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Abstract

During sport fishing for bottom-dwelling fish, non-targeted sharks 
occasionally take a bait, requiring hook removal from the shark 
before release. It is an occasional practice to rip hooks out of the 
shark’s mouth instead of bringing the shark to the surface and 
properly removing the hook. “Hook ripping” can severely injure the 
feeding apparatus of the shark, especially along the lower jaw and 
joint area. In severe cases, it may eliminate a shark’s ability to feed, 
leading to the death of the shark. At one site in South Africa, at least 
30% of the population of blacktip sharks, Carcharhinus lismbatus, 
were observed to have injuries to their mouths consistent with hook 
ripping, indicating that this practice is a considerable concern for 
the survival of resident sharks in this area. The severities of the 
wounds were evaluated from the perspective of remaining feeding 
capabilities, and suggestions made on how to reduce the damage 
of hook ripping.
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expansive phase it is quickly depressed while the buccopharyngeal 
cavity and branchial apparatus concurrently expand. Through 
this mechanism, the pressure of the buccopharyngeal chamber is 
decreased, which enables the prey or food in front of the shark’s snout 
to be siphoned into the chamber [8]. If the shark is no longer able to 
create the needed suction pressure, it must compensate by shifting to 
smaller food pieces. This diet shift leads to a set of problems for the 
newly impaired shark. 

Moreover, it is not just suction feeding that can be affected by 
injuries sustained through hook ripping. Gouging, the other major 
feeding mechanism that involves the cutting of flesh out of a food 
source that is larger than a shark’s bite volume, can also be negatively 
impacted. This form of feeding requires the MC’s teeth to first get a 
firm grip on the targeted prey before the upper teeth can start cutting 
through the flesh. Commonly, the lower teeth must be erected before 
being able to penetrate the prey’s surface [9]. This teeth positioning 
is facilitated through a flexible and elastic tooth attachment with the 
underlying connective tissue sheet, the dental ligament. By pulling 
the sheet, the teeth are erected accordingly. Hook ripping may impair 
or completely destroy this mechanism, thus the teeth positioning 
for holding the prey could then fail and make successful gouging 
impossible.

Jaw injuries among sharks due to fishing hooks are a common 
problem [10-13]. Over a duration of nine days in April 2018, 12 
blacktip sharks, Carcharhinus limbatus, were videotaped that carried 
such hook-related wounds in Protea Banks, South Africa. Protea 
Banks, an area that will be declared an MPA (Marine Protected 
Area) in August 2019 [14], is a dune reef lying about 8 km off the 
Kwazulu-Natal coast with a depth of about 25-60 m. Protea Banks 
is approximately 3 km long with a series of caves, gullies, and some 
small formations, and home to 9 elasmobranch species and over 40 
teleost species [15].

During each dive, six to nine sharks were present, of which 
three to four of them showed jaw injuries. Since the sharks with jaw 
injuries could easily be recognized, and so acted as marked sharks, 
the calculated size of the population ranged between 18 and 40 
individual sharks. The aim was to quantify the severity of the injuries 

Introduction
Recreational fishing restrictions on permitted species and bag 

limits vary among countries, but the well-being of non-targeted 
animals that are released in the process is generally not a primary 
concern of the governing agencies. This is also true for recreational 
bottom fishing and trolling along the South African coast [1-3]. 
Although teleosts are the target group during recreational fishing, the 
possibility of a shark taking the bait or lure cannot be avoided due to 
the use of non-selective fishing gear [3-5]. Since sharks are generally 
not sought after during sport fishing, and are not allowed to be sold, 
fishers sometimes try to rip the hook, further called “hook ripping,” 
out of the shark’s mouth once they realize what they have on their 
lines, instead of bringing the animal alongside the boat and removing 
the hook properly. Depending on leader material and strength, as 
well as the type of hook and its position in the shark’s mouth, hook 
ripping can injure the shark, especially along its lower jaws (Figure 
1). In addition to lower jaw damage, hook ripping can also affect jaw 
articulation and damage the supporting ligaments. Depending on the 
severity of the injuries, the injuries can temporarily and permanently 
impact the feeding mechanics of a shark.

The lower jaw of a shark, termed the mandible or Meckel’s Cartilage 
(MC), is an essential part of suction feeding [6,7], where during the 

Figure 1: The injured lower jaw of a blacktip shark caused by hook ripping.
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to the shark feeding mechanisms and estimate the fitness and survival 
consequences of those injuries. Additionally, the type of fishing gear 
that is commonly used in that area was also examined and changes in 
fishing procedures are proposed to eliminate, or at least reduce, the 
number of hook-wounded sharks in the future.

Besides the rather obvious impacts this type of fishing can 
have on the local blacktip shark population, the long term effect to 
the local fauna must also be considered. Although blacktip sharks 
around Protea Banks will soon receive more protection due to the 
establishment of the MPA, the problem will remain outside the MPA 
boundaries.

Materials and Methods
Observations of blacktip sharks

Throughout the observation period, all present sharks were 
estimated to be around 1.5 m long based on length comparison with 
close-by divers. Blacktip sharks can grow to about 2.5 m [16] but 
normally do not exceed 2.0 m [17-19]. 

Several descriptive wound criteria were recorded and grouped 
into three categories. First, all deformations of the MC were tallied 
that occurred due to a misalignment of the dual joint articulation [20], 
consisting of the medial and lateral quadratomandibular joint (QJM, 
QJL; Figure 2) or a possible broken jaw with intact articulation. Once 
an MC is mispositioned, a permanent gape with the upper jaw, the 
palatoquadrate (PQ), is formed (Figure 1). The injuries entailed either 
the entire MC or parts thereof (Figure 3a). In a fully functional joint 
area, PQ and MC do not leave any space at the articulation, which is 
further called the “joint.” The second category consisted of sharks that 
showed injuries to the MC but were still able to control water intake 
once the MC was lifted to close the natural gape which largely depends 
on the mandibulohyoid connective tissue sheath (MCTS) inside the 
MC (Figure 3b). Finally, it was noted how much of the MCTS was 
passively pulled back from the lower teeth due to the misaligned and/
or outward turned MC, and so how many rows of teeth were visible 
(Figure 3c). In a relaxed position, an uninjured blacktip shark only has 
its first row of lower teeth visible, all other rows remain covered by the 
MCTS. In this position, the mouth forms a natural gape to guarantee 
enough water flow over the gills during natural locomotion.

None of the injured sharks were captured and dissected to 
conclusively determine the severity of the actual wounds; hence, some 
of the discussed issues may remain speculative. Nevertheless, it was 
assumed that an injured MC may lead to decreased fitness and, in 
severe cases, starvation of the shark due to difficulty capturing and 
consuming prey.

Fishing practice and gear

Personal interviews were conducted to deduce and detail how 
sharks sustain injuries when caught during rod and reel sport fishing. 
Because sharks are not a sought-after group in the region, fishers 
commonly do not want to make the effort to reel them in and remove 
the hook properly when they catch sharks during sport fishing. The 
overall consensus among sport fishers is that reeling in a shark is 
too exhausting; thus, the alternative is to try ripping the hook out 
of the shark’s mouth once the fishers feel the pull. Fishers trawling 
for bottom fish around the study site commonly used size 4/0 or 5/0 
regular J-hooks with a 90º round bend single barb or triple hooks 
called Rapalas (Figure 3d).

Results and Discussion
Of the 12 injured sharks, all had injured joint areas and four still 

had hooks attached to their jaws (Figures 3c and 3d). Six sharks had 
injuries to their MCs, with some injuries so severe that they could no 
longer close the natural gape between MC and PQ. Some of the MCs 
were dislocated and rotated outward. This misplacement led to lower 
teeth exposure for five of the 12 videotaped sharks. Each of those 
sharks had at least two rows exposed (Figure 1, Figure 3a and Figure 
3c), either on one or both halves of the MC.

An injury to any element of the feeding apparatus of a shark 
affects its functionality and thus likely impairs suction and gouging, 
the two most prominent feeding mechanisms among sharks. Suction 
feeding could be impaired due to an inability to depress or lift the MC, 
which is largely responsible for initiating the needed suction pressure 
(Figure 3e). Gouging could be impaired if the MC’s teeth along an 
outward turned jaw are no longer properly erected, and therefore be 
unable to optimally puncture the prey.

Sharks’ teeth fall out regularly and are subsequently replaced 
[21-23]. As long as hook ripping does not affect supporting nerves, 
tooth replacement should remain functional. Since all teeth were 
still present without any discoloration among the injured blacktip 
sharks, this suggests that either the injuries were still fresh or that 
tooth replacement was still functional. In the weeks that followed, the 
initially videotaped blacktips became less frequent until none of them 
was seen anymore, therefore the functionality of those tooth rows 
could not be verified. Although newly injured sharks kept showing up 
after the end of the study period, a clear determination could not be 
made (R. Mauz, personal communication). Because similarly injured 
sharks have been described in other regions beyond South Africa [24], 
post-release mortality cannot be assumed [5] but remains a possibility 
due to the possible impairment of suction feeding or gouging (Figure 3e).

Damage inflicted to the feeding apparatus

The stability of the PQ and the MC is established through an array 
of ligaments and tendons with their associated muscles, as well as 
the hyomandibula and ceratohyale [20]. Blacktip sharks possess the 
typical hyostyle jaw mechanism of modern elasmobranchs with QJL 
and QLM forming a dual articulation (Figure 2). This joint orientation 
resists lateral movement [20]; therefore hook ripping with a force 

Figure 2: Medial view of the lower and upper jaw. IQML=Inner 
quadratomandibular ligament, MC=Meckel’s cartilage; PQ=Palatoquadrate, 
QJL=Lateral quadratomandibular joint, QJM=medial quadratomandibular 
joint.
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perpendicular to the ligaments’ support system of the joint could 
cause a dislocation [4], leaving a clear gap between the two jaws in the 
corner of the mouth (Figure 1). One of the main ligaments affected is 
the inner quadratomandibular ligament (IQML). Depending on the 
force with which a hook is pulled, other ligaments in addition to the 
IQML could get torn or ripped from their entheses as well [20]. Losing 
the stability of those ligaments could be the reason why the MCs of 
the more severe injuries looked as if they were rotated outward. This 
effect could be intensified by a still intact ventral coracomandibularis 
muscle [25]. 

The impacts of hook ripping may be partially mediated by the 
structure of the MC, which consists of two halves connected along 
the symphysis through connective tissue. The symphyseal tissue 
belongs to the palatoquadrate-mandibular connective tissue sheath 
that forms the primary teeth attachment along the upper and lower 
jaw. The symphyseal tissue may allow some torque and stretch while 
hook ripping occurs, and thus may have the ability to realign the two 
halves again to some extent once the pull on the hook ceases. 

If hook ripping occurs, chances are that the PQ, in addition to 
the MC, is pulled from its resting position, causing further damage. 
Although this may be the case on occasion, permanent injuries to 
the PQ may happen less frequently due to the fact that this jaw can 

naturally be protruded forward and outward during gouging, thus 
giving the PQ and its attachment to the brain capsule some additional 
flexibility. That no injuries to the PQs among the injured blacktips 
were observed is somewhat remarkable, considering how a shark 
tends to suck in food even if it is hanging on a suspended hook. Most 
likely, PQ injuries were not seen because the sport fishing boats in the 
areas were trolling, with baited hooks pulled behind the boats. This 
mode of fishing could reorient the point of a hook to the extent that 
MCs are then more likely to be punctured.

In a previous study, juvenile lemon sharks, Negaprion brevirostris, 
were exposed to experimental rod and reel activities in an effort to 
characterize subsequent injuries caused by hooks [26]. In that study, 
not only were the MCs damaged by the hooks, but also the basihyal 
cartilage that is closely connected to the MC. Although no such 
injuries were visible in this study, this type of injury may have been 
present in the observed blacktip sharks, though not verified through 
gross anatomy.

Despite the visual damage to the jaws and joint area of the observed 
blacktip sharks, there is also the possibility that some of the hooks were 
swallowed before ripping, as demonstrated in previous studies [27]. 
As such, a stomach- or “gut”-hooked shark may also have potential 
injuries to the oesophagus and liver due to gastric perforation [28]. 

Figure 3: Different forms of injuries to the lower jaw and joint. (a) dislocated lower jaw with permanent exposure of lower tooth rows, (b) MCTS 
(=Mandibulohyoid connective tissue sheath), (c) typical mouth corner position of a Rappala triple hook, (d) implanted J-hook, (e) food stuck between jaws 
due to reduced suction ability and (f) during each dive more than one shark showed injuries to its jaws.
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Such damage to inner organs could cause peritonitis, gastritis, and 
other problems [10,28]. These types of injuries would then increase 
the overall mortality rate of hook-ripped sharks. It has been estimated 
[5], albeit from long lining studies, that stomach-hooked sharks may 
have a mortality rate as high as 50%, but the general understanding of 
post-release survival of hooked sharks is that such mortality could be 
lower than this estimate [29]. 

Different trauma caused due to hook ripping 

Hooked sharks experience severe physiological and psychological 
trauma, even without hook ripping. A captured shark mostly thrashes 
around and launches quick bursts of speed to free itself [30]. The 
duration of these speed bursts is mostly no longer than a few seconds 
at one time, interrupted by either resting on the suspended line and 
being pulled along or, if the site is shallow enough [31-33], resting on 
the bottom should the hook belong to a stationary setup. Once on a 
hook, different forms of trauma are manifested, although some of the 
effects may not appear until after release [26,34,35]. Together with 
the purely anatomical injuries, these effects also add to the collective 
impacts of physiological stress [31,36,37]. Such stress can manifest 
itself through ionic, metabolic, or haematological changes [12,38,39] 
such as an increase in lactate, which is largely produced during speed 
bursts [40,41]. Related experimental capture and release data that 
included blacktips highlighted their particular sensitivity to such 
procedures [42,43].

Since the injured blacktips in this study had roughly the same 
length, the passive body weight resistance against hook ripping may 
have been constant among observed sharks. However, it cannot be 
concluded that all the sharks fought in the same way once on the line, 
thus leading to variable stress levels and severity of injuries.

Where to go from here?

During the nine-day observation period at Protea Banks, a 
calculated minimum of 30% of the blacktip sharks carried injuries to 
their feeding apparatus (Figure 3f), demonstrating that the practice 
of hook ripping is frequent enough to warrant addressing in order 
to identify what steps, legal and otherwise, locally and nationally, 
should be taken to avoid or at least reduce these types of injuries. 
Without changing fishing practice regulations to avoid accidental 
shark hooking, injured and dislocated jaws among sharks will remain 
a problem in Protea Banks, South Africa, and elsewhere. Although 
this project focused on blacktip sharks in a single area, concern about 
hook ripping is not limited to this species and efforts to curb the 
practice should be extended to all the other shark species detected in 
local fishing surveys [1,3,44].

Although the law does not specifically prohibit the practice of 
hook ripping in South Africa, a similar fishing technique specified 
as “jerking of a hook” is designated as against the law in the South 
Africa's Fishing Regulations and Fishing Permits guide. Thus, the 
prohibition of jerking of a hook could easily be extended when 
hooking undesired sharks.

However, even without changing the law, fishers could contribute 
to preventing such damage. The most forward way would be for 
conservationists to appeal to their ethos and pride to release the shark 
with the least damage possible. Since 2011, a verbal agreement exists 
for an 18.1 km2 area around Shelly Beach that specified no bait/reef 
fishing or chumming the water between August 1 and November 30 
[15]. Although this agreement has no legal binding, and just follows 
the local guidelines of the Shelly Beach Ski Boat Club [15], it shows 

that common ground exists between different interest groups. As 
part of such guidelines, proper shark removal from hooks could be 
outlined.

Due to the stronger pull of a shark compared to bottom-dwelling 
fish, it is easy to identify when a shark is on a line. In these cases, 
the shark should be brought to the surface, alongside the boat, to 
either remove the hook or at least cut the leader as close to the hook 
as possible. If a tail rope is used to secure the shark further, special 
attention should be given to skin burns due to potential thrashing 
[45] so as to not exacerbate the already ongoing physiological and 
psychological trauma. Furthermore, handling time should be kept 
to an absolute minimum since non-bottom dwelling sharks must 
keep moving to guarantee water flow over their gills. In fact, even 
short periods of forced standstill can negatively impact the likelihood 
of survival, not only because the already-mentioned effects could 
intensify, but also because damage to gills, for example, could occur 
once exposed to air [46].

Based on South Africa’s national action for the conservation 
and management of sharks, South Africa hosts an estimated 850,000 
shore and estuarine fishers, including jet ski fishers, and over 30,000 
recreational and close to 6,000 charter yearly boat launches along 
the Kwazulu-Natal coast [47,48]. These numbers indicate that the 
potential impact of non-regulated fishing procedures for sharks could 
be tremendous.

It may seem easy to adopt procedures to help release a shark 
as quickly as possible, with the goal of minimizing damage to the 
shark. However, angry fishers have been observed to stab sharks 
to death when having them alongside the boat (R. Mauz, personal 
communication), indicating that a simple gentleman’s agreement 
against hook ripping is unlikely to be successful along the South 
African coast. Furthermore, it has been estimated that fishers lose 
anywhere from 50% to 80% of their catch due to depredation [15], 
which makes these outbursts understandable. The decision to kill 
a shark seems even more likely should a fisher lose a highly prized 
yellowfin tuna (Thunnus albacares) to a shark, and then have a shark 
on the line soon after. However, such a negative attitude towards 
sharks may only represent a small proportion of fishers in the study 
area [49].

Appealing to the ethics held by a sport fisher may or may not 
be successful; thus, existing fishing gear must be legally altered to 
minimize the injuries to hooked sharks. First, when trolling for fish, 
fishers should reduce the hook size to reduce the likelihood of catching 
a shark [50]. In addition, hook swallowing could be minimized by 
replacing the commonly used J-hooks with circle-hooks [51-53]. 
These hooks are aligned perpendicularly to the hook’s shank, thus 
reducing the possibility of intestinal wounds [54-56]. In addition, all 
hooks should be non-plated for quicker dissolving. Fishers should also 
consider the actual position and orientation of the hook– pointing up 
or down– when being bitten into by the shark. Depending on a boat’s 
speed, the length of the line, and the size of bait attached, hooks may 
shift into a somewhat horizontal position when being pulled behind 
a boat, thus changing the angle of penetration into the jaws [57]. To 
what extent the actual boat speed adds to injuries is unknown and 
therefore needs to be investigated.

A bleak future for sharks

Shark populations around the world are declining [58,59] with 
estimates of 70 million [60] to 100 million animals [59] harvested 
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annually. Because sharks are the most abundant top and super 
predators over 50 kg on our planet, they are invaluable for the 
stability of marine ecosystems [61-64]. A further decline will lead 
to irreversible damage, not just to shark population densities and 
species compositions [65], but to the entire marine ecosystem, as 
well. Although both governmental and non-governmental agencies 
have taken a stand against commercial shark overfishing, regulations 
and laws are still too few and weak to stop this ecological time bomb; 
therefore, a more drastic approach must be taken. In addition to 
the above-mentioned changes in fishing gear, binding procedures 
must be outlined for how to bring caught sharks alongside the boat 
in order to retrieve a hook. Since it is not just blacktip sharks that 
would benefit from such changes to the existing law, species-specific 
guidelines should also be considered [66], including fishery-specific 
examinations of how individual shark species react to capture stress 
[43]. It would also be prudent to highlight differences regarding the 
sex and life stage of the sharks [39].

Together with all the changes and considerations proposed 
above, the value of sport fishing must be reconsidered, especially for 
areas outside of MPAs. Because such a large proportion of sharks 
are estimated to sustain injuries due to sport fishing, it should be 
examined if recreational catching of fish should even be tolerated and 
that would involve the inadvertent catching of sharks. Considering 
the monetary value of recreational fishing in South Africa [2,3,67,68], 
it seems unlikely that a ban on this type of fishing will be put forth. 
Thus, the establishment of more no-take marine sanctuary zones 
than those already in place should be considered. This would give 
individual sharks a slightly better chance of reaching adulthood and 
breeding, thus serving to stabilize the population

Unwanted by-catch is a rather complex issue [49,69,70], and 
even more so where commercial fishing is concerned. These practices 
often occur in international waters where legal aspects are not easily 
implemented. Nevertheless, regulatory limits, bans, and change of 
gear apply to all forms of fishing, independently of nationality, and 
should be put in place whenever and wherever possible. These changes 
to fishing regulations must be backed up with appropriately designed 
field experiments to guarantee the best adaptations to existing fishing 
laws [30,71], and then monitored through independent observer 
programs. In addition, management plans outside the boundaries of 
MPAs must be developed by ecologists and not fishery consultants, 
otherwise, the survival of some of those hard to protect shark 
populations will likely not happen [72,73].

Once sharks are gone from a region, socio-economic impacts 
likely follow

Because sharks depend on an intact feeding apparatus to catch 
prey, damage to this system will surely negatively impact the fitness 
of the shark. Considering that at least 30% of the resident blacktips 
around Protea Banks were observed to be injured, the effects on the 
local fauna could be devastating should none of these sharks survive, 
leaving holes within the food web in this area. Protea Banks, as well 
as other reef systems along South Africa’s coast, contain a seasonal 
mixture of different shark species, with the year-round blacktips, a 
pelagic species, being also the most mentioned species when it comes 
to depredations along that coast [74]. Although the situation along 
Protea Banks, because of its newly established MPA [14], should now 
improve for these sharks, other areas along the coast keep having this 
problem, all depending on the percentage of affected sharks, as well as 
the severity of their injuries.

Despite the size of Protea Banks, the calculated number of 
blacktip sharks was small. A decrease in shark population density, due 
to the die-off of some of the affected sharks, could have irreversible 
consequences, including small-scale extirpation. The calculated 
population size for Protea Banks ranged from 18 to 40 blacktip sharks, 
and the possible elimination of 12 injured sharks would have drastic 
effects on the health of the ecosystem. Even more so since, at least for 
Protea Banks, no other pelagic shark species have been encountered 
throughout the data collection, and even after, individuals of other 
species remained rare throughout the remainder of the year (daily 
dive log of R. Mauz accessed in January 2019). 

In addition to ecological impacts, local ecotourism-related 
activities, e.g., shark diving around Protea Banks, could feel a negative 
financial impact, too, should the shark species diversity be reduced 
[15,75]. Dive oriented ecotourism is big business in South Africa, and 
any degradation of the local dive sites could irreversibly affect this 
part of tourism. A reduction in dive tourism would not just affect 
those operators but also impact hospitality businesses that cater to 
this activity [76]. Despite declaring Protea Bank an MPA, fishing 
efforts outside this region will likely still impact this now protected 
area [77], thus any fishing practice, including hook ripping, should be 
prohibited within and beyond South Africa.

Conclusion
Fishers should be proud to remove and release undesired 

shark catches from their hooks unharmed, and so support shark 
conservation. Because overfishing of sharks is continually increasing 
and has reached alarming quantities, every contribution to saving the 
life even of one single shark needs to be pursued, and this approach 
should also apply to undesirable fishing practices such as hook 
ripping. If this practice cannot be eliminated, then governmental 
agencies must at least ensure that hook-related injuries to the feeding 
apparatus of sharks, as well as to the internal organs, are minimized.
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