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Appendix	E:	Survey	of	Opportunity	Form:	NASA	Marine	Aerosols	Project	
SURVEYS OF OPPORTUNITY - INITIAL REQUEST FORM 

 

A surveys of opportunity is a small, exploratory expedition that takes advantage of the elastic schedules of 
ocean‐going, research vessels, ‐ in this case, the Okeanos Explorer ‐ by maximizing transit times between ports or 
projects, or by filling smalls gaps in the ship’s calendar.  

Given the ship’s unique technology and capabilities, NOAA’s Office of Ocean Exploration and Research 
(OER) invites regional researchers to help acquire additional data within the vessel’s operating areas to assess 
specific but poorly known sites, adding to an inventory of submerged resources.   In circumstances where 
individuals cannot serve on a “survey of opportunity”, then OER ensures that acquired data and any other 
pertinent information are transferred to the appropriate researchers after the expedition.  Previously successful 
surveys of opportunity have included mapping geological features, locating and characterizing shipwrecks, and 
defining marine protected areas. Some surveys are completed in only a few hours, while others last a couple days. 

Although exploration potential and scientific merit plays a role in which opportunistic surveys are 
conducted, they are not chosen through a peer‐reviewed process.  Rather, their selection is based more on the 
vessel operating in the right place with the right equipment at the right time, and the ship’s calendar and on‐board 
resources allow for the added work.  All requests for a survey of opportunity are archived with OER and the ship, 
and expire only when the survey work is completed.  There is no guarantee that any request for a survey will be 
accomplished, nor is there any system of prioritization or ranking.   Keep in mind that this proposal may be 
available to the public upon request except for privileged information and material that is personal, proprietary or 
otherwise exempt from disclosure under law.   

 

 

Survey or Project Name 

Maritime Aerosol Network 

 

Points of Contact (POC) 

Lead POC or Principle Investigator (PI & Affiliation) Supporting Team Members ashore 

 

 

 



POC: Dr. Alexander Smirnov  Supporting Team Members aboard (if required)

 

 

 

 

Activities Description(s) (Include goals, objectives and tasks) 

 

The Maritime Aerosol Network (MAN) component of AERONET provides ship‐borne aerosol optical 
depth measurements from the Microtops II sun photometers. These data provide an alternative to 
observations from islands as well as establish validation points for satellite and aerosol transport 
models. Since 2004, these instruments have been deployed periodically on ships of opportunity and 
research vessels to monitor aerosol properties over the World Oceans. 

 

 

  	



Appendix	F:	Biological	Evaluation	
 

Note: Sections detailing ROV operations do not apply to this cruise. 

Biological Evaluation 
Campaign to Address Pacific Monument Science, Technology and Ocean Needs 

(CAPSTONE Project) 
 
 

Background 
NOAA Ship Okeanos Explorer, “America’s Ship for Exploration”, is the nation’s first 
and only federal vessel with a mandate to systematically explore our mostly unknown 
ocean for the purpose of discovery and the advancement of knowledge. Operating under a 
partnership with NOAA’s Office of Ocean Exploration and Research and the Office of 
Marine and Aviation Operations, the CAPSTONE project is a major multi-year 
foundational science effort focused on deepwater areas of U.S. marine protected areas 
(MPAs) in the central and western Pacific. The overarching goal of theCAPSTONE 
project is to extend and improve the understanding of the distribution and diversity of 
deepwater habitatswithin the MPAs, and collect data and information to support priority 
monument and sanctuary science and management needs.The effort will also provide 
critical information relevant to emerging regional issues like deep-sea mining and the 
potential U.S. Extended Continental Shelf. Data and information from the cruises will 
provide a foundation of publicly-accessible baseline information to improve management 
and spur further exploration and research. Like previous expeditions in the Gulf of 
Mexico, western Atlantic, and Indonesia, NOAA will work with the scientific community 
and public to characterize unknown and poorly-known areas through telepresence-based 
exploration. Operations will use the ship’s deep water mapping systems, NOAA’s 6000m 
remotely operated vehicles (ROV), underway CTD, CTD rosette, and a high-bandwidth 
satellite connection for real-time ship to shore communications. These expeditions will 
help establish a baseline of information in the region to catalyze further exploration, 
research and management activities.  
 
Action Area 
The action area covered by this biological evaluation encompasses the marine 
environmentsin and around: the Papahānaumokuākea Marine National Monument 
(PMNM); Oahu and the big island of Hawai’i; the area south and west of Molokai, 
Lana’i, and Kaho’olawe, the Geologists Seamounts located about 100 nm south of 
Honolulu; the Musicians Seamounts located about 150 nm NNE of Nihoa Island; all of 
the Pacific Remote Island Areas composing the Pacific Remote Islands Marine National 
Monument (PRIMNM); the Commonwealth of the Northern Marianas Islands (CNMI) 

http://oceanexplorer.noaa.gov/okeanos/explorations/capstone/welcome.html
http://oceanexplorer.noaa.gov/okeanos/explorations/capstone/welcome.html


and the Marianas Trench Marine National Monument (MTMNM); the vicinity of 
American Samoa and the National Marine Sanctuary of American Samoa (NMSAS); the 
Rose Atoll Marine National Monument (RAMNM); and the vessel transit areas between 
Honolulu, Hawai‘i, Guam, Saipan, Kwajalein, Pago Pago and these locations where 
ESA-listed marine species or their habitats may be impacted by an applicant’s activities. 
 
All mapping and ROV operations are expected to be in waters at depths of 250m and 
greater (one exception is noted in Appendix A, figure 2), including within the boundaries 
of PMNM, PRIMNM, MTMNM, NMSAS, RAMNM,and the U.S. EEZ. Transit mapping 
operations are planned between all areas mentioned, including the high seas. 
 
Proposed Action 
The applicant proposes to conduct activities to explore and improve understanding of the 
distribution and diversity of deep water habitats. The activity would occur during two 
years and could include up to twenty different research cruises aboard the NOAA Ship 
Okeanos Explorer scheduled between February 2016 – December 2017.  No activities 
would occur on land.  The expedition teams (26 crew and up to 20 rotating 
scientists/technicians on each cruise leg) would be authorized to conduct mapping and 
ROV surveys using the Okeanos Explorer’smultibeam, split beam,subbottom profiler and 
acoustic Doppler current profiler (ADCP) sonar systems, utilizing the ship's conductivity-
temperature-depth (CTD) sampling rosette for various water measurementsand deploying 
an ROV. 
 
The overarching goal of the project is to extend and improve the understanding of the 
distribution and diversity of deepwater habitats within Monuments and protected areas. 
Data and information from the cruises will build on previous work where appropriate, 
and provide a foundation of baseline data to improve management and spur further 
exploration and research. NOAA priorities for the work include a combination of science, 
education, outreach, and open data objectives that will support management decisions at 
multiple levels.  The effort also serves as an opportunity to highlight the uniqueness and 
importance of these national symbols of ocean conservation. 
 
The acquisition of high-resolution seafloor mapping data is an essential precursor to 
making significant biological, geological, archaeological and oceanographic discoveries. 
The Okeanos Explorer cruises will collect seafloor mapping data, supplementing 
previous work where possible. These maps form the basis for selecting ROV dive targets. 
ROV cruises would take the next major step in baseline habitat characterization by using 
the ROV system to visually investigate unknown and little known deep water habitats 
within and around monument waters identified as priority by scientists and managers. 
CTD casts may be conducted two ways: 1) with the underway CTD to gather 



conductivity/temperature/depth measurements or sound velocity measurements to 
calibrate sonar data, and 2) using a CTD rosette to collect additional information about 
the physical and chemical properties of the water column, including at sites of interest 
identified from mapping and ROV investigation. 
 
The information and data generated by this project will directly contribute to a better 
understanding of the deep water habitats, ecosystems and geologic history of the 
Hawaiian Islands, the PRIMNM, the CNMI and MTMNM, the RAMNM, the vicinity of 
American Samoa and NMSAS, the Geologists Seamounts, and the Musicians seamounts 
by providing basic information about the rich and unique biological resources and 
habitats of these regions. It is this understanding that provides continuous support for the 
monuments and theirprotection of these resources.The collective understanding 
established from these expeditions will increase understanding of deep-sea biogeographic 
patterns across the Central and Western Pacific. 
 
MAPPING 
NOAA Ship Okeanos Explorer has a suite of scientific sonars, each with a unique 
exploration application. All of these systems are routinely used by the ocean science 
community and have provided invaluable scientific data for oceanographers, marine 
researchers and managers, including numerous National Marine Sanctuaries, the Bureau 
of Ocean Energy Management and the U.S. Geological Survey. Each sonar's acoustic 
signal is designed to be narrowly focused to provide precise information about a specific, 
narrowly defined area of the seafloor or water column beneath the ship.The sonars 
include a Kongsberg EM302 30 kHz multibeam system; 18 kHz, 38 kHz, 70 kHz, 120 
kHz, 200 kHz, and 333 kHzSimrad EK60split-beam fisheries sonars (the 333 kHz will 
likely not be operational since we don’t currently have the hardware general purpose 
transceiver to run it, but is included just in case);aKnudsen 3.5 kHz chirp sub-bottom 
profiler sonar; and 300 kHz and 38 kHz Teledyne Acoustic Doppler Current Profilers 
(ADCPs). The multibeam maps broad swaths for seafloor bathymetry/backscatter and 
water column feature detection (e.g. gaseous seeps), the split-beam sonars gather 
calibrated target strength measurements of biologic and gaseous targets in the water 
column, the sub-bottom profiler provides data useful for interpreting sub-seafloor 
geology, and the ADCPs provide information about current velocity and direction at 
various depths through a water column profile.All of these sonars may not be able to be 
run concurrently with the multibeam due to inter-sonar acoustic interference – 
particularly the 38 kHz EK60 which is close to the 30 kHz central operating frequency of 
the multibeam. To address potential interference these new sonars may be synced to ping 
at different times than the multibeam, or may be run by themselves without the 
multibeam pinging.  



 
Mapping activities would occur continuously throughout the day and night except when 
the ROV is deployed.  If cetacean species are present within 400 m of the ship, the vessel 
would stop until the animals depart the area but the mapping sonars would continue 
transmitting to avoid startle responses. Standard practice during allOkeanos 
Explorercruises and operations include Officers or Watch Standers on the Bridge around-
the-clock, monitoring the surrounding ocean for the presence of other ships, 
unanticipated hazards, and marine animals – especially cetaceans. If a cetacean is 
observed, the Mapping Watch Stander or Science Lead is notified and if appropriate the 
team then proceeds with protocols to continue monitoring the animal or shut down 
mapping or other ship operations until the animal has departed the area for an appropriate 
period of time. Whenever possible, marine mammals are identified by Bridge Officers or 
Watch Standers, and these observations are noted in the NOAA fleet marine mammal 
observation log as part of standard practice. During the 2016-2017 field seasons, these 
procedures will include monitoring for the presence of sea turtles and, when appropriate, 
taking protection measures. 
 
Multibeam: 
Multibeam sonar mapping will be conducted with a Kongsberg EM 302 (30 kHz) sonar 
in areas within and in the vicinity of thePMNM, the PRIMNM, the CNMI and MTMNM, 
the RAMNM, the vicinity of American Samoa and NMSAS, offshore of Hawai’i, Oahu 
and the Geologists Seamounts, and the Musicians Seamounts where gaps are present in 
the existing coverage, or the existing data is poor quality. Multibeam mapping will also 
take place during the transits to and from sites where other operations will be conducted, 
and are planned to continue to build upon previous mapping surveys as much as feasible. 
Multibeam sonar data will produce high-resolution bathymetry and acoustic backscatter 
maps. These maps will provide critical baseline information to scientists and resource 
managers interested in identifying and expanding our understanding of the geology and 
important biological habitats and ecological connections in the monuments and 
sanctuaries.  Additionally, the data collected will help scientists better understand the size 
and character of seafloor habitats in the area, allowing for improved targeting of future 
exploration and research, including the selection of sites for further investigation with a 
ROV. 
 
UnderwayCTD: 
Accurate measurements of sound speed as a function of depth down to approximately 700 meters 
are needed every 3-6 hours during multibeam sonar mapping operations. These sound speed 
measurements are essential for ray-tracing calculations used by the EM302 multibeam sonar 
system in order to collect accurate bathymetry and backscatter data. To obtainthese essential 
data, the Okeanos Explorercan either use an XBT or the new underwayCTD (UCTD) equipped 



with a sound velocity probe.  The Okeanos Explorer proposes to use the UCTD during the 2016-
17 field seasonsas much as possible as rather than conducting XBTs, since UCTD does not leave 
anything in the ocean after gathering the measurements.  
 
The UCTD (http://www.oceanscience.com/Products/UnderwayCTD/Underway-CTD.aspx) 
manufactured by Teledyne Oceanscience is a piece of equipment used to gather 
conductivity/temperature/depth (CTD) measurements or sound velocity measurements while the 
ship is moving. A brochure from the manufacturer with pictures and specifications is included as 
appendix B. This instrument is mounted on the stern railing and has a re-usable probe that is 
dropped through the water column then retrieved by rewinding the line onto a motorized spool. 
The unit would not touch the seafloor. The unit can be equipped with a CTD probe or a sound 
velocity probe. When equipped with the sound velocity probe, the UCTD can obtain water 
column profiles down to over 700 meters while the ship is moving at 8 knots. 8 knots is the 
ship’s normal ocean mapping survey speed, so the UCTD can sample the water column while 
continuously mapping. The ship currently obtains sound velocity profiles using expendable 
probes (XBTs). XBTs are expensive consumable supplies and leave behind plastic and copper 
waste in the ocean due to the one-time use of each probe. OER has installed the UCTD in order 
to minimize the use of XBTs while still gathering essential sound velocity profile data needed 
every 3-6 hours while mapping in order to accurately collect high quality multibeam sonar data. 
 
Expendable Bathythermographs (XBT): 
XBTs are deployed to obtain sound velocity profiles. The profiles are required to 
calibrate the multi-beam system and ensure accurate bathymetric mapping. The XBT type 
is the Deep Blue probe produced by Lockheed Martin Sippican.  A single Deep Blue 
XBT is 8.5 in. length x 2 in. width and weighs 2.53 lbs.  It consists of a plastic spool, hair 
thin copper wire (< 1mm width), zinc weight, thermistor (comprised of two short wires 
(< 8.5 in. length)) and is contained in a clear plastic housing.  The Deep Blue XBT 
contains no chemical solutions. During Okeanos24-hour mapping cruises, XBTs or 
UCTD casts will likely need to be completed once every 4-6 hours to ensure accurate 
bathymetric data collection (resulting in a maximum of 4-6 total XBT deployments in a 
24-hour period).  During Okeanos cruises that conduct daytime ROV dives and 
evening/nighttime mapping operations, XBTs will likely be deployed once every 4-6 
hours to ensure accurate bathymetric data collection (resulting in a maximum of 2-3 total 
XBT deployments in a 24-hour period). It is anticipated that UCTD casts will be the 
preferred and more commonly used method to obtain sound velocity profile data, 
however XBTs will likely be used when time to obtain the cast data is very limited (e.g. 
weather windows, vessel traffic, or ship-time constraints) or there is a mechanical or data 
quality problem with the UCTD.  
 

http://www.oceanscience.com/Products/UnderwayCTD/Underway-CTD.aspx


The very fine wire connecting the XBT probe to the ship is extremely easy to break by 
hand. The minimal tensile strength of the wire should represent a minimal entanglement 
risk for species of concern. The potential for XBT deployments to impact ESA-listed 
species was the topic of an informal consultation request from the PMNM to NMFS 
during PMNM permit review for the Falkor expeditions. The determination was that the 
Falkor's use of XBTs may affect, but is not likely to adversely affect, Hawaiian monk 
seals, green sea turtles, hawksbill sea turtles, leatherback sea turtles, olive ridley sea 
turtles, North Pacific loggerhead sea turtles, MHI Insular false killer whales, humpback 
whales, sperm whales, fin whales, blue whales, sei whales, and North Pacific right 
whales. We expect the same determination would be made with respect to the 
deployment of XBTs by the Okeanos Explorer. 
 
Single Beam and Split Beam Sonars: 
Kongsberg EK60 sonars are specifically designed to provide calibrated quantitative 
acoustic data useful for interpreting marine life in the water column of the ocean. 
Additionally, they are now also used to generate gaseous seep flux rates and their 
contribution to ocean and atmospheric chemistry.In many cases the ability to observe and 
measure the acoustic backscatter response of different types of marine life (fish, squid, 
plankton, etc.) is dependent upon the frequency of the sonar. Therefore, the more 
frequencies that are used for these acoustic surveys, the more complete the picture that 
can be gained about the marine environment. Recent research results demonstrate that the 
simultaneous use of multiple echo sounder transducer frequencies is useful for improving 
estimates of fish stocks, aiding in the discrimination of biological scattering layers or 
different species  (Stanton et al., 2012), and mapping the location, density, and relative 
size of fish aggregations relative to benthic habitatfeatures (Costa et al., 2014).  OER has 
received specific feedback from marine scientists in the Pacific region that our EK60 data 
would be much more useful when collected using multiple frequencies than at just the 18 
kHz frequency. Given these benefits, OER intends to gather EK60 data at multiple 
frequencies as much as possible. The NOAA vessel Oscar Elton Sette has 38 kHz, 70 
kHz, 120 kHz, and 200 kHz EK60 sonars onboard that are commonly used during 
scientific expeditions within PMNM. Additional information about EK60 sonars can be 
found 
here: http://www.simrad.com/www/01/nokbg0240.nsf/AllWeb/A25148D8E9F00D0DC1
2570DE0050A7CB?OpenDocument 
 
The new additional EK60 sonars are all higher frequency than the existing 18 kHz EK60 
unit, and thus all have considerably shorter ranges due to the more rapid attenuation of 
higher-frequency sounds in the ocean. Since the source levels sounders are less than the 
existing echo sounders, they should not be expected to pose any additional risk to ESA-
listed species. 

http://www.simrad.com/www/01/nokbg0240.nsf/AllWeb/A25148D8E9F00D0DC12570DE0050A7CB?OpenDocument
http://www.simrad.com/www/01/nokbg0240.nsf/AllWeb/A25148D8E9F00D0DC12570DE0050A7CB?OpenDocument


 
Sub-bottom Profiler: 
The primary purpose of the Knudsen Chirp 3260 (3.5 kHz) sonar is to provide echogram 
images of surficial geological sediment layers underneath the seafloor to a maximum 
depth of about 80 meters below the seafloor. The subbottomprofiler is normally operated 
to provide information about the sedimentary features and the bottom topography that is 
simultaneously being mapped by the multibeam sonar. The data generated by this sonar is 
fundamental in helping geologists interpret the shallow geology of the seafloor. 
Collecting this data within the project areas will provide greatly improved insights into 
the geology of the region, and supplement existing magnetometer and gravity 
measurements obtained by other vessels. 
 
Acoustic Doppler Current Profilers (ADCPs) 
Ship-mounted ADCPs have been used on oceanographic research vessels for over 25 
years, and are useful for characterizing current speeds and direction at various depths in 
the ocean. ADCP measurements are therefore critically useful in characterizing the 
physical oceanography of an area, identifying small to mesoscale ocean current features, 
and even contributing to our understanding of the climatology of a region with repeated 
measurements over time (Firing and Hummon, 2010). In addition to these scientific 
benefits, the Okeanos Explorer is interested in using the new ADCPs to assess currents 
near ROV dive locations to inform dive planning and ensure safe ROV deployment and 
recovery operations. Given these benefits, OER would like to use two newly installed 
ADCPs as a useful data stream contributing to characterizingmarine protected areas, 
providing new information on ocean currents to scientists and managers, and helping to 
plan effective and safe ROV exploration dives.   
 
Hull-mounted ADCP transducers project four beams into the water column to record backscatter 
from the water column and compare the Doppler shift between the 4 beams to generate profiles 
of water velocity. The Okeanos Explorer will be equipped with two new ADCPs: a Teledyne 
RDI Workhorse Mariner (300 kHz) and an Ocean Surveyor (38 kHz). Technical specifications 
and descriptions of these instruments are provided in appendix Cproduced by the manufacturer. 
ADCPs are Doppler sonar systems, which transmit acoustic signals and listen to the echoes of 
those signals returned from materials floating with the currents throughout the water column. By 
processing this information, ADCPs provide information about current velocity and direction at 
various depths through a water column profile. Like other sonars, the depth range of ADCPs is 
directly related to the frequency of the system – the lower the frequency the greater the range 
capability of the sonar. However, lower frequencies provide less vertical resolution than higher 
frequencies. The 300 kHz ADCP has a typical range of approximately 110 meters and a 
maximum range of 165 meters, while the 38 kHz system has a range between 900-1000 meters 
depending on operating mode and oceanographic conditions. These same two ADCP systems are 

http://www.rdinstruments.com/mariner.aspx
http://www.rdinstruments.com/mariner.aspx


also installed and utilized on the R/V Kilo Moana operated by the University of Hawaii Marine 
Center.  
 
The 300 kHz ADCP is unlikely to interfere with other sonars on Okeanos Explorer since its 
frequency is much higher than the ship’s multibeam, sub-bottom profiler, and EK60 sonars. If 
testing in early 2016 confirms this to be the case, it will probably be run nearly continuously 
while the ship is underway in order to gather data on currents that can be utilized by 
oceanographers to refine climatology and ocean current models.  

There is a very high likelihood that the 38 kHz ADCP could interfere with the ship’s multibeam 
and/or new 38 kHz EK60 sonar. If interference occurs, it may be possible to correct the problem 
by syncing the pings in such a way so as to minimize data degradation. If syncing efforts do not 
minimize interference, the multibeam sonar data will be given higher priority and the 38 kHz 
ADCP may only be run sporadically in key areas of interest around distinct features (e.g. 
seamounts, canyon headwalls) or just prior to deployment of the ship’s ROVs. Since these issues 
will need to be figured out in early 2016, we cannot provide further details on how/when we 
might turn on this sonar. For evaluation purposes it is therefore reasonable to be conservative and 
assume that it is possible the Okeanos Explorer may wish to run the 38 kHz ADCP at all times 
while conducting its science missions.  

The two new ADCPs are designed to gather data out to a maximum depth of 165 m (300 kHz) 
and 1000 m (38 kHz), so the associated sound source levels will be much less than the ship’s 
existing permitted deep water (8000m and greater) echo sounders (EM320 multibeam, EK60 18 
kHz, and Knudsen sub-bottom profiler). The new ADCP sonars are all higher frequency than the 
existing Okeanos sonars, and thus all have considerably shorter ranges due to the more rapid 
attenuation of higher-frequency sounds in the ocean. Since the source levels and range are less 
than the existing echo sounders, they should not be expected to pose any additional risk to ESA-
listed species. 

 
ROV OPERATIONS: 
The purpose of conducting ROV operations is to conduct interdisciplinary site 
characterization at priority targets in and around monuments, sanctuaries and protected 
areas. Interdisciplinary site characterization would be achieved by visually surveying 
priority targets while simultaneously acquiring environmental data with in situ sensors 
mounted on the ROVs (CTD and DO). ROV targets include seamounts, ridges,drowned 
reef terraces, guyots (i.e., flat topped tablemounts), submarine canyons, hydrothermal 
vent sites, mud volcanoes, submerged cultural heritage sites, and other types of 
topography where deep water coral and sponge communities are likely to occur. The 
combined dives will enable scientists and managers to have a better understanding of the 
diversity and distribution of deep water habitats in the monuments, and should contribute 



to enhanced protection of these resources. The ROVs 6000m depth capability puts areas 
of the monuments within reach that have never been seen before. 
 
The Okeanos Explorer is equipped with OER’s dedicated, fully integrated, two-body 
ROV system. The first body of the system is the ROV Deep Discoverer (D2), a 10.4ft 
long x 6.4ft wide x 8.5ft high vehicle weighing approximately 9150 lbs (in air), and 
capable of diving to 6000 meters. D2’s primary data set is high definition video collected 
by two HD cameras. In addition to the HD video cameras, D2 carries a CTD with 
dissolved oxygen sensors. The second body of the system is the camera platform Seirios, 
an 11.5ft long x 3.67ft wide x 4.05ft high vehicle that weighs 2925 lbs and provides 
additional lighting and an “aerial” view of D2 while she investigates the seafloor. Like 
D2, Seirios carries two HD cameras, a Sea Bird 9/11+ CTD with DO2 sensors. During 
operation, the two vehicles are connected to each other by a “soft” electro-optical tether 
30 meters in length. Seirios is also attached to the ship by an 8,200-meter armored fiber-
optic cable that provides power and telemetry to the vehicles. ROV operations are 
conducted primarily during daylight hours while the vessel would be stopped and holding 
station using dynamic positioning. 
 
ROV operations will typically take place within several meters of the seafloor, and are 
conducted in a way to minimize seafloor disturbances. On occasion, the ROV is set down 
on the seafloor in order to acquire very close imagery of habitats or features of interest. 
Common procedure includes visually scanning the seafloor to ensure the area the ROV is 
set on does not include corals or other animals, however some animals may reside 
beneath the sediment or may be too small to see. The ROV also has a temperature probe 
that may be shallowly inserted into the seafloor sediment to measure the depth or 
temperature of features of interest. Finally, though we try to prevent any unnecessary 
seafloor disturbance, it is likely that at some point the ROV will inadvertently touch some 
benthic fauna (e.g., sea whip) or that water moving through the ROV thrusters will stir up 
small amounts of seafloor sediment. Any disturbance would likely be similar to that seen 
during normal near bottom SCUBA dives. 
 
As many as 200 deployments of the ROV may occur during the 2016-17 CAPSTONE 
project, resulting in 1600 hours total dive time (~8 hours for each dive). Currently 4 
deployments of the ROV are planned offshore of Oahu or Hawai'i, 20 in PMNM, 19 at 
the Musicians seamounts, 69 in and around the PRIMNM (15 atJohnston, 18atWake, 12 
atJarvis, and 18 atHowland Baker and the Phoenix Islands), 46 in and around the CNMI 
and MTMNM, and 10 in the Vicinity of American Samoa (including NMSAS and 
RAMNM). 
 
ROV Sampling: 



Sampling operations will be conducted during ROV cruises to collect very selective 
specimen collections with the ROV that have the potential to contribute significant 
scientific discoveries. Biological specimen collections will focus on, but are not limited 
to, corals and sponges (and their incidentally collected commensals). Only biological 
specimens suspected of being new species or new records for the area will be targeted. 
When possible, only a subsample will be taken of biological specimens (e.g., only a piece 
or branch of corals and sponges will be collected, not the entire organism). Selective rock 
specimens that have the potential to contribute significant scientific discoveries as 
outlined in the expedition goals will also be targeted. These are expected to include rocks 
from seamounts and manganese-coated rocks. When possible, rock samples will be 
selected in a way to minimize the amount of attached organisms.  
 
Ultra Short Base Line Acoustic Navigation (USBL): 
The Tracklink TL10000MA system is used to track and record the position of the ROVs 
during the course of a dive. It functions by the transmission of an acoustic pulse from the 
surface ship, which travels through the water column and triggers a responding acoustic 
pulse from the ROV. The measurement of the travel time and direction of arrival of the 
responding acoustic pulse from the ROV enables calculation of the position of the 
submerged ROV with respect to the surface ship. Integration of this relative position 
information with the surface ship position as determined by GPS allows the calculation of 
the position of the ROV on the seafloor. In this way, observations made by the ROV can 
be geo-referenced to standard latitude, longitude and depth coordinates.  The USBL is 
used during ROV operations, which are conducted daily and primarily during daylight 
hours while the ship holds station using dynamic positioning.  Although such frequencies 
are within the hearing range of marine mammals, the USBL navigation system is 
commonly used by researchers and has no known adverse impact on marine life. 
 
The Tracklink operates at frequencies from 7.5 kHz to 12.5 kHz. Acoustic emissions by 
the USBL system occur at the surface from the hull of the ship, and at both of the ROVs 
as they travel through the water column and at the seafloor. The repetition rate of 
emissions is typically no faster than once every 2 seconds, increasing by 1.33 seconds for 
every 1000 meters of depth of the ROVs. The character of these emissions is detailed 
below: 
 
Surface transceiver, Okeanos Explorer: 
Tracklink model TL10000MA 
Frequency of operation: 7.5 kHz - 12.5 kHz Spread Spectrum 
Beam width: 120º directed at nadir 
Peak electrical power: 100 W 
Peak acoustic power: 187db relative to 1 micro Pascal at 1 meter. 



 
ROV transponder, Seirios: 
Tracklink model TL10010C 
Frequency of operation: 7.5 kHz - 12.5 kHz Spread Spectrum 
Beam width: 210º directed at zenith 
Peak electrical power: 200 W 
Peak acoustic power: 190db relative to 1 micro Pascal at 1 meter. 
 
ROV transponder, Deep Discoverer: 
Tracklink model TL10015C 
Frequency of operation: 7.5 kHz - 12.5 kHz Spread Spectrum 
Beam width: 30º directed at zenith 
Peak electrical power: 500 W 
Peak acoustic power: 200db relative to 1 micro Pascal at 1 meter. 
 
CTD OPERATIONS: 
NOAA Ship Okeanos Explorer is outfitted with both an underway CTD (addressed in the 
Mapping section) and a CTD rosette instrument. The CTD rosette instrument is used to 
obtain conductivity, temperature, depth and other oceanographic data (dissolved oxygen, 
light scattering, and oxygen reduction potential). The instrument is attached to an open 
cylindrical steel frame approximately 1.15 m in diameter and 1.4 m high with a 24-
position rosette carousel containing 24 2.5 L niskin bottles for collecting water samples. 
The system would be lowered to a maximum depth of 6800 m by an embedded scientific 
winch and wire while the vessel would be stopped and hold station using dynamic 
positioning. The average time to conduct a CTD casts varies from one to several hours 
depending on water depth (the CTD is lowered through the water column at 60m/min). 
CTD casts would be conducted at selected sites including locations where ROV dives are 
conducted to allow for an improved understanding of the environmental conditions by 
measuring the physical or chemical properties of the water column overlying or hosting a 
particular habitat. The CTD would not touch the seafloor. 
 
Analysis of Effects 
Our analysis considers potential impacts or stressors to identified marine resources within 
the PMNM; the marine environment around Oahu, the big island of Hawai’i, and the area 
south and west of Molokai, Lana’i, and Kaho’olawe; the Geologists and Musicians 
Seamounts; all of the Pacific Remote Island Areas composing the PRIMNM; the CNMI 
and the MTMNM; the vicinity of American Samoa and the NMSAS; the RAMNM; and 
the vessel transit areas between Honolulu, Hawai‘i, Guam, Saipan, Kwajalein and Pago 
Pago on green sea turtles (Cheloniamydas), hawksbill sea turtles 
(Eretmochelysimbricata), North Pacific distinct population segment of loggerhead sea 



turtles (Carettacaretta), olive ridley sea turtles (Lepidochelysolivacea), leatherback sea 
turtles (Dermochelyscoriacea), Main Hawaiian Islands false killer whale distinct 
population segment (Pseudorcacrassidens), humpback whales (Megapteranovaeangliae), 
sperm whales (Physetermacrocephalus), fin whales (Balaenopteraphysalus), blue whales 
(Balaenopteramusculus), sei whales (Balaenoptera borealis), North Pacific right whales 
(Eubalaena japonica), the Indo-West Pacific distinct population segments of the 
scalloped hammerhead shark (Sphrynalewini), Hawaiian monk seals 
(Neomonachusschauinslandi), Hawaiian monk seal critical habitat;andthe coral 
speciesAcropora globiceps, A. jacquelineae, A. retusa, A. speciosa, Euphyllia paradivisa, 
Isopora crateriformis, and Seriatopora aculeata.  We believe that the most likely 
potential impacts or stressors are: 

1. Exposure to elevated noise levels; 
2. Temporary disturbance from human activity; 
3. Entanglement; 
4. Collisions with vessels; and 
5. Exposure to waste and discharge. 

 
1. Exposure to elevated noise levels 
As described earlier, the proposed action would include the operation of NOAA Ship 
Okeanos Explorer’s mapping sonar systems, as well as the underwater positioning 
systems associated with the ROVs Deep Discoverer and Seirios. 
 
The effects on marine life from exposure to high intensity noise vary with the frequency, 
intensity, and duration of the sound source, and the physiology and hearing 
characteristics of the exposed animal. Exposure to very high levels of sound can cause 
soft tissue injuries that could directly result in fatality.  Exposure to lower levels at 
frequencies within the animal’s range of hearing may cause injury in the form of 
permanent hearing damage, also referred to as permanent threshold shift (PTS).  
Exposure to even lower levels may cause behavioral effects that include temporary 
threshold shifts (TTS), temporarily masked communications and/or acoustic 
environmental cues, alteration of ongoing behaviors, and areal avoidance. 
Okeanos Explorer sonars will be turned on for the entirety of each cruise and will only be 
turned off during ROV dives or CTD rosette casts. We will minimize turning the system 
on and off as a precautionary measure to avoid possible startling of animals. When the 
sonars are powered down for ROV and CTD operations, the flexible “soft start” mode 
will be used to restart the multibeam first. The soft start mode is a delay function, starting 
the sonar transmissions at a low output level and then gradually increasing to the level 
required for optimal bathymetry data collection.  The soft start modes can either be set at 
-10 or -20 decibels with a 0 to 15 minute ramp up time to the desired power.  We can 
select -10 dB, -20 dB or maximum transmit power.  Maximum transmit power is 



recommended by Kongsberg for maximizing the mapping swath coverage.  In the deepest 
operating mode the EM302 is 243 dB re 1 microPa.  When operating in shallow modes 
the decibels are 238 dB re 1 microPa. Because the EK60, SBP, and ADCP sonars are of 
lower intensity than the multibeam, and are run simultaneously with the multibeam, these 
protective measures will help avoid inadvertent exposure of marine mammals, sea turtles, 
and hammerhead sharks to all three sonars. If the multibeam sonar is not being used, but 
other sonar systems are being turned on, they will be started in lower power settings and 
will gradually (over a 15 minute time period) be adjusted to higher power settings as 
appropriate for the water depths. This approach essentially mimics the approach of the 
“soft-start” mode of the multibeam.   
 
We therefore do not believe theOkeanos Explorer mapping activities will have any 
significant adverse effects on ESA-listed species in the monuments, sanctuaries and the 
waters around the American Samoa and the Main Hawaiian Islands. Similar opinions 
regarding the safety of multibeam mapping activities have been expressed by the NMFS 
Southwest Fisheries Science Center in their draft programmatic environmental 
assessment.  Even so and in order to mitigate impacts to marine mammals, observers on 
the Okeanos Explorer’s bridge will carefully monitor for the presence of marine 
protected species, and permitted personnel would follow established best management  
practices to minimize disturbance. If cetaceans are present within 400 meters of the ship, 
the vessel would stop until the animals depart the area. We will try to minimize turning 
sonar systems on and off to reduce the possibility of startle responses by marine 
mammals that could be in the vicinity of the ship, particularly at night.  Leaving them on 
also provides marine mammals advanced warning that the ship is in the vicinity, further 
reducing the possibility of a collision.  When the systems have been shut down for any 
reason, such as during an ROV dive or CTD cast, the multibeam soft start mode – a delay 
function, starting sonar transmissions at a low output level and gradually increasing - 
would be used to minimize any impact on cetaceans. Only after the multibeam has been 
brought from soft start to full power would the SBP sonar then be turned back on. 
 
NMFS Shift Thresholds 
The current NMFS-defined threshold for the onset of PTS in cetaceans from exposure to 
in-water sounds is ≥ 180 dB re 1 µPa. The same threshold for pinnipeds is ≥ 190 dB re 1 
µPa.  Exposure to impulsive in-water sounds at ≥ 160 dB re 1 µPa is the threshold for the 
onset of TTS and behavioral disturbance for all marine mammals, whereas the same 
threshold for exposure to non-impulsive sound (continuous noise) is ≥ 120 dB re 1 µPa.  
Because the sonar systems to be used in this action are considered impulsive sources, the 
160 dB re 1 µPa threshold for the onset of TTS and behavioral disturbance would apply, 
and significant exposure above that level at a frequency within the animal’s hearing range 
would be considered an adverse impact. 



 
Acoustic Modeling  
Accurately predicting the 160 dB re 1 µPa isopleth from any sound source is difficult, but 
particularly so for multibeam sonar.   Using the simplest example, that of an unfocused, 
omni-directional single point source in unbounded homogenous water, sound will 
disperse from the source in a spherical pattern.   In this example, the equation RL = SL – 
(20LogR + αR) estimates spherical spreading loss where RL = received level; SL = 
source level; R = range in meters, and α is the absorption coefficient in water at 1 m as a 
function of frequency (Lurton &DeRuiter 2011).  In addition to source level and 
frequency, the distance for which different decibel levels are experienced away from the 
source is also dependent on a number of other factors that include density, salinity, and 
the amount of suspended solids in the water.  Detailed information on these naturally 
occurring factors in the marine environment is rarely available and consequently they are 
generally not considered in the equations. 
 
Assuming for the moment that the EM 302 system is a simple omni-directional point 
source, then the 180 dB and 160 dB re 1 microPa isopleths would fall at approximately 
1,000 m and 2,800 m, respectively, based on a α value of 6 dB/km (@30 kHz) as 
computed from representative CTD casts of local oceanographic conditions in the 
vicinity of the monuments. 
 
Acoustic Modeling - Generic Multibeam 
However, multibeam systems are not simple omni-directional point sources but rather are 
focused sonar arrays that use “selective angular directivity” and furthermore transmit 
“very short pulses at limited ping rates” (Lurton &DeRuiter 2011).  These two 
characteristics of this type of sonar decrease the potential sound exposure level as well as 
decrease the probability of the animals being subjected to TTS threshold intensity levels.  
Figure 1 provides diagrams excerpted from Lurton &DeRuiter (2011) showing the 
generalized ensonification volume of a generic multibeam sonar system from both 
horizontal (Fig 1a) and overhead (Fig. 1b) perspectives.   Fig 1b also provides the 
variables used to estimate the exposure time of a stationary animal as the ship passes on 
its survey track.  The exposure time can be estimated by ØR/V where Ø is the 
longitudinal transmitting lobe aperture in radians, R is the range from the source to the 
animal, and V is the speed of the ship.   
 
The aperture of the EM 302  on the Okeanos is 0.5° but since it would operate in dual 
swath mode in shallower water it will be conservatively treated as 1° (same as the 
Falkor), yielding a Ø value of 0.02 radians. The ship will be mapping at 8 knots (4.116 
m/s). At 200m distance, the exposure times for a stationary animal caught in the 
ensonification plane of the EM 302 are therefore calculated to be 1 second. This exposure 
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of radiated sound levels given the current configuration of the sonar. The assumptions 
behind the model are: 
 
1) The Deep Mode of the EM302 was used (i.e., longest pulse length and highest power -
- or worst case scenario). 
2) The model uses the current best understanding of the directivity pattern of the sonar 
that includes both the individual transducer directivity and the transmit sector beam 
forming. 
3) The model does not include any masking effects by the hull or gondola. The draft of 
the transducer “gondola” on the Okeanos Explorer is 5.65 m below the water line. This 
configuration causes a baffle effect from the gondola structure and the hull above, and 
further reduces the likelihood of direct ensonification of an animal on or near the surface, 
especially a short distance away from the ship. 
4) A value of 6 dB/km @ 30 kHz was used as a first-order approximation of the 
absorption coefficient representative of oceanographic conditions in the vicinity of 
PMNM, the PRIMNM, the Main Hawaiian Islands and the Geologists Seamounts. 
 
Figure 1c (below) shows horizontal plane (top-down) views of sound pressure levels at 
three different receiving depths within the water column directly below the transducer: 
10m, 50m, and 200m. These figures demonstrate the remarkably narrow zone of 
ensonification in the along-track direction. Note the difference in the 160 dB/µPa isopleth 
in the beam plane and elsewhere around the ship. For all but this plane, the isopleth 
occurs at 400 m or less from the ship. For animals directly within the beam plane, sound 
pressure levels drop below 160 dB/µPa within 1500 m of the ship near the surface, and 
within 1800 m at a depth of 200 m. Submerged animals more than 400 m from the ship 
that are caught in the ensonification volume as the ship passes will be only briefly 
subjected to the elevated sound levels occurring inside the transmitter beam pattern.  
Furthermore, the narrow fan-shaped beam patterns of the Okeanos Explorer system 
provide ample possibilities for the animals to quickly escape the sound.  The only 
possible scenario for more extended exposure would be if the animal were to suddenly 
start moving in the exact direction and speed as the ship while within the narrow 
ensonification beam, which is unlikely.  This very selective spatial pattern of the sound 
radiation makes this configuration very different from seismic airgun sources 
(omnidirectional) or military mid-frequency active sonars that are often directed 
horizontally through the water column. 
 
Figure 1d (below) shows the across track radiation pattern for the full water column 
below the EM302 transducer, with a close up of the near surface region. The 160 and 180 
dB/µPa isopleths are plotted to show ranges from the sonar relevant to potential PTS and 
TTS impacts on cetaceans. 
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from Figure 4.2-3 of NOAA’s Southwest Fishery Science Center draft Programmatic EA 
(see text for more details). 
 
On December 23, 2013, NOAA released for public comment it’s new “Draft Guidance 
for Assessing the Effects of Anthropogenic Sound on Marine Mammals: Acoustic 
Threshold Levels for Onset of Permanent and Temporary Threshold Shifts”.  The second 
revision of the document, dated July 23, 2015, is available 
at http://www.nmfs.noaa.gov/pr/acoustics/draft%20acoustic%20guidance%20July%2020
15.pdf (last accessed 1/13/16).The document is in review and should be finalized in early 
2016.  Included are updated acoustic threshold levels for the onset of both PTS and TTS 
that “will replace those currently in use by NOAA.”  The updates include PTS and TTS 
levels for both impulsive and non-impulsive sound sources for 5 marine mammal 
functional hearing groups that include low, mid, and high-frequency cetaceans, phociid 
pinnipeds, and otariid pinnipeds.  In addition, the updates include the addition of a second 
new metric for assessing acoustic activities: PTS and TTS cumulative sound exposure 
level (SELcum) thresholds. These thresholds are calculated with and without marine 
mammal auditory weighting functions.  Since SELcum is not as yet being used for ESA 
recommendations, we only examined what the new sound intensity thresholds will be, 
now calculated as dB peak values instead of dB rms values.  Tables 6a and 7 in that 
guidance document provide these threshold values.  TTS peak decibel levels range from 
195 dB re 1 microPa for high frequency cetaceans, 224 dB re 1 microPa for low 
frequency cetaceans, and 229 dB re 1 microPa for both families of pinnipeds.  While 
dBpeak (maximum value) is calculated differently than dBrms, the rule of thumb is that 
the latter are generally 3 dB less than the former (Tom Weber, personal communication 
and see Fig 1f below).  These new TTS thresholds are based on the most current science 
available and suggest that the Okeanos Explorer multibeam system will not exceed these 
levels for any of the functional groups if they are further than 100 m from the ship at the 
surface and 300 m from the ship if diving directly below the transducer. 
 

http://www.nmfs.noaa.gov/pr/acoustics/draft%20acoustic%20guidance%20July%202015.pdf
http://www.nmfs.noaa.gov/pr/acoustics/draft%20acoustic%20guidance%20July%202015.pdf
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Both ADCP instruments on the Okeanos Explorer are manufactured by Teledyne RD 
Instruments. Teledyne has provided OER with a proprietary technical memorandum dated April 
28, 2015 that provides sound pressure levels associated with their ADCP instruments. The 
following relevant information has been quoted from this memo:  
 
38 kHz ADCP:  
“The acoustic pressure along each beam is estimated at 227 dB re micro-Pascal @ 1 meter, at a 
center frequency of 38.4kHz with a +/-3dB bandwidth of 37.2-39.6kHz, with a typical pulse 
duration of 37.0milliseconds, and a typical pulse repetition rate of 3.0 seconds. The acoustic 
pressure along each beam is estimated at 180.0dB re micro-Pascal @ 182 meters.The acoustic 
pressure 20 degrees off of the main lobe of each beam is estimated at 180.0dB re micro-Pascal @ 
22 meters.” 
 
300 kHz ADCP:  
“The acoustic pressure along each beam is estimated at 215 dB re micro-Pascal @ 1 meter, at a 
center frequency of 307.2kHz with a +/-3dB bandwidth of 268.8-345.6kHz, with a typical pulse 
duration of 5.7milliseconds, and a typical pulse repetition rate of 0.75 seconds. The acoustic 
pressure along each beam is estimated at 180.0dB re micro-Pascal @ 40 meters.The acoustic 
pressure 20 degrees off of the main lobe of each beam is estimated at 180.0dB re micro-Pascal 
@1.8 meters.” 
 
To put these values in perspective, the EM302 multibeam system has a source level of 243 dB re 
1µPa, and the 180 dB/µPa isopleth is located at a range of approximately 1000 meters away from 
directly below the transducer array. This means the sound pressure from the 38 kHz ADCP is 
180 dB/µPa at only 182 meters, compared to 1000 meters for the multibeam. The acoustic beams 
from the ADCPs are also very focused, with sound energy levels that decrease rapidly away from 
the main lobe of the transducer. Given the more limited ranges, narrow beams, and sound 
pressure values reported for the ADCPs, they are expected to have minimal impacts on species of 
concern. Teledyne states that it has never received a report any marine mammals being affected 
by its ADCPs. 
 
Background Information: NSF 2011 Programmatic EIS 
The National Science Foundation’s 2011 document “Programmatic Environmental 
Impact Statement/Overseas Environmental Impact Statement for Marine Seismic 
Research Funded by the National Science Foundation or Conducted by the U.S. 
Geological Survey” provides a detailed analysis of potential impacts of seismic, 
multibeam, and sub-bottom sonars on sea turtles and marine mammals and provides 
useful information. The document evaluates deep water multibeam systems ranging from 
12-95 kHz.  The EM302 operates at 30 kHz so falls within the frequency, source levels, 
pulse lengths and beam widths evaluated by this report. The SBP on the Okeanosis of the 



same type evaluated in the report. With respect to multibeamechosounders (MBES) and 
sub-bottom profilers (SBP), the following direct excerpts are conclusions of this 
document regarding the potential impact on sea turtles, mysticetes, odontocetes, and 
pinnepeds: 
 
Sea Turtles 
“Operation of the MBES, SBP, or pingers is not expected to affect sea turtles, because the 
associated frequency ranges are above the known hearing range of sea turtles. The SBP 
operates at 3.5 kHz with a maximum source output of 222 dB re 1 μPa-m. Thus, the 
frequency range of the SBP is outside the known detection range of sea turtles based on 
available data. As a result, sea turtles are not expected to be capable of hearing the higher 
frequency sounds produced by SBPs. Furthermore, the intermittent and narrow 
downward-directed nature of the MBES and SBP as emitted from the transiting seismic 
vessel would result in no more than one or two brief ping exposures.” 
 
Mysticetes 
“During the proposed marine seismic surveys, the pings from the MBES, SBP, and 
pingers would be very short (<1-64 ms) (Table 2-5). 
 

Table 2-5. Acoustic Parameters of MBESs, SBPs, ADCPs, Pingers, and Acoustic 
Releases  

Used by NSF-Funded or USGS Research Vessels Conducting Marine Seismic 
Research. 

Acoustic Source 
Frequency 

(kHz) 
Source Level 

(dB re 1 µPa-m) 
Pulse Length 

(ms) 
Beam Width* 

Fore-aft Athwart. 

MBES 

Seabeam 2000 12 234 7-20   
Seabeam 2100/12 12 237 <1 – 12 2o x 2o  
Kongsberg EM122 12 242 2-15 1o x 2o 150 o 
Simrad EM 120/122 12 242 2, 5,15 1ox1o, 1ox2o 150 o 
Simrad EM 300 30 237 (1o), 231 (2o) 0.7, 2,15 1ox1o, 1ox2o  
Simrad EM 1002 95 225 (3o) 0.2, 0.7, 2 2o x 2o  
Krupp-AtkasHydroSweep DS 15.5 237  2.3o 

 
 

SBPs 3.5 222 64 27 o  
ADCPs 38-1,200 224  30 o  
Pingers 55-110 183    
Pingers 12 192 0.5, 2, 10   
Acoustic Releases 9-15 187 8   

Notes: *The beams of all acoustic sources would be directed downward from the research vessel. Athwart 
= athwartship.Sources: USCG 2001; L-DEO and NSF 2003e; SIO and NSF 2003; University of 
Washington 2003; SIO and NSF 2004; SIO 2005a, b; UAF and NSF 2005; University of Hawaii 2005; 
WHOI. 
 



Thus, a given mammal would not receive many of the downward-directed MBES or SBP 
pings as the vessel passes by. In the case of the MBESs that operate at 30 kHz or higher, 
their operating frequencies are too high to have any effects on mysticete behavior. Source 
levels of the SBPs, another type of echosounder, are lower (maximum source level 222 
dB re 1 microPa [rms]) than those of the MBES discussed above (Table 2-5). Thus, there 
is even less likelihood of TTS occurring through exposure to SBP sounds, even in an 
animal that is briefly near the source. The SBP is usually operated simultaneously with 
other higher-power acoustic sources. Many marine mammals, particularly mysticetes, 
move away in response to the approaching higher-power sources or the vessel itself 
before the mammals are close enough for there to be any possibility of effects from the 
SBP’s less-intense sounds. The possibility of PTS through exposure to MBES or SBP 
sounds is considered negligible and PTS is not expected to occur. Burkhardt et al. (2008) 
concluded that immediate direct injury was possible only if a cetacean dived under the 
vessel into the immediate vicinity of the transducer. Furthermore, PTS (or any injury or 
pathological effect) has never been demonstrated for any marine mammal exposed to 
echosounders such as the proposed MBESs and SBPs.” 
 
Odontocetes 
“In summary, sounds from all the MBESs would be readily audible to most and possibly 
all odontocetes when animals are within the narrow angular extent of the intermittent 
sound beam. As with baleen whales, odontocete communications will not be masked 
appreciably by MBES, SBP, or pinger signals given their low duty cycles, the brief 
period (i.e., seconds) when an individual mammal would potentially be within the 
downward-directed MBES or SBP beam from a transiting vessel, and the relatively low 
source level of a pinger. Operation of MBESs, SBPs, and pingers is not likely to impact 
odontocetes. The project MBESs, SBPs, and pingers are not expected to induce TTS. The 
possibility of PTS through exposure to MBES or SBP sounds is considered negligible.” 
 
Pinnipeds 
“The SBPs associated with the proposed marine seismic activities operate in the MF 
range of approximately 3.5 kHz with a maximum source output of 222 dB re 1 μPa-m 
(rms). The frequency range of the SBPs is within the frequency band audible to 
pinnipeds. Masking effects due to MBES, SBP, or pinger signals are expected to be 
minimal or non-existent. Thus, brief exposure of pinnipeds to small numbers of signals 
from the MBES or SBP would not result in a ―take by harassment as defined by NMFS 
and the ESA. The project MBESs, SBPs, and pingers are not expected to induce TTS. 
Although the MBESs, SBPs, and pingers can presumably be heard by pinnipeds, their 
operation is not likely to affect pinnipeds. The intermittent and narrow downward-
directed nature of the MBESs and SPBs would result in no more than one or two brief 
ping exposures of any individual pinniped given the movement and speed of the vessel 



and animal; such brief exposure to this sound is not expected to cause injury or PTS 
based on results of limited studies of some pinniped species.” 
 
As described above, no marine mammals or turtles would be exposed to sound intensity 
at or above the levels required for the onset of TTS or PTS, but those species exposed 
may experience behavioral responses as the result of exposure to the project’s sonar 
noise.  Based on the best information available, including the motility of free-ranging 
marine mammals and turtles in the water column, the propensity for these species 
(especially marine mammals) to avoid obtrusive sounds, and the proposed mitigation 
measures, mild alert and startle responses, avoidance of the survey vessel are the most 
probable responses to exposure.  No measurable impacts are expected to occur on the 
ability of marine mammals and turtles exposed to forage, shelter, navigate, reproduce, 
and avoid predators and other threats such as vessels. Therefore, the expected behavioral 
responses expected to result from exposure to the project’s sonar noise would have 
insignificant effects on ESA-listed marine mammals or turtles that may be in the area. 
 
Acoustic Information Related to Elasmobranchs 
A sound source produces both pressure waves and actual motion of the medium particles. 
In fish, particle motion is detected using the inner ear, while pressure signals are initially 
detected by the gas-filled swim bladder or other bubble of air in the body.These air filled 
spaces vibrate and serve as a medium to “reradiate” (or resend) the signal to the inner ear 
as a near field particle motion (Popper, 2008) in those species where a connection exists 
between the swim bladder and the inner ear. 
 
While the air bladder in fish may play a role in sound detection, its primary purpose is for 
buoyancy. Elasmobranchs (sharks and rays) on the other hand do not have air bladders.  Instead 
elasmobranchs have developed overly large livers which provide buoyancy. Because of this lack 
of an air bladder elasmobranchs are unable to detect pressure waves, instead sharks detect the 
kinetic stimulus rather than the acoustic pressure wave. Unlike acoustic pressure, the kinetic 
stimulus is inherently directional, but its magnitude rapidly decreases as it propagates outward 
from the sound source in the near field (Corwin,1981). 

Although research has shown that the upper range of behavioral sensitivity to this kinetic 
stimulus is 600 to 800 Hz in both scalloped hammerheads, Sphrynalewini (Olla, 1962), and the 
lemon shark, Negaprionbrevirostris (Nelson, 1967); sharks are more low frequency sensitive, 
with the most effective spectral range occurring from 40 Hz to 300 Hz (Myrberg, 1978). Above 
these frequencies both the behavioral sensitivity and the sensitivity of the ear fall off rapidly 
(Corwin, 1981). 
 
As previously described, the NOAA Ship Okeanos Explorer’sscientific sonars operate at 
30 kHz (the multibeam system), 18, 38, 70, 120, 200, and 333kHz (split-beam fisheries 



sonars), 3.5 kHz (the chirp sub-bottom profiler sonar), and 38 kHz and 300 kHz 
(ADCPs).All of these frequency ranges are well above the hearing sensitivity ranges for 
elasmobranchs based on the research that has been done to date.   
 
Based on thebest available scientific information which indicates that the multibeam, 
split-beam and chirp sub-bottom profiler operate and frequencies above the hearing 
ability for all elasmobranchs (including scalloped hammerheads), and the propensity for 
the speciesto avoid human activities; no measurable impacts are expected to occur on the 
ability of the species to forage, navigate, reproduce, and avoid predators and other threats 
such as vessels.  Therefore, the expected behavioral responses expected to result from 
exposure to the project’s sonar noise would have insignificant effects on the ESA-listed 
Indo-Pacific distinct population segment of the scalloped hammerhead shark. 
 
2. Temporary disturbance from human activity 
 
Nearly all the activities associated with ROV dives and vessel operations in the PMNM; 
the marine environment around Oahu and the big island of Hawai’i; the Geologists and 
Musicians Seamounts; all of the Pacific Remote Island Areas composing the PRIMNM; 
the CNMI and the MTMNM; the vicinity of American Samoa and the NMSAS; the 
RAMNM; and the vessel transit areas between Honolulu, Hawai‘i, Guam, Saipan, 
Kwajalein and Pago Pagoinvolve work in the marine environment where ESA-listed 
species are known to occur.  Marine species may experience a startle reaction and 
resulting stress should they encounter human activities in the water.  The reaction could 
range from one extreme where an animal calmly approaches and investigates the person 
or gear, to a panicked response in which the animal flees, which could result in injury or 
reduce vitality.   

The following guidelines for in-water work in the presence of marine protected species and other 
marine wildlife have been provided by NOAA’s National Marine Fisheries Service and Office of 
National Marine Sanctuaries: 

1) A distance of at least 100 yards from humpback whales will be maintained and at least 50 
yards from other marine mammals and sea turtles (e.g., dolphins, turtles and Hawaiian monk 
seals). 
a) All in-water work shall be postponed when these ESA-listed marine species are within 

these distances of the proposed work, and shall only begin after the animals have 
voluntarily departed the area.   

b) If ESA-listed marine species other than humpback whales are noticed within 50 yards 
after work has already begun, that work may continue only if, in the best judgment of the 
chief scientist, that there is no way for the activity to adversely affect the animal(s).  No 
work shall occur unless at least 100 yards from humpback whales; 



2) No attempt will be made to touch, ride, feed, or otherwise interact with any marine protected 
species: 

Sea turtles, marine mammals and sharks usually avoid human activity.  The most likely 
effect on this interaction will be a moderate to high energy avoidance behavior resulting 
in the animal temporarily leaving the immediate area unharmed.  Considering this 
avoidance behavior, in combination with the nature of the activities, and implementation 
of the above mentioned guidelines, we have determined that disturbances related to 
vessel operations and ROV dives will be infrequent, would be temporary in nature and 
never reach the scale where it would affect the individual’s health, and thus are expected 
to result in insignificant effects on ESA-listed marine species discussed in this biological 
evaluation. 
 
3. Entanglement  
 
The planned cruise would include the deployment of a CTD or UCTD, which would be 
deployed over the side of the vessel with a cable; and a ROV, whichwould be tethered to 
the vessel; creating the potential for entanglement of the marine species considered in this 
consultation should any of those animals encounter the cable or tether.  However, in 
addition to compliance with the guidelines listed above, which would require maintaining 
watch for and avoiding protected marine species, we propose to postpone deployment of 
these devices when sea turtles, marine mammals or scalloped hammerhead sharks are 
within 50 yards of the vessel, and all individuals participating in the activity would 
closely monitor the instrument cables at all times while they are deployed.  Based on the 
expected compliance with the required protective measures, and the expectation that 
protected marine species would be widely scattered throughout the proposed areas of 
operation, we consider it extremely unlikely that any of those animals would come into 
contact with any of the cables, and have determined that the risk of entanglement would 
be discountable.   
 
4. Collisions with vessels 
 
Sea turtles and marine mammals must surface to breathe, and they are known to rest or 
bask at the surface.  Therefore, when at or near the surface, these animals are at risk of 
being struck by the vessel or its propellers during small boat operations and vessel 
transits to and from the monuments.  Potential injuries and their severity will depend on 
the speed of the vessel, the part of the vessel that strikes the animal, and the body part 
impacted.  Injuries may include bruising, broken bones or carapaces, and lacerations that 
can often result in death. 
 



Existing information about sea turtle sensory biology suggests that sea turtles rely more 
heavily on visual cues, rather than auditory, to initiate threat avoidance.  Research also 
suggests that sea turtles cannot be expected to consistently notice and avoid vessels that 
are traveling faster than 2 knots (kts) (Hazel et al., 2007).  Vanderlaan and Taggart (2007) 
report that the severity of injury to large whales is directly related to vessel speed.  They 
found that the probability of lethal injury increased from 21%, for vessels traveling at 8.6 
kts, to over 79% for vessels moving at 15 kts or more.  Additionally, since collisions with 
whales have been reported for both slow and fast moving craft, it appears that, in at least 
some situations, whales may either be unaware of a vessel’s presence or unable to resolve 
the vessel’s proximity and/or vector of approach based on available acoustic cues.  
Consequently, vessel operators must be responsible to actively watch for and avoid sea 
turtles and marine mammals, and to adjust their speed based on expected animal density 
and on lighting and turbidity conditions to allow adequate reaction time to avoid marine 
animals. 

The following guidelines for vessel operation in the presence of marine protected species and 
other marine wildlife have been provided by NOAA’s National Marine Fisheries Service and 
Office of National Marine Sanctuaries: 

1) A distance of at least 100 yards from humpback whales will be maintained and at 
least 50 yards from other marine mammals and sea turtles (e.g., dolphins, turtles 
and Hawaiian monk seals). 

2) Vessel speed will be reduced to 10 knots or less when operated in the vicinity of 
marine mammals or sea turtles; Operators shall be particularly vigilant to watch 
for turtles at or near the surface in areas of known or suspected turtle activity, and 
if practicable, reduce vessel speed to 5 knots or less. 

3) Marine mammals and sea turtles shall not be encircled or trapped between boats or shore; 
4) If approached by a marine mammal or turtle while on a boat, the vessel’s engine shall be 

placed in neutral and the animal allowed to pass. If approaching a marine protected 
species, vessel movement should be from the rear of the animal. 

5) No attempt to pursue marine mammals or sea turtles shall be made; 
6) A vessel shall be operated in a predictable manner in the presence of marine wildlife, and 

when leaving an area where marine life is observed, will be slowly maneuvered; and 
7) No attempt to herd, chase, or separate groups of marine mammals or females from their 

young shall be made. 
8) All vessels operating in areas where ESA-listed species are present will continue to 

follow MARPOL discharge protocols, but will postpone any authorized discharge if any 
protected species are within 100 yards of the vessel. 

The scalloped hammerhead shark is a circum-global species that lives in coastal warm 
temperateand tropical seas. It occurs over continental and insular shelves, as well as adjacent 
deep waters,but is seldom found in waters cooler than 22° C (Compagno 1984, Schulze-Haugen 



and Kohler2003). It ranges from the intertidal and surface to depths of up to 450-512 m (Sanches 
1991, Klimley 1993), with occasional dives to even deeper waters (Jorgensen et al. 2009). 
Tagging studies indicate that the species rarely makes long-distance oceanic migrations, but 
instead disperses along continuous coastlines, continental margins, and submarine features, such 
as seamounts (Miller et al., 2013).  
 
Although the species is present in much of the Pacific, ranging from Japan and China to New 
Caledonia in the west, to the Gulf of California to Ecuador in the east; the species range in the 
central Pacific Ocean is primarily comprised of the Hawaiian Archipelago, which includes the 
main islands and the Northwestern Hawaiian Islands (Miller et al, 2013). Johnston Atoll is also 
included in this range due to its proximity to the Hawaiian Archipelago (Miller et al., 2013). 
Individuals of the species may be found alone, in pairs, or in schools. Adult aggregations may be 
found offshore over seamounts and near islands, but are most common near the Galapagos, 
Malpelo, Cocos and Revillagigedo Islands, and within the Gulf of California (Compagno 1984, 
CITES 2010, Hearn et al. 2010, Bessudo et al. 2011). 

 
Based on the low number of trips, expected adherence to established guidelines, the 
expectation that protected marine species would be widely scattered throughout the 
proposed areas of operation, and the limited populations of the protected species in these 
areas; we have determined that the risk of a vessel collision with a protected marine 
species would be discountable.   
 
5. Vessel waste and discharge  
 
While operating within the PMNM, all vessels are required to comply with the following 
regulations (71 FR 51134, 50 CFR Part 404) with regards to permitted types of discharge: 

● Discharging or depositing any material or other matter into the Special 
Preservation Areas (SPAs) or the Midway Atoll Special Management Area  
(MASMA) except vessel engine cooling water, weather deck runoff, and vessel 
engine exhaust; 

● Discharging or depositing any material or other matter into the Monument, or 
discharging or depositing any material or other matter outside the Monument that 
subsequently enters the Monument and injures any resources of the Monument, 
except fish part used in and during authorized fishing operations, or discharges 
incidental to vessel use such as deck wash, approved marine sanitation device 
effluent, cooling water, or engine exhaust. 

 
While an accidental release of waste or discharge may occur which might put protected 
species at risk to exposure, based on the low number of vessels that operate within the 
waters of the monuments, expected adherence to above mentioned  discharge regulations 



during all project operations, the expectation that protected marine species are widely 
scattered throughout the project area and the limited populations of ESA-listed species in 
these areas, we have determined that the risk of protected species being exposed to vessel 
waste and discharge would be insignificant. 
 
6. Determination for ESA-Listed Corals  
 
The action area for the 2016 – 2017 field season of the Okeanos Explorerhas an 
operational minimum depth for both mapping and ROV operations of 250 m, with the 
majority of the activity occurring in waters greater than 500 m.  The only times the vessel 
will be in water shallower than those depths is entering and leavingport. The planned 
ports of call for the upcoming field season will include Honolulu, Guam, Saipan, 
Kwajalein, and Pago Pago.  
 
The expanded operation area for the 2016 -2017 fieldseason of the Okeanos Explorer 
includes the distribution ranges of seven species of corals that were listed under the ESA 
in September of 2014, the species are: Acropora globiceps, A. jacquelineae, A. retusa, A. 
speciosa, Euphyllia paradivisa, Isopora crateriformis, and Seriatopora aculeata. 
 
Most species of corals are found in relatively shallow water where light intensity is strong 
enough for the symbiotic algae, which provide much of the nutrients that corals survive 
on, are able to effectively use the light.The distribution and habitat for each of these 
seven listed species found in the operational area is below: 
 
Acropora globiceps - Reported within federal waters in the Pacific Remote Islands Marine 
National Monument (Palmyra and Kingman), National Park of American Samoa, Ofu Island 
unit, and the Rose Atoll Marine National Monument. Habitat has been reported as located in 
intertidal, upper reef slopes and reef flats in water depths ranging from 0 to 8 m. 
 
 A. jacquelineae - Species has not been recorded in federally protected waters, but unconfirmed 
reports have indicated the species may occur in American Samoa. Habitat has reported as located 
on subtidal walls, ledges on walls, and shallow reef slopes protected from wave action in depths 
ranging from 10 to 35 m. 
 
 A. retusa - Reported within federal waters in the Pacific Remote Islands Marine National 
Monument (Johnston, Howland and Kingman), National Park of American Samoa, Ofu Island 
unit, and the Rose Atoll Marine National Monument. Habitat has been reported as located on 
upper reef slopes and tidal pools in depths ranging from 1 to 5 m. 
 
A.speciosa  - Reported within federal waters in the Pacific Remote Islands Marine National 
Monument (Kingman Atoll).  Habitat has been reported as located in protected environments 
with clear water and steep slopes or deep, shaded waters in depths ranging from 12 to 40 m.  



Unconfirmed reports by Bare et al (2010) indicates the species presence in mesophotic 
assemblages in American Samoa. 
 
 Euphyllia paradivisa - The species has not been recorded in federally protected waters, but 
unconfirmed reports have indicated the species may occur in American Samoa. Habitat has been 
reported as located on shallow or mid-slope reef environments protected from wave action in 
depths ranging from 5 to 20 m.  
 
 Isopora crateriformis - Reported within federally protected waters in the National Park of 
American Samoa, Tutuila and Ofu Islands units, and Fagetele Bay National Marine Sanctuary, 
Tutuila. Habitat has reported as located in shallow, high-wave energy environments in waters 
depths ranging from low tide to at least 12 m. Unconfirmed reports by Bare et. al. (2010) 
indicates the species presence in mesophotic assemblages in American Samoa. 
 
Seriatopora aculeata - The species has not been recorded from federally protected waters.  
Habitat has been reported as located in shallow reef environments in water depths ranging from 3 
to 40 m. 
 
There is potential for some listed corals to be found either adjacent to or within the 
harbors where the Okeanos Explorer will be making port of calls during the 2016 – 2017 
field season.  Based on the strict adherence to Boating Guidelines in place by NMFS and 
ONMS, the excellent safety record of NOAA vessels around the world, the strict 
adherence to the MARPOL protocols, and the low densities and widely scattered nature 
of the listed corals in the operational area, we have determined the risk to listed corals 
from a collisions with vessels, from temporary disturbance of human activity and the 
impact from waste and discharge would be discountable. 
 
Based on the known distribution limits and the preferred habitat types in comparison to 
the proposed minimum operational limit for the Okeanos Explorer, we have concluded 
that listed corals will not be found in the operation area for the 2016 – 2017 field season, 
and are not at risk from day-to-day operation of the vessel and are not at risk from the 
exposure to elevated noise levels or from entanglement. 
 
7. Effects to designated & proposed Hawaiian monk seal critical habitat 
 
Critical habitat for the Hawaiian monk seal was designated under the ESA (53 FR 18990) 
on April 30, 1986 and revised on May 26, 1988 (53 FR 18988).   In the PMNM, critical 
habitat for monk seals includes all beach areas, lagoon waters, and ocean waters out to a 
depth of 20 fathoms around Kure Atoll, Midway Islands (except Sand Island), Pearl and 
Hermes Reef, Lisianski Island, Laysan Island, Maro Reef, Gardner Pinnacles, French 
Frigate Shoals, Necker Island, and Nihoa Island.On June 2, 2011, NMFS proposed 
revising critical habitat for monk seals (76 FR 32026) by extending the current 



designation out to the 500 meter depth contour and including Sand Island at Midway 
Island. Using the best available scientific information, the proposed revision to critical 
habitat identifies six essential features for the conservation of monk seals that may 
require special management consideration or protection: 
 

1. Areas With Characteristics Preferred by Monk Seals for Pupping and Nursing; 
2. Shallow, Sheltered Aquatic Areas Adjacent to Coastal Locations Preferred by 

Monk Seals for Pupping and Nursing; 
3. Marine Areas From 0 – 500 m in Depth Preferred by Juvenile and Adult Monk 

Seals for Foraging; 
4. Area With Low Levels of Anthropogenic Disturbance; 
5. Marine Area With Adequate Prey Quantity and Quality; and 
6. Significant Areas Used by Monk Seals for Hauling Out, Resting, or Molting. 

 
The proposed actions include activities that would occur within three essential features 
(numbers 3,4 and 5 above) of existing and proposed critical habitat, but the level of 
human activity that may occur annually in these areas is minimal and any disturbances 
caused by human presence would be temporary.  Also, all permitted personnel are 
required to adhere to established Monument BMPs that mirror the NOAA guidelines 
previously described that effectively prevents or minimizes interactions with monk seals 
and with critical habitat essential features.  There is no Hawaiian monk seal critical 
habitat designated for the PRIMNM, MTMNM, RAMNM, the CNMI, American Samoa 
or the NMSAS. 
 
Based on adherence to proposed guidelines, no known record of previous impacts to 
monk seal critical habitat, and the temporary introduction of human presence to conduct 
activities that would have minimal impact to the environment, we expect the likelihood of 
destruction or adverse modification to the current Hawaiian monk seal critical habitat and 
those habitats that are proposed to be insignificant  
 
Effects Determination 
 
We have evaluated the effects of the proposed actions on the following ESA-listed 
marine species: green sea turtle, hawksbill sea turtles, leatherback sea turtles, North 
Pacific loggerhead sea turtle distinct population segment (DPS), olive ridley sea turtles, 
Main Hawaiian Islands false killer whale DPS, blue whales, fin whales, humpback 
whales, North Pacific right whales, sei whales, sperm whales, the Indo-West Pacific 
distinct population segments of the scalloped hammerhead shark, Hawaiian monk 
seals;and the coral speciesAcropora globiceps, A. jacquelineae, A. retusa, , A. speciosa, 
Euphyllia paradivisa, Isopora crateriformis, and Seriatopora aculeata.  Based on our 



analysis of the potential effects of the proposed action on ESA-listed marine species 
presented above the proposed action would have insignificant effects on the ESA-listed 
species under consideration, or the likelihood of exposure would be discountable.  
Therefore, we have determined that the proposed activities are not likely to adversely 
affect those species.  We have also determined that the proposed activities would have 
insignificant effects on the essential features of designated and proposed critical habitat 
for Hawaiian monk seals, and therefore is not likely to adversely affect critical habitat.  
Therefore, we request informal consultation per Section 7(a)(2) of the ESA, and your 
concurrence with our determination that the proposed action may affect, but is not likely 
to adversely affect, green sea turtles, hawksbill sea turtles, leatherback sea turtles, North 
Pacific loggerhead sea turtle DPS, olive ridley sea turtles, Main Hawaiian Islands false 
killer whale DPS, blue whales, fin whales, humpback whales, North Pacific right whales, 
sei whales, sperm whales, the Indo-West Pacific distinct population segments of the 
scalloped hammerhead shark, Hawaiian monk seals or existing or proposed Hawaiian 
monk seal critical habitat;and the coral speciesAcropora globiceps, A. jacquelineae, A. 
retusa, , A. speciosa, Euphyllia paradivisa, Isopora crateriformis, and Seriatopora 
aculeata.   
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