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‘ EXECUTIVE SUMMARY '

The Alliance for Coastal Technologies (ACT) Workshop entitled, “Biological Platforms as Sensor
Technologies and their Use as Indicators for the Marine Environment” was held in Seward, Alas-
ka, September 19 — 21, 2007. The workshop was co-hosted by the University of Alaska Fairbanks
(UAF) and the Alaska SeaLife Center (ASLC). The workshop was attended by 25 participants
representing a wide range of research scientists, managers, and manufacturers who develop and
deploy sensory equipment using aquatic vertebrates as the mode of transport.

Eight recommendations were made by participants at the conclusion of the workshop and are pre-
sented here without prioritization:

1.

Encourage research toward development of energy scavenging devices of suitable sizes for
use in remote sensing packages attached to marine animals.

Encourage funding sources for development of new sensor technologies and animal-borne
tags.

Develop animal-borne environmental sensor platforms that offer more combined systems
and improved data recovery methodologies, and expand the geographic scope of comple-
mentary fixed sensor arrays.

Engage the oceanographic community by:

a. Offering a mini workshop at an AGU ocean sciences conference for people interested
in developing an ocean carbon program that utilizes animal-borne sensor technology.

b. Outreach to chemical oceanographers.

Min v2d6.sheepserver.net e and merge technologies from other disciplines that may be ap-
plied to marine sensors (e.g. biomedical field).

Encourage the NOAA Permitting Office to:

a. Make a more predictable, reliable, and consistent permitting system for using animal
platforms.

b. Establish an evaluation process.
c. Adhere to established standards.
Promote the expanded use of calibrated hydrophones as part of existing animal platforms.

Encourage the Integrated Ocean Observing System (IOOS) to promote animal tracking as
effective samplers of the marine environment, and use of animals as ocean sensor technol-
ogy platforms.
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‘ ALLIANCE FOR COASTAL TECHNOLOGIES '

The Alliance for Coastal Technologies is a NOAA-funded partnership of research institutions, re-
source managers, and private sector companies dedicated to fostering the development and adop-
tion of effective and reliable sensors and platforms. ACT is committed to providing the information
required to select the most appropriate tools for studying and monitoring coastal environments.
Program priorities include transitioning emerging technologies to operational use rapidly and ef-
fectively; maintaining a dialogue among technology users, developers, and providers; identifying
technology needs and novel technologies; documenting technology performance and potential;
and providing the Integrated Ocean Observing System (IOOS) with information required for the
deployment of reliable and cost-effective networks.

To accomplish these goals, ACT provides these services to the community:

— Third-party testbed for quantitatively evalu-
ating the performance of new and existing
coastal technologies in the laboratory and
under diverse environmental conditions.

ACT is organized to ensure geographic
and sector involvement:

- Headquarters is located at the UMCES
Chesapeake Biological Laboratory, Solo-

— Capacity building through technology-
specific workshops that review the current
state of instrumentation, build consensus on
future directions, and enhance communica-
tions between users and developers.

— Information clearinghouse through a search-
able online database of environmental tech-
nologies and community discussion boards.

The ACT workshops are designed to aid resource
managers, coastal scientists, and private sector
companies by identifying and discussing the current
status, standardization, potential advancements, and
obstacles in the development and use of new sensors
and sensor platforms for monitoring, studying, and
predicting the state of coastal waters. The work-
shop’s goal is to help build consensus on the steps
needed to develop and adopt useful tools, while fa-

mons, MD.

- Board of Directors includes Partner In-
stitutions, a Stakeholders Council, and
NOAA/CSC representatives to establish
ACT foci and program vision.

- There are currently eight ACT Partner
Institutions around the country with coast-
al technology expertise that represent a
broad range of environmental conditions
for testing.

- The ACT Stakeholder Council is com-
prised of resource managers and industry
representatives who ensure that ACT fo-
cuses on service-oriented activities.

cilitating critical communication among the various groups of technology developers, manufactur-
ers, and users.

ACT Workshop Reports are summaries of the discussions that take place between participants dur-
ing the workshops. The reports also emphasize advantages and limitations of current technologies
while making recommendations for both ACT and the broader community on the steps needed for
technology advancement in the particular topic area. Workshop organizers draft the individual
reports with input from workshop participants.
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ACT is committed to exploring the application of new technologies for monitoring coastal eco-
system and studying environmental stressors that are increasingly prevalent worldwide. For more
information, please visit www.act-us.info.

BioLoGICAL PLATFORMS FOR SENSOR TECHNOLOGIES AND THEIR

UsES AS INDICATORS OF THE MARINE ENVIRONMENT WORKSHOP GOALS

Planning for the ACT Workshop on Biological Platforms was undertaken with the following objec-
tives in mind:

* Summarizing current sensor technologies and applications which utilize marine vertebrates
to collect environmental data;

» Encouraging the advancement of the technology through fruitful discussion between sen-
sor developers and the scientists who deploy these sensors; and

* Determining ways to gain a broader acceptance of the environmental data obtained from
biological platforms by the oceanographic community.

In order to achieve these objectives the following goals were presented during the opening ses-
sion:

* Build consensus on the steps needed to promote the development and deployment of sensor
packages capable of recording high-resolution environmental data when attached to marine
vertebrates as platforms of opportunity.

» Identify how the resources of the Alliance for Coastal Technologies can be applied to this
goal.

‘ ORGANIZATION OF THE WORKSHOP '

The workshop was sponsored by ACT and hosted by the Alaska Sealife Center and the University
of Alaska Fairbanks. Both comprise the ACT Alaska Regional Partner Institution. The workshop
was organized by Drs. Shannon Atkinson and Russ Andrews (UAF), Phil Mundy (NOAA) and
Casey Moore (WET labs), with Jessica Ryan serving as the workshop facilitator (Alaska SeaLife
Center).

On the first evening, workshop participants convened for a reception and dinner in the Alaska
SeaLife Center’s Underwater Viewing area. Dr. Mario Tamburri gave a presentation on the mis-
sion of the ACT program, followed by a keynote address by Dr. Michael Fedak, from the Univer-
sity of St. Andrews, UK.

The workshop commenced the following day with an introduction by Dr. Andrews, and discussion
of the workshop format by Dr. Atkinson. Attendees to the workshop were divided into two groups
for the two plenary sessions. Questions were provided in order to facilitate discussion. The groups
in the first session were divided into sensor users and sensor manufactures, and the groups in the
second session were divided alphabetically, with A-F in one group, and G-Z in the second group.
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A spokesman from each group gave a presentation to the workshop attendees after each plenary
session.

The final wrap-up session was attended by all workshop participants. The session opened with a
summary of common issues raised during the prior plenary sessions. A prioritizing discussion by
the participants yielded a list of eight goals to be implemented or facilitated by ACT.

BioLoGICAL PLATFORMS: STATE OF THE SCIENCE

Sensor technology using marine vertebrates as “vehicles of opportunity” allows for environmental
data collection under conditions that would be difficult or cost-prohibitive with standard data col-
lection procedures, for example, under sea ice. Certain constraints limit the usefulness of these
animal-borne sensors and were the topic of much discussion during the first session of the work-
shop. The following is a summation of issues discussed during the workshop on the state of the
science of sensor technology that can be used on biological platforms:

» Data collected: current sensor technologies using biological platforms produce data for
temperature, pressure (depth), acceleration, conductivity, and light level (which is used to
measure geolocation, turbidity, chlorophyll, and oxygen).

» Package size: increased animal size does not necessarily correlate to larger instrumentation
packages. Whales, for example, often brush off applied devices, so smaller or imbedded
tags are often longer lasting than larger tags. Moreover, larger attachments increase drag
and can affect mobility and survival. Currently, whales are tagged with an egg-sized tag
that records temperature and depth. The smallest tags, about the size of a dime, are im-
planted in fish to record temperature and depth and can last up to 20 years, according to
Dr. Andrews.

* Power source: some sensor packages are too large and have too high of an energy demand
to be used broadly. Advancements in technology for energy scavenging or re-powering
the device after deployment would alleviate many of these constraints. At least two com-
panies have Small Business Innovative Research Grants to further development of energy
scavenging equipment. Some very small scavenging devices work vibrationally, similar to
self-winding watches, but so far nothing along these lines has been successfully developed
for marine mammals.

» Location: in the North Sea, English Channel, and elsewhere, sensor development has taken
advantage of local properties such as tides, and has been used to aid in establishing animal
(flatfish) movements based on characteristic variations in tidal height.

» Data storage and retrieval: memory storage is not limiting, as even small tags can hold
adequate data storage for most applications. Retrieval of data is obtained through satellite
telemetry or by recovering archival tags that wash up on beaches or are retrieved once the
animal dies. Generally, marine mammals provide opportunities for satellite communica-
tion because the tags are applied externally. However, fish tags are applied internally,
which precludes satellite transmission.
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» Data Results: environmental sensors deployed on aquatic animals can produce a wide range
of graphic descriptions of the animal’s movement through the water, and offer important
insights. One example is the documenting of animal migrations over broard areas of the
South Atlantic. As a wider range of data is collected from more advanced sensor packages,
there will be a greater need for even more sophisticated methods of synthesizing the col-
lected data.

MoTivATION FOR UTILIZING B1oLOGICAL PLATFORMS

There is great potential for broader application of biological platforms for sensor technology.
Tagged animals can sample extensive areas and unique geospacial aspects of the ocean, which are
otherwise inaccessible, ice covered, or too expensive for conventional sampling. Moreover, the
data from biological platforms complements data collected from traditional oceanographic plat-
forms (e.g., vessels, moorings, buoys). For example, animals typically go to rich divergence zones
or onto continental shelves, whereas traditional approaches randomly or systematically sample,
and therefore spend a high proportion of the sampling effort in low productivity waters. Conse-
quently, instrumented vertebrates can be used as bioindicators, collecting key biological data from
regions that may otherwise be difficult to sample, or can be used to help identify areas of particular
importance (e.g., critical habitat for ESA listed species).

Data from marine animals have the dual benefit of providing oceanographic data while yielding
biological information about tagged animals. The link between the two is important, and the ethics
of using animals can be justified by the biological data obtained. The data is critical for understand-
ing the environment in which they live, relative to animal behavior, climate change, environmental
changes, and the fate of the animals.

From a biological standpoint, tagging could eventually help define preferred and critical habitats
by linking the state of the animal with the state of the environment in a single sensor. Sensors may
be useful to better understand animal behavior, geolocation, energy flux due to feeding, life history
parameters, and preference of habitats.

Ultimately, data from biological platforms are critical for understanding the environment animals
utilize, so we can recognize how changes in the environment will affect these animals.

CHALLENGES IN UsING B10oLOGICAL PLATFORMS

TO CoLLECT ENVIRONMENTAL DATA

Marine biologists face several challenges when using animals as biological platforms. These chal-
lenges include a lack of acceptance by many scientists in the oceanographic community, techno-
logical challenges such as the need for smaller tags and longer tag life, attachment issues, cost of
development and deployment, and public opposition by some groups to equipping marine animals
with sensor equipment.

Acceptance from the oceanographic community is one of the key challenges biologists face in us-
ing biological platforms to collect environmental data. The arguments given by oceanographers



ACT Workshop: Biological Platforms as Sensor Technologies
and their Use as Indicators of the Marine ERVIFORMENLE ..............c.ccccociiouiniiniiiiiniiiinenieeeeeeees 6

are (1) the lack of random sampling because instrument bearing vertebrates do not follow a stan-
dardized sampling protocol, and (2) data that do not meet industry standards for accuracy. Con-
veying the value of using animals to collect environmental data is difficult because it is truly a
cross-disciplinary science. Biologists in this arena are creating a new scientific discipline, and the
questions they ask are not specific to biology or oceanography, but belong to a multi-disciplinary
field combining the tools and research opportunities of both fields. To satisfy oceanographers, data
would need to match current industry standards for accuracy. However, it may expedite technol-
ogy development for biologists to establish standards that meet the biologists’ needs for frequency
of sampling or degree of accuracy, rather than being held to the standards of accuracy required by
oceanographers.

Technological challenges persist, particularly the need for building smaller tags while gaining
longer equipment life spans. Temperature and water pressure are routinely collected, while salinity
measurements have proven more difficult to obtain. Sensors that sample for a broader range of en-
vironmental parameters are still in the developmental stage. Additionally, there are problems with
adding more functionality to sensors because sending data via satellite has intrinsic limits, owning
to bandwidth restrictions. In non air-breathing species, such as fish, data recovery is still a limiting
issue, as the tags must be retrieved in order to download data.

Attachment techniques and limitations are another challenge. Biologists can’t always use adhe-
sives to attach external tags to animals. Therefore, in some situations and for some species, biolo-
gists use implantable devices, which is an inherently more difficult and invasive method. Tags
may also affect animal behavior. The saying, “Any data is better than no data” is not always true,
especially if the tag attached changes the very behavior that it was meant to measure.

The current costs of tags can be prohibitive. CTD’s (tags which measure conductivity, temperature,
and depth) are about $10,000 per unit, plus deployment. For small applications with marine mam-
mals (where the cost of capture and tagging each individual is very substantial), this is reasonable.
However, at these unit costs the technology is not feasible for use on thousands of animals. Suc-
cessful development of large-scale scientific studies might see a dramatic reduction in the costs of
the technology, as is widely observed in other areas of electronics.

A final challenge biologists face is public opposition to the perceived misuse of marine animals.
The public and other scientists do not always believe that tagging is the best way to gather data.
There is a need to educate the public up front, rather than doing damage control after the fact.
Through appropriate educational opportunities the public should be informed about the sensor ap-
plication, the permitting process, and why the data are necessary in order to win their support. The
opportunity exists to further this outreach to include people who develop environmental policy,
implement management practices, and write environmental impact statements.

WAyYs TO IMPROVE THE TECHNOLOGY

Smaller, cheaper, easier, and longer life: the prevailing mantra of the workshop was for sensor
tags that are smaller, and therefore less intrusive, that can be attached quickly and easily; have a
longer battery life in order to extend the data collection period; and are cost effective.
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More functionality: technological advancements should focus on getting more accurate and pre-
cise data on the location of animals. For example, a tag that will accurately record or identify the
deepest dive of the day provides information of considerable use to the research community. There
is a need for CTD tags that give GPS data for location. Additionally, two-way communication be-
tween the tag and the observer would allow the observer to increase intensive sampling or reduce
sampling intervals as needed. This would allow for better power budgeting. Current tags do not
know what data has been received, so data is retransmitted, creating redundancy. Two-way com-
munication could result in less data transmission and longer battery life.

Data recovery: there is a significant need for more real-time data that allows for ongoing marine
vertebrate observations and information on current oceanic conditions. For example, real-time data
for turtles could aid in mitigation techniques to reduce fishing by-catch. Fast GSM (Global System
for Mobile communications) acquisition would allow for quick data retrieval, but some animals
never come into GSM range. Another possibility would be to transmit data from one animal to
another. For example, a tagged non-surfacing animal could convey data to a tagged air breathing
animal which would in turn transmit that data via satellite; or hydrophones on Steller sea lions
could capture orca sounds. Information download zones for animals near rookeries or other areas
of population concentration could allow for near-time transmission. These suggestions may be
facilitated by developing Radio Frequency Identification at Ultra High Frequency (UHF RFID).

Software: User-friendly software, both on-board and post-processing, is needed. It would be help-
ful if software designers could provide information on what the software can or can not do, build
in flexibility, and provide a set of tools on how to use them. Alternatively, software could be stan-
dardized within the field.

Benefits from other technologies: In order to advance the field of sensor equipment, manufactur-
ers should pursue collaborations with geochemistry and microtechnology industries, as well as
technological applications in oceanography. (e.g. AUV’s (Autonomous Underwater Vehicles) and
gliders). RAFOS (SOund Fixing and Range spelled backwards) are underwater GPS navigation
systems recently used to sense floats that track the Atlantic Gulf Stream and have an accuracy
range of 1000 — 2000 meters. They give positional data, but not physical conditions, and consist of
a small receiver with a custom chip with very low power requirements. The information resides in
the tag, and if the tag surfaces, it can be picked up by buoy triangulations. They are currently being
developed to be smaller, which will broaden their application options. In the world of Micro Elec-
trical Measuring Systems (MEMS), oxygen sensors can print on a chip. Design is the most expen-
sive aspect and may run $50,000. However, once designed, production would be cost-effective.

‘ IpEAL SENSOR TECHNOLOGY TooL .

A better understanding of sensor equipment requirements for biologists and oceanographers is
needed. While an ideal sensor would meet the needs of both user groups, packaging sensors for a
spectrum of capabilities, and building in flexibility, rather than attempting to develop a one-size-
fits-all, may be the best means of meeting user needs. Sensor designers should distinguish between
nearshore and offshore use, meet the desired parameters, and determine levels of accuracy. The
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following table breaks down desired environmental and physiological parameters for biological
research into two-year and five-year development goals.

Table 1: Desired Advancements in Sensor Technology.

Develop over next 2 years: _
Sensor Biology and/or Offshore Coastal
Oceanography
3D Location O 5 —100 km m— 1 km
Pressure O
Temperature BO
Conductivity BO 0.01 0.01
Develop over the next 5 years with smaller size and longer deployment time:(a rating of "1’ 1s highest need)
Biology Oceanography
DO 1
pCO2 3 1
pH (water) 2 I
Chlorophyll/Fluorescence 2 2
Passive and Active Acoustics 1 3
Additional parameters for future development: (a rating of ‘1° 1s highest need)
Biology Oceanography
Video
Heading/Acceleration 2 3
Light 3 3
Optical scatter/Turbidity 3 3
Fitness
Speed 1
Mortality 1
Acceleration 2
Doppler blood flow 1
Growth rate ?
Feeding (pH) I
Fat 1
Heart rate 2
Sonar/Echo sounder 2

Additional Desirable Tag Capabilities: sensors that combine CTD with GPS capabilities would
be in great demand. Other technology advancements would include creating small sensor “dock-
ing bays” so that multiple tags can be plugged in or removed, as well as communication with each
other; wireless tags; tags that are low profile and leave a small footprint; and tags that provide
desired levels of data accuracy. Size could be reduced by using buoyant tags that would release
themselves from the animal, storing the data until they are retrieved.

Desirable Energy Resources: sensory technology is currently constrained by inadequate energy
resources. This requirement may be met through the development of rechargeable batteries; solar
cells (for animals that sun themselves); by developing smart technology, which allows the operator
to turn the battery on and off so a one-year battery can last longer (ideally five years or more); or
captured energy.

Desirable Data Transmission Capabilities: there is a need for sensors that: combine faster trans-
mission speed and fewer message length constraints with real-time tracking; allow for two-way
communication; and provide an assessment of animal and environmental parameters simultane-
ously.
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THE FuTUuRE OF SENSOR TECHNOLOGY USING B1oLOGICAL PLATFORMS

Future technology should lead to sensors that provide an array of environmental parameters and
yield information about the animals upon which they are attached. These environmental data
would include under ice observations, data which can be used to mitigate human-marine resource
conflicts, and systematic monitoring of anthropogenic noise, amongst other emerging topics. Sen-
sors would be small and inexpensive enough to be used on a large number of animals, including
both predator and prey species. From a biological perspective, sensor data should contribute great-
ly to understanding the life history of the animals being studied, as well as the habitat conditions
that support these animals, making each animal a bioindicator of its environment.

Concurrently, the use of marine animals should gain support from the oceanographic community,
with these animals becoming viewed as platforms of opportunity. Tag-bearing species should play
an important role in monitoring ecosystem health, as the data collected would be of value to both
biologists and oceanographers. Biological platform research should complement research con-
ducted with AUVs and ROVs by putting tags on animals that can mesh with technologies that can
not be attached to animals. Ideally, oceanographers would contribute funding towards ongoing
research in order to include their desired sensors in biological platform data collection.

INFORMATION FOR MANUFACTURES

Manufacturers need input from technology users to facilitate sensor technology development that
will meet the needs of biologists and oceanographers. This input should include package size re-
strictions and a discussion of the trade-offs between size and power needs. Scientists should spec-
ify the degree of accuracy required to provide quality data, sampling frequency, depth robustness,
and simplicity of use vs. smart technology that will allow for communication between the sensor
and the user. Finally, manufacturers should be appraised of the desired data recovery method and
any interface issues, permit requirements, quantity needs, and the amount of funds available to
develop the product.

‘ WORKSHOP RECOMMENDATIONS '

Sensor technology utilizing biological platforms began some 25 years ago, and as such, is a rela-
tively new means of collecting environmental data. In the ensuing years, thanks to remarkable
strides in computer technology and data storage, tags are substantially smaller, last longer, and
yield far more data than in the past. Despite these gains, technological advancements are not
keeping stride with the biological community’s need to obtain and understand information that
is necessary for state-of-the art management practices, nor are they currently able to provide the
information needed to run multidisciplinary models that can predict how species will respond to
climate change. In order to facilitate this process, attendees at this ACT workshop put forth the
following workshop recommendations:
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1. Encourage research toward development of energy scavenging devices of suitable sizes for
use in remote sensing packages attached to marine animals.

2. Encourage funding sources for development of new sensor technologies and animal-borne
tags.

3. Develop animal-borne environmental sensor platforms that offer more combined systems
and improved data recovery methodologies, and expand the geographic scope of comple-
mentary fixed sensor arrays.

4. Engage the oceanographic community by:

a. Offering a mini workshop at an AGU ocean sciences conference for people interested
in developing an ocean carbon program that utilizes animal-borne sensor technology.
b. Outreach to chemical oceanographers.

5. Mine and merge technologies from other disciplines that may be applied to marine sensors
(e.g. biomedical field).

6. Encourage the NOAA Permitting Office to:

a. Make a more predictable, reliable, and consistent permitting system for using animal
platforms.
b. Establish an evaluation process for permitting.
c. Adhere to established standards.
7. Promote the expanded use of calibrated hydrophones as part of existing animal platforms.
8. Encourage the Integrated Ocean Observing System (IOOS) to promote animal tracking as

effective samplers of the marine environment, and use of animals as ocean sensor technol-
ogy platforms.
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