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This study Is designed to look at variables explaining:

o Failure rates (percent reporting)

* Percentage of retrieved depth,
temperature, and geolocation data

 Retention rates

e Longevity of attachment

-

Comparisons to be made using data from 662 PSATSs
deployments worldwide



It IS anticipated that:

Patterns will emerge with respect to:
attachment methodologies,
target species,
experimental design.

Allows unprecedented critical appraisal of the
overall efficacy of PSAT technology.

Cost Benefit analysis to improve experimental
design



Variables in the PSAT Performance

Evaluation:
Tag Birthday Tag Serial Number
Programmed Pop-off date Date Deployed
Age of Tag at Deployment Species Tagged
Sex Days-at-liberty
% Temperature % Depth
% Geolocation ARGOS latitude
ARGOS longitude RD1500
Swivel Tether material
Tag Head Attachment methods

Manufacturer



662 PSATs deployed on 18 Species

2000-2004

Bigeye thresher (7) Bigeye Tuna (4)
Black Marlin (57) Blue Marlin (34)
Blue Shark (32) Green Turtle (1)
Loggerhead turtle (8) Olive Ridley turtle (15)
Short-fin Mako shark (4) Silky Shark (4)
Striped Marlin (200) Swordfish (36)
Oceanic White-tip shark (8) Yellowfin Tuna (17)
Basking shark (1) Great White (48)

Tarpon (40) Bluefin tuna (146)



Difficult problem
PSAT failure rates

 Never hear from failed PSATS
 Very few PSATSs recovered for inspection
e Exact failure mode(s) unknown

«Shouldn't imit discovery
*EXxploration of data reveals much

e |deas to improve methods



Tag Faillure Modes

» Battery failure — passivation over time (temperature
dependent)?

» Rupture of pressure housings/seals,
contraction/expansion, etc. — (extensive vertical
movements = low reporting rates of PSATs swordfish &
bigeye thresher sharks)?

» Sharks predation/nuptial bites
(sharks attracted to the EMF of PSATS, i'
very few tagged males report back)?

» Damage to antennae by predation
or fouling organisms?

» Malfunction other than battery
-Fusible link and/or RD15007?




Risk
Assessment
Tree

P( P(Before Pop-offlResponds) &
=80.5% )
=

Blue: We can estimate now =

*Yellow: Others have done It.
*Green: We have plans to do It. ]

*Grey: Perhaps unknowable?

| S



Of 662 PSATSs attached to sharks, billfish, tunas
and turtles, 520 or 79% reported data.

87 or 17% hit their programmed pop-off date

142 or 21% Non-reporting tags Is not
synonymous with mortality



18 Species grouped Iinto
4 Depth classes

4 Depth classes group 18 species
O=Littoral
1=Epi-Pelagic
2=Meso Pelagic
3=Bathy-Pelagic
Some species n.=1 n.=4; small
To Improve Power:

Use relevant grouping variables
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Epi-Pelagic

s].lky Shark Black Marlin

e Ador 5.4-160m

sl >—2- Meso-Pelagic

triped Marlin

4-172m

Shortfin Mako
5.4 - 264m

\ Blue Shark
0-312m

5

Biéeye Thresher

) 323 -452
Bigeye Tuna et

Bathy-Pelagic

Swordfish
0 - 640m

2 Values indicate the 95% depth & temperature preferences shown by electronic tagging studies funded by the University of Hawaii'/PFRP & NOAAMNMFSZ,
= 2 Lianne M<Naughton', Michael Musyl' (michael. musyl@noaa.oov), Richard Brill* John Sibert!, & Yonat Swimmer? b




Species Depth Class COrdinal Code

Tarpon Littoral I
Silky shark Epi-Felagic 1
Oceanic white-tip shark Epi-Pelagic 1
Loggerhead turtle Ep-Felagic 1
Basking shark Ep-Felagic 1
Green turtle Ep-Felagic 1
Olve Ridley Epi-Felagic 1
Black marlin Epi-Felagic 1
Elue marlin Epi-Felagic 1
otriped marlin Epi-Felagic 1
Great Wwhite shark heso-Felagic 2
Blue shark heso-Felagic 2
Y ellowfin tuna heso-Felagic 2
Eluefin tuna heso-Felagic 2
Bigeye thresher shark  Bathy-Felagic 3
shortfin mako shark Bathy-Felagic 3
Bigeye tuna Bathy-Felagic 3
=wwordfish Bathy-Felagic 3



18 Species
Proportion at Liberty

Distribution Function

Survival

0. 001
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
pct pop
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4 Depth Classes
Proportion at Liberty

Propotdfon ol Liberdy

Conjecture:
Pressure!

b 25 Weso-Pelogic 21z Dud
Werilic 20z Dod .
[pi-Pelogic 16g Dud —_—
D001 : :
obo o2 o4 0 & 0B 10
Piopor | ol Pop-oll doys
STRATA — Herilicr = [pi-Pelogic = MUWeso-Pelogic = Holhy-Pelogic




Geographic Location

 Retention model has Latitude at pop off
e Tagger teams operate In different regions.

* Thus tagger team is also a REGION
variable.
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PSAT Response
by tag production date

Manufacturer 1

PSAT Success rate
11 pt Moving average
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Deep Diving Species!
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Data set ends in 2004.

Trend towards

Improvement?

Manufacturer 2
PSAT succes rate
11 point moving average
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Spurious ‘Bad Batch’???

100% +
90% -
80%
70%
60% -
50%
40% -
30% -

Dec 2001 to March 2002

Manufacturer 1
PSAT Success rate
11 pt Moving average

20% -
10% +

0%
Mar01 Dec0O1 un02 Julo2 Oct02 Jan03 Sep03
Production Date

Shecles Nz Depth Class |Fesponse
Big Eve Thresher Shark 1 3 T00%
Great Wwhite Shark 4 2 %%
shorttin Mako Shark 2 3 4%
Blue Shark 13 2 &%
=wvordfish 3 22%

Overall response rate 31%...however depth class is implicated!



PSAT Response Rate



Non-response rates by depth class and manufacturer.
SE in parentheses.

Depth | Manufacturer PSAT PSAT No No
class Responded No response% | Response%
Response | by depth and by depth
manufacturer class
0 MT 3 3 50%(20.4%) 0 0
WC 29 5 15%(6.1%) 20%(6.3%)
1 MT 97 34 26%(3.8%) Y.
WC 178 19 10%(2.1%) 16%(2%)
2 MT 137 43 24%(3.2%) 0 0
wWC 55 8 13%(4.2%) 21%(2.6%)
3 MT 18 30 63%(7.0%) 0 0
wWC 3 0 0%(0.0%) S
OVERALL
ALL BOTH 0 0
Depths | Manufacturers 2 2 ALLI0)




PSAT non-response rate

by Depth class

Dud rate

100%

90% -
80% -
70% -
60% -
50% -
40%
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0 1 2
Depth Class




Sharks (n = 104)

Species

Elue Shark

(Prionace glauca)
Bigeye Thresher Shark
(Alopias superciliosus)

Silky Shark

(Carcharhinus falciformis)
Oceanic White-Tip

(Carcharhinus longimanus)
Shortfin Mako

(Isurus oxyrinchus)
Basking shark

(Cetorhinus maximus)
Great White

(Carcharodon carcharias)

No.Tagged No. Total Days at Mean % PSATs
Reporting Liberty (range) @ Reporting Male Female
32 16 1854 116 0% 21% 2%
(1-247)
7 2 480 240 29% na na
(240)
4 4 1087 271 100% 100% 100%
(31-197)
8 6 694 115 9% 67 % 80%
(10-215)
4 1 155 155 20% 100% 0%
1 0
48 36 5592 195 9% 75% 67%
(16-366)
100 -
80
60
40 -
20
u I T T T T 1
Blue  Thresher Silky  White-tip  Mako Great

White




Lowest reporting rates in species with extensive
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Logistic Regression

LOGIT or Log Odds

Binary responses with Binomial distribution

X can be categorical, ordinal or continuous
Maximum likelihood estimates of parameters 3
Exp(B) is ODDS of the event.

Categories are compared to baseline.

Iog( d j:a+ﬂx

1-7x



Comment on Interpretations

 Parameters B are ‘log odds’

 Exp(p) of parameters are ODDS of the
event.

« Comparisons to LAST category.



Response Rate model

Logit(Response rate)~
depthclass depthclass? manufacturer tagger

e |Likelihood ratio tests 1000
» Plots of rates vs 00t
_ i ] 70%
Interesting variables | g e«
« Residual plots S o
20% - { - 8
10% -
0%
0 1 2
Depth Class




Logistic Regression:

PSAT Reporting Rate

Parameter A | SE |p-value
Intercept 1.60 | 0.45 0.0004
Depthclass (0,1,2,3) 0.66 | 0.52 0.2
Depthclass? -0.34 | 0.15 0.02
Manufacturer: MT vs WC | -0.70 | 0.13 | <0.0001
Tagger:BrMus vs Swimmer -0.41 | 0.24 0.09
Tagger:Domeier vs Swimmer | -0.38 | 0.22 0.078
Tagger:Lutcavage vs Swimmer | 0.89 | 0.26 0.0006




Age at Deployment

Older PSATs have fewer non-reporters.

Tag age effect disappears with depth
class.

Why?
Older tags on Epi-Pelagic species.
Depth class is the key variable.



Nos. PSATs

PSATs Reporting by Tag Age at Deployment
Reporters Avg. Age 172 +/- 7.4 se (6-940)
Non-reporters Avg. Age 134 +/- 12.3 se (15-671)

100%
80% -
B Reporters B Non-reporters
60% -
40% -
20% -
0% - —

60 120 180 240 300 360 420 480 540 600 >600

Age Bins (Days)




Conclusions
PSAT Response Rate

 Depth class is implicated in non-
responding PSATS.

« Age at deployment is a non-issue.

« Tagger team Is a stand in for regional
differences.




PSAT %data returned



Difference in types of data:
wWC

& File Edt ‘iew Insert Faormat Tools Data  Window Help  Adabe POF

NS0 aa 7 s an e me s WE w] e a s EEEE kA
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; 5 |,
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2 0.000| 2001 23
3 0.000/ 2001 0
4 |1 0.000| 2001 7|PROP TEMP
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Differences in types of data

MT
2t £t Yaw st Foms Dok Do Window Hab Adeboror
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10 7/11/2003 8:20 25.81

11 7/11/2003 9:28 25.81

12 7/11/2003 13:00 25.81

13 7/11/2003 13:06 25.81

14 7/11/2003 16:01 25.81

25.81 PROP TEMP

25.81 =14/24 0.583333
25.99

18 7/12/2003 4: 35 25.81

19 7/12/2003 4:41 25.81

7/11/2003 17:28
11/2003 17:34




Example

propTemp=Ntemp/(setpopdays*24/interval)

Ntem

prop

0=101; Setpop=184 days; 6hr intervals

'emp=101/(184*24/6)=0.137

We assert: Equivalent.

Comparison is valid.
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j
Chelonia mydas e —

Carcharhinus falciformes
Makaira nigricans
Carcharhinus longimanus
Lepidochelys olivacea
Thunnus albacares
Makaira indica
Tetrapturus audax
Megalops atlanticus
Isurus oxyrinchus
Thunnus obesus
Carcharodon carcharias
Caretta caretta

Thunnus thynnus
Prionace glauca

Xiphias gladus

Alopias superciliosus

%Geolocation Data PSATSs

0.4

0.6

0.8 1

1.2




% Data Recovered
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Proportion of data points vs
PSAT age at deployment




Proportion of data points
vs. Depth class
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Proportion of data points

vsS Latitude
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Depth (m)

Why Is missing-ness important?

0
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Optimal Set pop days:
Thought experiment

e Suppose you argued set pop off days=10?

Few days at liberty, so then data value could be
Improved with optimal set pop>10.

e Suppose you argued set pop off days=10007
Then battery wears out...no data.
Optimal set pop off must be less than1000.

CONCLUSION: There exists an optimal set pop off
days >10 and <1000.

Answer depends on species, manufacturer and
latitude.



Conclusions on PSAT data
returned
Deep diving species poor candidates for
geo-location data.

Age at deployment, depth class, species
and latitude are all influential.

Microwave Telemetry returns larger
proportion of expected data points than
Wildlife Computers.

Large gaps in time series are problematic.



PSAT
RETENTION



PSAT Retention rates
by depth class

Percent of PSATs
hitting set pop off day
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PSAT Retention rates
by tagger team
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Retention Rates of Billfish tags
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Swivel Augmentation on DAL

100 n=29 n=18-9 n=8 -1
90

80 T B No Swivel
70 - T B Swivel

60 n=10 - 10
50 |
40 |
30
20
10 -

%DAL of Pop-off

flopper harness metal turtle



Logistic Model for
Retention Success

Parameter A SE P

Intercept -3.21 | 0.48 | <0.0001
Depth class 0.54| 0.23 0.0203
Tagger BrMus vs Lutcavage -0.75 | 0.59 0.2069

Tagger Domeier vs Lutcavage 1.27 | 0.36 0.0005

Tag-head Flopper vs Umbrella | 1.75 | 0.82 0.0319

Tag-head Nylon vs Umbrella -0.85 | 0.38 0.0233

Tag-head Stainless vs Umbrella | 0.53| 0.39 0.1733

Tag-head Titan. vs Umbrella -1.63| 0.66 0.0130

L atitude 0.02| 0.008 | 0.0182




Residual Plots
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Parameter ODDs
Intercept 0.04
Depih class 1.72
Tagger
BrMus vs
Luicavage 0.47
Tagger
Domeiervs
Luicavage 3.56
Tag-head
Flopper vs
Unihrella D.03
Tag-head
Nylonvs
Unihrella 0.43
Tag-head
atainless vs
Unihrella 1.70
Tag-head
Titan.vs
Unihrella 0.20
Latitude 1.02

ODDS of
Retention

Odds of retention increases with each
depth class by a multiplicative factor of
1.72.

Odds of retention increases with
flopper/swivel tag-heads by a
multiplicative factor of 5.75 compared to
umbrellas.

Odds of retention increases with each
degree of latitude by a multiplicative factor
of 1.02.



PSAT Retention Conclusions

Deeper diving species more likely to
retain the tags.

Floppers increase probability of tag
retention.

Species in colder Latitudes more like to
retain tag.

Domeler’s tagger team has best
retention rates.



Overall Conclusions

 Bathy-Pelagic has higher non-response
rate. Implicates pressure.

« More data returned for MT tags.

 There exists an optimal set pop days
dependent on species.

 Floppers increase tag retention.
 Depth, Latitude increase retention.
Implicating temperature.




Mahalo’s To:
John Sibert

Michael Laurs

Scientists, Crew and Officers of the
NOAA RV Townsend Cromwell and
the Elton Oscar Sette

JIMAR
PIFSC/NOAA
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