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Abstract

Satellite-linked telemetry is a valuable method to 
identify small cetacean movement patterns and 
dive behavior. Data collection from satellite-linked 
tracking is less labor intensive than comparable 
radio tracking studies in which intensive field 
work is required post-tagging. However, there are 
few studies that have assessed the effects of satel-
lite-linked transmitter attachment and retention on 
the tagged individual. Dolphin X08, a 24-y-old, 
male bottlenose dolphin (Tursiops truncatus) cap-
tured and released along the northern Gulf coast 
of Florida during a health assessment project, was 
tagged with a SPLASH satellite-linked transmit-
ter (Wildlife Computers, Redmond, WA, USA) to 
remotely obtain data on movement patterns and 
dive behavior. In addition to the satellite-linked 
transmitter, a VHF radio transmitter was mounted 
to X08’s dorsal fin to provide short-term move-
ment pattern data and to allow for position acqui-
sition to observe X08 with the satellite-linked 
transmitter. X08’s satellite-linked tag transmitted 
location data for 54 days and dive duration data 
for 35 of those days. X08’s VHF tag transmitted 
for over 94 days and allowed for complete moni-
toring of the satellite-linked tag’s life. Dive dura-
tion data changed throughout the course of the 
satellite-linked tag transmissions. These dive data, 
along with follow-up observations, suggest that 
as the stability of the satellite-linked tag on the 
dorsal fin decreased, the number of longer dives 
increased, possibly to mitigate the amount of time 
that the satellite-linked tag came into contact with 
the water surface. This study was the first to iden-
tify movement patterns and dive durations of a 
bottlenose dolphin along the northern Gulf coast 
of Florida as well as to monitor satellite-linked tag 
condition throughout the transmission period.
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Introduction

Satellite-linked transmitters have been used on a 
variety of cetacean species to determine move-
ment patterns and dive behavior (Mate et al., 
1995; Read & Westgate, 1997; Watkins et al., 
1999; Bloch et al., 2003; Corkeron & Martin, 
2004; Baumgartner & Mate, 2005; Hobbs et al., 
2005; Wells et al., 2008, 2009). Still, little infor-
mation is available on impacts of tags on animals 
or the reasons for cessation of transmissions. Such 
information is crucial for interpreting the likely 
fates of animals after tagging when they cannot 
be observed directly. Mate et al. (1995) presented 
information on the condition of a bottlenose dol-
phin tagged with a satellite-linked transmitter 
after the tag had been shed; the animal showed 
no adverse effect. Read et al. (1997) evaluated the 
effects of ST-10 PTT (Telonics, Mesa, AZ, USA) 
flat panel, side-mounted satellite-linked trans-
mitters on two adult male bottlenose dolphins in 
Sarasota Bay, Florida; described how the attach-
ment pins failed; and documented tag loss appar-
ently without serious injury to the dolphins. 

In 2005, we had the opportunity to monitor a 
bottlenose dolphin tagged with a newer satellite-
linked transmitter through the duration of attach-
ment and to relate transmitted data to the condition 
of the tag and attachments. The SPLASH satellite-
linked tag (Wildlife Computers, Redmond, WA, 
USA) used in this study had a similar design to 
the ST-10 PTT described by Read et al. (1997) but 
was of a much smaller configuration (Figure 1). 

Materials and Methods

St. Joseph Bay, on the northern Gulf coast of 
Florida (Figure 2), has been affected by three 
unusual mortality events (UMEs) in recent years 
(Waring et al., 2009). To investigate the potential 
causes and impacts of these events, bottlenose dol-
phins in and around St. Joseph Bay were temporar-
ily captured and restrained for health assessments 
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in 2005 and 2006, using practices similar to those 
implemented by the Sarasota Dolphin Research 
Program (Wells et al., 2004). 

To define the population units impacted by 
the UMEs, VHF radio transmitters (MM130, 
Backmount Transmitter, Advanced Telemetry 
Systems, Inc., Isanti, MN, USA) were mounted 
to dorsal fins of individual bottlenose dolphins in 
a modified plastic casing with a one-hole attach-
ment known as a bullet tag (Trac Pac, Ft. Walton 
Beach, FL, USA). Battery life of the radio tag was 
estimated to be approximately 90 d. VHF radio tags 
allow for obtaining real-time locations via vessel, 
vehicle, and aerial tracking. However, this tech-
nique is labor intensive, allows for location only 
data, and is logistically difficult to perform for pro-
longed periods covering a broad geographic range. 
One 24-y-old male, Dolphin X08, received both 
a SPLASH satellite-linked transmitter and a VHF 
radio tag (Figure 1). The SPLASH satellite-linked 
transmitter provides location data for the user 
defined duty cycle (8 h/d) as well as dive duration 
data over the entire day for the duration of the tag’s 
life. All data are uploaded via satellite, reducing the 
need for intensive follow-up monitoring over an 
extended geographic range. 

The casing of the satellite-linked transmitter 
involved a three pin design that attached directly 
to the left side of the dorsal fin. Delrin pins of 

0.64-cm diameter and non-stainless steel lock 
nuts were used for attachment of both the satel-
lite-linked and radio transmitters. The pins on the 
opposite side of the dorsal fin from the satellite tag 
were secured by non-stainless steel lock nuts with 
the nylon locking ring scored with stainless steel 
3.0-cm diameter washers to facilitate shedding 
(Figure 1). The sides of the satellite tag and each 
washer that would be in contact with the fin were 
padded with 0.5-cm-thick closed cell foam to miti-
gate the possible effects of the tag and washers on 
the dorsal fin. The satellite-linked tag was attached 
to the upper third of the animal’s dorsal fin, while 
the VHF radio tag was attached to the lower third. 

Prior to tag attachment, the dorsal fin was 
cleaned with ethanol. At each attachment point, 
a local anesthetic (lidocaine 2% with epineph-
rine) was used prior to hole preparation. Holes 
were made through the dorsal fin using a cord-
less power drill with a sterilized 0.6-cm laboratory 
cork borer.

The SPLASH satellite-linked transmitter was 
set to a duty cycle of 8 h to conserve battery life 
(i.e., 8 h on, 16 h off). Using the identified duty 
cycle, battery life of the satellite tag was estimated 
to be up to 100 d. Location and dive duration data 
were obtained using Service Argos (Argos, 1996). 
Quality of location data was dependent on number 
of uplinks during a satellite pass, time between 
signals, position of the satellite tag on the animal, 
and stability of the transmitter oscillator (Westgate 
et al., 1999). Location data received from the sat-
ellite transmitter was divided into four categories: 
•	 Class	 3	 (greater	 than	 five	 uplinks	 received	 in	

one satellite pass; position accuracy about 
150 m)

•	 Class	 2	 (five	 uplinks	 received	 in	 one	 satellite	
pass; position accuracy about 350 m) 

•	 Class	1	 (four	uplinks	 received	 in	one	 satellite	
pass; position accuracy about 1 km) 

•	 Class	 0	 (less	 than	 four	 uplinks	 received	 in	
one satellite pass; position accuracy greater 
than 1 km)

Only Class 3 and 2 data were used to plot loca-
tions of X08 during the tracking period. 

Post-release, X08 was radio-tracked daily 
by vessel whenever possible; however, if poor 
weather conditions limited vessel tracking, loca-
tions were obtained via vehicle and/or plane. 
During each sighting of X08, latitude and longi-
tude were recorded, left and right dorsal fin photos 
were obtained, and behavioral states were noted.

Results

Location Data
X08’s satellite-linked tag transmitted for a total of 
54 d from 25 April to 17 June 2005, yielding 91 
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Figure 1. X08 with SPLASH satellite-linked transmitter 
and VHF radio tag
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Class 2 and 3 locations. X08’s radio tag transmit-
ted for a minimum of 94 d, at least until the last 
day of the study, 25 July. During this time period, 
45 sighting locations were obtained from vessel 
(n = 32), vehicle (n = 8), and aerial tracking (n = 5). 
After 25 July, the field season ended in the region, 
preventing complete monitoring of radio tag life 
from attachment to battery failure. Sighting his-
tories from the location data for both the satellite 
and radio tags are comparable to actual sighting 
records (Figure 3). X08’s range during the track-
ing period extended approximately 40 km along 
the northern Gulf coast of Florida with the major-
ity of locations near Panama City, Florida. 

Dive Duration Data
Dive duration data from the satellite tag were 
obtained for 35 nonconsecutive days over a 50-d 
period from 27 April to 15 June 2005. During this 
time, 20,928 dives were recorded with a mean 
number of 598 (± 36 SD) dives/d. The total number 
of dives/d was similar for all 35 d of dive duration 
data; however, the types of dive changed over the 
course of the dive duration data (Figure 4). The 
number of short- (30 to 60 s) and long-duration 
dives (90 to 120 s and > 120 s) remained constant 

for approximately 17 d. At day 18, the number 
of short-duration dives began to decrease and the 
number of long-duration dives began to increase. 
From day 24 until the last dive duration transmis-
sion, dive type stabilized with more long dives and 
fewer short dives than observed for the first 23 d. 

Tag Condition
X08’s satellite-linked tag remained in the same 
position as on the attachment date for approxi-
mately 23 to 28 d (Figure 5). On the 28th day post 
tag attachment, the leading pin was observed to 
be missing the nut and washer on the right side 
of the fin (Figure 6). Migration of the satellite tag 
out of the dorsal fin was observed from this day 
forward. After 35 d of attachment, the lead pin was 
observed pulling out of the dorsal fin (Figure 7). 
The position of the lead pin coupled with moder-
ate bio-growth on the tag created a large amount 
of drag on the dorsal fin. Because of poor weather 
and field logistics, we were unable to observe X08 
for the following 13 d. After 48 d of tag attach-
ment, severe migration of the satellite tag out of 
the dorsal fin and heavy bio-growth were observed 
(Figure 8). On day 54, satellite transmissions 
stopped, but the radio tag continued to function 
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Figure 2. St. Joseph Bay and surrounding Gulf waters, located along Florida’s northern Gulf coast
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Figure 3. 

 

 

Figure 3. Tracking locations of X08 from (a) satellite-linked and (b) radio transmitters
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allowing for additional observations. During the 
entirety of the follow-up radio tracking, obtaining 
photos of X08 was of moderate difficulty due to the 
animal’s behavior; the animal became extremely 
evasive once the severe tag migration period began 
at 48 d. On the 62nd day after tag attachment, X08 
was observed without the satellite-linked tag but 
still with a functional radio tag (Figure 9).

Discussion

Location, Dive Duration, and Tag Condition
The attachment of both a satellite-linked and 
a radio tag to an individual bottlenose dolphin 
(X08) allowed for both dive duration and move-
ment pattern data to be obtained and for follow-up 
monitoring to assess the condition and orientation 
of the satellite-linked tag on the animal.
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Figure 4. Dive duration data obtained from satellite-linked transmitter
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Figure 5. X08 with satellite transmitter showing no signs 
of migration—Day 15
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Figure 6. X08 with lead attachment pin missing nut and 
washer, right side—Day 28
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X08’s satellite-linked transmitter remained in the 
same position on the dorsal fin for approximately 
23 to 27 d. From day 23 to day 28 (the first time 
the broken attachment was observed), no sightings 
were obtained of X08 because of poor weather 
and logistical constraints. The dive duration data 
from this period of time suggest a change in the 
behavior of X08. Prior to day 24, the number of 
X08’s short dives gradually decreased while the 
number of long dives gradually increased (Figure 
4). From approximately day 23 until tag failure (at 

day 54), X08’s dive patterns stabilized with a rela-
tively high number of long dives and a relatively 
low number of short dives as compared with the 
first 23 d of observation. Although no sightings 
were obtained from day 24 to day 27, photographs 
from day 23 and day 28 along with the dive dura-
tion data provided insight into the change in X08’s 
behavior. The shearing of the lead pin observed 
first on day 28 suggests that the satellite-linked 
tag had lost stability on the dorsal fin. This loss 
of stability and subsequent increase in long dives 
might indicate that X08 was trying to minimize 
the time at which its dorsal fin and satellite tag 
were above or broke the water’s surface. Thus, 
from this time until when the satellite tag fell off, 
X08 might have changed its behavior from a high 
number of short dives with few long dives to a 
high number of long dives to mitigate the effects 
of the unstable satellite-linked tag interacting with 
the water’s surface. 

X08’s satellite-linked tag yielded 91 Class 
2 and 3 locations over 54 d. In addition, 20,928 
dives were recorded over the 35 d of dive dura-
tion data. X08’s radio tag transmitted for a mini-
mum of 94 d, with 45 sighting locations obtained 
over that time period. The expectation from plac-
ing both satellite-linked and radio tags on X08’s 
dorsal fin was that the satellite-linked tag’s battery 
life would exceed that of the radio tag. After radio 
tag failure, continuing movement patterns from 
satellite-linked telemetry could then be obtained. 
In this study, however, radio telemetry exceeded 
expectations, and the radio tag lasted longer than 
the satellite-linked tag. For the 54 d the satellite 
tag transmitted, though, it provided more detailed 
location data than was possible using solely a 
radio tag. In addition, the satellite-linked transmit-
ter provided detailed dive duration data as well as 
insight into satellite tag condition for the 35 d of 
dive duration transmissions. 

The three-point attachment design of the satel-
lite-linked transmitter did not function as expected. 
Nut corrosion was expected to be the primary 
factor in release of the satellite-linked tag, which 
would have resulted in only minor damage to the 
dorsal fin. However, in X08’s case, the delrin pin 
of the lead attachment broke first. With the lead 
attachment unstable, the orientation of the satel-
lite-linked tag’s antenna was altered, reducing the 
number of successful uplinks received, especially 
for longer messages such as dive data (Figure 
10). The amount of bio-growth on the satellite tag 
could also have played a factor in diminishing the 
quality of location data received. The failure of 
the lead pin also contributed to an increase in drag 
pressure exerted on the dorsal fin, resulting in 
increased migration by the other two attachment 
pins. 
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Figure 7. X08 with lead attachment pulling out of left side 
of fin and moderate bio-growth—Day 35
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Figure 8. 

 

 

 

 

 

Figure 8. X08’s dorsal fin, left side, showing severe 
migration and heavy bio-growth—Day 48
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Figure 9. 

 

 

 

 

 

 

 

Figure 9. X08 without satellite tag—Day 62
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Although X08’s satellite-linked tag was not 
shed as designed, these were the first data obtained 
on coastal bottlenose dolphin movement and dive 
duration patterns along the northern Gulf coast of 
Florida. The follow-up radio-tracking also iden-
tified potential reasons for satellite-linked tag 
failure and suggested causes for changes in dive 
duration over time and with changes in attachment 
condition. 

Summary
Before considering a cetacean satellite-linked or 
radio tagging project, there are many factors that 
need to be considered. Any type of tagging proj-
ect has inherent risks that can affect individuals, 
ranging in severity from short-term stress to death. 
The foremost question that needs to be addressed 
relates to whether the goals of the research proj-
ect supersede the negative effects incurred by tag 
attachment on a certain number of individuals of 
that species. Wilson & McMahon (2006) provide 
a detailed outline for assessing if research goals fit 
with a tracking project. 

The SPLASH satellite-linked transmitter used 
in this study has been successful in identifying 
movement patterns and dive durations of numer-
ous small cetacean species including bottlenose 
dolphins off Bermuda (Klatsky et al., 2007), 
Risso’s dolphins (Grampus griseus) in the Gulf 
of Mexico and Atlantic Ocean (Wells et al., 2009; 
R. Wells, pers. obs.), rough-toothed dolphins 
(Steno bredanensis) in the Atlantic Ocean (Wells 
et al., 2008; R. Wells, pers. obs.), and Franciscana 
dolphins (Pontoporia blainvillei) in the Atlantic 
coastal waters off Argentina (R. Wells, pers. obs.). 
While it has not been possible to directly observe 
any of these animals to determine if the tag attach-
ments remained stable until being jettisoned as 
designed, none of those individuals demonstrated 
the changing pattern of dives described here for 
X08.

Although X08’s satellite tag collected the first 
data on movement patterns and dive behavior for 
a bottlenose dolphin along Florida’s northern Gulf 
coast, the tag was not jettisoned as designed, which 
led to dorsal fin damage and also behavior changes 
in the dive patterns of the tagged individual. The 
results presented in this study suggest that more 
research is needed to determine the effects of mul-
tiple pin satellite-linked tag attachment designs 
on dorsal fins of small, coastal odontocetes, espe-
cially in areas where the tagged individuals might 
try to rub the tags on the sea floor. Reducing the 
size of satellite-linked transmitters to allow a sin-
gle-pin design similar to that of the bullet radio tag 
would be valuable for future studies on movement 
patterns of coastal cetaceans. 
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