 2 V corresponds to a chlorophyll a concentration of 0.6 g/L 
(station 17, 12 m depth, linear scale). 

CTD measurements. At every station, two to five CTD casts were done. We analyzed them in 
order to calibrate the SCAMP and to have information of the physical properties of the water 
column below 100m. The CTD measures conductivity, temperature, depth, fluorescence, and PAR 
(Photosynthetically Active Radiation) down to 500 m and with a vertical resolution of 25 
centimeters. Here we focus on the PAR and on the mixed layer depth, the latter derived from the 
temperature profiles.

PAR (Photosynthetically Active Radiation) is a subset of the total solar irradiance; it comprises the 
radiation with wavelengths between 400 and 700 nm. From the PAR distribution in the water 
column, we have derived the mixing depth constant, Kd [m-1], which describes the rate of 
attenuation of visible light in the water column. It is obtained from the PAR profiles, by plotting the 
natural logarithm of the values against depth. The slope of the best-fit line is the Kd. 

Photosynthetically Active Radiation (PAR)

The figure below shows the Kd value for each CTD cast and for all the stations. Those will be used 
by STRATIPHYT-sub2. 

Figure legend. Kd values determined from the PAR data of the CTD casts. Each data point is a 
different cast. 

Station nr
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Three criteria for the definition of the mixed layer depth (MLD) are explored:
Mixed layer depth (MLD)

(1) The traditionally used Levitus difference criterion (Levitus et al. 2000): T=-0.5 C from 
surface temperature. (2) the Montegut difference criterion (Boyer Montegut et al. 2004): T=-0.2 C
from the temperature at 10 m depth. (3) the Lorbacher curvature criterion (Lorbacher et al. 2006): 
the first local extreme value of the curvature of the temperature profile.
From the temperature profile of each CTD cast, three MLD are calculated, according to the 
different criteria. Figure 7 presents the MLD for each CTD cast, upon an image showing the 
fluorescence. It clearly shows that the three criteria do not converge into a single MLD. 
Additionally, the figure below indicates that there is a clear difference between the first and the 
second leg of the cruise. In the first leg, stations 0 to 17, mixed layer depths are found in the upper 
100 m of the ocean. From station 18, the MLD is deeper than 100m. 

Figure legend. Fluorescence in the first 200 m as measured during the CTD casts. The MLD is 
additionally plotted, according to the Lorbacher (white), the Levitus (black) and the Montegut 
criteria (red)

* * References. Boyer Montegut, C. de, G.Madec, A.S.Fischer, A.Lazar, D.Iudicone (2004). Mixed layer depth over the global 
ocean: an examination of profile data and a profile-based climatology, Journal of Geophysical Research, vol. 109
Levitus, S., J. Antonov, T. Boyer, and C. Stephens (2000). Warming of the world ocean, Science, 287, 2225–2229.
Lorbacher K., D. Dommenget, P.P. Nijler, A. Kohl (2006). Ocean mixed layer depth: A subsurface proxy of ocean-atmosphere 
variability, Journal of Geophysical Research, vol. 111

Particulate Organic Carbon (POC), Particulate Organic Nitrogen (PON). One litre of water sample 
at 10 m depth has been taken from the 8h CTD cast. This water sample has been used to do 
determine both Particulate Organic Carbon and Nitrogen (POC/PON) by vacuum filtration through 
GF/F filters of 0.7 m. These measures will be used to validate satellite measurements of ocean 
colour. 
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Optical measurements

- Michael Kehoe –

Spectrally resolved light absorption and light flux was measured. The objectives for measuring both 
light spectra and the wavelength specific absorption properties of sampled water were threefold.  
First,  measurement of wavelength specific absorption in raw water compliments the identification 
of pigments by other methods such as HPLC.  Second, due to the differences in wavelength 
absorption, quantification of the species specific absorption properties is necessary for the 
calibration of phytoplankton competition models. Finally, measurement of in situ light levels at 
different wavelengths compliments other analysis carried out on the cruise to better in form 
classification of the different water types encountered and to inform satellite based estimates of 
primary production.
Wavelength Specific Absorption. At every station water samples were measured for light 
absorption. These measurements were made with an a-sphere™ (Hobilabs) spectrophotometer. At 
all stations, the wavelength specific absorption of raw water sampled at 10 metres, plus at least one 
other depth, was carried out on all casts. At all stations, in some cases, the wavelength specific 
absorption of water filtered through 0.7 micron (GF/F) filters was also measured. In these instances 
the absorption signals measured in the filtered samples could be subtracted from the signal 
measured in the raw samples to yield an estimate of absorption by phytoplankton pigments (see 
figure below).

Light Spectra. At some stations the in situ wavelength specific light flux was measured. These 
measurements were made using a RAMSES™ wavelength radiometer (TriOS). This data can be 
used to compared with the absorption data collected with the a-sphere.
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Figure legend. The filtered spectrum is subtracted from the unfiltered spectrum yielding the derived 
spectrum, which is an estimate of phytoplankton pigment absorption. 

Flow cytometric abundances of phytoplankton, bacteria and viruses

- Richard Doggen, Nina Schuback, Kristina Mojica, Emma Shelford and Corina Brussaard  -

For all stations, each CTD and each depth samples were taken for phytoplankton, bacteria and 
viruses. Furthermore, additional samples from various assays and experimental incubations were 
analyzed and/or sampled and fixed. Phytoplankton samples were measured fresh using flow 
cytometry onboard, whereas bacteria and viruses were fixed (glutaraldehyde EM-grade, 0.5% final 
concentration), flash frozen in liquid nitrogen and stored at -80 degrees Celsius until analysis in the 
NIOZ home lab upon arrival of RV Pelagia in The Netherlands (end of May 2011). The basic
instrument applied for single-cell analysis of the phytoplankton community was a bench top flow 
cytometer, Beckton Dickinson FACSCalibur. The instrument is equipped with a 15mW Argon laser 
(488nm exitation), which has an emission in the green, orange and red light spectrum. In addition, 
forward and side light scatter are collected.
Fresh phytoplankton populations were discriminated by red chlorophyll autofluorescence. Algal 
community composition was characterized based on the cellular bio-optical properties of the algal 
cells, including pigment autofluorescence, forward- and side scatter. Serial size fractionation of 15 
mL of the natural community uing 10, 8, 5, 3, 2, 1 and 0.8 um pore-size PC filters showed that most 
cells detectable using flow cytometry were in the southern stations typically <1 um in diameter. The 
more northern stations showed a larger contribution of the larger sized cells (5-20 um diameter). 
However, the algal abundances were relatively low. It has to be noted that before this cruise started 
the climate in the nothern part was mainly dominated by low-pressure areas, which enhanced 
mixing of the water column consequently mixed the algal community down to deeper depths.
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Figure legend. Depth profiles of algal abundance from station 2 and station 30, representing 
stations with the stratified southern stations and the well-mixed northern stations, respectively.
Series 1 represents the prokaryotic Prochlorococcus, series 2 the prokaryotic Synechococcus, 
series 3 Picoeukaryotes group I, series 4, Picoeukaryotes group II, series 5 Nanoeukaryotes group 
III, series 6 Nanoeukaryotes group IV and series 7 Nanoeukaryotes group V. Station 2 (first plot) 
is dominated by prokaryotic Prochlorococcus, whereas at station 30 (second plot) the larger-sized 
eukaryotic algae can be found (series4-7).

Algal fluorescence, translocation experiments and Cd-isotope sampling

- Klaas Timmermans, Nina Schuback, Willem vd Poll, Patrick Rozema –

As part of subproject 2 of the Stratiphyt project, the following measurements, experiments and 
sampling were performed during the Stratiphyt-II cruise:
1) fluorescence measurements, 2) translocation experiments, 3) Cd isotope fractionation sampling.

Ad 1). Fluorescence measurements

Autofluorescence is an overall measure of phytoplankton biomass, including the whole population 
from large to small cells. The photosynthetic efficiency is an indicator of the physiological 
performance of the phytoplankton, with values of 0.6 to 0.7 typical for “healthy” phytoplankton.

. Measurements were made of autofluorescence (F0), maximum 
fluorescence (Fm) and photosynthetic efficiency (Fv/Fm, with Fv the variable fluorescence) using a 
Walz (Walz, Germany) WATER-PAM. All stations and all casts were sampled for all depths. 
Measurements were made in duplicate in dark adapted (15 minutes minimum) samples. 

A preliminary analysis of the measurements of the depth profiles show a clear destinction between 
stations with a Deep Chlorophyl Maximum (DCM) (stations in the southern part of the cruise) and 
stations without a DCM, where Chlorophyll  was found in the surface layer (stations in the northern 
part of the cruise). Typical examples of both situations are depicted below.
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Station 1 cast 2                Station 9 cast 1.      Figure legend: F0 (autofluorescence in arbitrary 
units) versus depth (m).

The photosynthetic efficiency (Fv/Fm) showed limited variability with depth. In general,  the 
photosynthetic efficiencies varied between 0.50 and 0.70, indicative of physiologically healthy
cells. The results of the fluorescence measurements will be topic of further interpretation in the 
months to come. All results of the fluorescence measurements are in the database, and are available 
for the cruise participants.

Ad 2). Translocation experiments.

Overview and coding of the different conditions in the translocation experiments:

In order to manipulate the phytoplankton growing conditions and 
to simulate enhanced or reduced mixing in the surface layers, so-called translocation experiments 
were performed during the cruise. In total 3 experiments (A , B, C) were done. During CTD casts 
water, from 500 m depth (nutrient-rich water, hereafter “deep water”) and water from the DCM 
(“surface water”) or chlorophyll maximum was collected. Upon recovery to Pelagia, water from the 
CTD bottles was used to fill the 20 L polycarbonate incubation bottles. Each bottle received 10 
liters of unfiltered surface water. This water contained the phytoplankton inoculum for the 
experiment. Next, 4 bottles were amended with filtered deep water, simulating a nutrient pulse. 
Finally, 4 incubation bottles received 10 liters of filtered surface water. In the incubators on the aft-
deck of Pelagia, 4  bottles were placed in the high light incubator (maximum 180 micromol photons 
m2 s-1), 4 bottles in the low light incubator (80 micromol photons m2 s-1). The reduction of light 
was achieved by applying musquito maze and/or a floor mat. 

LL: Low Light, surface phytoplankton filtered surface water  (duplo),
HL: High Light, surface phytoplankton, filtered surface water (duplo),

LL mix: Low light , surface phytoplankton filtered deep water (duplo),
HL mix: High Light, surface phytoplankton, filtered deep water (duplo).

The incubators were connected to the ships seawater system, thereby maintaining surface seawater 
temperature during the incubations. Typically, an experiment lasted 5 days. The following 
measurements were done daily: flow cytometry (phytoplankton, bacteria and virus enumeration),  
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dissolved nutrients (NOx, NO2, PO4, NH4), fluorescence measurements (autofluorescence F0, 
maximum fluorescence Fm and photosynthetic efficiency Fv/Fm, with Fv the variable 
fluorescence) . At the end of the incubations the following additional samples were collected: 
HPLC (Chl a concentration), DGGE (species composition), lugol (species composition), and viral 
DNA.

Figure legend: F0 from translocation experiment C: autofluorescence F0 (arbitrary units) versus 
time (hours)

Obviously, low light incubations performed best over time, with addition of nutrients having no 
additional effects on F0. Other analyses need to be done in the home laboratory.

Ad 3) Cadmium isotope fractionation sampling. Water from 3 CTD casts was collected for 
determination of stable  cadmium  isotope fractionation. It is known that the stable cadmium  
isotopes are fractionated. It is unknown which processes cause this fractionation. In order to 
determine whether phytoplankton has a role in cadmium isotope fractionation (discrimination the 
lighter against the heavier isotopes), filtered seawater samples from different depths were collected. 
In this water the cadmium isotope fractionation will be measured and related to the presence and 
activity of phytoplankton.

Primary production phytoplankton

- Santiago Gonzalez and Willem vd Poll –

Phytoplankton productivity was determined at every main station by spiking samples with  14C
Sodium bicarbonate. From two depths samples were incubated under a range of 20 light intensities 
(from 4 to 890 μmol photon) for 3 hours at in situ temperature. 20 transparent scintillation vials 
were filled with 5 ml seawater from the CTD-cast and to each vial 10 μCi Sodium bicarbonate was 
added. At 3 additional vials 250 μL 6N HCl was added and were left in the fumehood to let de 14C
evaporate. The other 20 were placed in the incubator on fixed places with a known light value. 
After 3 h incubation photosynthesis in the light bottles was also stopped with HCl and left in the 
fumehood for 24 h. After this time for all vials the acid was neutralized with 250 μL 6N NaOH and 
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about 20 ml scintillation cocktail Ultima Gold was added. Samples were counted directly using a 
scintillation counter PerkinElmer TriCarb 2810.

Figure legend. Photosynthesis vs irradiance responses determined using PAM fluorometry showing 
distinct differences in photosynthetic capacity between a sample from the mixed layer and a sample 
from the deep chlorophyll maximum of station 2.

Phytoplankton community structure, photo-acclimation and lipid composition

- Willem vd Poll and Patrick Rozema –

During the Stratiphyt 2 cruise samples were collected to gain insight in phytoplankton abundance 
and species composition. Furthermore, experiments were conducted onboard that provide insight in 
the phytoplankton photosynthesis and photoacclimation state.

Phytoplankton taxonomic composition and abundance. Phytoplankton taxonomic composition and 
abundance was determined by filtering 10 l water samples on GF/F for several depths at every 
station. Pigments on the frozen filters will be separated by HPLC and identified by retention time 
and diode array spectroscopy. Chlorophyll a (and divenyl chlorophyll a) will be used as an indicator 
for algal biomass because this pigment is present in all algae. The chlorophyll a concentration can 
be compared to the in situ determined chlorophyll a concentration from the fluorescence sensor on 
the CTD frame. Furthermore, specific marker pigments can be used to estimate the contribution of 
specific taxonomic groups to the total phytoplankton population. In addition, the abundance of 
photo protective pigments relative to chlorophyll a can provide information on the 
photoacclimation state of the phytoplankton sample (i.e. if phytoplankton is acclimated to low or 
high light). This ratio can also be used as an indicator for vertical mixing, because the abundance of 
these pigments change on a time scale of hours. In addition to pigment samples, also samples were 
fixed for microscopic examination. Furthermore, samples were obtained for DNA extraction, which 
after amplification can be separated onto a DGGE gel. This method can also reveal changes in 
phytoplankton composition.
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Phytoplankton sensitivity to excess light. In the upper meters of the water column phytoplankton 
can experience excess light, which can inhibit photosynthesis and growth (photoinhibition). The 
magnitude of photoinhibition depends on phytoplankton species composition and photoacclimation 
state. Phytoplankton sensitivity to excess light was investigated at all main stations in samples from 
two depths. Samples were exposed to excess light under in situ temperature and recovery of 
photosynthesis was determined afterwards in low light using a pulse amplitude modulated 
fluorimeter (PAM). 

Phytoplankton light absorption. Samples were obtained from two depths of all main stations to 
determine the chlorophyll specific phytoplankton absorption cross section. This parameter is 
needed for primary production estimates. Results from the filter pad method will be compared with 
in situ determined phytoplankton absorption.

Phytoplankton viral lysis and microzooplankton grazing rates

- Kristina Mojica and Paul O’Connor –

An adaption of the dilution assay by Landry & Hassett (1982), was applied to simultaneously 
estimate viral lysis and microzooplankton grazing.  The method was applied to water collected 
from one depth at every main station of the Stratiphyt cruise. A series of dilutions were prepared to 
measure 24h loss rates in the pico- and nanophytoplankton. For each experiment, 40 liters of 
natural water obtained from the CTD cast was collected from either the mid DCM (deep 
chlorophyll maximum) depth, which ranged from 50-100 m (first leg of the cruise) or the mid ML 
depth (mixed layer), which typically ranged from 10-20 m.  Ten liters of the collected water was 
filtered through AcroPak 200 SUPOR membrane filters with a pore size of 0.45 μm to produce 
grazers-free water. The principle is that the removal of grazers by dilution allows the algal cells to 
increase in standing stock over the measured 24 h period. The difference in algal concentration over 
the period; therefore, provides an estimate of algal growth rate. Plotting the growth rate against the 
dilution, the slope of the linear regression represents the loss rate due to microzooplankton grazing. 
Statistical analysis is used to test the significance of the slope. Ten liters of collected water was also
filtered using Vivaflow 200 cartridges (Sartorius) with a 30 KDa cutoff to produce grazers and 
virus-free water, which provides the loss rate of grazing and viral lysis. From the difference 
between the two dilutions series the actual virally mediated algal mortality rate can be calculated.
Using 1 L polycarbonate incubation bottles, natural water (sieved through 200 um mesh-size) was 
diluted with the 0.45 μm and 30 KDa filtrate to 100, 70, 40 and 20% of the total volume (all 
dilutions in triplicate). Subsamples were taken at T=0 and T=24, the phytoplankton was measured 
fresh using the bench top flow cytometer, Becton Dickinson FacsCalibur and samples for bacterial 
and viral abundances were fixed using gluteraldehyde (0.5% final). All incubation bottles were 
closed (without air bubbles) and placed in an incubator at in situ temperature and irradiance.
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Data processing and analysis of fixed samples will be done back at the homelab subsequent to the 
cruise.  

Figure legend: Dilution method principle.

Determination of lytic / lysogenic viral infection and grazing of prokaryotes

- Kristina Mojica and Niels Schoffelen -

Grazing of bacteria was investigated using by filtration experiments.  Filtration grazing experiments 
were completed by comparing the abundance of bacteria in whole water incubations and water from 
which grazers had been removed by 0.8 μm filtration. In addition a further 0.2 μm filtered 
treatment was prepared to monitor adsorption of organisms to the incubation vessels walls.  
Samples were incubated under the temperature and approximate light conditions of the water depth 
at the collection station.  Subsamples were taken at regular intervals for bacteria and viruses counts, 
these samples were flash frozen after gluteraldehyde (0.5%) fixation for 15-30 min at 4°C.  
Samples will be analysis by flow cytometry at the laboratory. Acquisition of the results will only be 
possible after the analysis of these samples. These experiments were completed at two to three 
depths at all the main stations.
Rates of lytic viral infection were determined according to the method of Winget et al. (2005).  
Briefly the bacterial fraction was concentrated and resuspended in virus-free water generated by 
tangential flow filtration. In this way further infection of the bacteria was prevented and the level of 
lytic infection in the existing population could be determined by monitoring the production of new 
viruses and loss of bacteria. Samples were fixed and frozen for bacterial and viral enumeration 
every 3 h for 24 h. Rates of lysogenic infection were determined by preparing addition replicates 
and adding the antibiotic Mitomycin C at a final concentration of 1 μg per ml to trigger the lytic 
production of any lysogenic phage incorporated into the bacterial population. These experiments 
were completed at two to three depths at all the main stations. Results from these experiments will 
become available after the analysis of bacterial and viral samples back in the NIOZ home lab.
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Ammonium Regeneration by Viruses and Grazers of Bacteria

- Emma Shelford -

The objective of this experiment was to determine ammonium regeneration mediated by viruses 
and grazers of bacteria. When viruses infect bacteria, the bacteria break apart and release the 
contents of their cells to the environment. Other bacteria can use these released cellular contents for 
their own growth and respiration. Ammonium is often produced as a by-product of bacterial 
metabolism. Grazers of bacteria also excrete ammonium as a by-product of their own metabolism. 
Ammonium is an important source of nitrogen for phytoplankton, especially in stratified waters 
where nitrate is scarce and nutrient recycling provides the majority of nutrients for primary 
production. This cruise track allowed a comparison of ammonium regeneration mediated by viruses 
and grazers in waters of different stratification and mixing. It is expected that the relative 
importance of viruses and grazers in ammonium regeneration will change depending on the 
stratification of the water column. Water was obtained from selected stations (stations 0, 2, 3, 5, 7, 
11, 15, 18, 22, 25, and 29) at the mid-mix layer depth (from 40 to 15 metres, depending on the 
stratification of the water at each station).
To determine ammonium regeneration by grazers of bacteria and by bacteria using viral lysis 
products, viruses were removed using a bacterial concentration method. Water was passed through 

-size filters to remove grazers of bacteria, and then concentrated over a tangential flow 
The concentrated water was reconstituted with 

virus-free seawater. In this way, three treatments were produced: whole water to determine 
ration mediated by 

viruses, and virus-reduced water to determine regeneration by bacteria alone. Ammonium labeled 
with the stable isotope of nitrogen (15N) was added to incubations at the end of the experiment to 
determine ammonium uptake rates. Incubations were stopped after 2 to 4 hours by filtration through 

m filters. These filters will be later analysed for nitrogen content and isotopic composition by 
mass spectrometry. Samples for microorganism counts, ammonium concentrations, and chlorophyll 
concentrations were taken, to be later analysed in the laboratory after the cruise.

Grazing experiments using fluorescently labelled prey

- Govert van Noort –

During Stratified cruise II from Canary Island to Iceland grazing rates on bacteria, cyanobacteria 
and algae by Heterotrafic nanoflagellates (HNF) and microozooplankton is investigated and
measured by adding fluorescently  labeled prey. We have used three types of prey FLA 
(Fluorescently Labeled Algae), FLB (Fluorescently Labeled Bacteria, FLC (Fluorescently Labeled 
cyano-bacteria).
At every head station fluorescently labeled bacteria, cyanobacteria and algae were added to a 
volume of 1 liter seawater sample at approximately 10% of the natural concentration. Grazing was 
determined by monitoring the concentration of labeled prey at the start of the experiment and after 
24 hours. The  analyses was done by preparation of filters. On the filters the fluorescence green 
prey will be counted by epifluorescence microscopy. 
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The protocol of Sherr and Sher was followed to prepare the fluorescence prey. The stain we use is 
DTAF. It is a good stain because after 24 hours in 0.2 filtered seawater in daylight you keep the 
same numbers as you start at time zero. They did not disintegrate.. 
The three different labeled prey FLA, FLB, FLC were added at every head station at 3 depth at
three bottles per depth when a deep chlorophyll maximum is present. When no deep chlorophyll 
maximum was present at two depth.  At time zero and at time 24h a 20ml sample was taken out of 
every bottle and filtered over a 0.2 um filter. The difference between the numbers on T24 an T0 
gives the grazing rate of the different added prey species At the NIOZ all the slides will be counted.

Bacterial secondary production

- Santiago Gonzalez -

Heterotrophic bacterial secondary production was measured using Tritium-labeled  Leucine, L-
[3,4,5 -3H (N)- 142,2 Ci/mmol. Maximun three depth were samples (below DCM, DCM and Mixed 
layer) at each mean station from the CTD cast. Seawater was added into 4 sterile 15 ml tubes 
(Greiner Inc). To one of the four tubes 0.5 ml formaldehyde (37 %) was added in order to kill the
bacteria (blank). Then 30 μL 3H-Leucine (50 μCi) was added in each vial. Incubation time was 30-
60 and 90 minutes at in situ temperature. After the incubation time growing was stopped with 
formaldehyde and samples were filtered with 0.2 μm filters. After rinsing with 5% 
trichlooracetiacid (2 times 5 minutes) filters were placed in scintillation vials and 8 ml UltimaGold 
scintillation cocktail was added. Samples were measured after 24 hours using PerkinElmer Tricarb 
2910 TR scintillation counter. At station 25, 27, 29 and 30 extra incubations were made adding 100 
μCi Leucine.

Phytoplankton Sinking Rate Determination

-Kristina Mojica -

The sinking rates of phytoplankton were determined at several main stations over the course of the 
cruise.  Sinking rates were permitted by the use of specially designed ship-board SETCOL devices, 
wherein a settling column is held in a 2-dimensional gimbal apparatus which eliminates the 
turbulence induced by the ship’s roll. The column is gently filled with a homogeneous seawater 
sample and allowed to settle undisturbed for a set period of time under in-situ light and temperature 
conditions. A control consisting of a 1 L clear plastic Nalgene bottle was also filled and incubated 
under in-situ conditions for the duration of settlement. A 1 L sample was also filtered onto a GF/F 
filter for HPLC analysis (storage of filters at -80 degrees Celsius until analysis in the NIOZ home 
lab). A 2 ml sample was also analyzed for flow cyometric analysis of phytoplankton. After settling, 
the upper portion of the column is slowly sampled by opening a valve located on the side of the 
column. The middle fraction is then drained and the remaining bottom fraction sampled via a valve 
located on the bottom of the column. Two milliliter subsamples of both the bottom fraction and the 
control were taken for flow cyometeric analysis of phytoplankton and the remaining volume was 
filtered onto a GF/F filter for HPLC analysis. 
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Mesozooplankton secondary production and biomass

- Kirsten Kooijman -

During this cruise the mesozooplankton were collected using a vertical net with a net opening of 
0.354 m2 and equipped with a 300 μm mesh size. The sampled depth layer was typically 100 
meters. Usually 3 net catches were done at each station, two for taxonomy and one for the 
starvation experiment. The first two catches are collected in a 50 mL LDPE bottle, 5% formalin 
was added to fixate the samples. The third catch is used for the starvation experiment, where a 
zooplankton catch were split in several more or equal parts and added to bottles with GF/F (0.7μm 
nominal pore size) filtered seawater from HPLC filtrations by W vd Poll. The zooplankton from the 
bottles were collected at discrete time intervals and frozen at -80°C for later Chlorophyll a 
(phaeophytine) gut contents analysis at the lab. From the rate of gut contents loss with time and the 
initial gut content, the grazing (ingestion) rate can be calculated.

Figure legend: Copepods on filter in Petridish
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APPENDIX 2 
Appendix 2. Onboard database STRATIPHYT-II cruise 2011 
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APPENDIX 3 
Appendix 3. Masterfile STRATIPHYT-II cruise 2011 – per participant 
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APPENDIX 4 
Appendix 4. Instruments configuration file STRATIPHYT-II cruise 2011 

 



Date: 04/08/2011

Instrument configuration file: C:\Data\64PE334\UC_CTD_03.con

Configuration report for SBE 911plus/917plus CTD
------------------------------------------------

Frequency channels suppressed : 0
Voltage words suppressed      : 0
Computer interface            : RS-232C
Scans to average              : 1
NMEA position data added      : Yes
NMEA depth data added         : No
NMEA time added               : No
NMEA device connected to      : PC
Surface PAR voltage added     : Yes
Scan time added               : No

1) Frequency 0, Temperature

Serial number : 032211
Calibrated on : 13-0ct-2010
G             : 4.34259554e-003
H             : 6.44231324e-004
I             : 2.19683820e-005
J             : 1.91804805e-006
F0 : 1000.000
Slope         : 1.00000000
Offset        : 0.0000

2) Frequency 1, Conductivity

Serial number : 043263
Calibrated on : 12-0ct-2010
G             : -1.00776905e+001
H             : 1.29748257e+000
I             : 1.65848443e-004
J             : 5.06526564e-005
CTcor         : 3.2500e-006
CPcor         : -9.57000000e-008
Slope         : 1.00000000
Offset        : 0.00000

3) Frequency 2, Pressure, Digiquartz with TC

Serial number : 942
Calibrated on : 28-nov 2009
C1            : -4.168226e+004
C2            : -1.009559e+000
C3            : 1.325200e-002
D1            : 3.547900e-002
D2            : 0.000000e+000
T1            : 3.007470e+001
T2            : -6.101307e-004
T3            : 3.873800e-006
T4            : 4.642440e-009
T5            : 0.000000e+000
Slope         : 1.00000000
Offset        : 0.00000
AD590M        : 1.250000e-002
AD590B        : -1.000000e+001



4) Frequency 3, Temperature, 2

Serial number : 031197
Calibrated on : 23-3-2010
G             : 4.89183843e-003
H             : 6.85856433e-004
I             : 2.87898435e-005
J             : 2.37798046e-006
F0            : 1000.000
Slope         : 1.00000000
Offset        : 0.0000

5) Frequency 4, Conductivity, 2

Serial number : 043385
Calibrated on : 12-10-2010
G             : -9.80074274e+000
H             : 1.50975056e+000
I             : -1.99356605e-003
J             : 2.47778323e-004
CTcor         : 3.2500e-006
CPcor         : -9.57000000e-008
Slope         : 1.00000000
Offset        : 0.00000

6) A/D voltage 0, Fluorometer, Chelsea Aqua 3

Serial number : 088008
Calibrated on : 6 0ct 2010
VB            : 0.325600
V1            : 2.194300
Vacetone      : 0.407200
Scale factor  : 1.000000
Slope         : 1.000000
Offset        : 0.000000

7) A/D voltage 1, Oxygen, SBE 43

Serial number : 431932
Calibrated on : 23 nov 2010
Equation      : Sea-Bird
Soc           : 4.25200e-001
Offset        : -5.08500e-001
A             : -3.06720e-003
B             : 1.90610e-004
C             : -3.42250e-006
E             : 3.60000e-002
Tau20         : 1.28000e+000
D1            : 1.92630e-004
D2            : -4.64800e-002
H1            : -3.30000e-002
H2            : 5.00000e+003
H3            : 1.45000e+003

8) A/D voltage 2, Altimeter

Serial number : 49562
Calibrated on : 2009
Scale factor  : 15.000
Offset        : 0.000



9) A/D voltage 3, Transmissometer, Chelsea/Seatech/Wetlab CStar

Serial number : 1311
Calibrated on : 23 dec 2009
M             : 21.5471
B             : -1.2713
Path length   : 0.250

10) A/D voltage 4, Free

11) A/D voltage 5, Free

12) A/D voltage 6, Free

13) A/D voltage 7, PAR/Irradiance, Biospherical/Licor

Serial number        : 092
Calibrated on        : 4-7-2009
M                    : 0.89120000
B                    : 1.28190000
Calibration constant : 1000000000.00000000
Multiplier           : 1.00000000
Offset               : 0.00000000

14) SPAR voltage, Unavailable

15) SPAR voltage, SPAR/Surface Irradiance

Serial number     : 122
Calibrated on     : 26 Jan 2010
Conversion factor : 962.10000000
Ratio multiplier  : 0.00000000


