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Abstract:

Fishing sharks has been a sport for decades but in order to study them,
scientists had to come up with fishing methods where the sharks would survive the
study. This is a literature review of the different methods used around the world to
catch large sharks, tiger sharks (Galeocerdo cuvier) and white sharks (Carcharodon
carcharias). The biggest numbers of sharks caught was usualy in shark control
programs as the fishing effort to catch a large shark is quite important and is not an
exact science. A method can be effective in one area but not as much in another area.
Most of studies done of those large sharks did not include the catch rate at which the
individuals were caught.
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I ntroduction:

Sharks have been feared by Men for centuries for different reasons. Media
plays a big part in continuing to feed this fear but some scientists realised that those
animals play a very important part in the marine ecosystem (Figure 1) as they are
apex predators (Bonfil, 2005; Heithaus, 2001; Heithaus, 2002; Kitchell, 2002;
Wirsing, 2006). In order to understand them and their movements, some studies
involved catching the sharks. Different methods are used to catch large sharks like
tiger sharks (Galeocerdo cuvier) and white sharks (Carcharodon carcharias) around
the world .We will compare the fishing effort and the catch rates of the different
studies and compare them in order to determine the best method.

Biology of tiger shark

Systematics

Tiger sharks are recognisable by faded strips on the side of their body. They
have heterocercle tail. They are one of the largest and most abundant large sharks in
tropical waters (Simpfendorfer, 1992).
In Shark Bay, Western Australia, the sex ratio of juveniles is 1.8:1, bias towards
females. For mature adults, the ratio is 1:1 (Heithaus, 2001).

Movements

Tiger sharks are diurnal and not nocturnal like previously thought. They are caught in
higher numbers during daylight (Heithaus, 2001). In Western Austraia, their
movements are correlated with water temperature. Catch rates were higher when the
water temperature was above 19°C (Heithaus, 2001).



Food habits

They feed on a broad range of species(sea turtles, dugongs, sea snakes, sea birds,
jellyfishes, rays, marine mammals, crabs, teleosts and much more) (Heithaus, 2001;
Randall, 1992 ) Teleosts and sea snakes were predominantly found in stomach content
in Queensland, Australia and New-Caledonia( Heithaus, 2001; Simpfendorfer,1992)
asin Hawaii, it was sea birds (Heithaus, 2001). It seems that the size of prey increases
with size of the shark (Simfendorfer, 2001).

Age and Growth

In the same paper from Randall, it is stated that tiger sharks with precaudal length
over 200 cm were 5 years old as tiger sharks with a precaudal length of 300cm would
be about 15 years old.

They can reach a maximum size between 4.9 metres FL and 7.2 metres TL (Natanson,
1999; Sinpfendorfer, 1992) but usually large tiger sharks reported are about 5.5metres
TL (Simfendorfer, 2001).

Size at birth is between 61 cm and 120 cm (Fork Length) (Natason, 1999).
Reproduction

Size for reproduction is approximately 287cm TL for females and 290cm TL for
males (Simpfendorfer, 1992).

Biology of white shark

Systematics

Carcharodon carchariasis a pelagic apex predator (Weng, 2007).

White sharks have “counter current heat exchangers in the circulatory system”
(Klimley, 1996, chapter 10).

Movements

Their movement range is temperate, tropical and polar oceans (Weng, 2007).

White sharks have an anti-tropical distribution in temperate seas but make oceanic
migrations (Bruce, 2006).

Food habits

Adults feed on fishes and marine mammals (Weng, 2007).

Age and Growth

Can grow up to 6 metres TL (Bruce, 2006).

Reproduction
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Figure 1: Food web of higher trophic levels (Kitchell, 2002).

M ethods;

In 1981, Timothy C. Tricas et al looked at diel behaviour of Tiger sharks in Hawaii.
To catch the animals, they sat longlines baited with shark flesh at dusk and checked
the linesin the morning. When an individual was caught, it was brought on the side of
the boat and tagged with a transmitter on the first dorsal fin. A pole and an applicator
were used to apply the device on the animal (Tricas, 1981).

Colin Simpfendorfer did a study on tiger sharks caught on the shark control program
off Townsville. The data was collected from 1964 to 1986. The control program was
made of gill nets and drumlines. Each gill net was 62 m long and was made of 50 cm
mesh. They were anchored off rocky headlands of 6 beaches. There was no detail on
the drumlines and what they were made off (Simpfendorfer, 1992).

In the same year, a study was done on White sharks in South Australia. To attract the
large sharks “measured amounts of tuna and horse-meat by-product were mixed’
(Strong, 1992). They standardized the hours at which the attractants were put into the
water by using arobotized pump. When sharks came near the boat, about 1 kg of tuna
or horse-meat was baited on 6-10 metres tethers. The sharks were lured at avery close
distance of the boat to enable the crew to tag, sample and photograph the animal.
When possible, the baits were removed from the water without the sharks being able
to ingest it.

A study on space utilization and swimming depth of white sharks was run in 1999 by
Kenneth Goldman and Scot Anderson in central California. They decided that it
would be easier to make the sharks eat the transmitters than to attach it to them.



Pieces of elephant seal blubber (3-4 kg each) were attached around Vemco
transmitters and attached to an unbaited decoy which also had a video camera
attached to it to sex each individual. No attractants were used, to avoid a change in
behaviour after the tag was ingested and get more accurate data (Goldman, 1999).

One of the papers that gives the most detail on how to catch atiger shark was written
in 1999 by Holland et al. They were looking at the movements of Galeocerdo cuvier
in Hawaii. They used longlines with 12/0 hooks and the baits were tuna heads or some
other fish parts. Lines were set at dusk and checked in the morning, like Tricas study
in 1981. The area sampled was 11 km long. The lines were set approximately 3.5 km
away from the shore and lines would go from 17 to 75m deep. 40 m would separate
each line from the other. When a shark was caught, it was attached to the side of the
boat (same technique as Tricas in 1981). Two types of acoustic tags were used:
external and internal. First type of tags was attached to the dorsal of the sharks as the
second type was inserted chirurgically in the abdominal wall through a 12cm incision.
The internal tags were only put into sharks that had a TL of 2m or more. Before
inserting the internal tags, these were coated with bee and paraffin wax (7:3) to avoid
any immunological response or infection. Incisions were closed with a nylon thread
(Holland, 1999).

A single great white shark was caught with a halibut gill set net in California (Benz,
2000).

Heithaus in 2001, did a study on the biology of Galeocerdo cuvier in Western
Australia. They put drumlines in the water, each separated by 300m to 700 m. Each
drumline was equipped with a single hook (Mustad Shark Hook) that could be 12/0,
13/0 or 14/0. The hooks were at a depth ranging from 0.7m to 2m. As baits, they used
Australian salmon (Arripis truttaceus). Each hook had 2 kilos of baits onit.

Lines were checked every 2-4 hours and when a shark was caught, it would be put on
the side of the boat to be measured, sexed and tagged(Heithaus, 2001).

In 2002, a group of scientists wanted to look at the habitat use and foraging behaviour
of tiger sharks in a seagrass ecosystem (Shark Bay, Australia). They used the same
technique and the same bait as in Heithaus (2001). The largest sharks caught got an
internal transmitter put into they peritoneal cavity (10 cm incision). As in the study
done by Holland in 1999, the transmitters were also coated with a mix of bee and
paraffin wax (7:3). To close the incision, nylon thread was also used and 6 stiches
were done (Heithaus, 2002).

In order to look for copepods on white sharks, Benz et al in 2003, used a halibut gill
set net in 60m deep waters and 4.8 km away from the shore (Benz, 2003).

Young Carcharodon carcharias were the object of a study by Dewar in 2004. To
catch them, they used bottom set nets. The only tag inserted was an external tag at the
base of the fin using alarge plastic dart (Dewar, 2004)

A study on abundance and growth of tiger sharks in Shark Bay (Australia) used the
same method of capture as Heithaus (Heithaus, 2002). They used 10 drumlines with
mostly 13/0 mustard shark hook but also used 12/0 and 14/0.



They kept the same bait (Australian salmon) when possible but when it was not
available they used Baldchin gropper (Choerodon rubescens), Pink snapper (Pagrus
auratus), Sea mullet (Mugil cephalus) and Tailor (Pomatomus saltatrix).

This study was over a7 year period (Wirsing, 2006).

In a study on white sharks of Australia, Bruce was attracting the sharks with mince
fish and tuna oil around the boat near a pinniped colony. The sharks got tagged while
free swimming, the tags attached were archival tags. For satellite and acoustic
tracking, the sharks had to be caught. They used baited setlines. They also used other
methods for conventional tagging: Game-fishing, commercial bycatch... (Bruce,
2006).

Kevin Weng published a study, in 2007, on migration and habitat of great white
sharks. In order to tag the animals, they did not catch them, they used a 2m long pole
to insert the tags in the dorsal musculature. The tags used were pop-up tags. Thisis
one of the less invasive methods. No attractants were used. In order to make this
method work, they had to put themselves in predatory events. To determine the sex of
the individuals and have an approximate size, they used underwater cameras (Weng,
Boustany et al, 2007).

Weng published another paper in 2007, on juveniles Carcharodon carcharias. His
method changed as he is, in this study, getting the sharks from the bycatch of bottom
set gillnets. Pop-up tags were also used in this investigation (Weng, O’ sullivan et al,
2007).

Accidental bycatch of tiger sharks in Hawaii was used to study their reproductive
biology (Whitney, 2007).

Heithaus did another study in 2007 on long terms movements of Galeocerdo cuvier in
Australia using the same method as in 2002 (Heithaus, 2002).He tagged the animals
with position-only tags (SPOT4). The tag was attached on the first dorsal fins.
Position of the animal would be recorded as soon as the dorsal fin would surface. This
tag also alows getting travel speeds (Heithaus, 2007).

Results:

In the study done by T. Tricas, only one female tiger shark(4m) was caught (Tricas,
1981).

In a study down in Townsville between 1964 and 1986, 835 tiger sharks were caught
(512F and 313M) The nets had an annual catch rate that varied between 0.0025 to
0.0075 shark net-day !, asthe drumlines had an annual catch rate between 0.002 and
0.006 shark line-day 1. There was no significant differences in the catch rates of the
nets between the years (P=0.7418) as there was with the drumlines (P=0.0005)
(Simpfendorfer, 1992).

During the 4 expeditions (total of 152 days), 58 White sharks were caught but only 49
were sexed (24 M and 25 F). The daily catch rate is 0.3816 shark day ! (Strong,
1992).



4 white sharks were caught in the study done by Goldman: 3 males (4.9, 4.6 and 3.7
m) and one female (3.9 m) (Goldman, 1999).

Between September 1993 and May 1997, Holland caught 8 tiger sharks (6 males and
2 females, ranging from 2m and 4,17m) (Holland, 1999).

A single female white shark of 4.333m was caught in Benz's study (Benz, 2000).

In his study on the biology of tiger sharks in Shark Bay, Heithaus caught 252 sharks
but 29 were recaptures. So they caught 144 females and 83 males (n=227). They
found that hook size and bait type had an effect on the catch rates. 13/0 hooks caught
more sharks then 12/0 (x2=7.5, df=2, p<0.05) and lines with salmon heads (0.39
sharks hook 1) got a lot more sharks than lines with other parts of the salmon (0.22
sharks hook 1) (x2=18.2, df=2, p<0.001). This study also showed that more sharks
were caught during the day (0.06 sharks hour ~ 1) rather than at night (0.02 sharks
hour 1) (x2=12.1, df=2, p<0.001) (Heithaus, 2001).

Heithaus, for his study on foraging, caught 49 tiger sharks (27 females and 22 males).
They noticed that sharks that had a telemetry device attached to them spent a lot of
time at the surface (Heithaus, 2002).

Only one shark was caught in Benz’'s study with a halibut gill set net (4.33 m, female)
(Benz, 2003).

In the study on young white sharks, only one juvenile female was caught (1.4 m,
FL)(Dewar, 2004).

Since 1991, 492 sharks were caught in the study done by Wirsing in Australia, 449 of
which were Galeocerdo cuvier. They found that they caught more tiger sharks during
the hot months of the year and a lot less during cold months. Another finding was that
bait type did affect the catching of these large sharks. Their catch rates ranged from O
to 0.28 sharks h 1 for the 7 years this study lasted. In total, they caught 305 females
and 117 males (only 422 sharks could be sexed) (Wirsing, 2006).

Bruce, during his study, tagged 485 white sharks, al methods included. The most
important tagging occurred with the free-swimming method (n=399) but only 6
individuals got satellite tracking which means that only 6 sharks (4 females and 2
males) were caught on the baited lines (Bruce, 2006).

With his non-invasive method, Weng tagged 20 sharks in a 5 year period. 11 were
males, 5 were females and the 4 others could not be sexed (Weng, Boustany et al,
2007).

In his other study, Weng tagged 6 juveniles Carcharodon carcharias in a 2 year
period. It was 4 females and 2 males (Weng, O’ sullivan et al, 2007).

During Whitney’s study, 359 tiger sharks were caught as bycatch (185 females and
174 males) (Whitney, 2007).



In 2007, Heithaus tagged 5 sharks with satellite tags (4 females and 1 male)
(Heithaus, 2007)

females males

studyl 1 0
study2 1 3
study3 2 6
study 4 27 22
study5 1 0
study6 1 0
study 7 305 117
study8 4 2
study9 11 5
study

10 4 2
study

11 185 174
study

12 4 1
studyl3 1 0
studyl4 512 323
studyl5 144 83

Total 1203 738
Tablel: Sex ratio on sharkstagged in the different studies

We did an ANOVA to look at the difference in the catch between males and females
(Tablel) on the different studies and we got a P value of 0.500895.

Discussion:

We can see from the different studies that most sharks tagged were caught in
order to be tagged. Baits were usually used, either to get the sharks caught on a hook
or to come close to the boat. Different scientific have different approaches to the
tagging of large sharks either by fear or by not wanting to disturb too much the
animals. There are pro’s and con’s about not catching the animals: it is true that
catching the individuals on a hook or in a net looks much more traumatising than just
getting them to eat something(Goldman, 1999) or tagged while free-swimming(Bruce,
2006 and Weng, Boustany et al, 2007) but it has consequences on the data collected.
In order to sex the animals (which is significant in most study) a video camera was
put under water, but an important number of sharks could not be sexed in some
studies (Bruce, 2006 and Weng, Boustany et al, 2007).

Tagging large sharks while free-swimming implies an important number of sharks in
the area (usually feeding grounds) but it also rely on the factor that you can get the
shark close enough to your embarkation to allow the tagging.

Even within the free-swimming technique there are some variations. some use
attractants (Bruce, 2006 and Wirsing, 2006) and some do not (Weng, Boustany et al,
2007).

Catching the shark means that you can get more data out of it, skin and blood samples
can be collected, sexing the animal becomes a lot easier and a lot more accurate and
you can also measure the animal. So in one study, you can actually get more data.



There are also a lot of variations within that method: some actually used lines and
baits to specifically catch sharks (Tricas, 1981; Holland, 1999; Heithaus, 2002 and
Heithaus, 2007) and some used the bycatch from fisheries or shark control programs
(Benz, 2003; Dewar, 2004; Simpfendorfer, 1992; Weng, O’ sullivan et al, 2007 and
Whitney, 2007).

Usually when the sharks are caught within a shark control program, the animals die.
The lines or nets within a program are not allowing them to swim to ventilate their
gills and sharks die of asphyxiation.

The ANOVA we did on the sex ratio gave us a P value of 0.500895 which means that
there is no statistical significance in the sex ratio which is in agreement with the
findings of Heithausin 2001.

Not all studies calculated their catch rates and did not provide enough information for
usto doit.
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ABSTRACT

Fishing sharks has been a sport for decades but in order to study them, scientists had to come up
with fishing methods where the sharks would survive the study. This is a literature review of the
different methods used around the world to catch large sharks, tiger sharks (Galeocerdo cuvier) and
white sharks (Carcharodon carcharias). The biggest numbers of sharks caught was usually in shark
control programs as the fishing effort to catch a large shark is quite important and is not an exact
science. A method can be effective in one area but not as much in another area. Most of studies
done of those large sharks did not include the catch rate at which the individuals were caught.

Keywords: Galeocerdo cuvier, Carcharodon carcharias; fishing methods; bait; sex ratio





