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It is well known that the sampling frequency or frequency of observations are foundational to 
characterizing any time varying signal or data set. The twenty-five year monthly, time-series 
data set, such as the Hawaii Ocean Time-series (HOT) along with other oceanographic 
program projects at Station ALOHA have underscored the need for improved spatial and 
temporal sampling. Traditional sampling methods of using ships are effective, but their 
increased use is costly. In 2008, we established the ALOHA  Autonomous Underwater 
Vehicle (AUV) fleet as a complementary, cost-effective approach to enhance shipboard and 
mooring-based environmental observations. The AUV selected was the University of 
Washington-designed Seaglider. During the tenure of operation, we have conducted 21 
missions for a total of 1390 days at sea and 8,400+ individual dives (to >400 m), thereby 
proving its flexibility in range, observational strategies, and return on investment, yet not 
without challenges and user 'pains'. Utilizing a subset of the five year missions, the 
Seaglider and its data are placed in the greater context of the science programs and field 
experiments that have been conducted around Station ALOHA.

Abstract

Pilot and Web Development

IF Anything Can go Wrong......

OPPEX, June & July 2008

BioLINCS, September 2011

HOE-DYLAN, May - September 2012

HOE-PhoR, May & September 2013
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Stn ALOHA Seaglider Regional Usage, ~1400days 
 

Configuration

Each Seaglider has the following instrumentation:
• Paine pressure sensor
• SeaBird CTD (cond. & temp. = salinity)
• SeaBird 43F oxygen sensor
• Aanderaa Optode oxygen sensor
• WET Labs BB2FL-VMG - ECO Triplet 
  scattering sensor
• WET Labs BBFL2-VMT - ECO Triplet 
  fluorometer
• Acoustic transponder
• GPS / Iridium / antenna system 

Web Design:   A Necessary Component

A successful autonomous vehicle remote 
sampling program required a " ramp up"  to occur 
in a variety of areas, such as 24/7 reliable 
communication, quick access to the Seaglider 
data, Seaglider location determination, ocean 
condition forecast, and land based support 
facilities. To combine as many of these elements 
as possible, a uniform web site and interface was 
developed  to assist the pilot and scientist with the 
overall Seaglider operation and to provide near 
real-time sensor data.  Also, since the Seaglider 
gives the scientist many strategies of operational 
use in the field, the web site is considered to be 
an ongoing development. It has to be responsive 
and flexible to these changing requirements, 
allowing for add-ons and maintenance. http://hahana.soest.hawaii.edu/seagliders/index.php

8400+ dives      
1390 days 
8400 dives / 1390 day =  6 dives/day  = $60-/day

Return on Investment (ROI)

The ROI can be calcuated from a generalized formula based on a mission cost of about 
$35k  (each mission is ~3 mo, and includes  general refurbishment costs, such as batteries, 
sensor calibration, Iridium & ARGOS messaging, base-station costs, insurance)  or a daily 
rate is about $350 - $400.   In considering Station ALOHA,

                                              Seaglider             R/V Kilo Moana
  1000 meter profile               $70-$80                ≥ $1550     (NSF ship & 2-tech daily
    500 meter profile               $50                       ≥ $780         rates only)

Currently, Seaglider observations are limited and there is no sample return capability.

Ocean Productivity Perturbation Experiment: 
OPPEX-1 *1 
  
Science:  This was an experiment  to test the Karl & 
Letelier hypothesis,  that deep nutrient rich water with 
excess phosphorus relative to nitrogen, compared to the 
Redfield ratio of 16N:1P, upwelled into the photic zone 
would stimulate a two stage phytoplankton bloom.    

Seaglider Role:  Three Atmocean Wave Driven Ocean 
Upwelling Pumps. were utilized to bring  300 meter cold 
nutrient-rich water into the euphotic zone (~15 meters).   
The assumption was that the water mass or the North 
Hawaiian Ridge surface current would be moving faster 
than the pumps  carrying  with it any cold water being  
pumped up the tube and spilled over the top coupler.    
Therefore there would be a “plume” of colder water 
(taking into account mixing and density differences) or 
“changed”  water at some depth  “down stream” of the 
pumps. Three Seagliders were utilized to map around the pumps, collecting the 
biological data and subsequently sending it back to the University of Hawaii base 
station.  Part of the challenge was to keep the Seagliders out in front or even close by 
a Lagrangian drifting pump system that used ARGOS to report its approximate position. 

Discovery Channel:   This project was  filmed by Impossible 
Pictures as part of the Discovery Channel’s "Planet Earth:
Hungry Oceans" televised series.

Biosensing Lagrangian Instrumentation and 
Nitrogen Cycling Systems *2 

Science: Overall focus was how marine microbes 
transform and cycle nitrogen compounds, while 
utilizing novel free-floating instrumentation 
(Environmental Sample Processor [ESP-MBARI],  
Incubating Productivity System [IPS], Submersible 
Incubation Device [SID- Woods Hole])  to further 
examine microbial  biogeochemical cycling and diel 
periodicity.  

Seaglider Role:   Two AUVs (sg148 & sg512) were 
deployed in a reconnaissance mode (coupled with 
satellite data),  to pre-select the site of an ocean 
eddy in an effort to constrain the Lagrangian drift of 
the ship's deployed instruments. Once the free-drifting 
instrumentation was deployed during the cruise, the Seagliders were used to expand 
the spatial sampling range as well as to give a 'down-range' picture (3-D) of the eddy 
size and conditions.  

Hawaii Ocean Experiment: Dynamics of Light 
and Nutrients *3        

Science: This field exercise had the unique 
opportunity to observe a series of high 
frequency  temporal microbial processes in the 
context or scale of a seasonal period and longer 
term ecological changes at Station ALOHA. 
 
Seaglider Role:  With the science plan limiting 
the R/V Kilo Moana's location, the Seaglider 
was used  to expand the spatial and temporal 
coverage by continuously traversing a 50 km x 
50 km 'bowtie' shaped track which extended 
from Station ALOHA to the northeast. The dive 
pattern was chosen as a balance among the 
Seaglider's data correlation to the ship's data 
sets, its own frequency of vertical profiles, 
repetitive location sampling,  minimizing sensor 
biofouling, and making headway against the 
currents. The initial dive depth was 
600 m (200 min), with a dive maximum of 
750 m (250 min).  The Seaglider provided a 
continuation of  "context" when the research 
vessel was not in the area.

Hawaii Ocean Experiment : Phosphorus Rally *4 

Science:   A series of experiments  were conducted to 
focus on and  interpret  the fundamental role of 
phosphorus (P) cycling by microbes at Station ALOHA.  
These were in concert with the broader biogeochemical 
opportunities regarding  the  C, N, S, O, H  processes. 

Seaglider Role:  To increase the spatial coverage 
beyond Station ALOHA, the Seaglider followed a 50 km 
x 50 km track extending from Station ALOHA to the 
northeast.  This mission also took advantage of the 
Seaglider sampling flexibility by redirecting it to 
investigate and map a water mass with a large oxygen 
anomaly. The Seaglider attempted to determine its 
direction, size, and speed.     

Sharks!

Photo: Jennie Mowatt

Lack of GPS location and communication 
backup   

Solution: Independent - ARGOS

Battery Failure Large Opposing Currents

Solution: Search for counter currents - 
Ocean Current Modeling (ex. Navel Research 
Laboratory HYCOM Consortium for 
Data-Assimilative Ocean Modeling)

Single Pump

Chlorophyll on the trailing edge of the anti-cyclonic eddy

seaglider track around eddy

Oxygen water mass - Seaglider attemped to map it’s size, speed and direction

Bowtie Patternsg146 - deployment on R/V Ka’Imikai-O-Kanaloa sg148 - pitch problemR/V Kilo Moana deploying the Single PumpSeagliders tracking the drifting pumps readying the Seaglider for launch off of R/V Kilo Moana

Seaglider sg148 before it’s first dive

Red (700 nm) backscatter particle increase on the trailing edge 
of the anti-cyclonic eddy

*1  http://hahana.soest.hawaii.edu/oppex/index.html 

*2  http://hahana.soest.hawaii.edu/cmorebiolincs/biolincs.html 

*3  http://hahana.soest.hawaii.edu/hoedylan/hoedylan.html 

*4  http://hahana.soest.hawaii.edu/hoephor/hoephor.html 


