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Rationale and Project Summary 
 

Local availability of yellowfin and bigeye tuna is a key dietary and economic concern for Hawaiian 
communities. The intent of this project was to create a workshop training program and implement 
cooperative tagging with local fishermen for small yellowfin tuna (ahi) and bigeye tuna in coastal 
waters of the main Hawaiian Islands (MHI). The immediate and long term anticipated benefits of a 
co-operative tuna tagging network with the fishing community in MHI are to obtain a greater 
understanding of the economically and culturally important target tuna stocks. By developing these 
relationships through training, cooperative tagging, and project communication, there will be 
improved relationships and better understanding that support better science and management.  
 
Although the benefits of better understanding of MHI ahi for the fishing community and seafood 
consumers is clear, there are increasing calls for greater biological understanding in regard to stock 
assessment and management.  For example, in its 124th meeting, the Western Pacific Fishery 
Management Council’s Science and Statistics Committee members repeated their recommendation 
that the current stock management division between areas 2 and 4 artificially bisects the MHI bigeye 
and yellowfin essential fish habitats, and should be redrawn to depict realistic stock divisions, that 
could someday lead to regional assessments and management.  Biological, fisheries catch and 
conventional tagging data to date support the hypothesis that MHI tunas mostly comprise regional 
stocks, especially for insular yellowfin tuna.  However, if changes in long-standing Pacific-wide 
stock assessments are to be made, there must be unambiguous and robust information on the spatio-
temporal extent of Central North Pacific tunas, as well as their degree of connectivity and mixing 
with other regions.  Tagging programs that include conventional ID are proven tools to obtain that 
information, while fishery-independent, electronic tags add new, more explicit dimensions to 
understanding of tuna habitat in the central north Pacific.   In addition, baseline tagging programs and 
development of conventional and electronic tagging networks with fishermen participants have 
resulted in major shifts in understanding for Atlantic bluefin tuna.  
 
A second objective of the project was to innovate and develop a cheap, “smart” ID tag that can be 
applied by fishermen, incorporating externally printed information as well as an embedded chip that 
writes GPS location, date, time and contact information before it is applied to the fish. The tag 
information is meant to be read (e.g., data dump to smart phone) if recaptured by another fisherman. 
This would be a modest but important advance in development of fish tag technologies. At present 
there is no tag technology between the fishery-dependent, simple ID tag and the expensive, (+$4K), 
fairly large PSAT tag. The Olin Engineering student team, led by Prof. Andrew Bennett, and advised 
locally by Lutcavage, and Lam, in consultation with Tam (PIFG) and Hawaii fishermen were 
successful in developing and fabricating our shared vision of the HI Tag prototype. Our team also 
completed prototype bench and lab testing, field work, fishermen workshops and presentations, and 
distribution of conventional tag kits.  Our project activities included conventional and PSAT tagging, 
field trials and deployment of our prototype HI Tag, outreach meetings with fishermen and PIFG 
partners and stakeholders in the MHI, Guam and Saipan, multiple consultations with the PSAT tag 
manufacturer, and tag recoveries.  We received PSAT data and conducted geolocation, depth, 
temperature and oceanographic analyses from reporting tags.  Although the PSAT tags suffered from 
hardware issues that thwarted our expectation of year-long tracking missions, the month-long or 
better data collection periods demonstrated dispersal and behavior of large yellowfin released off 



Kauai, and confirmed that our team’s approach to capture, tagging and release were effective. 
 
Training, Tagging workshops and Conventional Tag Program.  
 
Over the study period PIFG team members distributed conventional tagging kits and met with fishermen 
to provide tagging instructions and outreach in both individual and tournament-based settings.  As 
described in previously submitted quarterly reports, we conducted outreach meetings on Oahu, the Big 
Island, Maui, Kauai, Guam, and Saipan.  We participated in Kauai and Oahu ahi tournaments by making 
short presentations on the goals of the tagging program, results of 2014/15/16 PSAT tagging, and the Tag 
It website, www.fishtoday.org, and distributed tagging kits and tag Reward Posters for return of tags and 
submission of tag data to the website.  
 
Conventional tagging.  PIFG team members have distributed over 66 tagging kits after training 
workshops, and tournament presentations that included individual training. Rather than simply distribute 
tagging kits on request, in this project we focused on building a community of trained ahi taggers. So far, 
the number of fish tagged include 34 yellowfin tuna and one bigeye tuna.  Disappointingly, availability of 
small size classes of ahi, or “shibi” over the project period was low, especially for the inshore fisheries, 
confirmed by fishermen partners.  The result of the dearth of small fish is that conventional tag 
deployments did not meet our initial expectations.  PIFG and project partners continue to work with 
fishermen holding previously distributed tagging kits to deploy tags when shibi appear in 2017. Even 
though it will be beyond this grant’s program period, we and our tagging partners expect interest in this 
voluntary tagging program to continue, with growing enthusiasm and expanded scope of community 
involvement.  This could be accomplished through continued outreach, FishToday, TagIt, and Lawai’a 
Magazine, and hopefully, successful attempts at longer term support to fund this community-based MHI 
and CNMI ahi tagging initiative. 
 
Smart ID Tag Development,  Olin College of Engineering Undergrad Team  
Over the 2016 academic year and summer semester, the Olin Engineering undergraduate team conducted 
engineering research and development of the HI Tag, directed by Professor Andrew Bennett, and advised 
by Lutcavage, Lam and Tam.  The team traveled to Honolulu in late June 2016 to meet with PIFG and 
LPRC co-PIs, as well as to participate in a round table discussion (at Pier 38) of tag development and 
applications with Oahu fishermen and other fisheries stakeholders.   

After discussions our team regrouped in Kona, met with fishermen, and held sea trials on 2 July, 2016, in 
collaboration with two expert ahi captains, as previously reported. During the single day sea trial both 
vessels combined to tag a total of 25 shibi. The student engineers were coached in ahi fishing, handling 
and successful tag and release of nine shibi (yellowfin) between 36-81 cm FL that were caught, measured, 
tagged and released. The Olin student team’s purpose-built, simple wireframe prototype for a mobile 
application that a fishermen would use to scan and log the HI Tag’s reference information (i.e., input 
report) was sea trialed and proved functional (note: technical specifications were provided in our last 
progress report).   

The Olin team’s software application and documentation of our work so far on the HI Tag was completed 
and is available at the link  https://github.com/BluetoothFishTagging (the team’s website) and at the AP 
Store via  https:// bluetoothfishtagging.github.io.  Within several weeks of  field trials, one  of the  tagged 
ahi released with prototype HI Tags were recaptured by Kona-based fishermen near the release locations,  
and the tags and fish information reported (and tags returned) to PIFG.  The recovered fish were healthy, 
and PIFG’s outreach to fishermen for their assistance with this program was successful.    To date, there 
have been no reported additional recaptures of tagged ahi, but Tag Report Poster (Appendix I) has been 
widely distributed. 

http://www.fishtoday.org/
https://github.com/BluetoothFishTagging


In September 2016, the student team and Bennett attended the IEEE OCEANS ‘16 Conference, in 
Monterey, California, and presented a paper on the HI Tag and our preliminary results. The Olin team’s 
student paper is included in this report (Appendix II). 

For next steps, we prioritize sourcing additional funding to develop the HI Tag reader, so that it’s small, 
affordable, seawater proof, and compatible with smart phones, related sensor systems. We seek to achieve 
concrete technological innovation as soon as possible.  Our PIFG-Olin-LPRC team recently submitted a 
proposal to NASA for tag development but it was not selected for funding due to a lack of sufficient 
linkage to existing NASA satellite products. We will continue to seek external financial support to 
develop the HI Tag in 2017, and still believe this is a timely and desirable fisheries research tool.  

PSAT Tagging 

Methods  With our 2016 Kauai fishermen tagging partners, on 25 June (4 fish), 26 June (2 fish), and 17 
Aug, 2016 (1 fish),  we successfully deployed seven pop-up archival satellite tags (PSATS) on large ahi 
ranging from 41-68 Kg, off the coast of Kauai (Table 1 ).  One of the tags was donated by LPRC.  All 
deployed tags were the Minipat model, manufactured by Wildlife Computers, Inc. (Redmond, WA) 
programmed for one year missions, with a failsafe software feature that identifies post-release mortality 
or premature release inferred from depth records. We assembled custom tethers with an additional PIFG 
ID tag embedded in the tether, and used the nylon “umbrella” Domier  anchor, consistent with tether 
assemblies LPRC developed for Atlantic bluefin, bigeye tuna and sailfish. The ahi were captured via 
circle hooks   and we used methods developed for Atlantic tunas and billfish by the LPRC, and large ahi 
handling practices recommended by our tagging captains and informed by our team’s 2014-2015 local 
experience. 

Upon capture, a large yellowfin tuna that was undamaged, assessed to be in good condition, and meeting 
our minimum size requirement for tagging (i.e., >35 kg), was brought aboard and placed on a wet, padded 
vinyl mat. A wet soft cloth was immediately placed over its eyes to reduce stress. Tag tethers and anchors 
were constructed according to materials and methods we developed for tuna tagging with darts implanted 
into the pterygiophores supporting the 2nd dorsal fin. Weight was estimated by the vessel’s captain.  Ahi 
were immediately released overboard. PSATs were programmed to record relative light level, external 
temperature and pressure (depth) for 12 months   MiniPAT tag sensors sampled every 60 seconds, and 
were configured to transmit time series data at 5 and 7.5-minute resolution, light levels at times of sunset 
and sunset, daily summaries of depth and temperature, and time-at-temperature and depth histograms in 
6-hour blocks. Temperature bins were 8, 12, 14, 16, 18, 20, 22, 26, 26, 28, 30 & >30 °C, and depth bins 
were 0, 2, 10, 20, 50, 75, 100, 125, 150, 200, 300 & >300 m. All tags had a constant depth failsafe release 
set at 3 days, which would indicate post-release mortality or tag shedding. Returned data were imported 
into, and managed through Tagbase. 

Geolocation  A state-space Kalman filter model, TrackIt was used to estimate positions based on 
transmitted light data and SST (e.g., Lam et al., 2016 1), with  bathymetric correction  applied. Since there 
were gaps in transmitted data, refined tracks were ‘regularized’ to a daily resolution using the R package 
‘crawl’. This final step used positional error estimates from the state-space models as a priori variance.  

We defined depth and temperature records as day or night, based on local sunset and sunrise times 
calculated from estimated positions using the ‘sunriset’ function in the R (v2.15.2) package ‘maptools’ 
(v0.8-23; cran.r-project.org/web/packages/maptools). Data were summarized daily.  More extensive 

                                                      
1 Lam, CH., Galuardi, B, Mendillo, A., Chandler, E. and M.E. Lutcavage. 2016.  Sailfish connect productive coastal 

areas in the Northwest Atlantic Ocean. Sci. Reports Nature 6:3816 DOI: 10.1038/srep38163 
 



behavioral and oceanographic analysis of tag data will be completed at a future date and prepared for a 
peer reviewed publication. 

Results   Seven PSATS detached from the fish early, within 14-44 days (Table 1), for a mean mission of 
31.4 +6.3 d and all but one tag transmitted usable light, depth and temperature data. Tag status reports 
indicated that five out of six data- transmitting tags released on account of nosecone bar breakage, most 
after  ~ one month at liberty, with most transmitting within a few days of each other.  
 
 
Table 1.  Characteristics of yellowfin tuna released with PSAT tags off Kauai, HI. 

 Tag ID Tag release Tag report DAL Size Release 
 

Report 
 

   
days Kg deg N deg W deg N deg W 

PIFG0035 6/25/2016 7/24/2016 29 52 22.3 -159.4 22.4 -159.3 

PIFG0038 6/24/2016 8/7/2016 44 68 22.3 -159.4 30.3 -154.8 

PIFG0039 8/12/2016 9/7/2016 26 45 21.9 -159.4 21.8 -159.6 

PIFG0037 6/24/2016 7/26/2016 32 50 22.3 -159.4 22.0 -159.9 

PIFG0041 6/25/2016 7/28/2016 33 52 22.3 -159.4 23.4 -160.4 

PIFG0040 6/24/2016 7/19/2016 25 41 22.3 -159.4 22.6 -160.4 

PIFG0036 6/24/2016 7/25/2016 31 41 22.3 -159.4 29.3 -155.4 
Note full moon was 20 June and new moon 4 July, 2016. 
 

Tracks of movements determined from reporting tags from ahi released in late June 2016  (n=6)  and mid- 
Aug (n=1) indicate dispersal northwards (Fig 1) and one whose tag remained attached the longest at 46d,  
travelled northeastward to  30deg N, and -155deg W.  Tagged ahi showed with variation in dispersal,  
including some fish that approached the NW Hawaiian islands and  Papahanaumokuakea National 
Monument area when their tags released  (Fig 2., a-f). 

Frequency analyses of depth and temperature experienced by the fish (Fig. 3) indicate that tagged 
yellowfin occupied predominantly the uppermost portion of the water column, spending over 50% of their 
time above 60 m and within 24-28 o C.  Depth distribution rarely exceeded 200 m although some descents 
exceeded 400 m (Fig. 4 a-4) and one individual exceeded 1000m (Fig. 4e) but returned to routine patterns 
afterward.  All of the tagged yellowfin displayed consistent diurnal patterns of shallowest depths and 
surfacing in nighttime and deeper associations during daylight hours, between 06:00 and 18:00.  For 
example, “Heat chart” depictions of depth associations at local time for four individuals (Fig. 5) reveal 
consistent patterns that our captains confirmed were expected based on their knowledge of catch patterns, 
currents, and tidal patterns at that time of year. While displaying diurnal associations over the tracking 
period, tagged ahi spent time at the surface throughout the day. We noted two remarkably deep descents 
beyond 1000 m, with one fish returning to a typical depth pattern afterward, while the tag came off the 
other individual soon afterward, its nosecone pin having broken.  

In late June, during the PSAT tagging period, cursory examination of stomach contents of harvested fish 
revealed mostly small squid and some mixed, small fishes species (fig 6). Based on informal visual 
examination of ovaries, most females appeared to be near spawning condition, but no hydrated oocytes 
were observed.  Several males had slightly enlarged testes with milt in their central ducts.  



Tag Performance    In our first ahi tagging pilot study (2014/15), with five tags supplied by WESTPAC 
Fisheries Management Council for yellowfin and bigeye PSAT tagging, and several donated by LPRC, 
we obtained unexpectedly short tag attachment durations or non-reporting from all but two tags, as 
described in a previous report.  As a result, we consulted with the tag manufacturer to express concerns 
about tag viability on tunas and billfish, since similar, unprecedentedly short attachments were obtained 
with Minipats deployed on Atlantic white marlin and large bluefin tuna.  In the latter case, previous PSAT 
tagging missions resulted in long term attachments, up to one year in many cases, so we suspected tag 
hardware design issues as a contributing factor to short attachments.  In 2016, the tag manufacturer re-
engineered the Minipat model in an attempt to reduce breakage of the nosecone’s bar, which was 
designed to fail under stress, such as entanglement of the animal.   

We deployed the newest model of Minipats on the ahi tagged in this study. The Minipat that appeared to 
have pulled out of the fish rather than report a status message of nosecone bar breakage reported in under 
30 days.  In another tag, the battery apparently failed within ~24 hours of reporting, so the tag transmitted 
only reporting location and a very limited, partial record of sensor data.  In contrast, another tag whose 
pin broke released in a similar location near the west side of Kauai, but transmitted as expected, so we 
located it via Google Earth as it floated and eventually beached on Ni’ihau.  Luckily, this tag was 
recovered through extraordinary means and local networking, and returned to us within two weeks of 
having reported, resulting in a rare opportunity to examine the broken nosecone, and to retrieve data 
archived on the tag. The tag finder’s reward was gratefully processed and awarded, and this tag was 
returned to Wildlife Computers, Inc. for evaluation.  

In the case where the PSAT reported but data transmission failed soon after release, the fish within miles 
of the west side of Kauai, off Kekeha, but we could not recover sufficient data to analyze its movements.  
That tag reported in the same nearshore vicinity of the PSAT that drifted toward and was recovered on 
Ni’ihau, but since we did not recover the silent tag, there is no means of determining whether its dispersal 
patterns were similar.   

Discussion  

This study provides short term, (14 - 44 d) fisheries-independent information on behavior, horizontal and 
vertical habitat use of ahi, or yellowfin tuna, released off Kauai. Released fish appeared to revert to 
characteristic behavior within a short time after release.  We achieved a high proportion of reporting 
PSATs but failed to achieve the desired one year mission, in all but one case, because of tag nosecone 
hardware failure, and in one tag, data transmission failed due to immediate battery drain. The tag 
manufacturer confirmed that a tag nose engineering flaw resulted in breakage and early release of the 
tags, which LPRC experienced with the same tags released on giant Atlantic bluefin tuna. Wildlife 
Computers submitted a recall of outstanding inventory of 2016 Minipats and have agreed to replace all 
tags that malfunctioned. In addition, WC asked us to test their re-engineered nosecone on Atlantic bluefin 
tuna, which we completed in October, 2016.   Unfortunately, all of the test tags released from the bluefin 
within ~10-50 days, and in all but two cases, software indicated nose cone bar breakage.  We also 
recovered one of the early-released PSATs with evidence of nosecone materials failure.   

In 2017, we expect to receive at a minimum, five Minipats for future deployments on ahi in the MHI. We 
hope that the tag nosecone design flaws will be remedied so that long attachments can be achieved by all 
PSAT tagging programs for tuna and billfish.  Unfortunately, no reimbursement is offered for time and 
effort and costs, including expectations of data return, when deployed PSATs malfunction. Consequently, 
for this PIFG program objective, we require identification of an additional source of funding, since this 
grant’s budget for PSAT tagging and work plan has been expended.  Lam and Lutcavage continue to 
consult with the manufacturer, and Lutcavage met with WC leadership in Seattle on 1 Feb 2017 to discuss 
continued concerns about the Minipat’s nosecone failure and performance issues when deployed on tunas 
and billfish.   



Nonetheless, all but one of the tags transmitted expected sensor data sets, and this information was 
processed for light-based geolocation analysis, depth and temperature patterns, oceanographic, and lunar 
associations.  This data adds to understanding of yellowfin habitat in the MHI, and expands their known 
depth and thermal ranges somewhat beyond that reported in previous sonic tracking studies of much 
shorter duration.  In addition, from this pilot study we’re confident that our fishermen partners and their 
tag and release approaches are optimal for electronic tagging, and suspect that tags would have remained 
attached to fish for much longer durations, had tag hardware not failed.  If fish are recaptured, tag tethers 
contain the PIFG ID and can be returned. 

Although the objectives of this study were not to conduct biological sampling for reproductive status, 
stomach contents, genetic material, and so on, a previous study by Itano confirmed that yellowfin spawn 
near the MHI during summer.  Our informal examination of fish being harvested during the tagging 
period suggested that females were close to spawning condition, although no eggs were observed, and 
although milt was observed in male testes, it was not copious, indicating immediate spawning.  Since 
yellowfin spawn multiple times per year, documenting reproductive status over as much as possible of 
known time and areas of dispersal, when one year tracks are achieved, will be important for depiction of 
ahi habitat and physiological status.  Basic biological sampling is a recommended adjunct to future 
electronic tagging of yellowfin (and bigeye) tuna during tagging studies.  

Based on our experience in the Atlantic at ICCAT and elsewhere, there is a growing appreciation among 
stock assessment of the value of spatially and temporally explicit, fishery-independent information on 
habitat, dispersal patterns, mixing and oceanographic associations of tunas and billfish obtained from 
PSAT and electronic data loggers.  From studies elsewhere it’s also established that amassing a database 
sufficient to be useful to assessment requires long term investments of time and budgets sufficient to 
successfully deploy and recover adequate information.  In studies of Atlantic sailfish and tunas, we have 
shown that PSAT missions must be of sufficient length to capture a migration cycle, usually 10 months to 
one year, or run the risk of missing important components of dispersal (see Lam et al., 2016).  And of 
course, the PSAT or any other data logger must be reliable, and up to the job of attaining one year 
missions or more 2.   

Fisheries scientists have been calling on ways to elucidate the complex lifestyles and migrations of long 
lived tunas and billfish in order to improve population assessments, and to assure fisheries sustainability 
against changing oceans, fleets, regulations, and seafood demand. In the Pacific islands, where ahi 
comprise an enormous part of the economy, diet and culture, investment in electronic tagging and 
conventional tagging programs, with biological sampling, is likely to yield valuable economic returns and 
other benefits based on better knowledge and community engagement. 

As the fishing community better understand the importance of northern Pacific tuna stock structure and 
migrations patterns in the context of tightening Pacific-wide tuna allocations based on geopolitical 
boundaries, interest will increase in both conventional and PSAT tagging programs. This project 
accomplish its goal of engaging the small boat troll and large vessel longline fleet to establish a network 
of fishermen interested in the participating in tuna research, conservation and management. The PIFG and 
project team will continue to promote tuna tagging and track recoveries as part of their multispecies Tag 
It program.  
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Fig.1.  Dispersal tracks of all PSAT- tagged ahi, including one track from pilot study in 2014.  Release 
location, green triangle, reporting locations, red triangle or ‘recapture’.  Southward track is the 2014 
release, 56 days.  Lower panel shows Google earth view of same tracks. 



 

Fig. 2.  Panels show individual dispersal of PSAT tagged yellowfin tuna. Geolocation error  
of estimated positions indicated by grey ellipses. 
 



 
 

 

Fig. 3.  Frequency distribution of depth (a, l) and ambient temperature (b,r) experienced by tagged ahi 
(n=6). 

 
 
 
  



 

Fig. 4.  Temperature at depth records for yellowfin tuna released with PSAT tags. One tag (panel d) did 
not report a full data record.  

 



 

 
Fig. 5.  Frequency of occurrence of time spent at depth over a 24 h period for four yellowfin tagged with 
PSAT tags.  Analysis could not be conducted for two tracks. 
 
  



 
 
Fig. 6.  Partial stomach contents of yellowfin tuna harvested during  
the PSAT tagging period showing predominantly small squid by volume 
and species.  
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Abstract—Conventional   tagging  methods  using plastic 
streamer  tags  have  been the most widely used  tool for 
elucidating  fish movements in the last half century. With 
a very high failure rate1, these methods  for fish tagging 
and tracking are unreliable and prohibitively expensive for 
tracking global fish populations. Under the current method, 
fishermen are required to remember the time and location 
of the catch, the size of the fish, and the weight of the fish. 
In order to report a tagged fish, a fisherman  cuts off and 
keeps the tag from the fish. Later, the fisherman  must go 
back and submit the form using the information  they can 
remember from earlier in the day or even several days ago. 
The long delay and relative difficulty between catch and 
data entry creates  a barrier to data collection. The Olin 
College of Engineering Intelligent Vehicles Laboratory,  in 
partnership  with The Large   Pelagics  Research  Center, 
has  been  developing  a new, automated  method  for data 
reporting from fish tags. 

 
In the proposed  process,  a fish will be tagged  with a 

modified  streamer  tag carrying a rice grain RFID  chip. 
A fisherman can scan the tag at or near the moment of 
capture with a compatible RFID reader, which will transmit 
the fish’s data file to a personal smartphone pre-installed 
with our reporting  application (HI  Tag App). From the 
application, the fisherman  has the option to save the form 
directly as generated, input any missing data, or add richer 
data (i.e. a photo of the fish) before  saving the form and 
storing the data on internal memory. When the application 
has detected a cellular or wireless connection, the data will 
be immediately  uploaded to the Pacific  Islands  Fisheries 
Group database. Tests conducted off the island of Hawaii 
(Summer 2016) demonstrated that the HI Tag application 
greatly  improved  the process of fish tagging and reporting 
with respect to automating the process of collecting, pars- 
ing, and transmitting data without requiring  supervision 
from the user. In this way, the reporting can be integrated 
into the fishing  experience  itself.  Minimizing the barrier 
between  catching  and reporting the fish should  create  a 
direct relationship  between identifying  and reporting the 
tag, thereby providing  a direct improvement  to “catch 
and release” fishing activities while enabling scientists and 
researchers access to richer data, collected from the same 
tag over the entire lifetime of a fish. 

I.  INTRODUCTION 

Large pelagic species such as tuna and billfish are con- 
sidered vital in socioeconomic and cultural  perspectives 
for communities  throughout  the globe. Consequently, 
information  about marine species’ behavior – migration 
patterns and mating habits, to list a  few – are critical 
to the fisheries’  missions of conservation and sustain- 
ability. In spite of increasing attention to environmental 
preservation and technological  advancements that enable 
obtaining richer data with faster means, the tagging pro- 
grams have seen little advancement since the 1900s[1]. 
In order to combat this stasis, the Olin College Intelligent 
Vehicles Lab, in partnership with the Large Pelagics Re- 
search Center, has been developing an alternative system 
to fish tagging:  a platform called HI (Hawaii) Tag that 
incorporates the RFID technology with the widespread 
popularity of mobile applications.  Promoting a smart 
and sustainable management approach will  ensure the 
continued growth and availability  of fish stock for the 
future. 
 

II.  LARGE PELAGICS AND THE FISHERIES 
MANAGEMENT PROBLEM 

Large Pelagics are highly migratory species  of fish 
that live  in near-surface  waters  of the ocean  [2]  and 
include some of the most important fish species from 
an economic,  social, and cultural perspective.  These 
fish primarily include tuna (Yellowfin, Bigeye, Albacore, 
etc.) and Billfish  (Blue Marlin, Striped Marlin, etc.) 
species. In spite of their importance, the highly migratory 
nature of these species rendered  them difficult to gain 
valuable insight and data for developing a good fisheries 
management  system.  In the current tagging practices, 
scientists and fishermen insert plastic and vinyl dart tags 
into the dorsal fin area of the fish. Before releasing it, 
they record data about the time, location, weight, fork 
length, and tag ID of the catch on a  piece of paper. 
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Fishermen who are not directly working with a scientist 
are asked to mail the information or call the research 
center to submit the data they collected as  soon as 
they return to shore. Fisheries  rely on these programs 
to observe species’  growth and general travel patterns 
which directly influence  decisions about sustainability 
and ecosystem management. Past efforts that incorporate 
such a tagging  scheme includes  the LPRC Tag a Tiny 
Program[3], which has led to the successful tagging of 
over 2,000 Bluefin with conventional “spaghetti”  tags. 
Even this relatively small sample size has  contributed 
tremendously  towards the scientific understanding  of 
large pelagic species.  Of crucial importance,  data on 
the migratory  patterns of these large pelagic  species has 
allowed for more effective conservation and management 
strategies  in order to protect the importance of many 
large pelagic species  from both an economic  and an 
ecological standpoint[4].  The disadvantage of the current 
tagging scheme is that the process is cumbersome, and 
the data collected is often inaccurate[5]; for instance, 
the current initial  reporting system  often relies on a 
group of two to three volunteer fishermen  who may 
record a single location at the beginning of their tagging 
session.  However, the fisherman  and the fish move 
around throughout the day, covering several miles. This 
results in an inaccurate grouping of the fish at various 
locations in the ocean. Many inaccuracies are also made 
in estimating the fish’s length and weight  as these require 
extra steps to measure accurately. As a result, the current 
systems are growing increasingly  outdated and require 
non-trivial commitment of fishermen to tag and report 
the data. The HI-tag platform aims for an intuitive system 
in which fishermen are able to focus more on the fishing 
experience while researchers gather more accurate, more 
detailed data in a much more efficient  manner. 

 
 

III.  SYSTEM DESCRIPTION 
 

 
The HI Tag platform  consists of three separate com- 

ponents: the HI Tag mobile application, the RFID reader, 
and the database. A successful tagging  session involves 
catching a  tagged   or taggable  large pelagic species, 
scanning  the tag with the RFID reader  and sending 
the tag information to the HI Tag mobile application. 
From the mobile application,  a fisherman  or researcher 
can verify the tag ID generated automatically  from the 
file sent by the RFID reader,  take  a photo of the fish, 
record the fork length and make any additional notes 
before submitting  a report.  Once in range of a wifi or 
cellular network, each tag report created by the fishermen 
or researcher will upload automatically to the database 
and parsed to display relevant information in an easy-to- 
understand format. 

A. Mobile Application 
Given the prevalence of smartphones, a mobile  appli- 

cation was the logical starting point for the development 
of a new interaction between the tagging technology and 
the users. The HI Tag mobile application  was designed 
to provide the core feature  set of a tagging  experience 
(e.g. the ability to view/edit  a tag ID and capture/release 
location as  well  as  fork  length) in  addition to new 
features designed to improve on the data-set available 
to scientists and researchers. 
 

 
 
Fig. 1.  The tag ID number is automatically filled in when used with 
an RFID reader. The user can also manually  enter the tag ID number. 
 
 

 
 
Fig. 2.  The user is asked to select the species of the fish they are 
reporting. 



 
 

Fig. 3.  The phone’s camera capabilities  are used to obtain a photo of 
the fish which can provide valuable insight to scientists. 

 
 

 
 

Fig. 4.  The user is asked to measure the fish to track its growth. 
 

Chief among these  new features  is the ability  to 
take a photo  of a captured  fish, enabling scientists and 
researchers  to place a  face  to the ID  as  it  were and 
perhaps gain valuable insight  based on viewing a photo 
of the actual fish in question  as well as  to verify any 
data included in the tag report for said fish. Additionally, 
the HI Tag mobile application allows fishermen to easily 
input notes, enabling  them to make quick notes in the 
field that may later influence  researchers and scientists. 
For instance, it may be helpful to note that captured fish 
in a particular  area appear to have many more bite scars 

 
 
 
Fig. 5.  The HI tag uses  a tiny RFID chip to automate the process 
of tag identification.  The chip is embedded in a conventional  dart tag 
made from nylon and vinyl. 
 
 
from Cookiecutter Sharks (Isistius brasiliensis)[6]  than 
pelagic fish caught in another area. This type of insight 
is one that can only be gathered utilizing the advanced 
feature set capable in the HI Tag mobile application. The 
HI Tag mobile application also takes advantage  of the 
smartphone’s ability to record accurate GPS location and 
time data to autofill the location of the tagged fish and 
the time of catch in the report, saving valuable time and 
allowing for the collection of photos and notes. 
 
B. RFID Tags 

Given that any future tagging technology  must be 
compatible with current systems already  in place and 
onboard, rice-grain RFID chips were chosen as they are 
easy to implement in existing “spaghetti” tags. 

Rice-grain RFID chips are durable, capable of staying 
in a  tag for the lifetime of a  large pelagic and are 
easy to read and scan with commercially available RFID 
readers.  Most importantly, the nature  of the RF tags 
means that they can be implemented at scale for each 
of  the different groups involved in  tagging projects. 
For instance,  handheld  RFID readers  can be used to 
read rice-grain RFID chips implanted in conventional 
“spaghetti”  tags while RF sensors can be embedded in 
a gate placed  on a longline fishing vessel and used to 
read rice-grain  RFID chips implanted in fish caught in 
a commercial   fishing operation. The ability to use the 
same technology  at every level of the tagging community 
allows for a  much broader  impact and opens  up the 
ability to tag a fish and to report a tagged fish much more 
easily. Through  this, we believe that many individuals 
and groups of fishermen  will  be empowered  to start 
tagging large pelagics and submitting tag reports thereby 
increasing the pool of data available to scientists and 
researchers. 
 
C. Database 

While the HI  Tag application and open access  to 
advanced  RFID technology should make  it easier  for 
fishermen to contribute to the amount of data available 
to scientists and researchers, this data is only helpful if it 



can be easily accessed and analyzed. With this in mind, 
we have  developed  a database where  all tag data will 
be automatically  uploaded and parsed  upon a  cellular 
or wifi connection. Living in the cloud, the database is 
easily viewable, allowing  fisheries personnel and marine 
biologists who are part of  the program to view the 
data from a particular  fishing  session just minutes after 
the boat has  arrived back at the docks. Moreover,  we 
intend to implement data visualization  tools in order to 
broaden the community of users who can easily view tag 
data and get a better  grasp  of ocean ecosystem health 
from the perspective of a large pelagic. For instance, the 
tag data from the database could be integrated with a 
map, providing  a broad view of the locations of recently 
recorded  tags. Such  a tool would allow researchers an 
at-a-glance view of tagged large pelagic  species while 
maintaining the privacy of the fishermen. 

 
IV.  FIELD TESTS 

A. Experimental Methods 
Before the HI  Tag platform can be fully  deployed 

within the fishing and scientific communities, testing is 
necessary in order to determine that the platform is fully 
functional and can work successfully in the hands  of 
users. As such, the first iteration of the HI Tag platform 
was tested in July 2016 with fishermen from the Pacific 
Islands Fisheries Group off of the coast of Kona, Hawaii. 

 
B. Process 

For the testing, two boats were used: one boat was 
tagging fish using the HI Tag platform while the other 
was  using the paper and pencil method for recording 
catches. In about six hours of fishing time, 8 HI tags 
and 15 conventional tags were deployed. The time taken 
to tag and report each fish was not significantly  different 
between boats. However, when we returned to the docks, 
data from the HI tags was already available for analysis 
in a database for the researchers in an organized  way, as 
can be observed from figure 6. 

The information from the conventional  tags needed to 
be manually  entered into the database, was difficult to 
read, and did not provide  extra data like a photograph 
or precise location of the catch. Figure 7 displays the 
reporting card completed by fishermen using the current 
reporting method. 

 
C. Results 

Using the HI  Tag platform in the field obtained   a 
richer dataset  with photographs  and precise locations 
in the same  amount of time it  took to collect basic 
and approximate information using the current reporting 
method  because it used the smartphone’s capability to 
easily calculate  GPS coordinates and take a photo. The 
results from the tagging session were also available much 

 
 
Fig. 6.  The HI Tag platform uploads the report as soon  as it is in 
range of a cellular  or wifi network, making the data collected from the 
trip available very fast and in an organized manner. 
 

 
 

 
Fig. 7.  The data sheet produced  by the current conventional tagging 
method is a paper  and pencil process that must be delivered to the 
research center and manually  entered into the database. The paper is 
often covered in blood and illegible. 
 
 
faster and in a much more organized and useable way 
than the paper notes produced  by the current reporting 
process.  The first  iteration of  HI  Tag platform has 
demonstrated its capacity to produce quality, detailed, 
and useful data, preparing it almost instantaneously for 
analysis. We are working to optimize the platform even 
more using the feedback of users from the boats. We did 
not anticipate the difficulty of inputting data onboard  a 
moving fishing vessel and the short amount of time there 
is to collect all of the data before having to release the 



fish back into the water.  Based on our experience and 
in order to improve the speed and ease of the tagging 
process, we refined the workflow of the application to 
guide the user through  discrete steps instead of asking 
them to fill  out a  form (Figures 1 through 4 display 
the redesigned application).  Typefaces and buttons were 
enlarged to make it significantly  easier to view and use 
the application on board the vessel. More field tests will 
be conducted  in the fall  of 2016 on tuna off  of the 
coast of Gloucester,  Massachusetts to receive feedback 
on the changes prompted  by the first test. The RFID 
reader used for the first iteration slowed the process of 
scanning and sending tag information to the phone due 
to its unintuitive interface and short reading distance. We 
hope to design a smaller, more portable, and faster reader 
that does not require switching multiple screens to scan 
and send tag data. By controlling the user interface  in 
all parts of the HI Tag platform, the tagging process 
will  be more efficient and user friendly, encouraging 
widespread participation  and consequent higher  impact 
of the program. 

 
V.  CONCLUSION 

 

The study of large pelagic species informs  us about an 
entire ecosystem’s health. Based on preliminary findings 
and field testing, we believe that the HI Tag platform can 
provide tremendous benefits to the community of fisher- 
men, scientists, and ocean-related researchers interested 
in this data. The HI Tag app will allow fishermen to more 
efficiently tag large pelagic species and gather more data 
when recording tagged fish with little-to-no detriment to 
their fishing experience. With the new embedded RFID 
chips in the conventional  “spaghetti” tags, combined 
with the easy to access database and data visualization 
tools, we believe the HI Tag platform  has the potential 
to be a cost-efficient,  easy to implement at scale method 
for conducting  ecosystem research and understanding 
more about the day-to-day state of  the oceans.  By 
making this data easy to collect  and access, the HI Tag 
platform should be able to open up ocean research and 
data collection to a much broader community,  thereby 
increasing the interest of the scientific community and 
pushing further innovation in the space. 

 
A. Considerations for future work 

The 2015-2016  academic year has been  devoted  to 
the design and development of the HI Tag platform with 
all core functionality.  While the platform will continue 
to be iterated on and improved  through testing in the 
field and feedback from users, we will  be focusing on 
improving the RF technology such that the platform can 
be opened up to include the broader fishing community, 
from recreational fishermen on a kayak to commercial 
longline  fishing vessels. Part of this focus on expanding 

the reach of the platform will include the development 
of an iOS version of the HI  Tag app and tools for 
better understanding and analyzing the data found in the 
database. Additional research may focus on improving 
the tags themselves,  particularly in  developing  more 
advanced satellite tag technology, further expanding the 
amount of data we can gather on large pelagic  species 
and the ocean ecosystem. 
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