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TOOL 5

 TAGGING AND TRACKING
DATA TYPE: 
Stock structure
Critical habitats

SHARK PLAN OBJECTIVES: 
2. Assess threats to sharks and rays, determine and protect critical habitats 
3. Identify and provide special attention, in particular to vulnerable or threatened 
shark and ray stocks
6. Contribute to protection of biodiversity and ecosystem structure and function

WHY WOULD YOU USE THIS TOOL?
Tagging and tracking provide valuable data on population size, stock structure 
and habitat use of sharks and rays. These are all important considerations in 
fisheries management, which aims to ensure fishing is sustainable. 

Understanding stock structure is essential. A species population is often divided into 
different groups of individuals in separate areas: tagging and tracking data can identify 
these stocks, determining the extent of individuals´ movement and whether mixing 
occurs. They also provide information on distribution, home range (where sharks and 
rays live and move on a regular basis), migration pathways and habitat use.

Sharks play an important role in the marine ecosystem, and understanding 
behaviours associated with their movement enables improved protection of 
the ecosystem. Data from tagging and tracking helps stakeholders understand 
and identify critical habitat use of threatened species for effective conservation 
planning. Habitat use can be determined by overlaying movement position data 
on habitat information. 

Tagging and tracking data can also be used to examine the movements of shark 
and ray stocks in relation to the spatial distribution of a fishery. This helps to 
assess the level of threat a fishery poses to the stocks, and to identify threatened 
stocks and take steps to protect them. 

FORMS OF TAGGING AND TRACKING
There are a variety of ways to study the number of sharks in an area and understand 
their movement patterns. Three of the main options are external tagging, acoustic 
tracking and satellite tracking. Each provides different types of data.

●   External tagging is used to determine how far an individual travels between 
the point of release and point of recapture. The data informs the scale of 
movement of a species, and is often used to estimate population size. 

●   Acoustic tracking is used to examine the movement patterns of individuals within 
a defined area. Passive acoustic tracking of sharks and rays can provide long-
term monitoring data on movement, residence and habitat use of individuals and 
populations. Acoustic receivers are deployed in the study area, then individuals are 
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Both types of tags have an antenna 
that sends a signal to an ARGOS 
satellite used to track animals. 
The data transmission is relayed 
to a ground station where it´s 
processed and sent to the researcher. 
However, using a satellite can be a 
considerable expense.

4ADVANTAGES:  
●   A single tag can provide data on 

long-range movements. 
●   PSAT tags store data and 

automatically upload summary data 
to a satellite. 

●   The tags don´t have to be physically 
recovered to obtain their data.

8LIMITATIONS:
●   Satellite tags are expensive, 

and satellite time produces an 
additional cost.

●   Data resolution is sometimes 
poor, so these tags are best 
used to define migration-type 
movements and are less effective 
for local studies.

TOOL 5

8LIMITATIONS:
●   The process is labour-intensive and 

may be costly based on personnel 
and vessel time. 

●   Collected data is for a single 
individual over a short time period. 

SATELLITE TRACKING 
Satellite tags are attached externally 
to the shark or ray. There are two 
main types:
●   Archival tags known as pop-off 

satellite-linked archival tags (PSAT 
or PAT tags)

●   Fin-mounted tags, known as 
smart position and temperature 
transmitting tags (SPOT tags)

PSAT tags are programmed 
to release from the animal at a 
predetermined date and float to 
the surface. Once they reach the 
surface, they transmit summary data 
to a satellite. If they´re physically 
recovered, their full raw data record 
can be downloaded. PSAT tags 
record light, depth and temperature 

data. Position data can be calculated 
based on recorded light levels, 
although this can have errors of 
60-80km. PSAT tags are mainly used 
to study large-scale movements and 
temperature and depth preferences.

Fin-mounted SPOT tags track 
movement by sending a signal to a 
satellite every time the fin/tag breaks 
the water surface. They measure 
depth and temperature data, but 
they don´t archive data. SPOT tags 
provide relatively accurate position 
data of <250m-5km. However, they 
don´t record or transmit data when 
sharks or rays are below the surface, 
and thus there can be gaps in the 
data depending on the behaviour of 
the animal. SPOT tags are attached 
via bolts through the fin which 
eventually corrode to allow the tag 
to fall off. This is a particularly good 
tracking system for species that 
regularly come to the surface and 
move large distances, such as tiger 
sharks (Galeocerdo cuvier).

level behaviour, and to estimate 
mortality in some cases.

8LIMITATIONS:
●   Acoustic receivers and 

transmitters are more expensive 
than external tags. 

●   Receivers need to be deployed 
and most need to be retrieved to 
obtain the data they store. 

●   No data is collected if an 
individual moves outside the 
range of the receivers.

ACTIVE ACOUSTIC 
TRACKING 
Active acoustic tracking uses the 
type of transmitters described 
above, but the ping rate is much 
faster to allow an individual to 
be followed. A boat-mounted 
receiver is used rather than a 
deployed receiver. The signal from 
the transmitter guides the boat 
to follow the movement path of 
the individual fitted with it. Active 
tracking can also obtain data on the 
depth and temperature an individual 
is swimming through. 

The labour-intensive nature of 
continuously following an individual 
through potentially changing 
weather conditions means most 
active tracking studies are short-
term and not used for monitoring. 
Because of this, transmitters are 
attached externally. This decreases 
the amount of time an individual is 
handled, reducing stress, and also 
means the transmitter can detach 
after a short period since it will no 
longer be needed. 

4ADVANTAGES:  
●   Less equipment is required than 

for passive acoustic tracking, 
reducing equipment cost.

●   Fine-scale data on exact locations 
of individuals can be obtained.

fitted with transmitters which the 
receivers record when the transmitter 
is within range. 

With active acoustic tracking, a 
receiver is carried on a boat. Here an 
individual is followed by the boat, 
which records data on its location to 
represent the movement pattern of 
the tracked individual. Active tracking 
provides detailed information about the 
movement of an individual, but time 
constraints typically mean the data is 
short-term (generally 24-36 hours).

●   Satellite tracking is used to study 
the long-range and broad-scale 
movements of sharks and rays. Some 
satellite tags report in real-time when 
the transmitter breaks the water 
surface, while others store data on 
temperature and light level which is 
only delivered when the tag releases 
from the animal at a pre-programmed 
time. Satellite tags collect data on 
movement over large distances, in 
contrast to the limited spatial coverage 
usually offered by acoustic tracking. 

HOW DO TAGGING AND 
TRACKING WORK?
EXTERNAL TAGGING
Identification tags are attached 
externally to the shark or ray. These 
have a visible number, contact number 
or name of institute, unique to the tag 
that can be used to identify an individual 
when it´s recaptured. By comparing 
the position and date of release to 
the position and date of recapture it´s 
possible to determine the distance the 
tagged animal has moved in that time. 
When an animal is recaptured, contact 
the number or institute and pass on the 
number, date, location. 

4ADVANTAGES: 
●   External identification tags are low 

cost and easy to apply.

8LIMITATIONS:
●   Only release and recapture 

information is obtained, no 
information is gained about what 
the animal did between tagging 
and recapture. 

●   Recapture rates are often low, 
limiting the data collected. 

ACOUSTIC TRACKING 
Acoustic transmitters, also referred to 
as acoustic tags, are usually surgically 
implanted into sharks and rays. Each 
transmitter emits a unique sequence 
of ultrasonic pulses or pings. These 
unique signals can be detected when 
a tagged shark or ray swims within 
range of an acoustic receiver stationed 
on the seafloor. The receiver records 
the identity code of the tagged 
individual and the date and time. This 
data is then used to determine where 
individuals move and how long they 
spend in particular areas. The range 
of receiver detection depends on the 
transmitter and habitat conditions. 

Acoustic transmitters can be equipped 
with additional sensors to transmit 
information on temperature, depth 
and acceleration, increasing the range 
of behaviours that can be studied. 

4ADVANTAGES:  
●   A large amount of data can be 

collected to define the movement 
patterns and habitat use of 
individuals within the study site. 

●   An individual can be tracked for up 
to 10 years, though transmission 
time depends on the battery life of 
the transmitter.

●   Numerous individuals can be 
tracked simultaneously to 
understand population-level 
movements.

●   Long-term data reveals the presence 
and residence of individuals 
within an area to identify habitat 
dependence, monitor population-

SAFE HANDLING OF SHARKS AND RAYS

●   Tagging a shark or ray often 
involves a team and requires 
practice, so plan in advance. 
Designate roles for who is going 
to catch, tag, release, collect 
biological data and record. 

●   Even small sharks can inflict 
injuries, so team members with 
experience in handling and 
tagging sharks should train others 
before a project begins. 

●   Minimize handling during the 
tagging process, don´t grip the 
shark across the gills, and keep the 
time that the shark or ray is out of 
the water to the minimum possible. 

●   Choose the right size tag for the 
shark, and take time to insert the 
tag properly. Wait until the animal 
settles before tagging it.

Tagging procedures vary, but there are some basic points to remember 
in all cases to ensure the safety of the animals:7 
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4  Apply a tag to the fin using a 
specially designed applicator (Fig 1). 
The tag has two pieces, male and 
female (Fig 2), which clip together 
through the hole in the fin. For sharks 
or shark-like rays less than 120cm TL 
(Fig 3) use a Dalton Rototag, and for 
individuals greater than 100-120cm TL 
use a slightly larger Superflex tag.

5  Record the tag number and any 
additional detail on the data sheet. 

B. DART TAGS 
1  Dart tags are primarily used on 

sharks and shark-like rays and applied 
at the base of the dorsal fin. Captured 
individuals can either be removed from 
the water (<120 cm TL) or restrained 
next to the boat (>120 cm TL).

2  Once an individual is secured or 
on board the vessel, measure and 
record its species identification, length 
and sex (see  

 Surveys).  

3  Insert the dart tag on the back 
of the shark at the base of the dorsal 
fin so that the barb of the tag catches 
on the fin support cartilage (dart tags 
inserted only into muscle tissue have 
low retention rates). Accessing dorsal 

METHOD: EXTERNAL 
TAGGING
Two types of external tags are used 
on sharks and shark-like rays – fin 
tags and dart tags. For ray species, 
cinch tags are commonly used. 
Each tag has a unique identifier 
number along with contact details 
for whoever tagged the animal. 
When an externally tagged animal is 
recaptured, this person or institution 
can be contacted and provided with 
the tag number and location of the 
recapture.

A. FIN TAGS
1  Sharks or shark-like rays (e.g. 

wedgefish, sawfish) can be fitted with 
fin tags. Captured individuals can 
either be removed from the water 
(<120 cm TL) or restrained next to the 
boat (>120 cm TL). 

2  Once an individual is secured or 
on board the vessel, measure and 
record its species identification, length 
and sex (see  

 Surveys). 

3  When the animal is calm, 
punch a hole through the upper 
half of the dorsal fin using a leather 
hole punch tool.

fin rays can be tough and dart tags 
are used on sharks up to 200 cm TL. 
Above this size, fin tags are typically 
more effective. 

4  Record the tag number and any 
additional detail on the data sheet. 

C. CINCH TAGS 
1  Cinch tags are primarily used 

on rays and applied through the 

spiracle. Rays are either removed 

from the water with a dip net 

(<70 cm DW) or restrained next to 

the boat (>70 cm DW). Be aware 

of stingray spines when handling 

individuals and take precautions to 

prevent injury (e.g. a towel can be 

gripped over the spine).

2  Once an individual is secured or on 

board the vessel, measure and record 

its species identification, length or disc 

width, and sex (see  

 Surveys).  

3  Insert cinch tag in one side of 

the spiracle and out the other, then 

close it so it forms a loop (Figs 7). 

Cinch tags are applied using hollow 

needle applicators similar to those 

used for dart tags.

4  Record the tag number and any 

additional detail on the data sheet. 

TAG DATASHEETS

Fig 1: Tag applicator for fin tags. 
(Source: Michelle Heupel)

Fig 3: Rototag in place on a shark fin. 
(Source: Michelle Heupel)

Fig 2: Rototag male (top) and female 
(bottom) sections. (Source: Michelle 
Heupel)

Fig 4: Plastic-headed dart tag 
(approximately 10cm long) and hollow 
tagging needle. (Source: Michelle 
Heupel)

Fig 5: Dart tag in place on 
an Atlantic sharpnose shark 
(Rhizoprionodon terraenovae). 
(Source: Michelle Heupel)

Fig 6: Dart tag with needle on 
tagging mount and downward-facing 
tag points. (Source: Cooperative 
Shark Tagging Program NOAA NFMS 
(NOAA 2017))

DART TAG HEADS

Dart tags can have two types of head: plastic or stainless steel. Dart tags 

with plastic heads are inserted using a hollow stainless steel needle that 

penetrates the skin and muscle (Fig 4). The tag remains in place when the 

needle is removed (Fig 5). If the skin is difficult to pierce with the tagging 

needle, a small incision can be made with a blade to allow tag insertion.

Stainless steel dart tags can be deployed in the muscle and don´t 

necessarily need to be anchored in the dorsal fin cartilage. A stainless 

steel dart head fits into a slotted point in a stainless steel needle. These 

can be mounted on a pole, hand spear or spear gun. The tag is inserted 

at an angle towards the head of the shark with a strong, quick thrust.8 

The two rear points of the dart head should face downwards into the 

muscle on insertion (Fig 6). This method is used when either the animals 

are too large to handle or when it´s preferable to not bring the animal 

onto the boat. 

Figs 7: Rays with cinch tags. (Source: 
Michelle Heupel)

Date USI Tag type Species Sex Length (cm) Lat/long Depth (m) Method capture Name

02102018 AB-02102018-1 Fin C. leucas M 120 153.32-27.29 15 Line C. Rigby

●   Unique tag number(s)
●   Type of tag(s)
●   Species
●   Sex
●   Length

●   Date of tagging
●   Location of capture (place name, 

latitude and longitude)
●   Depth of capture 
●   Method of capture

●   Name and contact details for the 
person or institution that tagged 
the animal(s)

Careful record-keeping is essential. The following information should be recorded for all tagged animals:
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The data from acoustic receivers 
must be downloaded regularly. 
Some require physical recovery, while 
others can download data through a 
modem or satellite uplink – the latter 
options are more expensive than 
manual recovery. 

and its position is regularly recorded. 
This is, however, labour-intensive – 
only one tagged animal at a time can 
be followed, and the presence of the 
vessel may influence how the individual 
moves. Often, data-logging acoustic 
receivers are placed within a study site 

to allow passive tracking of shark and 
ray movements (Fig 9). Deployment 
patterns depend on the research 
question to be tested, ranging from 
grids covering an entire area to gates 
that monitor passage through a 
specific place.9

incision and push it in the direction of 
the head until it´s completely within 
the body cavity. To alleviate internal 
damage and decrease transmitter 
rejection, the transmitter can be 
coated with a combination of paraffin 
and beeswax. Close the incision with 
surgical sutures fitted with cutting 
needles. Use new, sterile sutures for 
each individual. 

7  After surgery is complete the 
individual can be recovered in the 
water bath aerated with oxygen (if 
required). If secured next to the boat, 
the animal can be rolled over to allow 
it to recover.

8  Sharks and rays fitted with 
acoustic transmitters are usually also 
tagged externally with dart or fin tags 
to assist in identification. 

ACOUSTIC RECEIVERS
Sharks and rays can be actively followed 
in a boat after tagging. A hydrophone 
and receiver are used to locate the 
signal from the acoustic transmitter, 

to taking the tags in the field. The fin or 
dart tag is then attached to the dorsal 
fin of the shark or spiracle of the ray 
using the procedures described above.

4  For internal transmitters, sharks 
often enter a state of tonic immobility 
when rolled onto their back, and this 
can be used to immobilize them for 
handling and surgical procedures. Roll 
the shark or ray upside down, in a 
tank or tub of water if on board the 
vessel. Ensure its gills are submerged, 
or use a hose to maintain flow of 
seawater over the gill. 

5  There are a range of different 
types and sizes of acoustic transmitters 
(Fig 8). Select the correct size of 
transmitter relative to the size of the 
study species.

6  Internal implantation requires 
training on wound suturing prior 
to field work. To insert the acoustic 
transmitter, make an incision of 3-4cm 
in length in the abdomen with a sterile 
scalpel. Place the transmitter into the 

METHOD: ACOUSTIC 
TRACKING
Most acoustic transmitters are surgically 
implanted internally in sharks and rays, 
especially for longer term tracking 
studies. External acoustic transmitters 
can still be used, but there´s a risk 
they´ll fall off or be damaged. Also, 
external transmitters can become 
fouled and cause tissue damage.

1  Sharks or rays can either be 
removed from the water (<120 cm TL 
or 70 cm DW) or restrained next to the 
boat (>120 cm TL or 70 cm DW).

2  Once an individual is secured or on 
board the vessel, measure and record 
its species identification, length or disc 
width, and sex (see  

 Surveys). Record 
the printed identification number of the 
acoustic transmitter prior to insertion or 
attachment.

3  External acoustic transmitters can 
be glued to external fin tags using 
epoxy gel or secured to dart tags. This 
should be done in the laboratory, prior 

Fig 9: Acoustic receiver. (Source: 
Innova Sea Systems Inc)

Fig 8: Acoustic transmitters come in various sizes and configurations. 
(Source: Innova Sea Systems Inc)

programmed release time and 
date, external tag number and the 
other tagging information.

4  Follow the instructions for 
fitting an external dart tag, above.

TAGGING POLES  
OR SPEAR GUNS
If the animals are too large to 
handle or there´s another reason 
why it´s preferable not to bring 
them to the boat, PSAT tags can 
be attached using a tagging pole 
or a spear gun (Figs 12 & 13).10

A. PSAT TAG
The most commonly used satellite 
tag – and the easiest to apply – is 
the PSAT or PAT tag (Figs 10 & 11). 
These tags are usually fitted with a 
dart and are attached near the first 
dorsal fin, as with external dart tags 
(see external tagging, above). PSAT 
tags can be tethered to one or two 
nylon-coated stainless steel leaders 
that are crimped to a heavy swivel 
and attached to a stainless steel 
dart head. Plastic-headed darts are 
also used in this same way by some 
research teams. For manta and devil 
rays (mobula species) PSAT tags can 

be attached into the dorsal shoulder 
muscle using a nylon umbrella dart or 
nylon anchors using tagging poles. 

1  Sharks or rays can either be 
removed from the water (<120 cm TL 
or 70 cm DW) or restrained next to the 
boat (>120 cm TL or 70 cm DW). 

2  Once an individual is secured or 
on board the vessel, measure and 
record its species identification, length 
or disc width, and sex.

3  Prior to attachment, record 
the PSAT model, tag number, 

Fig 10: Pop-off satellite tags 
including dart tags. (Source: 
Michelle Heupel)

Fig 11: Pop-off satellite tags with 
dart tags and needle attachment for 
pole. (Source: Juerg Brunnschweiler)

Fig 13: Pop-off satellite tags including 
dart tag mounted on a tagging pole. 
(Source: Juerg Brunnschweiler)

Fig 12: Attaching PSAT tag with pole. 
(Source: Juerg Brunnschweiler)

SATELLITE TAGGING

With thanks to   
  VEMCO for supplying these images

http://VEMCO.COM
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COST – VARIES
The cost of tagging equipment varies 
enormously from low-cost dart and 
fin tags to expensive PSAT and SPOT 
tags. The cost of vessel time and fishing 
equipment to capture sharks and rays 
needs to be considered, as do labour 
costs since tagging and tracking is  
usually done with a team.

Guideline costs for different tags and 
equipment are included below, but 
bear in mind that these are estimates 
only, and actual costs will vary 
considerably by country and company.

EXTERNAL TAGS
●   Fin tags – Dalton Rototag or  

Superflex – AU$5 
• Leather hole punch – AU$15 
• Tag applicator – AU$0

●   Dart tags 
• Hallprint – AU$1+  
• Tag applicator – AU$30

●   Hollow stainless steel – AU$30

ACOUSTIC TAGS
●   Scalpel handle and 100 blades – 

AU$30
●   Sutures with cutting needles –  

AU$25/suture
●   Acoustic transmitter – AU$ 350-500
●   Acoustic receiver – AU$ 2,000-3,000+

SATELLITE TAGS
●   PSAT tags – AU$4,000+
●   Fin-mounted SPOT tags –  

AU$2,000-4,000+
●   Both PSAT and SPOT tags also 

require satellite time: the cost 
varies depending on the number of 
tags deployed and the amount of 
data transmitted.

●   External tags and tagging equipment
●   Acoustic receivers deployed on the 

seafloor

SATELLITE TRACKING
●   PSAT tags or fin mounted SPOT tags
●   External tags and tagging equipment 
●   Drill or hole punch for fin mounted 

satellite tags
●   Bolts, washers and nuts for the fin 

mounted satellite tags

FOR ALL TAGGING 
ACTIVITIES
●   GPS to record capture location
●   Measuring board/tape
●   Waterproof data sheets and clipboard
●   Camera with batteries, charger, memory 

cards or mobile phone for photos

TECHNICAL LEVEL – 
SKILLED 
Training is required for all aspects of 
tagging procedures, including the 
methods of shark and ray capture 
and handling to reduce stress to 
individuals and for human safety, 
and application of each of the tag 
types. Training should include time in 
the field and hands-on practice with 
people who already have experience 
of the method(s) employed. Internal 
implantation of acoustic transmitters 
requires training and practice in 
surgical procedures such as suturing.

ANIMAL ETHICS
Animal ethics permits from scientific 
institutions are often required for 
the handling of live sharks and rays. 
These ensure that standard operating 
procedures are followed, reducing 
adverse effects to the animals. 

B. FIN-MOUNTED  
SPOT TAGS
These are more difficult and time-
consuming to attach because they 
require the tag to be fixed with bolts, 
washers and nuts to go through the 
fin. Holes must be punched or drilled 
into the fin to line up with the bolt 
holes in the fin-mounted tag. 

1  Sharks and shark-like rays can 
either be removed from the water 
(<120 cm TL) or restrained next to the 
boat (>120 cm TL). 

2  Once an individual is secured or on 
board the vessel, measure and record its 
species identification, length and sex.

3  Punch holes through the dorsal 
fin of the shark using a leather hole 
punch or cordless drill. 

4  Attach the fin-mounted satellite 
tag with the bolts and secure with 
washers and locknuts (Fig 14).

5  Record the tag number and the 
other tagging information. 

EQUIPMENT 
CHECKLISTS 
EXTERNAL TAGGING
●   Rototag and Superflex tags 

• Leather hole punch  
• Tag applicator tool 

●   Dart tags 
• Hollow stainless steel needle

ACTIVE ACOUSTIC 
TRACKING
●   Acoustic transmitter tags mounted 

to an external tag
●   External tags and tagging equipment
●   Boat-mounted acoustic receiver
●   GPS
●   Data sheets for position recording

PASSIVE ACOUSTIC 
TRACKING
●   Acoustic transmitters
●   Surgical tools (scalpel blade, forceps, 

needle holders, sterile sutures)

Fig 14: Fin-mounted SPOT tag attached to the dorsal fin of a tiger shark 
(Galecerdo cuvier). (Source:  

  www.himb.hawaii.edu/ReefPredator/Tools.htm.)


