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How to Succeed with PSAT Tagging

The ®aTag S.A.M. PSAT tags are specifically designed for large sample size deployments in fisheries
management related studiesOur experience has taughitat the key to succesas suchPSAT tagging

a methodical and transparent procesfrjven by a conveation in which your expertise dhe tagged

animal's biology and Desert Star's engineering expewdise prior experience with ouproducts are
combined to arive at the best outcome This manual is structured to follow such a process, starting

with experiment design and concludingith a review of the final data productThe following is a top

level view and summary of the procesSolor coding isised here and in the section headers to identify

the major phases of the tagginijote that the manual fiks to many external documents, tutorials and
videos. It is thus designed primarily for-tome study.

Experiment Desigrand Tag Selectian The PSAT tagging experiment must be based on a thorough
understanding of the tag's capabilities and limitationg'he besttag model, or in many cases a
combination of PSAMmodels must be identified. This includes traolés of technological capability,
available data return, cost and its impact on available sample size. The data return strategy must
consider theoptions of Argos data delivery or physical tag recovery or a mix of these e
experiment must be made robust by considering a range of outcomes for each tag frenepuating

to yearlong reporting with the opportunity of detailed time series dataavery. Consequently, over
tagging must be planned, and the financial implications must be considered including assuring the
outcome through a tag replacement policy {S8OLD) and defining the data delivery costs such as using
unlimited fixedprice datadelivery through the CLS Track&Loc plan.

The tags shoulthe acquired and an Argos account set
up with sufficient time allowance to test and learn the tag use prior to deploymeiihe tag
configuration setings must bedefined to reflect the experiment design, and forwarded to Desert Star
for review aml tag programming. The tagging hardwaresédectedand the imprinting for the tether
defined. Tag retention depends significantlpn the species being tagdeand its behavior
characteristicsthe selected tagging hardware and the tagging methddbst taggers have their own
honed procedure, suggesting that thei® a significant impact of prior experience antbrovements.

Yet variable outcomesare common This is clearly demonstrated by Mike Musyl's tag performance
study, where only 18% of tags attained the desired retention [2]. Thus, f@aggingresults with the
species should be reviewed and the potential fanitially a short or inconsistent retention
acknowledged. Once you have received your first batch of tags, a 'mini mission' to familiarize yourself
with the tags and the data retrieval process and test the experiment settings is in order.

Tag Handling and TaggingThe tagging process with &Bag is very simple, designed to support
partnering with nonscientific tagging partners such as fishermen.aggtngcampaignshould scale up,
starting with a smaller quantity and close monitoring of the results, before tagging in larger numbers.

RealTime Monitoring: SeaTag S.A.M. supports the réale monitoring of aPSAT tagging campaign
through a combination of tag features and the SeaTag software suite.-tiReamonitoring enables
ongoing supervision and quality control of the tagging process earty detection of any failures,
providing an opportunity to make adjustments. SeaTag tags transmit whenever exposed to light and
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reach the Argos system whenever at the surface. Prior to tagging, Argos wilpgioc& recommended

test transmissions fronthe tags floating in a bucket, verifying their proper performance and operating
state. Once tagged, opportunistic Argos messages are available when the animal issatfdoe,
providing track anchor and accuracy verification points. If caught byrdistibe opportunistic
transmissions might reveal the location of the event. If tags start shedding early, this can be detected
right away and the tagging method perhaps adjustethe SeaWatchtility runs in the background on

your machine, accessing ti@&_S server once an hour and assembling a consistent data file for each tag.
SeaConvert serves to individually or batch decode the data, providing a bundle of .CSV files sorted by
packet type and statistics. Seatrack processes a position track bynglakie intersectionof daily
measurements, testinthe quality of positionindpefore final Track&Loc results are available.

SeaTagDataProduct Review SeaTg software suite results can and are used for publicatiome LS
Track&Loc program delivepgesentation ready tracks and figures to youmail account. This is in
particular useful for large tagging programs, were considerable time can be saved. The TragadLoc
position processing considers all available data to statistically estimatsaprobable track connecting
the knawvn tagging and pojuip positions, and in compliance with animal migratory capabilitasst lien
avoidance etc. The tracks include 50% and 90% confidence intefir@@smethod is not immune to
errors and due to the mdtiple track constraintscan sometimes present actual measurement
disturbances or model errors as plausible trasicuesions [5].The results can be checked against the
independently (andby a different method) computedSeatrack tracksproviding a validabn and
improved confidence of the results intended for publication.



Experiment Design and Tag Selection

1. PSAT Optimization for Large Sample Size Studies

Pop-up satellite taggPSATprovide far more detailed data about individual animals thapassible with
non-electronic 'conventional tags'. And, with reporting rates commonly exceeding 75%, the data
returnsfor a given number ofagged animalss muchgreater than is the case with fisheries dependent
tags, including conventional and electromgplantable archival.

However, while conventional studies commonly involve thousands of animals per year, and some
programs cumulatively even hundreds of thousands since inception [1], PSAT studies generally tend to
be on few or tens tens of animals perdividual study or tagging season [2].This is due to the
traditionally very high cost of tags and data deliveryhe inconsistent density and quality of the
returned data, and thénigh overall effortof tagging and data processing [3]Tagging asmall sample

sizes in combination with a geographic bias of tagging locations (for reasons of access often near the
coasts)however can beproblematic for stock assessment. Modeling revetisit in some cases not

even a single tagged animal may be expedtedeachsome of the mid-oceanic sectors covered by a
stock assessment [4].

SeaTag S.A.MSock Assessment and/ortality) is afamily of currently three PSAT tagsulit on the
experiencewe gainedstarting with our high-capability SeaTaplOD tagand input from the research
community The S.A.M.tags areoptimized specifically to enable large scafgenerally fisheries
management related studiesThe first tag of this family, SeaT&O, was introduced in 2013 targeting
primarily precision horizomal migration studies enabled by a magnetometer. SedTa§ was added
next as a very simple tag optimized for mortality studies in tuna and billfish as well as coarse scale
horizontal migration based orglt and SST observationks very low cost also akes this PSAT suitable
for applications requiring just basfanctionality such as a pepp positions or Argos satellite tracking
while at the surface. SeaTa®, introduced in late 201&dded a depth sensor for vertical migration
studies and a large nmeory to archive high resolution time series datln late 2015, we also modified
the operatingfirmware and method of the tags. This mattheem more simple to use and improvethta
return reliability and density Overall, about 800 S.A.Mamily PSAT taghad been delived by May
2016, with first resultseaching conference presentations and journal publication.

1.1. Advantages of the SeaTag S.A.M. PSAT family for large sample size studies
SeaTag S.A.M. tags incorporate a number of improvemenfmonas/e to identified shortcomings of
PSAT and their practical use in large numbers:

V Low Tag Cost:The low cost of the S.A.M. PSpibvide a sample size sufficiefdr stock
assessmentwithin a realistic budget.Thethree tagsoffer a range of price ah performance
points.



Fixed pricedata delivery & processing:Argos satellite data delivery and track processing is
available at 30% of the cost of the tag through an agreement between CLS and Desert Star. For
an additional $150, data delivery is uniied, supporting large data sets and the long reporting
endurance of the solar powered SeaTag devices.

'‘Assured’ Results: Tags in the oceamace many risks that may result in loss of reporting,
minimal reporting or compromised data returns.The SIGOLD prog'am covers these
contingencies. Any tag that does not report, reports minimally only or returns engineering
reports that indicate a defect is replaced free of charge. Replacement includes Track&Loc data
delivery and processing if purchased.

Higher Confidence and Improved Accuradyacks: SeaTagsEO and SeaT8& incorporate a
magnetometer to provide stable and accurate tracks, reflecting the stability and generally
smooth intensity gradient (except where disturbed by significant crustal magnatimalies) of

the earth's main magnetic field [5]. Quality tracks are available by a simple method of the
intersection of a magnetic based latitude measurement and a light based longitude
measurement, maintaining transparency of the results.

More postion points: The geomagnetic method and the uniform light measurements
achieved with the wrafaround solar panel also make the geoposition foundation data highly
compact and easy to transmitia Argos Thus, position data density is high and it is not
uncommon to receive over 90% of all available daily summaries.

Presentation Ready ResultsWe recommend obtaining final, presentation ready tracks and
figures for your tags through the CLS Track&Loc program.  Track&Loc considers all tag
observations, avironmental models and animal capabilities to produce a consistent track. The
delivered data package is standardized and suitable for publication, saving considerable data
processing effort and making your results more readilnparable to other research

Consistent & simple operation: All SeaTag S.A.M. tags share the same operating method and
are simple to use, supporting engagement of tagging partners such as commercial and sport
fishermen.

Improved reliability of data return: To provide thebest possible opportunity for data retugn
the solar powered S.A.M. tags tsmit archived data whenever exposed to the sun,
independent of if it might be underwater or at the surface, on the tagged animal or flgaiing
in any of the operating states. Eacnessage incorporates the rsio essentia status
information in a statudbyte to indicate outcome even if nothing else should be heard from the
tag. For SeaT&p, piority modes let you specify the most critical data be transmitted
including highresdution monitoring of exceptional deep dives or events in the immediate-post
release period



V Extended monitoring anddrge data sets Solar power means S.A.M. tags can transmit data for
long periods of time, enabling the return of large data sets mktiseries data. For example,
Van Houton et. al[6] usedSeaTagsEO as ocean drifters to determine Hawksbill turtle hatchling
dispersal trajectories experienced reporting times of 3.3 to 1d@nths with three tags
including the 14.2 months tag still reing at the cutoff time. Pohlot et al. [7] relied on the
extended reporting of SeaT&OD to transmit accelerometer time series behavioral data.

V Small, lowdrag design for a longer tag retention opportunityThe drag of a tag is proportional
to its frontal area [8], i.e. the area of largest cross section typically at the float H8dyM. tags
havea streamlined design with a slim float body that for Seal@d measures 30mm, currently
the smallest for commercial PSAT tags and used as p#eaftudy. Based on first principles,
this drag reduction provides an opportunity to extend tag retention; however tag retention
depends on many factors [3].

V Realtime monitoring of tagging: S.A.M. tags transmit whenever exposed to sunlight.
Opportunigdic transmissions occur when a tagged animal reaches the surface, and the tag will
transmit as soon as shed from the animal. R@aé monitoring through the SeaTag software
suite lets check on your experiment status at any time, and make responsiveeshiédntye
situation demands. Th8eaWatchutility auto-retrieves the latest data from the CLS server
once per hour. SeaConvertlecodes the available data, one tag at a time or as a batch for all
your tags, into a set of sorted .CSV fileSeaTraclkuses the geomagnetic method [5] to quickly
compute a track from the archival records for the magnetometer equipped t&d@ and3D).

V Physical tag recovery and fese Physical recovery of SeaFa in particular means you can
recover the complete highesolution dataset stored in its memory; far more data that can be
transmitted by Argos. The long post pop transmission period of SeaTag devices enhances
the opportunities for recovery. Radio homitg SeaTagost popup is commonand part of the
expaiment design for some users [9]Other practiced methods include the observation of a
tag until beached, and subsequent use of social media to entice local beach combers to find a
tag. Due to solar power, the S.A.M. tags arausablebut with limitation: The integrated
release section is designed for one time use. While subsequent kinetic releases may not
be practical due to burn chambedectric contact fouling, thetag can be reused without the
release mechanism, relying instead on eventushedling to release from the animal in
subsequent deployments.

V Transparency & R®rocessing: The original data packets transmitted by the tag are available
and may be used for example to-peocess tracks based on improved models or algorithms.
Thecontent of each data packet type is specified in the Experiment Design & Operator's manual,
and themost recent decoding keg available omequest from Desert Star Custom data packet
types including specialized-situ processing by the tag are aable on requestto support your
research.



2. Tag Selection & Specifications

The method of operation (activation, tagging, réiahe monitoring, final data delivery) is the same for
all S.A.M. tag varieties. The three tags vary in terms of the sengailgtde, the amount of archival
memory, the type of data returned and an option for a internal battery that supports extended
operation in darkness or fast post poy transmissions in low light for an accurate Argos position fix.

Overall, the line ofdgs is designed to support 'multi tagging', i.e. the use of a mix ofitagsur
programto achieve the best balance data return and sample size (cost). The data return types of
each tag are designed to overlap with that of the other tags in theVs.family. For example, Seatag
LOT and SeaT#EO do not integrate a depth sensor, but they provide the minimum temperature
observed in their Daily Summary messages. SeaDagrovides a depth sensor, and its Depth &
Temperature Histogram message asstagaeach depth bin with the mean temperature observed at
that depth. Thusif location data shows SeaT&f tagged animals in the same area as thasged
with the lower cost-GEO orLOT, then the maximum daily diving depth e5EO andLOT equipped
animals may be inferred from the temperatures profile observed3y.

2.1. S.AM. Model Selection

Tag Best Track | Vertical Extended High Optimized | Smallest | Lowest
Model Confidence| habitat operation | resolution for size & cost/
& Accuracy| studies | in darkness| time series| mortality lowest highest
data studies drag sample
size
-LOT M \ \ \
-GEO \ M L L L
-3D \Y; \Y \Y \Y; L

V: Applicable
M: Applicable if part of a muliagging programsee note3
L: Limited applicability or conditional based on capfration(see note}

Tablel: Tagging Requiremerfbelector Table

Notes& Selection Guidance

9 Track confidence and accuracySelect a model with magnetometetGEO or3D) if a high
confidence and best accuracy of the position tracks is importdtr £aTagLOT, position
tracks are based on light and SST observations; original data sources in many cases of lesser
guality or more noisy than geomagnetic measuremenike advanced 'biased random walk'
processindgor SeaTad . OTimplemented in Track&Lowill weighall available factors including
animal dispersion capabilitie® provide a mostprobable track connecting the known start
and popup positions Through the use of these constraints however, the method atsy
obscure substantialtrack errors that are not necessarily fully reflected in the tracks
confidence interval [5]. The accuracy for both methods will be location specific, reflecting the
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steepness and modeling error of the SST and magnetic field intensity gradaegtven area.
Based orman evaluation of global SST and magnetic field intensity gradients between 45° N
and 45° S, and identified gradient modeling and measurement error sources, error modeling
predicts a mean latitude error of 39 nauticalles for the geomagnetic method. Ftre light

and SST based methatie mean error prediction i91 to 303 nautical miles unddrest and
reasonableworst case SST model error and measurement assumptaspectively{5]. This

is at the point of their full manifestation because the biasetidom walk constraints of
Track&Loc will act to limit track errors resulting from fleeting or temporary model or
measurement errorsLongitude accuracy and confidena@l be similar for anys.A.M.model

(on the order of 0.5° longitude / 30 nautical miiéecause longitude is always based on light
observations and all S.A.M. tags use the same lajgervation approach and sensing
elements to determine local apparent noon.

Vertical habitat studies: Only SeaTa@D includes a depth sensor. Use thig &ither
exclusively or in a mix with the other S.A.M. models for tagging incorporating vertical habitat
studies. Maximum diving depth eEOT andGEO tagged animals can be inferred in some
cases from the minimum daily temperature reported by these tagsinterpreted in the
context of depth& temperature histograms returned b3D.

Extended operation in darkness: Specify S.A.M. tags with a small internal battery
augmenting the stored solar powdor studies of animals that may not experience sigaific
daylight each day. A battery is not available foL.OT, is an option foxGEO and is standard

for -3D. Without a battery, S.A.M. tags will sustain-gesitioning observations for about
three days in darkness, and maintain the clock for anotheedghdays thereafter. Tags
experiencing power loss will fire their release upon returning to sunlight (tag shed by a life or
decomposing animal), report the power loss status and transmit collected archival data.

High resolution time series dataSpecifySeaTa¢D when time series sensor data is needed.
Data is transmitted as sensor scan messages. Each time stamped message contains the
momentary values of all sensors. Sampling rate is selectable at a fastest of 16 seconds, and
memory capacity is suffemt to hold 78 days worth of sensor scans at that rate3.@ryears

at the commonly used 4 minute interval. Sensor scan messages can be prioritized for
preferred Argos transmission if depth readings are beyond a specified threshold (deep dive
profile transmission) or for the first specified number of days after tagging {fEsase
recovery or mortality monitoring) Full dataset recovery is possible through physical recovery

of the tag, supported by its long transmission endurance and resulting opptytiar radio

homing or recovery upon beaching.

Optimization for mortality studies: SeaTad.OT is capability and cost optimized for mortality

studies in pelagic species that commonly visit the proximity of the surface and exhibit vertical
dive behaviotthat subjects them to temperature gradients. Target species include tuna and
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billfish. The tag determines mortality through a drop in the maximum observed daily
temperature gradient. Observations have shown that tags on life bluefin tuna generally
expeaience temperature changes of at least 2 °C / minute while floating tags or tags on the
bottom tend to exhibit less than 0.2 °C / minute when sampled at four minute intervals.

9 Smallest size and lowest drageaTad.OT and SeaT#gECare best suited for tgging
small animals due to their smallest size and lowest drag.

2.2. S.A.M. Tag Specifications

Tag SeaTad OT SeaTagGEO SeaTagD
Sensors Light, Light, temperature| Light, temperature,
temperature magnetometer magnetometer,
depth
Size 15mm (tube D) | No battery: 15mm (tube D)
30mm (float D) | 15mm (tube D) 35mm (max. float D)
178mm (L) 30mm (max. float D] 210mm (L)
178mm (L)
With battery:
15mm (tube D)
35mm (max. float D
190mm (L)
Weight 41.7¢g 41.7g (no battery) | 60g
52g (with battery)
Drag relatve to SeaTag| 1.0 1.0 (no battery) 1.36
LOT based on fronta 1.36 (with battery)
area (at max. float D) [8]
Battery for extended| No Optional Yes
darknessoperation
Argos reported message| Daily Smmary, Daily Simmary, Daily Smmary,
Engineering Engineering Depth & Temp. Hist.,
Sensor Scan,
Engineering
Archival memory sizg 832 (daily| 416 (daily| 425,984
(number of message{ summaries only) | summaries only)
such as daily summarieg
histograms or sensol
scans)
Year of first tag| 2015 2013 2015
deliveries

Tale 2: SeaTag S.A.M. Specifications
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Figure 1: The three S.A.M. tage OQT-GEO.3D) plus the higkcapability SeaTa@fiOD

2.3. S.A.M. Data PacketTypes
SeaTag tags transmit Argos data in the form of messagesl eachl19-byte Argos message contains

one archived or current data packetThe types and composition of packets archived and messages
transmitted are tag model specific.

Since the data packets define the data return of a given tag model, they are an important factor in tag
selection and experimeandesign. The following is a summary gding a general overview of the
packets. The current data packet definition file is available-lme on the Desert Star Systems

Knowledge BaseThis section also describes how the contents of the daily sumpaakets are used by
the SeaTrack processing software and by the CLS Track&Loc service to compute an estimated position

track.

Be aware that data packet definitions may be changed over time to optimize the performance of the
tag. You may also request thellection and transmission of custom data packet types reflectirgifu
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observation data processing and transmission specific to your research objective. Soohizaumns
will generally involve an engineering fee or a minimum tag purchase requiteme

Tag Status BytéSSTATS)

The tag status byte is not a data packet, but the second byte in each packet transmitted by any S.A.M.
model. This byte provides the current and most essential status information for the tag. This byte is
the highest of altransmit priorities and will let you know what the fundamental status of the tag is even

if no further information is obtainedl'he status byte contains this information:

Tag State: The current state of the tag includy SaveShipping Armed, OnFishand (post popup)
Reporting The tag states define the current operation of the tag and are described in the chapter
S.A.M. OperationThe tag state is useful to verify correct deployment of a tag, and monitor its progress
while at liberty. For example, ag at seandicatingReportingmeans it fired its release and is floating

on the surface. Similar a tag indicatiBgveShippingvhile at liberty indicates the tag has not been
activated prior to deployment, and no data will be collected.

Release Condition The release condition shows if and why the tag is fired its kinetic release and
transitioned to the Reporting state. If BakShipping Armed or OnFishstate, the release condition
will always beNone Once irReportingstate, the release conditiowill be one of the following:

1 TIME The tag reached the programmed release time.

1 DARK: The tag triggered the release due to reaching the extended darkness time threshold
(dead fish indicatofor SeaTad OT and SeaT#&sEQ

1 DT: The tag triggered the releaseecause the temperature gradient was below the trigger
threshold for the specified period of time (indicative of dead fish or shedaa&eaTad OT or
SeaTagsEQ

1 MINT: The minimum specified temperature has been breached for the specified time (iivaicat
of sinking fish or extreme dive condition for SeaL&y or SeaTdgEO)

1 RESETThe tag has experienced and then recovered from a power loss (capacitor and battery
empty)

1 CDR:The tag has been in a narrow depth range for the specified period of thmérmgered its
Constant Depth Release (indicative of dead fish or shed tag for S8B)ag

9 CRUSHThe tag has breached the crush depth of 2000m (indicative of dead fish or extreme dive
condition for seaTagD)

Time Type:SeaTag S.A.M. will generally ogie onMission Elapsed Timevhich is a count of seconds

since the tag transitioned t@nFishstate either by means of a manual light signal or by the sleeve of an
Armedtag being removed (see Tag Operation for details). This method has the advantageithe at

liberty before the tag fires its release can be defined independent of the mission start time. If fish aren't
caught, the tag can simply be reset$afeShippingand be used at the next opportunity with the same
mission duration setting. Anltarnative is tag operation itJTC(Universal Coordinated Time), which
allows tag release on a specific calendar day. For S.A.M. devices, UTC operation is considered an
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advanced method that requires a technical or science support technician to configaletag to a
release calendar date using a docking station.

Daily Summary PackdtLOT-GEO-3D)

All S.A.M. models generate and archivBaly Summary Packaince per day. The packet includes the
apparent noon time , magnetic field intensity, obsendgay length and maximum observed temperature
(SST) for gepositioning. It also includes other daily sensor statistics. The format and the reporting
resolution of the sensor readings is specific to the tag mo8eice the Argos transmitted packet sine f
S.A.M. tags is limited at 489tes, tags that transmit more sensor values or statistics use lower reporting
resolutions for some of these values and statistics. This is in particular the case for-Seabad
higher resolution depth and temperatureports are then available in the histogram and in the tag's
sensor scan packets.

SeaTad OT SeaTagsEO SeaTagD
Packet Name SDPT_SAMDAILY2 | SDPT_GEODAILY2 | SDPT3DDAILY3
Tag Status Byte \ \ \%
Local Apparent Noon
Day Length
Mean Capacitol 0.016V 0.016V 0.016V
Voltage
Mean Solar Pang 0.016V 0.016V 0.016V
Voltage (light
intensity, ~100 Lux/V
Min. Temperature 0.01 °C 0.2°C 0.2°C
Max. Temperature  [OI0IECI 0.2 °C 0.2 °C
Mean Temperature | 0.01 C 0.01 °C 0.2°C
Max. Temp. Rate 0.001 °C/min 0.001 °C/min n/a
Avg. Magnetic Fiel( n/a
Min. Depth n/a n/a 10m
Max. Depth n/a n/a 10m
Mean Depth n/a n/a 10m

Note: Fields marked WBRKBIBE are usecby both SeaTrack and CLS Téadicto find the daily
position estimate Fields marked itight blueare used by CLS Track&ltodurther constrain
estimates

Table3: Data Fields and Reporting Resolution of the Daily Summary Packet

How the Daily Summarys used by SeaTrack and Tré&tloc to find position estimates
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1 Local Apparent NoonUsed to determine the tag longitude. This time is the ‘wedfy
point between the light level rising above 1.4 Lux in the morning and falling below 1.4
Lux in the evening as perceived by the solar parded Lux is slightly above full moon
light level (~1 Lux)but well below sunrise light level (~400 Lux). This level is crossed
typically about 3845 minutes before actual sunrise and1B minutes before civil
sunrise. During this twilight period, liglgvels rise and fall rapidly, about by a factor of
100 within 30 minutes. This minimizes errors caused by vertical animal dive activity. All
light is indirect, averaging out clouds and other unevenness, and the light is detected
uniformly almost indepenent to tag orientation by the wrajaround solar panel.
Further, factors such as tag fouling or water turbidity will equally affect the morning and
evening transition, leaving the local apparent noon time undisturbed. These various
factors combine to mariize accuracy and confidence of longitude estimates.
Longitude estimation accuracy is typically aboutG:6° Longitude, equaling 30 nautical
miles at the equator.

1 Day Length Used to determine the confidence of longitude measurements (all tags)
and isone factor for estimating the latitude (SeaFa@T only). This the time elapsed
between the morning and evening light threshold crossintj.the animal is near the
surface, his time is typically {30 minutes longer than the civil day (sun six degree
below the horizon), an®d0-90 minutes longer than the sunrise to sunset period. The
observed 'day length' is used to determine the confidence of the longitude
measurement. The longer the observed day, the more accurate the local apparent noon
is likelyto be because there is little 'slack’ between the observation and the length of
the actual day period for a location, which is limited by the definite transition to and
from darkness. (Think of a bolt snuggly fitting into a hole, and therefore centeeiig w
or loosely and therefore being subject to being-ofinter). For SeaTddOT, lacking a
magnetometer, Track&Loc uses day length to roughly estimate the latitude, which is
then further refined using SST (M&emperature).

1 Average Magnetic Field Intenty: Magnetic field intensity is sampled every four
minutes. The mean of the center 80% of measurements is reportedused to
estimate the tag latitude. Magnetic field intatys generally increasewith distance
from the equator, and is modeled with typical accuracy of 152 nT by the World
Magnetic Model (WMM) [10]. The northsouth field intensity gradient varies
throughout the oceans, but averages 5.76 nT / nautical mile betweerS4&id 45N,
with higher gradients towards the polesncluding maleling and measurement errors,
this translates to a predicted mean accuracy of 39 nautical miles [5].

1 Max. Temperature: For Seatag.OT, lacking a magnetometer, the maximum observed
daily temperature is assumed to be the sea surface temperature (38iB)is under the
assumption of the tagged animal visits the vicinity of the surface every day. Track&Loc
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uses this measurement to further constrain the rough latitude estimate arrived at
through the day length observation. Therth-south horizontalSSTgradient is variable
throughout the oceans and often locally compleRer climatological data, it averages
0.42 °C / nautical mile between 45° S and 45° N. The Track&Loc model compares tag
observations to the ‘foundation SST' provided by the OSTIA moelethe temperature
at the indeterminate depth not subject to diurnal heating. Assuming the stated
foundation model uncertainty of 0.6 °C and an assunte@l diurnal heating and
sensing uncertainty d@ °C, the predicted mean latitude error for SeaL&yl is from 91
to 303 nautical miles [5].

1 Max. Depth: Depth measurements, along with coastline avoidance, are used by
Track&Loc to further constrain position estimatesocations with depths less than the
maximum observed by the tag, as well aamd positions, are excluded.

Sensor Scan PackeBD)

Sensor Scan Packetse available for SeaT&@lp. The packets are acquired and archived at a rate
specified in the tag configuration. The fastest available acquisition rate is 16 seconds. Eaclspacket
time stamped, and contains all sensor readings corresponding to that moment in time. A sequence of
sensor scan packets provides time series data for a tag's time at liberty. Sensor scan packets can be
retrieved both by Argos transmission and by dowaa from a physically recovered tagensor scan

data can quickly exceed the Argos data retrieval capability; even for the longpsalared downloads
supported by SeaTag. Therefore, tag configuration supports classifying select sensor scan data as
priority data for preferred transmission. The selection options are to prioritize sensor scan packets with

a depth above a defined threshold (deep dive data retrieval), or packets that fall within a select number
of days after mission start (close monitagi of the immediate postelease period) or a combination of

the two. See the chaptékrgos Transmission Stratedgr details.

SeaTagD
Packet Name SDPT_3DSN2
Tag Status Byte \
Reference time (MET or UTC) 1-second
Temperature 0.01 °C
Mean Capacdr Voltage 0.016V

Mean Solar Panel Voltage (lig 0.016V
intensity, ~100 Lux/V)

Magnetic Field Intensity,-Xxis 10nT

Magnetic Field Intensity,-Xxis 10nT

Magnetic Field Intensity-Zxis 10nT

Depth 0.1m

Table4: Data Fields and Reporting Resolutiohthe Sensor Scan Packet
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Depth & Temperature HistograrRPacket (3D)

Depth & Temperature Histogram Packets are labdé for SeaTagD. Histogramsare acquired and
archived at intervals of 1,2, 3, 8, 8 or 12 hours aspecified in the tag configuration.The histograms
contain 10 bins, which are dynamically sized to divide the depth range experienced by the tag during the
observation period into ten even parts. Both residency and the mean observed temperature is provided
for each depth bin. The histoagm thus provides a depttemperatureresidency profile that supports
inferring the diving depth of SeaTa@T or SeaTdgEO tagged animals that are in the same area as a
SeaTag3D tagged animal.

SeaTag3D
Packet Name SDPT_3BST_DT10
Tag Status Byte \

Histogram StarTime (MET or UTC 256-seconds

Histogram Depth Range Start 10m

Histogram Depth Range End 10m

Histogram Temp. Range Start 2°C

Histogram Temp. Range End 2°C

Bin #1 Residency and mean temp.: 0%10% of Depth Range
Bin 2 Residencyand mean temp.: 10%<20% of Depth Rangg
Bin #3 Residency and mean temp.: 20%30% of Depth Rangg
Bin # Residency and mean temp.: 30%40% of Depth Rangg
Bin 5 Residency and mean temp.: 40%60% of Depth Rangg
Bin #6 Residency and mean tem0%- <60% of Depth Rangg
Bin # Residency and mean temp.: 66%70% of Depth Rangg
Bin 18 Residency and mean temp.: 760%80% of Depth Rangg
Bin 8 Residency and mean temp.: 86%00% of Depth Rangg
Bin #D Residency and mean temp.: 90%00% of [Bpth Range

Table5: Depth & Temperature Histogram Packet

Depth Bin SizeDynamically sized. 10% of the depth range experienced by the tag during the histogram
observation period. Minimum 1m bin size (10m range). Maximum 200m bin size (2000m range)

Resdency Reporting Resolution: 0% residency indicated for bins with no observed residency.
Remainder of residency range to 100% divided into 15 equal parts, providing a residency reporting
resolution of the actual residency value +3.33%

Mean Temperaure Reporting Resolution: The temperature range measured during the histogram
observation period is divided into 16 equal parts. The minimum is a temperature range of 2 °C, with a
reporting error of +£0.0625 °C. The maximum is a temperature rang@20ofC, with a reporting error

of +/-1 °C.
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EngineerindPacket(-LOT -GEO-3D)

Every fifth packet transmitted by a S.A.M. tag is an engineering patketengineering packets are not
archived and always reflect the current state of the tag. The pynmurposes of the engineering
packets are to verify and monitor the performance of the tag, andifiesitu calibration of sensor

readings and observations.

SeaTad OT SeaTagGEO SeaTag3D Use

Packet Name | SDPT_SMENZ2 | SDPT_GHEN2 | SDPT_3DDAILY

Tag Stais Byte | V \ \ Current tag status

Current  Time 1-second 1-second 1-second Conversion from ME]

(MET or UTC) to UTC or UTC clog
offset adjustment by
comparison to Argo
message receive
time

Day Length 2-seconds 2-seconds 2-seconds SeaTad OT:

(yesterday) Calibration of day
length by comparisor
to day length at Argo
location

Mean Capacitoj 0.016V 0.016V 0.016V Tag power systen

Voltage performance test

Mean Solan 0.016V 0.016V 0.016V Tag light collection &

Panel Voltage fouling analysis

(light intensity,

~100 Lux/V)

Tag Seria| V \ \ Tag identification

Number

Argos Resolution: Resolution: Resolution: 256 Tag transmissiol

Transmission | Single messageq Single messag¢ messages performance test

SerialNumber

Max. 0.01°C 0.2°C 0.2°C SeaTad OT: SS

Temperature sensingcalibration by

(yesterday) comparing to OSTI
temperature for
Argos location

Current 0.01°C 0.2°C n/a Temperature senso

Temperature performance test

Avg. Magnetiq n/a 10nT 10nT Magnetometer

Field Intensity| calibration (biag

(yesterday) compensation by,
comparison to WMM
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predicted value alt
Argos location)

Mean Depth n/a n/a 0.1m Depth sensot

calibration and
performance test

Table 6: Data Fields and Reporting Resolution of the Engineering Packet

3. S.A.M.Data Return Planning & Strategies
S.A.M.Tags provide these data return opportunities and mechanisms

f

Opportunistic Argos positions and archival dateS.A.M. tags will transmit whenever exposed

to the sun. If a tagged animal lingers at or near the surface, and the tag breachesféoe s
Argos position fixes are available. The tag will transmit the archived priority data (daily
summaries, histograms and sensor snapshot packets that are elevated to priority status) even
while the data collection phase is in progress. Thus, depgnde the opportunity, some
archived data may be received before pop.

ArgosPop-Up position. The tag will transmit as soon as released from the animal, providing a
pop-up position. If the tag does not have a battery, transmissions will only occen wh
exposed to the sun and thus a delay and degraded-ygmpposition accuracy due to the
drifting of the tag is possible if the tag surfaces at night or in low light conditions. If the tag
includes a battery-GEO optionak3D standard)iransmissions st@ immediately independent

of light conditions. This results in fast pop positions and return of the first batch of priority
archived packets.

Argos transmitted archival dat&or on-fish period Following popup either by thetrigger of

the kinetic elease, or by tag shedding from the animal, S.A.M. tags will transmit the archived
data.

Argos transmitted archival data for post pepp ocean drifter period The tag continues
observations and data archiving even after the kinetic release is firbth data can be used

to estimate the accuracy of efish position tracks by computing a post pop estimated
tracks and comparing it to the 'actual track' as defined by the Argos position fixes for the
ocean drifter.

Physical recovery of the tag. If physically recovered, all archived dastored on the tag can

be retrieved. In particular for SeaTa8D, a large highesolution data set is thus available.
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3.1. Data Return by Argos Transmissions

The main factor in the design of the Argos data retschedule is to achieve a high probability match
between the data that must be received for the tag deployment to be considered a success, and the
amount of data that is likely to be available from a tag. The planning should consider that among a
group d tags, theamount of data returned by each tag will likely vary considerably. Some tags may
encounter a hazard such as beaching a very short time after tagging and just a few or tens of messages
are returned. On the other end of the spectrum, some tagy report for over a year [6] and return

many thousands of messagean experiment design might anticipate three levels of data return:

1. Minimally Reporting Tags (Pepp position and less than 100 messages receive8pmetags
might return primarily a pp-up position followed by few or tens of messages. Thus, the
experiment is designed to use the pap position alone as a valid data point, such as to define
the migratory range othe tagged animal. flan experiment is assured by the-SDLD tag
replacement program, the anticipated count of tags falling into this categsimguld be
compensated for by 'over tagging', i.e. tagging more animals in anticipation of a percentage of
non-reporting and minimally reporting tags that will be replaced under th&SLD program.

2. Tags reporting hundreds of messageshis data return is sufficient to obtain the bulk of the
priority data, i.e. daily summaries and histograms. Design the experiment so that this data
answers the next level and perhaps the bulk of yquestions. The information contained in
the daily summaries provide the information needed for gexsitioning and a rough indication
of vertical habitat utilization (minimum, average and maximum depth). The depth or depth and
temperature histograms fuhter illuminate vertical habitat utilization. Hundreds of messages
are all that is needed for SeaT&fO and SeaTa®T, as these tags have a small memory and
only archive and transmit daily summaries.

3. Tags reporting thousands of message®ue to thetags use of solar power, there is no hard
upper limit to the reporting endurance. You will probably receive many thousands of messages
from some tags.For SeaTag8D, his enables the reception of a significant time series data set,
including depth, temprature and light exposure profiles andaismagnetic measurements
that with the right tagging procedure can be used tecanstruct the body orientation of the
tagged animal or estimate its momentary speedlrobust experiment design is one that makes
use of such time series data for tags from which it is available, but does not rely on it for the
tagging success of each taglhe Argos data delivery cost should be considered for long
reporting tags, and we recommend purchasing Track&Loc with unlimegal delivery to limit
these costs.

If your experimentroutinely requires severghousand messages returned to be considered a success,
methods of physical tag recovery should be considered.
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SeaTaes.A.M. Argos Message Retusiatistics

Table 7 listshe observeddaily message return for two sets of SeaL&jl. Six tags reporting after
release from tuna on the U.S. Atlantic continental shelf yielded from 12 to 32.3 mean return, with the
highest means associated with the two tags popping up in Auffost months from the winter
solstice), as compared to two months for the remainder. The highest daily return observed from any of
the six tags was 52 messages received. The mean of the mean return of all tags was 17.6 messages per
day. Twelve SeaTa®T tags popping up in the tropical Pacific yielded only about half as many
messages per da@.2 mean. While counterintuitive, lower returns from the tropical regions can be
explained by an often high angle of the sun, not broadside to the solar paadioating tag and clear

water, lacking the particulates that can illuminate the shaded side of the tag through backscatter.

These two experiments were not suitalfler total message count determination because the two sets

of tags were programmed tstop transmitting 30 days following pap. Kyle Van Houtan [6]
conducted ocean drifter tests using six SeaG&) set for unlimited transmissions. The observed
reporting period ranged from 3.3 to 14.3 months, with the longest three reporters spitirteng at the

time of analysis §.6-14.3 months) , while three tags had stopped reporting 88 months). As a first

order of approximation for message return potential, combining the shortest reporting endurance (3.3
months) with the lowest message eturn per day (3.5 messages/day) yields 346 messages returned.
Combining the longest reporting endurance (14.3 months) with the highest mean return per day (32.3
messages/day) yields3856 messages.

Description Area Msg Received per Day | Error free recegion
6 ea SeaTagOT U.S. Atlantic Mean of all tags: 17.6 | 75.0 % of all messages
Reporting after 30 days| Continental Shelf, 35° N Lowest mean: 12.0
on bluefin tuna (3@ay | -43°N  August Highest mean: 32.3
mortality study) November Max per day: 52
12 ea SeaTagOT Tropical Pacific, 7°N | Mean of all tags: 9.2 65.3% of all messages
reporting after 34142 | 15° N Lowest Mean: 3.5
days on reef sharks Highest Mean: 20
Max per day: 33

Table 7: Argos message return statistics

3.2. Data Return by Physi cal Tag Recovery

Physical recovery of tags is particularly useful for Se8Da@s it provides access to the full raw dataset
stored in the tags archival memory. This dataset can be far larger (up to 425984 data packets) than what
can realistically be re&ived via Argos transmissionm®ghly4000-12000 data packets for a year of post
pop-up monitoring and subject to the various reporting endorgdiminishinghazards a tag encounters

while drifting at the surface)

Physical recovery of a tag is promoted the S.A.M. tags long reporting endurancelhe long
transmissions providsufficient opportunity to locate tags at sea through radio homing. In another
approach, a tag might bargos tracked until it beachesn one case, social media was then succelysfu
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employed to encourage beach combers to search for (and ultimately find) thel'teglong reporting
endurance has made physical recovery increasingly common for SeaTag devices. For exampé, Seider
al. [9] have refined the technique of radio homing tags, although in a large inland water (Lake
Superior, U.S. achieving the recovery of 88% of tags (58 out of 66) by radio homing. FredericleGoetz
al. [11] are using these high recovery rates to make physical recovery a phe ekperiment degjn.

At this time, at least onether SeaTag usés employing targeted physical recovery as well.

One practiced method and inexpensive yet effective equipment set for radio homing to recover SeaTag
devices is describeukre.

DDF-1 Boat selection: Cpt. Bill Hardy had three boats
antenna available. A small runabout for float boat that
array on top would place the antennas about five feet (1.5m)
of bimini Directional above the water, a medium sized vessel, and a
(not  visible (long range) larger sport fishing boat with a tower that allowed
here) antenng. antenna placement about 16 feet (4.8m) above

the water line. We opted for the largest boat with

e : | the highest antenna placement to maximize the
' chance of locating the tag even if the initial

position for easy view
by helmsman.

DDF-1 antenna array
Velcro mounted for an
earlier test on a 18" x 18"
sheet of plywood. Bimini
mounting of this ‘pizza
plate’ was with two straps
cinched tight.  Screws
through the straps into
the plate prevented it |
| from shifting. The plate
was removed for high-
speed transit to the site.

! R

Figure 2: Rdio Homing Techniqgue for Physical Reery of SeaTag at Sea
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Once you have decided to use SeaTag S.A.M. devices and made your selection of the tag types to be
used, it's time to order the tags and sgb your Argos account. While we are working at Desert Star to
keep the tags in stock at leakir smaller quantities, expect that there could be a delay and contact
Desert Star early One of the advantages of the S.A.M. PSAT is that solar power meacenyaest and
experiment as much as you like with the tags without wearing out a battery. If you purchased
Track&Loc with unlimited data delivery, such testing also does not add any Argos chaties. for

enough time to conduct such tests; validata@art of your experiment design.

_ o x | SeaTag S.A.M. devices are factory
i : configured, based on &oogle formthat
« C #A | A https;//docs.google.com/forms/d/1xZg4YdwoQn, T7| = you complete.This process allows Desert
£ Apps &% Asana. Teamwork w [} DSS web dev » (O] Other bookmarks . . .
~| Star to review your configuration and
SeaTag S.A.M. Toolkit - Factory I discuss any danger pointge might spot.
Configuration Form Such a review is also a requirement for
the STGOLD tag replacement program.
Further, factory configuration means that

we can test your tags on your Argos ID

The basic configuration parameters for your project will be determined within this section, before Sh I pplnga prOVId I ng a p'm1 I pplng
including the duration of your experiment and subseguent data transmittal period. . .
guality control record in the form dahese

transmissions including their sensor
readings, transmit activity (solar panel
performance) etc.

E SeaTag 5.AM. Toolkit - Fa: X

* Required

This is a test configuration|

[UID] What is your User Experiment Number? * Note for RFMO and tagging umbrella
Use a number from 0 to 63535 to reflect and distinguizh this experiment and asscciated tag . . . . .

Seringe o et experrts Thi e o yaur v recorde organizations: Self configuration is an
1 available option for RFMO and other

umbrella organizations that might stkc
an inventory of tags for use avariety of
! = o the mison durt ayourtag wil fre s relesse experiments. Self configuration requires
BB bl rmiase o mechariemand gt fon -| the SDOCH docking stationand the

[RT-METI[Y/N] Do you wish to use ONFISH mission duration as a
Release Trigger? *

SeaDock softwareThe method is part of the training course for tagging umbrella organizations.

Complete the S.A.M. Factory Configuration Form Once completed, Google will send the form to
Desert Star and you will receive a copy for your records. You can also edit the form at a later time, up
to the point of factory configuration at Desert Star. Attthiane, Desert Star will lock the form to
record the definitive settings of your tags.
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A single Google form is used to cover all S.A.M. tag varieties: Se@TadeaTagEO and SeaT3®.

Even if you are sing a mix of these tags, you need to complete only ome.foHowever, there are
some fields that apply only to theLOT andGEO, and others that apply only #8D. Norapplicable
fields are ignored by the spective tag.

The data entry fields include detailed description. Here is an overview of the categories:

9 General Fields: This includes the project description and User ID. The project description is
important for Desert Star's review of your settings. If we see a setting that looks prattem
view of the project description, we will let you know. The User ID is for your own convenience.
Use it perhaps as an experiment or researcher designator. If a tag is found and returned, it may
help you route the tag to the correct person oogp.

9 Mission Duration: This fielddefines after how many days at liberty the tag will trigger its
release. It will thus set an upper limit for tirem-animal. Be aware that it is common for tags
to shed early. Th&eaTag Performance Repolisgts the tag retention achieved for various
species by other researchers. The tagging hardware that was used is listed for some studies.
Review prior to definingour mission.

1 Temperature and Light Based Early Release Conditions-foiT andGEQO): SeaTad¢.OT and
SeaTagsEO do not include a depth sensdnstead, the temperature sensor is used as a proxy
for depth to trigger the release mechanism in case ofaatality or tag shedding.

0 Theminimum temperature exposure release triggers if the tag has been below the
defined temperature threshold for the specified amount of time. This is to release if the
fish is dead an sinking. Select the temperature thodsslsuch that it is below what the
animal will normally experience, but above the temperature at the service limit depth of
the tag (2000m for tags produced starting in 2016, and 1200m for older tags). The
NOAA World Ocean Atlas helpful to determine the temperature at depth in your
tagging region.

o0 Theminimum temperature gradientrelease will triggethe releaseif the tag no longer
experiences significant temperature netions. An actively diving fish will transition
between colder and warmer water, for tuna experiencing a maximum gradient of at
least 0.2 °C/minute when viewed over femminute intervals. A tag at the bottom or
floating however will generally not see are than 0.2 °C/minute. Thus, the
temperature gradient trigger indicates either a dead fish or a tag floating at the surface.

0 Thedarkness releasewill trigger if the tagexperiences continuous darkness for the
specified duration. For fish that visit @hproximity of the surface each day, this
indicates mortality.

1 Depth Sensor based Early Release Conditions {3@ only): SeaTagD provides two depth
sensor dependent conditions for early release:

0 TheConstant Depth Release (CDRygers if the tag gxeriences a depth chang# less
than 10mfor the four daily 6hour averages for the specified number of day®ar some
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animals a constant depth implies mortality, bog careful. For demersal and benthic
animals, holding a constant depth for an expaded period may be common and CDR
should be switched off. The 10m threshold is selected to be beyond any tidal changes
or sensor drift that for a lower threshold might prevent a release. Make sure that the
animal definitely can be expected to experierdiarnal changes of average depth aif
least10m. If that cannot be guaranteed, leave CDR off.

0 Crush Depth Releaseiggers at the latest if the tag reaches its design limit. That is
2000m for S.A.M. tags manufactured in 2016 and later, and 1200nadsrup to 2015.
You can set the crush depth release to a shallower depth, for example to release if a
depth is reached that is beyond the known diving capability of the tagged animal.

1 Sensor Scatrate (-3D). This setting defines hovwequently SeaTaD ans the sensors and
archives a sensor scan packet (SDPT_3DSN2). The best power efficiency is once every four
minutes, and the highest available speed is once every 16 seconds. Sensor scan packets may be
Argos transmitted or physically recovered. Theg aonsidered nospriority packets in the
Argos transmission scheme, but can be selectively elevated to priority status

1 Priority Data (3D): Sensor scan packets can be elevated to priority transmission status based
on satisfying a minimum depth andlifag within a specified period from mission start. This can
be used to selectively obtain time series data @xtraordinarydeep dives or monitor the
immediate positaggng period. Gnsider how many packets will be elevated to priority status,
and assug they will not dominate the Argos transmissions, preventing effective reception of the
daily summaries and histograms.

1 Depth&Temperature Histogram Period3D): Used to enable the histogram collection and
archiving, and define the length of the obsetiea period from 1 to 24 hours. Histograms are
priority transmasion data.
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We are partnering wittHallprintin Australia to provid attachment hardware (tethers arntkads). The
tether is imprinted with your contact information. Please follow 8eaTaqg Label Information Request
instructions to specify the information to be imprinted for your tags. Hallprint offers three head types
as shown below Please specify theeadtype and size desired in your order. This will depend on prior
your experience.TheSeaTag Performance Repaiso providsinsightson retention achieved by other
SeaTag taggers and in some cases details the attachment hardware or method they Tisedrder

part numbes and pricing for the Hallprint Attachment System are specified orEt&lrag S.A.M. Price
List

Figure 3: US NMFS / Billfish Foundation Head. PiWSmall and PIMAN large

-

e

0 ~ 3 4

1
’U.HHMH.H.H.‘HMI.H!\.H,IMLH‘HHI

scale: cm (mm v)

Figure 3C: Domeier Head (Develeoped by Dr.Michael Domeier)
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Prior to usingSeaTag devices, you mustt up an Argos accourthrough CLS, the satellite service
provider. There are two forms to be completed. The System Use Agreement (SUA) describes your
tagging program.Complete as instructed. The ID Number Request Faomtains some information

that is specific to SeaTag devices. Please download the partially completedhdrerand complete
entirely. The number of ID you request should match the number of tags you are purchasing from
Desert Star. Return the completed forms (both SUA and ID requestanhbil é¢o the CLS user office.

The terms of SGOLD, the Standard Warranty and Terms of Sale for SeaTag devices are available here:

I Terms of the SGOLD Tag Replacement Program
1 Terms of the Standard Warranty
i SeaTag Terms of Sale

Tags in the ocean are at riskhdr is clear both from Mike Musyl's PSAT Tag Performance Study [2] and
from the SeaTag Performance Report that Desert Star is now publisiéinge the typical reporting

rate is around 80%, there is also a large variability. Further, consider thatdperting' criteria is
satisfied if at least one valid Argos position fix of any class is received (a single or a few messages
without a position fix won't meet the criteria obtaining a position fix requires some minimal
robustness of transmission). tyea tag reporting minimally may also only minimally satisfy your
experiment requirements.

For this reason, Desert Star has instituted theGRILD tag replacement program. Under this program,
any tag that does not report, minimally reports (less than 188sages received) or suffers a defett
its sensors or memonyill be replaced free of charge.

Note that specificallynot covered isag sheddingWhile shedding is in part a function of tag design, it
significantly involves species specific biologickctors and the particular tagging method and
attachment hardware selected.These are largeligeyond our ability to control as a tag manufacturer
[3][12]. Instead, we are collectingnd publishing information on such eventspgimvide reference points
and improve future outcomesSeethe SeaTag Performance Report

Replacement covershe tag anddata delivery and processingf you have purchased Track&Loc. &h
cost of the program is 20% of the total tag price, including attachments or accessories and Track&Loc.

We recommend purchasing FGOLDas a means to secure your experiment and investmeRbr a
multi-season tagging programover tag' by a percentageughly mirroring expected tag losses, and
then use the replacement tags to rebuild your tag inventory for the next season.
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SeaTag are also covered by a standard warranty for one year against defects in parts and manufacturing.
However standardwarranty claimsdo require the eturn of eachclaimed tag foinspection Our advice

is to always purchase $90LD, except icases such as orflame experiments were a tag replacement is

not useful.

There aragwo optionsfor Argos data delivery and processing:

1 You may order Track&Loc processing in combination with fixed rate Argos data delivery . The
combined cost, per a contract negotiated between CLS and Desert Star Systems, is 30% of the
cost of the tagncluding attachment hardware and -$&OLD coverage.

1 You may pay Argos transmission charges on a monthly basis based on tag activity, and rely on
dataprocessing and position track generation using the SeaTag software suite (SeaWatch,
SeaConvert and SeaTrack).

We recommend the purchase of Track&Loc, and the following general data collection and processing
strategy:

1. Prior to tagging transmit test eachdg, a requirement for both the SFOLD tag replacement
program and the tag deployment methodology proposed by Mike Musyl. The Track&Loc
contract will cover these transmission charges.

2. Following tag deploymentmonitor the tags including sheddingpportunistic transmissions by
the tags,preliminary track®of shed or opportunistically reporting tagnd sensor data review
This 'realtime monitoring' is doneusing the SeaTag software suite. SeaWatch will
automatically retrieve data from the CLS servBeaConvert is availalbie decode the data.
SeaTrackroduces geo-position tracks based on the geomagnetic mettHiodSeaTagsEO and
SeaTaé8D, and to a limited extent,e. with significant latitude uncertaintyusing light
measurements alone for SeafLOT. The monitoring provides aarly opportunity to review
results and adjust the tagging protocol in response to any deficiencies.

3. After tag popup and a subsequent data collection period that you spe@fyS will process the
tracks and delivea presentation ready data package. The comparisofratk&L odracks to
those generated by SeaTrack here provides an important track verifiagiportunity: The
statistically estimated tracks of Track&Loc produce a smooth, 'most probable track'.eBut th
constraints applied including forcing the track to start and end at the known tagging andppop
locations, limiting track progress to animal migratory capabilities, avoiding inland locations etc.
can also present what are in reality measuremeisturbancesof model errorsas plausible
track excursions. The SeaTrack track, resulting from plotting the intersection of the magnetic
field intensity and the light based longitude determiiwett, demonstrates the precision of the
underlying observations. Mesurement disturbances manifest immediately in the track, and can
be used to crossheck the Track&Loc results.
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Pease revievthis tablecomparing the cost, method and data merits of using standard monthly Argos
billing andselfprocessing of the data vthe use of Track&Lawith flat rate Argos data deliveryA

review of citation [5] is recommended. The pageplores the performance differences between the
geomagnetic method and light & SST method of-gesitioning, and compares the track measurement
vs. statistical track estimation approaches.

See chapter six for tag data returns, comparing Track&Loc eaitr&ck

After receiving the tags, we recommend some basic
controlled environment tests in order to familiarize
yourself with the tag and validate aspects of your
experiment. Within the prescribed limits (see
CAUTION below), tests will not shorten the tag's
subsequent endurance because solar power is used
for its operation and transmissions. Detailed
operating instructions are available in chapter five,
and data processing instruotis in chapter six.

The following tests are recommended:

1. Switching the Tagt&te: SeaTag S.A.M. tags are
always active. This helps diagnose any problems; i.e.
the tag will always transmit independent of its state.
As long as it exposed to daylighfThe tag however
must be switched to OnHsh state before
deployment in order to collect data. Learn how to
switch the tag state using the light sleeve, and the
alternative method of placing it iArmed mode and
\. then putting it in a dark box to auttransition to
On-Fishmode as soon as it is removed from the box.
Chapter five provides details.

2. Transmission Test Switch the tags to offish

state, and place ina water filled white or clear
bucket or jar. The tag must be exposed to the sky

and, foraccurate magnetometer readingsat least

50m from buildings, vehicles, power lines and other metal containing infrastructure or objects.
Transmission tests may be a few hours just to test Argos transmissions up to a few weeks to observe
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fluctuations ofdata delivery rates with weather, collect and check sensor data and obtain a position
scatter plot based on the collected daily summaries.

3. Check the Data Return Ratnd Type Use SeaWatch to retrieve the Argos data and see if the
volume and type oflata return is sufficient for your experiment. Note the changes in data delivery
(number of packets received per day) with weather conditions. If you are transmitting sensor scan
packets elevated to priority status, check that the return of daily sunesaand histograms remains
sufficient. See chapter six.

4. Test Observation Data Decoding: Use the SeaConvert utility to decode the data retrieved by
SeaWatch and stored in the .DRL 'Desertstar Raw Log' files. Inspect this observational data.tSee chap
SiX.

5. Test the Geopositioning Accuracyt.eave the tag in place at one location for a week or longer. Each
day will result in a daily summary including the observations forggesition estimation. Process the
data through SeaTrack to obtain @aster plot of positions, indicating the accuracy of the position fixes.

Overall, the experiments should sufficiently familiarize you with the tag performance and tests aspects
of you experiment so that the subsequent tag deployment is eased and thefrigisufficient or
unsuitable data return reduced.

6. Match a batch of kinetic release powder and test its vitalitfjlatch a batch of powder as explained
in chapter five. Take one measurement spoon of powder, place on-#aramable surface and ignite
with a match. This tests you mixing procedure. tBeeext sectiordetails.

SeaTag S.A.M. devices use a kinetic-ygmprelease mechanism. The meclsan offers certain
advantages comparetd the corrodible burn pin commonly used by other manufacturers. This includes
imperviousness to marine fouling, instant trigger for an effective crush depth reléégger with a
minute amount of capacitor or battery poweand reliable operation inea and fresh water alike.

It does however also require some special care: The release powder must be mixed (activated) and the
mechanism armed after air transportation and before use. If a tag is not used, the powder must be
emptied before air trasportation. While the kinetic mechanism includes safeties, including requiring

10 minutes of darkness before triggering and cancelling the trigger if a release condition is present at
the time of mission start,Here is also some hazard and proper cangstrbe exercised. The hazard of a

tag endcap ejected in air is roughly comparable to that of a paint ball gun projectile.

Release arming should be done by a person trained in the procedure. If you are workingggitiy ta
partners of opportunity soh as fishermen, arm the release mechanism before delivering the tag. Advice
the partners of the hazards as stated in chapter five.
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Figure 4: Release kit contents

Materials

. Silicon Grease

. End Cap with @ng

. H3 compound

. Oxidizer

. Measuring Spoon (0.05g)

. Popsicle Stick

. Oring Remover

. Silica Gel Pouch (to ensure freshness)

0O ~NO Ol WDN P

CAUTIONThis release kit contains flammable substances once mixed. To avoid any hazards, prepare
the compound in a nofflammable environment with the apppriate workspace and safety glasses.

Note: Be aware to keep total time of atmospheric exposure under one hour. If the substances absorb
moisture, they can become ineffective and fail the release.

Step 1
Gently grind oxidizer bag using the Popsicle stdkreak up compacted powder. Continue until oxidizer

becomes finggrained.

Step 2
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Pourthe full amount ofoxidizer into the FB compound (container of charcoal). Close the lid and shake
the container for 30 seconds to mix.

Step 3
Unscrew the nose corfeom the tag. Takéhe measuring spoon and scoop olegeledspoonful of

powder. Do not heap the scoop.

Step 4
Locate the circular ignition chip inside the burn chamber. Pour powder into the burn chamber.

Distribute the powder evenly over the ignitiahip by slightly tapping the tag

Step 5
Remove excess powder on the burn chamber (i.e. inner walls and the top lip of the cap).

Inspect the nose cone andiihg groove. Make sure that it is clean for a secure seal.
If the Oring is dry,Ube Oring with asmall amount of silicon grease (remember excessive grease can
affect the seal). Snap-fing on the groove of the nose cone.

Step 6
Screw nose cone on th®urn chambentil finger snug. Do not over tighten to prevent shearing of the

bolt.
Note: Once he substance is mixed you can no longietransport or shigthe tag or container of mixed

powderlegally without compliance with AZMAT regulations. Empty the burn chamber of powder
before air transport.

Video TutorialRelease Mechanism Arming

Note: This video demonstrates arming for SeaWi&p with a modular release & power section.
S.A.M. devices have a tag integrated releasgisn, and only the basic powder mixing and chamber
closing procedure applies (theriag does not need to be removed).
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Tag Handling and Tagging

WARNING:

Kinetic Release Hazards

SeaTg devices include a kinetic release mechanism. Upon release triggeentcap will be
ejected. The hazard if hit is comparable to that of a paint ball gun projectile. The tag
incorporates safety mechanisms: The tag will not trigger the releaseS#éf@Shippingmode.

The tag requires ten minutes of darkness beforewihg a release trigger. The tag will cancel
any release that results from a condition present within 8 minutes after transitioni@t&ish

state (such as a faulty depth sensor indicating crush depth). The tag will not trigger the release
within the first eight minutes ofOn-Fish state. Nonetheless, always practice safety when
handling an armed tag:

Wear safety glasses when arming the kinetic release mechanism.

Work at a clean work space free of flammable materials when arming the mechanism.
Do notarm the release next to an open flame or hot surface and do not smoke.

Do not point the release end of the tag at yourself or anyone else.

Float armed tags in a bucket of water or store in a case or bag to avoid a projectile
hazard if a trigger should occu

Always return unused tags back$afe Shippingtate before transportation.

1 Open the release chamber and empty out the powder before air transporting an unused
tag.

= =4 4 4

=

Avoid Accidental Trigger of the Kinetic Release Mechanism During Testing eD&pyment

Once atag is i@n-Fishstate, the kinetic release mechanism will trigger if one of the release conditions

is met. This may result in an accidental release during your tests. If a tag is not used, always transition it
back to the SafeShippingstate. This prevents a release trigger. Review your tag's configuration
settings to be aware of the trigger conditions:

9 Trigger due to constant depth release time period having been reached and the tag is not on a
diving animal.3D)

9 Trigger due to the t@ being placed in darkness (a box, bag, cabinet, dark room or light sleeve
applied), and the darkness release time period expirtidd [-GEO)

9 Trigger due to tag experiencing a low temperature below the low temperature release
threshold. (LOT-GEO)

9 Trigger due to the tag not experiencing minimum defined temperature gradiesii®T;GEO)

9 Trigger due to the release time at liberty being reached (all models)
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5. Tag Handling and Tagging
Taggingvith Sedag S.A.M. devices follow these thisteps:

1. Chargingthe tag and pretagging test transmissions: At least a few daylight hours before
tagging starts (or the day before tagging), place the tags in a water filled white or clear bucket
on deck with clear view of the sky. For tag versions without a batteeyc#pacitor will now
charge. Tag transmissions will proceed, satisfying theggging test required by SFOLD and
the Musyltag reporting protocol.

2. Transitioning the tag to the offish state: Before tagging starts, switch the tags to tBe-Fish
state. This will start data collection. If the tag was stored in a dark container or bag in the
Armed state, transition toOn-Fishwill be automatic as soon as the tag detects light. If
previously in theSafe Shippingtate, light signals are required tansition the tag.

3. Tagging:Verify the tag is irOn-Fishmode as indicated by a green LED blink once every 32
seconds. Then, tag the fish.

Tags that are not used are transitioned baclkStfe Shippingtate using the light switch method, ready
for use @ the next opportunity.

5.1.Identifying and Transitioning between the S.A.M.Tag Operating States
S.A.M. tags are always activmit may be in one of four states, identified by the color of the status LED
blink once every 32 seconds:

Safe ShippingThe &g is not collecting data and will not fire its release. Always place tags in this state
for transportation and return to this state if a tag is not used. Identified Byed Blinkto indicate the
tag is not ready to be put on fish.

Armed tags W auto-transition to On Fishif experiencing at least two hours of darkness
followed by light any time thereafter. Armed tags do not collect data until transitione@rtorish
Armed state may be used for these purposes:

1 Tags may be delivered to a tigg vessel in a box in state for use when a tagging
opportunity arises (days, months or even years later). To ready for tagging, simply remove from
the box and float in a bucket to start the ptagging test transmissions.  The tag will
automaticdly transit toOn Fishstate.

1 You may place a tag in state and float in a bucket on deck the night before tagging. The
next morning it will autetransition toOn Fishat first light. If not use that day, simply transition
back to state in theevening and return to the bucket. The tag will be readpinFish
with a cleared memory the next morning for another day of fishing.

The Armed state is identified by &n < Tags in Armed state should not be placed on fish
except in an emergayy (tag not ready when fish is caught). If you tag the fish, you will not get
observations for the first day, but the tag will transition@w Fiston the second day.
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On Fish Tags in On Fish state collect and store data. The tag memory is cleargdisme On Fish

state is entered, and the mission timer starts when transitioning to On Fighobtain a precise time on
animal, transition the tag to On Fish on the day of tagging, either automatically at first light'‘from

or using the light sigaing. On Fish state is indicated bysaeen Blinkto show the tag is ready for
tagging. A tag in On Fish state will transmit the loop or archviedity data when reaching the surface
(opportunistic transmissions) or when shedding from the animal.

Reporting: Reporting state is automatically entered after the tag triggers its release for any of the
configured release conditions. Once in Reporting mode, the tag will use both battery (if equipped) and
solar power to transmit. This will transmit the pap position and the first set of data rapidly. It will
transmit all archived priority data 14 times or as otherwise specified, and then transition to transmitting
all archived data. The Reporting state is identified I8ed Blinkto indicate the releae has fired. If

you find a tag in reporting state, you can transition it back to other states with the light signals and
deploy again. However, rearming the release mechanism may or may not be possible depending on
any marine fouling or contact degratitan.

5.1.1.Transitioning between the S.A.M. Operating States

S.A.M. tags use light sleeve signals and automatic action to transition between the operating states.
Unlike other manufacturers PSAT tags, a magnet cannot be used for this purpossééaaight de
calibrate the tags precision magnetometer.

Safe Shippindh . Transition by light signal only to arm the tag.

MOnN Fish Transition automatically at first light following 2h+ darkness, or by light signal to get
ready immediately for tagging.

MSafe ShippingTransition by light signal only fwepare unused tags for shipping or later use.

On FishlpReporting Transition automatically only, after a release condition has been met and the
release has fired.

On Fishlp . Transition by light signal to cancel today's tagging and get ready/foortows
tagging opportunity.

Reporting My Safe Shipping Transition by light signal to prepare a recovered tag for another
deployment.

A tutorial and video explainintpe light switch method in detail is available here:

Tutorial: light State-Switch Method

36


http://desertstar.com/knowledgebase/doku.php?id=tutorials:changing_modes_for_a_seatag

5.2. Tagging Procedure

The tagging procedure for Seatgg.A.M. is similar to that for other PSATddish tags. If you have
worked with other PSAlbefore, then the method you used should also be compatible with the S.A.M.
tags. Otherwise, research andrsult with other researcher® learn what methods are applicable for
your species of interest. Here are a few examples.

Overthe-side tagging oBluefin Tuna with Applicator Needle (VIMS, Willy Goldsmith, Seall@J)
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