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PUPCYCLE* FACT SHEET  
*Phytoplankton response to the UPwelling conveyor belt CYCLE 

 
Principal Investigator: Adrian Marchetti, Ph.D.; UNC – Chapel Hill, NC 
Additional Scientists: 10 additional researchers from the 
United States and Canada: 5 from UNC-CH (North Carolina), 3 
from Humboldt State (California), and 2 from the University of 
British Columbia 
R/V Oceanus Crew: 12 Crew (male and female); including 
cooks, engineers, mates, and officers 
Teacher at Sea: Miriam Sutton, M.A.; Science by the Sea® 
 
PUPCYCLE Study Sites: 

 Embark on the R/V Oceanus May 24, 2019 from the Hatfield Marine 
Science Center in Newport, Oregon. 

 Collect phytoplankton along wide continental shelf region along 
northern California coast. 

 Collect phytoplankton along narrow continental shelf region along 
northern California coast. 

 Return to Newport, Oregon on June 7, 2019 for disembarkation of 
the R/V Oceanus. 

Primary Goal: Determine the molecular mechanisms in how specific groups of phytoplankton 
physiologically respond to environmental conditions UCBC – (Upwelling Conveyor Belt Cycle) and how 
phytoplankton will be affected by changing ocean conditions.  
Hypothesis: Diatoms are uniquely adapted to thrive under UCBC conditions compared to other 
phytoplankton functional groups (e.g., Dinoflagellates, Haptophytes, Chlorophytes). 
Experimental Design: Five (5) Incubation Experiments are designed to investigate these concepts: 

 Compare phytoplankton responses to different UCBC stages;  
 Compare Surface vs. Subsurface phytoplankton seed populations for their contribution to 
phytoplankton blooms during an Upwelling Event; 

 Changes in phytoplankton compositions through UCBC stages; and 
 Effects of Iron Limitation & Ocean Acidification on phytoplankton responses to UCBC conditions. 
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H. Seim). At specific sites, incubation experiments will be performed similar to those outlined previously 
during the IrnBru cruise where subsurface water within the 10-12°C isotherm, along with the associated 
phytoplankton seed populations will be incubated within on-deck incubators to simulate an upwelling 
event.  
 
Methods to test H2 (Subsurface phytoplankton seed populations dominate blooms during strong 
upwelling events) 
To test our hypothesis on whether surface or subsurface (i.e., 10-12°C isotherm during relaxation) 
phytoplankton communities contribute most to the bloom during upwelling events, we will perform 
incubation experiments. Our assumption is that during times of weak upwelling, surface phytoplankton 
communities may dominate the resulting blooms whereas during strong upwelling events, subsurface 
phytoplankton communities dominate. Our incubation experiments are designed to examine the dynamics 
of how both surface and subsurface phytoplankton communities respond to upwelling conditions 
separately and when combined (Fig. 5).  We propose to perform at least two incubation experiments on 
each cruise at sites of relaxation associated with a broad and narrow shelf regions. Incubation times will 
be determined through monitoring NO3 drawdown and responding phytoplankton growth where we aim 
for appreciable growth within most treatments while avoiding macronutrient depletion.  From our 
experience on previous incubation experiments within the CUZ, this occurs within 2-5 days and is 
dependent on the initial phytoplankton biomass and nutrient concentrations. For both the ambient surface 
and subsurface communities and following incubations, we will collect samples for all physiological 
measurements and RNA to perform metatranscriptomic analysis as described previously. In addition, 
samples for DNA will be collected that will be used to differentiate the phytoplankton communities by way 
of sequencing rDNA loci (18S rDNA and ITS1) and other genetic markers that will enable us to distinguish 
between surface and subsurface phytoplankton populations and their relative contributions to the 
resulting blooms [62].  Our previous experiments have identified that surface and subsurface species of 
Pseudo-nitzschia may differ, providing for a way to track the different populations.  Alternatively we 
propose to sequence microsatellites of the dominant Pseudo-nitzschia species present in our incubations 
to distinguish the growth dynamics between the two populations, as recently developed by [63].  To 
ensure a full recovery of the population diversity in ambient waters, diatoms (>5 µm) from 10L of each 
community will be concentrated as performed by [64].  Environmental DNA sequencing using internal 
standards will be performed on an Illumina MiSeq at the UNC HTSF core facility.  
 
Methods to test H3 (Phytoplankton at depth have altered elemental quotas (e.g., C and Fe) in order 
to maintain viability in the dark and rapidly respond to upwelling) 
H3 will be tested simultaneously with H1 through measuring the elemental composition of our laboratory 
isolates within the different stages of the UCBC as described previously. The physiological status of the 
cells throughout the UCBC stages will be measured through calculating growth rates using in vivo 
fluorescence and photophysiology (measured using a Satlantic 
FIRe fluorometer). Cellular quotas will be determined using 
well-established protocols in my lab.  Briefly, for particulate C 
and N quotas, cells are collected on pre-combusted GF/F 
filters and measured using an elemental analyzer. C and N cell 
quotas are normalized per cell and per unit biovolume by 
dividing the PC and PN concentrations by cell density and then 
dividing the cellular quota by the average cell volume. 
Particulate Si concentrations are determined following the 
methods outlined in [65].  Cells are filtered onto polycarbonate 
filters and subsequently boiled in NaOH to dissolve the diatom 
frustules. The dissolved silicic acid is then measured using an 
autoanalyzer.  Fe quotas are estimated from the Fe:C ratios 
using an 55Fe and 14C dual label, radioisotope technique 
performed on parallel cultures as described in [66].  
      
Methods to test H4 (Increased Fe limitation and ocean 
acidification will delay the phytoplankton response to an 
upwelling event and alter cellular elemental composition) !

(Left-Right): Surface phytoplankton (red dots) and surface water (light blue); Half surface water with surface 
phytoplankton and half subsurface water (filtered); Half surface water (filtered) and Half subsurface water (dark blue) 
containing subsurface phytoplankton (green dots); Half surface water and half deep water with Surface and Subsurface 
phytoplankton; and Subsurface water with deep phytoplankton. Experiments will be completed in triplicate for a total of 15 
incubations. [NSF Award #1751805 – Adrian Marchetti, University of North Carolina – Chapel Hill] 

Figure 1 An Introductory Video to 
Research Vessels (2:30minutes) 

HTTPS://YOUTU.BE/cP3-G2Q9Dy0 

 Figure 2 Study Sites will be in a region referred to as the California Upwelling Zone 
(CUZ), known for increases in phytoplankton blooms and ocean productivity. 


