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Cruise description 
 
HOE-Legacy 4 was an oceanographic cruise organized by the Simons Collaboration on Ocean 
Processes and Ecology (SCOPE) and the Center for Microbial Oceanography: Research and 
Education (C-MORE) in 2016. The cruise took place in the northeast sector of the North Pacific 
Subtropical Gyre during May 9-14 2016 onboard the research vessel Ka'imikai-o-Kanaloa, 
leaving from and returning to the port of Honolulu. 
HOE-Legacy 4 was one of a series of cruises investigating the biogeochemical and ecological 
variability associated with mesoscale eddies, that are regions of the ocean with diameters of tens 
to hundreds of kilometers characterized by a rotational motion. Two previous cruises, HOE-
Legacy 2 and HOE-Legacy 3, studied the temporal variability of the ecosystems inside 
anticyclonic eddies North of the Hawaiian islands. HOE-Legacy 4 had a different objective that 
was to characterize the horizontal variability in biogeochemistry and ecosystem structure across 
and between two eddies, an anticyclone and a cyclone (with a clockwise and anticlockwise 
circulation, respectively). HOE-Legacy 4 was the second SCOPE/C-MORE expedition for year 
2016, and relied on previous observations of the eddies North of the Hawaiian islands conducted 
during HOE-Legacy 3. This latter was a cruise that took place in March 2016 on board the 
research vessel Kilo Moana that was curtailed due to mechanical problems with one of the ship 
rudders. Despite the early return of HOE-Legacy 3, the autonomous vehicles and drifters 
deployed during this cruise kept providing useful observations that were instrumental to the 
planning of HOE-Legacy 4. 
 
Scientific background 
 
Mesoscale eddies shape the temporal and spatial variability of ecosystem processes in many 
regions of the World Ocean, but an exhaustive description of their influence on the plankton 
community is still missing, partly due to the complex physical-biological interaction taking place 
inside the eddies.  
The rotational circulation characterizing mesoscale eddies has the effect of vertically displacing 
seawater in the ocean interior. This seawater carries with it a plankton community and elevated 
concentrations of inorganic and organic molecules that influence ecological rates such as primary 
production and the mineralization of organic matter. A simple example to visualize the potential 
ecological effect of eddy circulation is the case of deep, nutrient-rich water being displaced to 
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shallower depths, and being exposed to higher light intensities. The consequence of a 
displacement of this kind could be a stimulation of photosynthesis and an increase in the 
abundance and biomass of the organisms living in the layer being vertically displaced. This 
example is representative of what can happen in the early stages of the life of a cyclone, when 
deep water is displaced to shallower depths. Somehow the opposite happens in an anticyclone, 
where shallow water is displaced deeper in the eddy interior, and a light-independent 
heterotrophic community potentially metabolizes higher concentrations of organic compounds. 
Apart from regions in the proximity of eddy centers, the fronts between eddy dipoles represent 
additional areas where fluid motions can stimulate the rates of ecosystem processes. Several 
factors as strong shears and horizontal density gradients can promote the development of fluid 
instabilities in frontal regions that could in turn stimulate plankton productivity, for example 
through surface entrainment of deep, nutrient-rich water. 
Despite several previous efforts that were aimed to study cyclonic and aticyclonic eddies in the 
North Pacific Subtropical Gyre, it is still difficult to predict the effects that mesoscale eddies 
have on plankton communities. In this context, an in-depth characterization of the variability 
across a cyclone-anticyclone dipole will help us understand how plankton ecosystems adjust to 
the different environmental conditions driven by mesoscale fluid motions. 
 
Cruise objective and measurements 
 
The main objective of HOE-Legacy 4 was to characterize the ecological and biogeochemical 
variability along a transect connecting an anticyclone and a cyclone North of the Hawaiian 
islands. The transect was composed of 3 main stations (Figure 1) that were occupied for about 10 
hours each, and that were finely characterized in terms of environmental parameters, 
biogeochemical stocks, biological rates, community composition, transcriptomics, and 
metabolomics. The exact locations of the three main stations were defined during the cruise 
based on real-time observation of ocean currents that were used to identify the eddy centers and 
the frontal region. 
Fewer samples were collected at two additional stations to characterize biogeochemistry and 
community composition with a higher horizontal resolution along the transect. 
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Here is a list of the observations, measurements and samples that were collected along the 
transect and the PIs representing the teams that were/will be involved in these analyses: 
collection: 

• Hydrography and biogeochemistry (Karl and Church) 
• Bacterial and viral community composition (DeLong) 
• Light propagation and absorption (Letelier) 
• Eukaryotic community structure (Dhyrman, Caron, Letelier) 
• Eukaryotic transcriptomics (Dhyrman) 
• Community metabolomics (Ingalls) 
• Biological rates (Karl and Church) 

 

Figure 1: location of the transect sampled by the HOE-Legacy 4 cruise with respect to the 
reconstruction of sea surface height anomaly from satellite observations for May 12, 2016 by the 
Copernicus Marine Environment Monitoring Service. Open circles depict the coordinates of the 3 
main sampling stations while dots depict stations of CTD deployments along the transect. 
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Pre-cruise autonomous observations 
 
Two autonomous underwater vehicles (Seagliders, Kongsberg) were deployed in March 2016 
and had been collecting oceanographic measurements in the region occupied by HOE-Legacy 4 
both before and during the cruise. One of the vehicles was sent to explore a transect similar to 
the one to be crossed by the ship, before HOE-Legacy 4. The observations collected by 
Seagliders not only provided a validation of the scenario reconstructed from satellite altimetry, 
but they also showed in advance what we would have encountered during the cruise: a strong 
uplifting of deep water in the cyclone associated with higher concentrations of phytoplankton 
and particles (Figure 2).  

	
Figure 2: observations along a quasi-meridional transect from Seaglider 148. On the left, map of the study area with 
a solid line depicting the Seaglider trajectory. On the right, contours of chlorophyll fluorescence (on the top), and 
particle backscattering (on the bottom) along the transect. Solid lines in the contour plots depict the depth of selected 
isopycnal surfaces that were uplifted inside the cyclone. The Seaglider observed large  increases in pigments and 
particle concentrations in the deep euphotic layer of the cyclonic region. 

 
Side mission: Seaglider recovery 
 
One of the two Seagliders (s/n 146) characterizing the region North of the Hawaiian islands 
stopped communicating with the base station on April 11 2016 for unknown reasons. Since we 
knew the last coordinates of the vehicle, and the last assigned target to be reached during its 
mission, we attempted to establish communication with the Seaglider during HOE-Legacy 4. We 
tried to ping the Seaglider with an acoustical transducer on May 10 at 6 stations in the region 
where the vehicle was most likely to be found, but we received no response from the vehicle. 
Once we understood that Seaglider 146 was not in the region explored, we moved on toward the 
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main transect since it became clear that the chance of recovery had become very small.  This 
Seaglider was purchased in 2007 and completed 8 major NPSG missions (total of 454 days at 
sea) and one extensive deployment off Grand Cayman island (102 days, 513 dives) before she 
was lost at sea. 
On May 11, we were informed that the other Seaglider exploring the region of interest (s/n 148) 
was malfunctioning and needed to be recovered. On May 12 we transited to the satellite-
transmitted vehicle coordinates, North of the transect station in the cyclone center, and we 
successfully recovered the Seaglider.  
 
Day by day activities  
 
May 9 The science party embarked on the Ka'imikai-o-Kanaloa at 7 am, and the 

ship left the dock at 8 am. Soon after departure, there was a safety 
meeting in which the captain and other crewmembers went over the 
abandon ship protocol, and explained safety practices onboard. After the 
safety meeting, the technicians from Ocean Technology Group went 
over the procedures for deck operations, and explained the functioning 
of the internet connection onboard. A short meeting followed where 
each member of the science party explained her/his cruise objectives and 
sampling requirements. 
Around 10am the Conductivity Temperature and Depth (CTD) system, 
and the rosette were tested in a cast to 200 meters depth close to the 
island of Oahu. Around 12:30 pm we deployed and tested the underway 
CTD system rented from the University of Washington. 
The rest of the day was spent transiting North East toward the first 
sampling station at a speed slightly above 8 kts (slower than the 9 kts 
considered in the cruise planning). 
 

May 10 We arrived to Station 1 around 12:00 am where we deployed the net trap 
that would have drifted in the ocean for the next day to be subsequently 
recovered. At the same location, we did our first CTD cast to collect 
water to be used for the net trap experiment. We later transited North 
East toward the last known coordinates of Seaglider 146 to attempt 
locating and recovering the vehicle. In a region around this location, we 
deployed the CTD system at 4 stations, and we deployed the acoustic 
transducer at 6 locations in an attempt to communicate with  the 
Seaglider. Two of the CTD deployments were deep casts to a maximum 
depth of ~4000 meters, as requested by the DeLong and Karl groups. 
Around 4 pm we moved toward the coordinates of the drifting net trap 
that we were receiving through satellite transmission in order to recover 
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the equipment. When the equipment was pulled on board, we discovered  
that one of the lines attached to the net trap had broken, and that the net 
was no longer  attached to the array.. Following this unfortunate event, 
we had a brief science meeting to  restructure the cruise sampling plan 
for the following days. At this point, we were already steaming  toward 
Station 7, the anticyclone station, and the first main station of the 
transect to be occupied during the cruise. 
 

May 11 Between 2 am and 4:30 am, the science party and the bridge worked in 
close contact to identify the center of the anticyclone, or to get as close 
to it as possible. The strategy to find the anticyclone center was to 
monitor the ADCP derived surface currents and to direct the ship at a 
heading that was 90 degrees to the right of the current direction. During 
this procedure , we had a deadline of  4:30 am, when we needed to 
deploy the CTD to start light-sensitive incubations. 
At 4:30 am we deployed the first CTD cast at Station 7 and the 
incubations were started. We deployed the CTD another 3 times while 
on station, and we also deployed the net tows twice and collected 
vertical profiles of underwater irradiance with a free-falling profiler 
(Hyperpro). Around 1 pm we started transiting Northwest along the 
transect aiming to be on the frontal station by  the next morning, and to 
sample  an  additional three stations while transiting. The plan changed 
when we received news about the malfunctioning of Seaglider 148 that 
was drifting at the sea surface ~70 km North of the end of the planned 
transect. Consequently we changed our cruise plan, and we decided to 
sample the cyclone station before the frontal station, and we started a 
long transit toward the cyclone center. During this transit, we conducted  
two CTD casts and there were several deployments of the underway 
CTD. 
 

May 12 After identifying the location of the station in the cyclone center, Station 
10, we started a first CTD cast at 4:30 am. As we had previously noticed 
from autonomous observations, the deep community inside the cyclone 
was enriched in pigments and particles, probably in response of the 
uplifting of the nutricline due to eddy circulation. The same sampling 
and measurements  conducted at Station 7 were replicated at Station 10, 
and at ~11 am we started transiting toward the position of Seaglider 148 
for recovery. Once on site, we spotted the autonomous vehicle and we 
pulled it on the back deck through the ship a-frame. 
At that point, we started transiting back toward the main transect to 
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continue our characterization of the mesoscale dipole. To do so, we went 
back to Station 10, and from there we cruised toward the frontal station. 
While between the two stations, we stopped to do an additional CTD 
cast, and we deployed the underway CTD several time during our 
transit. 
 

May 13 The frontal station, Station 12, was defined in the region where maximal 
current velocities were observed (currents were ~2 kts to Northeast for 
tens of kilometers along the transect).  The sampling scheme on this 
Station was the same as the one adopted for Stations 7 and 10, in the 
eddy centers. The scientific activities on Station 12 ended around 1:30 
pm, and at that time we started steaming  back to  Honolulu. 
 

May 14 We docked at Snug Harbor around 8 am, and we started offloading part 
of the equipment used during the cruise, even though most of the 
offloading and crane operations happened on Monday, May 16 
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Cruise participants 
 
Participant Gender Citizenship Title Affiliation 
Benedetto Barone M Italy Postdoctoral scholar University of Hawaii 
James Burkitt M USA Research Scientist University of Hawaii 
Timothy Burrell M New Zealand Postdoctoral scholar University of Hawaii 
Tara Clemente F USA Research scientist University of Hawaii 
Paul Den Uyl M USA Research Scientist University of Hawaii 
Gabe Foreman M USA Research scientist University of Hawaii 
Kyle Frischkorn M USA Graduate student Columbia University 
Alyssa Gellene F USA Research scientist USC 
Matthew Harke M USA Postdoctoral scholar Columbia University 
Eint Kyi F Burma Graduate student University of Hawaii 
Elaine Luo F Canada Graduate student University of Hawaii 
Paula Moehlenkamp F Germany Graduate student University of Hawaii 
Alexa Nelson F USA Research scientist University of Hawaii 
Eric Shimabukuro M USA Research scientist University of Hawaii 

(14 participants: 8 males, 6 females) 
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Cruise schedule 
TIME Mon.           5/9 Tue.            5/10 Wed.            5/11 Thu.          5/12 Fri.            5/13 
0000  Deploy net trap | 

| 
| 
| 

| 
S11C1 

0100  S1C1 
Transit to S2 

| 
| 

| 
| 

 
Transit to S12 

0200   Transit to 
anticyclone 

| 
| 

| 
uwCTD 

0300   
S2C1 + Pinger 

| 
 \/ 

| 
 \/ 

| 
 \/ 

0400   
 

 
S7C1 

 
S10C1 

 
S12C1 

0500    Net tow 
(Dyhrman) 

 

0600   Net tow 
(Dyhrman) 

S10C2 Net tow 
(Dyhrman) 

0700 Science personnel 
on board 

Transit to S3 S7C2 Net tow (Caron) 
 

S12C2 

0800 Depart for S1 
| 

S3C1 + Pinger 
 

Net tow (Caron) 
 

S10C3 Net tow (Caron) 
 

0900 | 
| 

   
Hyperpro 

S12C3 

1000 CTD test cast 
| 

 S7C3  
S10C4 

 
Hyperpro 

1100 | 
| 

 
Transit to S4 

Hyperpro 
 

Transit to 
Seaglider 

 

1200 | 
| 

S4C1 + Pinger S7C4 | 
| 

S12C4 

1300 | 
| 

Pinger  | 
| 

S12C5 
Depart to Snug 

1400 | 
| 

 
S5C1 + Pinger 

Transit to S8 
| 

| 
| 

 

1500 | 
| 

 
Pinger 

uw CTD 
\/ 

| 
\/ 

 

1600 | 
| 

Transit to net trap 
| 

S8C1 Recover Seaglider  

1700 | 
| 

| 
| 

S8C2 Transit to S10 
| 

 

1800 | 
| 

| 
\/ 

Transit to S9 
uw CTD 

| 
| 

 

1900 | 
| 

S6C1 S9C1 | 
| 

 

2000 | 
| 

Recover net trap Transit to cyclone 
| 

| 
| 

 

2100 | 
| 

 
Transit toward S7 

uw CTD 
| 

| 
\/ 

 

2200 | 
| 

| 
| 

uw CTD 
| 

Transit to S11 
| 

 

2300 | 
\/ 

| 
| 

uw CTD 
| 

uwCTD 
| 

 

 


