University of South Alabama

JagWorks@USA

School of Marine and Environmental Sciences
Faculty and Staff Publications and School of Marine and Environmental Sciences
Presentations

11-2014

Addition of Passive Acoustic Telemetry Mitigates Lost Data From
Satellite-Tracked Manatees

Allen M. Aven
Ruth H. Carmichael
Matthew J. Ajemian

Sean P. Powers

Follow this and additional works at: https://jagworks.southalabama.edu/mar_env_sci_faculty_staff_pubs

6‘ Part of the Behavior and Ethology Commons, Marine Biology Commons, Oceanography Commons,
Other Animal Sciences Commons, Population Biology Commons, and the Terrestrial and Aquatic Ecology
Commons


https://jagworks.southalabama.edu/
https://jagworks.southalabama.edu/mar_env_sci_faculty_staff_pubs
https://jagworks.southalabama.edu/mar_env_sci_faculty_staff_pubs
https://jagworks.southalabama.edu/mar_env_sci_faculty_staff_pubs
https://jagworks.southalabama.edu/mar_env_sci
https://jagworks.southalabama.edu/mar_env_sci_faculty_staff_pubs?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/15?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1126?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/191?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/82?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/19?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/20?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/20?utm_source=jagworks.southalabama.edu%2Fmar_env_sci_faculty_staff_pubs%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages

CSIRO PUBLISHING

Marine and Freshwater Research, 2015, 66, 371-374
http://dx.doi.org/10.1071/MF14178

Addition of passive acoustic telemetry mitigates lost
data from satellite-tracked manatees

Allen M. AvenA’B’D, Ruth H. Carmichae/A'B, Matthew J. AjemianC

B.A
and Sean P. Powers"’

ADauphin Island Sea Lab, 101 Bienville Boulevard, Dauphin Island, AL 36528, USA.

BDepartment of Marine Sciences, University of South Alabama, Mobile, AL 36688, USA.

“Harte Research Institute for Gulf of Mexico Studies, Texas A&M University—Corpus Christi,
6300 Ocean Drive, Unit 5869, Corpus Christi, TX 78412-5869, USA.

PCorresponding author. Email: allenaven@gmail.com

Abstract.

Satellite-tracked manatees routinely lose satellite tags or tag functionality, resulting in the loss of valuable

data on migration and habitat use patterns. Fortunately, some movement data from these animals remain salvageable
because manatees typically retain a peduncle belt containing an acoustic transmitter that can be detected with a
submersible hydrophone. We deployed an array of moored datalogging hydrophones at key locations in our study area
to detect manatee belt-embedded acoustic transmitters, a technique not typically used to track manatees. Our array was
successful in detecting five tagged manatees, and concurrently detected compatible acoustic tags of other estuarine fauna
(e.g. Bull Sharks) tagged by local researchers. Moored datalogging hydrophones, therefore, provided a method to mitigate
the loss of satellite tags from estuarine megafauna, and enhanced collaborative opportunities with researchers who tagged

other species using compatible equipment.
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Introduction

Satellite-linked telemetry is a powerful method to track move-
ments of mobile fauna (Tomkiewicz ef al. 2010). For manatees
and dugongs, satellite tracking systems have evolved during
the past 30 years (Marsh and Rathbun 1990; Reid et al. 1995;
Deutsch et al. 1998) and currently consist of three main com-
ponents: (1) the buoyant ‘tag’ unit, housing the electronics, bat-
teries and antenna; (2) a belt fitted around the animal’s peduncle
commonly containing an embedded acoustic transmitter; and
(3) a flexible nylon tether connecting the floating unit to the
peduncle belt that enables the unit to be towed behind the animal
along the water’s surface. This tracking system is somewhat
unique among aquatic animals in that the tag floats and is linked
to the animal with a tether rather than directly attached to the
animal with a collar or an implant. Although a floating tag pro-
vides better data reception and transmission, tether breakage is
commonplace in satellite telemetry studies of manatees and
other aquatic species, substantially shortening the duration of tag
deployments relative to potential (Reid ez al. 1995; Deutsch et al.
1998; Ajemian and Powers 2014). Although disadvantageous
from a data-collection perspective, tag release must occur to
ensure animal safety should the tag become snagged on or tangled
in an obstruction. Loss of telemetry functionality can also occur
due to other causes such as equipment malfunction, obscured
GPS reception, animal submersion, or water intrusion after a boat
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strike or alligator interaction (Deutsch et al. 1998; Weigle et al.
2001). These unpredictable but fairly common events can
limit tracking duration and result in data loss from telemetered
animals at great expense to researchers.

Despite loss of satellite telemetry functionality, manatees
with detached or non-functional satellite tags can be identified
by acoustic transmitters embedded in peduncle belts. These
acoustic transmitters typically are used for active tracking and
relocating animals with detached or non-functional satellite
tags. Researchers locate and follow a focal animal, typically
by boat, using a portable directional hydrophone with the
ultimate goal of replacing the non-functional satellite tag. These
efforts are not always successful, especially if the animal has
moved from its last known location. Hence, additional measures
are often needed to locate animals or recover data.

In this study, we tested the use of moored omnidirectional
datalogging hydrophones to detect belted manatees and poten-
tially mitigate data loss from detached or non-functional satel-
lite tags. The hydrophone array was designed to test: (1) the
efficacy of this method to detect residence or passage of
belted manatees within targeted travel corridors and known
habitat areas; and (2) the potential for concurrently detecting
other acoustically tagged estuarine fauna, thus supporting and
enhancing collaborative research efforts with other area
investigators.

www.publish.csiro.au/journals/mfr
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Fig. 1. Hydrophone deployment sites in Alabama and Florida, USA.

Materials and methods

We captured a total of eight manatees on the northern Gulf of
Mexico coast in Mobile Bay, Alabama, USA, in 2009, 2010 and
2012 using standard manatee open-water boat capture methods
and handling techniques (e.g. Weigle e al. 2001). Each manatee
was fitted with a Telonics GPS satellite tag (Telonics Inc., Mesa,
AZ, USA), tether and peduncle belt containing an embedded
Sonotronics CHP-87-L acoustic transmitter (Sonotronics Inc.,
Tucson, AZ, USA) having a manufacturer-stated ideal range of
3000 m and expected battery life of 18 months. Satellite tags
were set up to record GPS locations every 30 min to a horizontal
accuracy of less than 10 m. Animal locations were monitored
through ARGOS service and occasional visual observation
while the satellite tag remained attached and functional.

Lotek WHS2000 datalogging submersible acoustic receivers
(Lotek Wireless Inc., Newmarket, ON, Canada, hereafter
referred to as ‘hydrophones’) were deployed to monitor belted
manatees and other estuarine fauna with compatible acoustic
transmitters at 11 sites in coastal Alabama and Florida, USA
(Fig. 1). We chose sites based on: (1) known manatee use of the
area; and (2) location at aquatic bottlenecks such as river mouths
or passes (wWhere possible), ensuring reasonably close passage of
transient fauna to the hydrophone. Receivers were programmed
to sequentially monitor frequencies 70—83 kHz for the constan-
tly transmitting Sonotronics CHP transmitters used in manatee
belts, and 69 kHz for Lotek Rcode transmitters used by collabo-
rating researchers, which transmitted every 60s. We tested the
detection ranges at select sites by submerging a Sonotronics
CHP-87-L transmitter 1 m below the surface for 3 min at a series
of distances from 100 to 500 m away from the hydrophone. For
each test, the time of transmitter submersion was noted and was
later cross-referenced against hydrophone detection timestamps
to determine if the test transmitter was detected.

Detection data downloaded from the hydrophones were post-
processed in two different stages. Raw data were initially pro-
cessed with manufacturer-provided Sonotronics SURsoftDPC
software and then analysed using a custom script to exclude tag
detection records isolated in time by more than 60 min (modified

Table 1. Results of acoustic transmitter range tests at each hydrophone
deployment site

+, the transmitter was detected by the hydrophone; —, no detection

Location Distance from hydrophone (m):
100 200 300 400 500

Fowl River, AL + + + + +
Dog River, AL + + + — _
Battleship Park Pier, AL + + + — +
Bay Minette Creek, AL + + + + +
Intracoastal Waterway, AL + + + + +
Apalachicola River, FL — — + — _

from Grothues et al. 2005). The 60-min exclusion approach
removed detections of ambient environmental noises, boats,
depth finders or other noises that may mimic an acoustic
transmitter signal. Spurious detections, although common, are
not likely to mimic any particular transmitter code more than once
within a small time window (Grothues et al. 2005). Thus, we are
confident that the filtered hydrophone detection data represented
the presence of focal animals.

To assess hydrophone performance during periods when
manatees were satellite-tracked, we found all GPS-derived
animal locations within each hydrophone’s expected detection
radius (300 m) using GIS tools. We cross-referenced the time-
stamps of those locations to hydrophone detection data to
determine if animals near each hydrophone were detected by
the hydrophone.

Results and discussion

The detection range tests indicated that hydrophones reliably
detected acoustic transmitters out to 300 m and in some cases as
far as 500 m at all tested sites except Apalachicola River, FL
(Table 1). These detection ranges are consistent with tests by
other researchers using similar equipment in the region
(Drymon et al. 2014). The Apalachicola River hydrophone was
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Fig.2. Hydrophone detections of belted manatees by day of detection. Multiple detections in 1 day at the same
site are symbolised only once. Periods when each animal was satellite tagged are indicated.

situated in an area with high boat traffic, significant water
movement, variable bathymetry and submerged and floating
aquatic vegetation. These factors along with other site-specific
attributes such as salinity, tides, currents and sediment compo-
sition are known to mediate acoustic transmissions (Clements
et al. 2005; Grothues et al. 2005; Heupel et al. 2006; Mathies
et al. 2014) and likely accounted for the poorer detection range
at Appalachicola River compared with other sites. The most
effective hydrophone placement for detection of belted mana-
tees, therefore, may be in deeper or dredged areas used for travel
or rest rather than in shallow vegetated manatee foraging habi-
tats, which may include more attributes that attenuate acoustic
transmitter signals (Miksis-Olds and Miller 2006).

All eight tagged animals monitored in this study experienced
tether breakage resulting in premature loss of satellite tags.
Our hydrophone array detected the presence of five of those
eight animals at six hydrophone sites, both while the animals
retained satellite tags and after satellite tracking data became
unavailable due to tag loss (TMAO01, TMA004, TMAO0OS:
Fig. 2). These hydrophone detections (n=1903) provided
valuable information on movements of those focal animals that
otherwise would have been unavailable due to satellite tag
detachment. For example, hydrophone detections of TMA001
in 2011 enabled us to conclude that the animal had undertaken
a significant, regional-scale movement from Apalachicola FL
(where that animal’s satellite tag stopped functioning) to
Mobile Bay AL, where that animal resided for several months.
These results suggest that strategically placed ‘sentinel” acoustic
receivers could be effective tools to detect presence of focal
manatees at known aggregation sites or when traveling along
predictable routes, potentially allowing researchers to infer
timing of migrations. In addition to manatees, we also detected
35 acoustically tagged individuals of other estuarine species,
including Bull Sharks (Carcharhinus leucas) and Gulf Sturgeon
(Acipenser oxyrinchus desotoi), at eight hydrophone sites.
These data were shared with the appropriate collaborating
researchers.

In all, we found 96 instances when satellite-tracked mana-
tees” GPS-derived locations fell within the expected detection
radius (300 m) of a deployed hydrophone. Of those 96 locations,

50 were accompanied by one or more hydrophone detections of
that animal’s acoustic transmitter within 30 min before or after
the time of the GPS reading. Of the remaining 46 GPS-derived
manatee locations, 43 were completely undetected by the
hydrophone and three were detected but subsequently rejected
by the time filtering step in the data post-processing.
These rejections likely indicate that the animal passed through
the hydrophone’s detection area too briefly to be detected more
than once. Within 30 min of the GPS-derived location, success-
ful manatee detections occurred regardless of manatee location
within the 300-m radius (logistic regression, P =0.58).
Although this approach successfully detected manatee presence
more than 50% of the time, these data indicate that non-
detection is not necessarily evidence of absence of the animal
from the study area.

This study demonstrates the potential application of moored
datalogging hydrophones in a passive tracking role, an applica-
tion that researchers have not traditionally used to monitor the
West Indian manatee. Passive acoustic monitoring, implemen-
ted with carefully planned hydrophone arrays, can provide
records of animal presence to supplement and corroborate
high-resolution satellite tag data and may be particularly valu-
able when satellite tracking function is lost from these animals.
This approach also has the potential to contribute to other
researchers’ compatible acoustic monitoring arrays with little
additional effort, by concurrently detecting other acoustically
tagged fauna. This type of multi-platform, coordinated and
collaborative monitoring among fisheries and marine mammal
researchers in acoustic monitoring networks has potential to be
highly beneficial in minimising equipment and maintenance
costs while maximising data collection and expanding the
overall scale of tracking studies.

Acknowledgements

This work was performed under US Fish & Wildlife Service permit number
MA37808A-0 (Sea to Shore Alliance, Sarasota, FL) and was funded by the
Northern Gulf Institute (through the Gulf of Mexico Research Initiative) and
the Alabama Division of Wildlife & Freshwater Fisheries under traditional
Section Six of the US Fish & Wildlife Service. All procedures for working
with live animals were approved by the University of South Alabama



374 Marine and Freshwater Research

Institutional Animal Care and Use Committee (Protocol #581568). J. Powell
and M. Ross (Sea to Shore Alliance), and R. Wagoner and personnel
(Sea World of Orlando) enabled manatee capture and tagging efforts. The
authors thank M. Valentine, N. Taylor, E. Hieb and C. Miller, who provided
essential field help, and J. Reid, S. Butler and D. Slone (US Geological
Survey Sirenia Project), who provided assistance with manatee satellite
telemetry. Comments from Dr A. Rice and Dr M. Seaman greatly improved
the quality of this manuscript.

References

Ajemian, M. J., and Powers, S. P. (2014). Towed-float satellite telemetry
tracks large-scale movement and habitat connectivity of myliobatid
stingrays. Environmental Biology of Fishes 97, 1067-1081.
doi:10.1007/S10641-014-0296-X

Clements, S., Jepsen, D., Karnowski, M., and Schreck, C. B. (2005).
Optimization of an acoustic telemetry array for detecting transmitter-
implanted fish. North American Journal of Fisheries Management 25,
429-436. doi:10.1577/M03-224.1

Deutsch, C. J., Bonde, R. K., and Reid, J. P. (1998). Radio-tracking manatees
from land and space: tag design, implementation, and lessons learned
from long-term study. Marine Technology Society Journal 32, 18-29.

Drymon, J. M., Ajemian, M. J., and Powers, S. P. (2014). Distribution and
dynamic habitat use of young bull sharks Carcharhinus leucas in a
highly stratified northern Gulf of Mexico estuary. PLoS ONE 9, €97124.
doi:10.1371/JOURNAL.PONE.0097124

Grothues, T. M., Able, K. W., McDonnell, J., and Sisak, M. M. (2005). An
estuarine observatory for real-time telemetry of migrant macrofauna:
design, performance, and constraints. Limnology and Oceanography,
Methods 3, 275-289. doi:10.4319/LOM.2005.3.275

A. M. Aven et al.

Heupel, M. R., Semmens, J. M., and Hobday, A. J. (2006). Automated
acoustic tracking of aquatic animals: scales, design and deployment of
listening station arrays. Marine and Freshwater Research 57, 1-13.
doi:10.1071/MF05091

Marsh, H., and Rathbun, G. (1990). Development and application of
conventional and satellite radio tracking techniques for studying dugong
movements and habitat use. Australian Wildlife Research 17, 83—100.
doi:10.1071/WR9900083

Mathies, N. H., Ogburn, M. B., McFall, G., and Fangman, S. (2014).
Environmental interference factors affecting detection range in acoustic
telemetry studies using fixed receiver arrays. Marine Ecology Progress
Series 495, 27-38. doi:10.3354/MEPS10582

Miksis-Olds, J. L., and Miller, J. H. (2006). Transmission loss in manatee
habitats. The Journal of the Acoustical Society of America 120,
2320-2327. doi:10.1121/1.2258832

Reid, J. P., Bonde, R. K., and O’Shea, T. J. (1995). Reproduction and
mortality of radio-tagged and recognizable manatees on the
Atlantic coast of Florida. In ‘Population Biology of the Florida
Manatee’. (Eds T. J. O’Shea, B. B. Ackerman, and H. F. Percival.)
pp. 171-191. (US Department of the Interior, National Biological
Service: Washington, DC.)

Tomkiewicz, S. M., Fuller, M. R., Kie, J. G., and Bates, K. K. (2010). Global
positioning system and associated technologies in animal behaviour and
ecological research. Philosophical Transactions of the Royal Society of
London. Series B, Biological Sciences 365, 2163-2176. doi:10.1098/
RSTB.2010.0090

Weigle, B. L., Wright, 1., Ross, M., and Flamm, R. (2001). Movements of
radio-tagged manatees in Tampa Bay and along Florida’s west coast,
1991-1996. Florida Marine Research Institute, Technical Report TR-7,
St Petersburg, FL.

www.publish.csiro.au/journals/mfr


http://dx.doi.org/10.1007/S10641-014-0296-X
http://dx.doi.org/10.1577/M03-224.1
http://dx.doi.org/10.1371/JOURNAL.PONE.0097124
http://dx.doi.org/10.4319/LOM.2005.3.275
http://dx.doi.org/10.1071/MF05091
http://dx.doi.org/10.1071/WR9900083
http://dx.doi.org/10.3354/MEPS10582
http://dx.doi.org/10.1121/1.2258832
http://dx.doi.org/10.1098/RSTB.2010.0090
http://dx.doi.org/10.1098/RSTB.2010.0090

	Addition of Passive Acoustic Telemetry Mitigates Lost Data From Satellite-Tracked Manatees
	Addition of passive acoustic telemetry mitigates lost data from satellite-tracked manatees

