Are depredation rates by reef sharks influenced by fisher
behaviour?

Magen Schifiliti, Dianne L McLean, Tim Langlois, Matt Birt, Peter Barnes, Ryan Kempster

Shark depredation (damage to gear and loss of bait or hooked fish by a non-target species)
is a common global occurrence. Depredation events by sharks can have negative impacts
for the fishers, fishery targeted species and the sharks. It is, therefore important to better
understand if learning behaviour of sharks can influence rates of depredation. Recreational
fishers within the World Heritage Ningaloo Reef have reported increased rates of
depredation by sharks over the last 5 years. This study aimed to determine if sharks are
capable of learning to associate intensive recreational fishing activities with a food reward.
We also aimed to test if sharks in areas frequently fished were more habituated to
recreational fishing activities than those sharks within a no-take marine sanctuary. To
simulate fishing activities baited underwater video systems were deployed in the morning
(A.M.), midday, and afternoon (P.M.) for six consecutive days in Fished and Unfished sites.
A significant decrease in time of arrival and time to first feed of sharks was seen across
days at the Fished sites. The Unfished sites had very low numbers of sharks observed
(n=3) and therefore was not statistically analysed. The relative abundance of sharks did
not significantly increase across days, however there was a negative correlation between
lemon sharks (Negaprion sp.) and whalers (Carcharhinus sp.). Our study suggests sharks
are capable of being classically conditioned to recreational fishing activities and
depredation rates are influenced by fisher behaviour. We have highlighted possible
mitigation strategies designed to un-condition sharks to recreational fishing, including
modifying fishing practices, use of deterrents based on the sensitivity of shark senses and
management strategies. The best approach is likely to be enabling fishers to become more
knowledgeable of how and why shark depredation events happen and take appropriate
steps to avoid them.
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Depredation in commercial and recreational fisheries is a common problem worldwide for which
the outcomes can have negative effects on the fishing industry as well as depredating species
(MacNeil, Carlson & Beerkircher 2009; Tetley, Kiszka & Hoyt, 2012). In this study, we refer to
depredation by sharks where they damage fishing gear and/or cause the loss of bait or a hooked
fish during fishing activities. While the negative effect of this behaviour is obvious for fishers
(loss of catch/bait/gear), the implications extend much further as the additional fishing effort
exhibited by fishers to negate their loss results in a greater impact on target fish stocks.
Depredation behaviour has been demonstrated in longline fishing activities by bottlenose
dolphins, Tursiops truncates (Hernandez-Milian et al., 2008), false killer whales, Pseudorca

crassidens and killer whales, Orcinus orca (Tetley et al., 2012) and by blue sharks, Prionace

glauca (MacNeil, et al., 2009).

In order to minimise or avoid depredation events, it is first essential to understand how sharks are
attracted to fishing activities. Among their many senses, sharks possess specialized electrosensory
and mechanosensory receptors that have been shown to assist in the location of prey (Boord &
Campbell, 1977; Theiss, Collin & Hart, 2012). However, these senses are only capable of
detecting prey within close proximity of the head (on the order of centimetres). For the detection
of prey at greater distances, sharks will likely rely more heavily on their auditory and
chemosensory abilities, which are capable of detecting signals > 100 m away (Bres, 1993; Thesis

etal., 2012).

Previous research on Chondrichthian species in the wild has been largely focused on their

learning behaviours in response to ecotourism (Kiefer & Colgan, 1992). Southern stingrays

(Dasyatis americana) in the Caribbean learned to associate tourist-feeding sites with a food

Peer] PrePrints | http://dx.doi.org/10.7287/peerj.preprints.708v1 | CC-BY 4.0 Open Access | rec: 17 Dec 2014, publ: 17 Dec 2014




31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

reward and have exhibited higher site fidelity to these areas and desensitization to humans
(Guttridge et al., 2009a). Desensitization through human encounters is also a cause for concern
for white shark (Carcharodon carcharias) cage-diving operations (Bruce & Bradford, 2013). As
white sharks are drawn to boats by the repeated use of chum (a liquefied mixture of fish), they are
thought to associate ecotourism cage-diving events with a food reward (Johnson & Kock, 2006).
This form of classical conditioning (Schmajuk, 2010) has been shown to decrease the time of
arrival of white sharks to the bait and chum lines over time (Johnson & Kock, 2006; Guttridge et
al., 2009a; Clual et al., 2010; Bruce & Bradford, 2013). The regular provision of food associated
with human activity can also lead to increases in the local abundances of white sharks (Bruce &
Bradford, 2013). Such behavioural changes have also been demonstrated in laboratory settings
with Port Jackson sharks (Heterodontus portjacksoni) arriving faster to a food reward and a
significant increase in abundance around the food reward after a conditioned stimulus was
activated (Guttridge & Brown 2014). These sharks demonstrated a capacity to learn in the
laboratory relatively quickly and retained the learned associations (Guttridge & Brown, 2014).
Similar findings have also been reported for bamboo sharks (Chiloscyllium griseum; Schluessel
& Bleckmann 2012). While it has been shown that certain species of sharks can modify their
behaviour to obtain a food reward (e.g. white sharks Johnson & Kock, 2006; bamboo sharks
Schluessel & Bleckmann, 2012; and Port Jackson sharks Guttridge & Brown, 2014) the
implications of this for depredation events associated with recreational fishing activities is

currently unknown.

At Ningaloo Reef in Western Australia, reports of depredation events have increased in recent
years (Barnes, P., 2014 as pers. comm.) prompting questions as to whether there has been an
increase in shark numbers or if sharks are learning to associate recreational fishing behaviour

with a food reward. The Ningaloo Reef sits on the continental shelf only kilometres from shore
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and is known as one of the premier recreational and game fishing destinations in Western
Australia (Exmouth Visitors Centre, 2014). Recreational fishing activity peaks between April and
October (Beckley et al. 2010) and is very popular from small boats — particularly at the northern
end of the reef (Smallwood & Beckley, 2012). Shark species commonly encountered on the reef
include; tiger sharks (Galeocerdo cuvier), silvertip (Carcharhinus albimarginatus) and blacktip

(Carcharhinus limbatus) reef sharks, grey nurse (Carcharias taurus), pigeye (Carcharhinus).

Marine natural resource and park managers are responsible for the two interrelated objectives of
sustaining diversity and abundance of fish stocks while also maintaining quality opportunities for
recreational and commercial fishing (DEC, 2005). The success of these objectives is reliant on a
sound understanding of natural processes and human pressures to allow informed decision-
making. It is important that depredation by sharks is included in this process to determine the
potential effects on fish stocks, impacts on the recreational fishing ‘experience’ and strategies for
mitigation. A key component is to understand the mechanisms driving shark behaviour and

depredation.

No-take sanctuaries along Ningaloo Reef were first established in 1987. The absence of
commercial and recreational fishing pressure in no-take sanctuaries allows these areas to act as
controls to investigate the impacts from fishing (Ballantine 2014). Multiple studies on Ningaloo
Reef have compared fished and unfished sites (Westera, Lavery and Hyndes, 2003; Fitzpatrick et
al. 2012; Wilson et al. 2012) and Westera et al. (2003) found fishing significantly altered the
target species composition compared with an unfished sites. Studies have documented how
various species of shark can become habituated in the wild to stimuli associated with a food
reward (Johnson & Kock, 2006; Schluessel & Bleckmann, 2012; Guttridge & Brown, 2014). We

therefore predicted that sharks within established sanctuary zones would be less habituated to
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fishing activity and possible food rewards than sharks sampled throughout the fished areas at

Ningaloo.

In the current study we used a baited video camera system to simulate fishing activities and
investigate whether sharks are capable of learning to associate recreational fishing activity with a
food reward at Ningaloo Reef. Investigations were conducted in areas open to fishing (where
sharks may already be habituated to fishing activity) and within a Sanctuary Zone (where no
fishing occurs) over multiple days. We hypothesised that with each subsequent day sampled:

The arrival time of sharks will decrease.

The time it takes for sharks to feed will decrease.

Shark relative abundance will increase.
These responses would be quicker in fished areas where sharks may already be habituated

PwnN=

to the act of fishing.
Results will be discussed in relation to the development of mitigation strategies for recreational

fishers and marine park mangers to decrease the frequency of depredation events.

Materials and Methods

This project was conducted in accordance with Animal Ethics Approval RA/3/100/1317 from The
University of Western Australia. License approval from the Department of Parks and Wildlife

license to take fauna for scientific purposes Regulation 17, SF009770.

Study area

This study was conducted in both Fished and Unfished sites within the Ningaloo Reef Marine
Park. The Fished sites (VLF Bay), have frequent recreational fishing activity based on aerial
surveys and observations by Marine Park Rangers (Smallwood and Beckley, 2012; Barnes, P.,

2014 as pers comm. 12 April). The Unfished sites (Bundegi Sanctuary Zone) are in a no-take
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marine sanctuary established in 1987 where fishing activity was assumed to be absent or very
small. These areas are respectively located 19 and 12 km north, of the Exmouth marina, Western

Australia (Figure 1).

Experimental design

The experimental design consisted of three factors: Time (continuous variable across the six days
of the study), Status (2 levels fixed: Fished and Unfished) and Site (2 levels random, nested in
Status: Site 1 and Site 2). Two boats were used for this study, with one designated to the Fished
sites and one to the Unfished sites. Each boat sampled both sites for 60 minutes within one of the
areas at three times throughout each day; morning (A.M.), midday and afternoon (P.M.). On
consecutive days, the order in which sites were sampled was alternated. Previous studies on reef
fish assemblages with stereo-BRUVs and pelagic stereo-BRUV have found sample times of 60
minutes to be appropriate for sampling fished species (Watson et al., 2010, Santana-Garcon,

Newman & Harvey, 2014b).

Each fishing level status and the sampling sites within them were chosen to ensure the
comparable nature of the habitats, predominantly low-lying reef and rubble habitat in an average
of 13.6 m water depth. Within each status two replicate sites were chosen, approximately 1 km
away from each other to provide independence between sites, but close enough to maximize
temporal sampling efficiency required in this study. It was not possible to intersperse sampling
sites between status Fished and Unfished in this study due to strong habitat gradients on the
southern side of Bundegi no-take Sanctuary and the logistical constraints involved in the

temporal sampling used in this study.

Video equipment and analysis
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This study used an adapted downward facing, midwater, remote observation research apparatus
(RemORA) designed by the University of Western Australia Neuroecology Group for observing
the behaviour of sharks around bait (Figure 2). Two GoPro Hero 3 cameras were mounted in a
stereo-configuration on a cross bar frame 72 cm apart facing down into the water column.
However, due to calibration issues with these systems no length measurements or range data were
possible. The RemORA was tethered to the boat for the duration of sampling, and hung vertically
in the water column filming in a downward orientation. The bait bag on the RemORA hung 5 m
below the surface and was attached 2 m below the cameras. A mesh bait bag was filled with
pilchards and two tuna heads were tied next to the bag simulating a hooked fish and acting as a
visual stimulus for the sharks. While this design was used to simulate a hooked fish, it is likely to
be a very different stimulus compared to a live and struggling hooked fish, which limits the

inferences possible.

The software, EventMeasure (www.seagis.com.au) was used to analyse video footage. Four
measures of shark behaviour were recorded: time of arrival, time to feed, species present and
MaxN. All sharks were identified to species level. The maximum number of sharks (MaxN)
present within the field of view of the cameras at the same time was used to avoid repeat counts

of individual sharks entering and leaving the field of view (Priede et al., 1994).

Statistical analysis

The first time of arrival of any shark, the time it takes the first shark to feed, and MaxN were
analysed across time using linear mixed models. The R language for statistical computing (R
Development Core Team, 2013) was used to organise data, build statistical models and plot
results, using the following packages; reshape2 (Wickham, 2007), plyr (Wickham, 2011), Hmisc

(Harrell & Dupont, 2014), Ime4 (Bates, 2014), and ggplot2 (Wickham, 2009).
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Periods of strong water current were found to confound the sampling method at some time
periods during the study. Undefined samples occurred in the analysis of time of arrival and time
to feed, where either no sharks arrived or no feeding took place within the 60 minute sampling

period and were therefore omitted from the analyses.

Results

A total of five species of shark were identified from 31 RemORA deployments (Table 1).
Continuous sampling at both Fished and Unfished sites was interrupted on Day 3 due to strong

winds and a large swell resulting in only the morning period (A.M.) being sampled.

The Unfished sites had very low numbers of sharks observed (n=3) throughout the study and
therefore no formal statistical analysis was conducted. Although no sharks fed at this location, the
MaxN increased from Day 4 (one shark) to Day 6 (two sharks). The first shark to arrive on Day 6

also arrived faster than the shark on Day 4.

At the Fished sites, time of arrival across days significantly decreased over the six days sampled
(Table 2 and Figure 3A). On Day 5 and 6 the first shark arrived consistently less than one minute
after the RemORA was deployed (Fig 3A). The time to feed also significantly decreased across
the six days sampled (Table 2 and Figure 3B). While sharks arrived and fed more quickly across
the course of the study, the total MaxN of all species of sharks did not significantly change with
time sampled. When examined at the genus level, there was no significant difference in MaxN,
however there was a strong negative correlation between the MaxN of Negaprion sp. and

Carcharhinus sp. (P<0.01 Figure 4).
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Discussion

On the first day of sampling a shark arrived after only 86 seconds from a RemORA deployment
in the Fished sites. This observation combined with sharks arriving significantly sooner
throughout the study, suggests sharks may already be conditioned to recreational fishing
behaviour within fished areas at Ningaloo. This pattern was particularly strong when contrasted
to the slow arrival times (46 minutes) and lack of feeding by sharks in the Unfished sites
sampled. However, during our experiments sharks at the Fished sites were able to be further
conditioned to the point where on some later RemORA deployments sharks were already circling
under the boat before the cameras were lowered into the water. One plausible explanation for
shorter arrival times is that sharks may have learned to associate vessel sounds with food.
Hearing is a shark's longest-range sense (Reef Quest, 2014) and shark fishers in Melanesia have
conditioned sharks to associate the sound of a coconut rattle with food (Rubel & Rosman, 1981).
Therefore even if sharks are not present in the immediate vicinity of fishers they may likely be

aware there is a boat in the area due to the detectible auditory cues (Johnson and Kock, 2006).

From Day 3 to Day 6, shorter times to first feed of under one minute at the Fished sites, indicate
the sharks may have become increasingly desensitized to the RemORA and the boat over the
course of the experiment. Desensitization to sampling gear has also been seen in a field
experiment on Galapagos sharks by Robbins, Peddemors & Kennelly (2011) and in a lab study by
Clark (1959) on lemon sharks. Reports of high levels of depredation on Ningaloo Reef
(Barnes,P., 2014 as pers. comm. 26 Feb) suggest there may already be some level of
desensitization in sharks to fishing vessels, with sharks approaching without hesitation to take a

hooked fish from the line.
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Species-specific behaviour

An inverse relationship was observed between Negaprion sp. and Carcharhinus sp. throughout
the study at the Fished area (Figure 4). This suggests some behavioural dynamics exists between
these species, as sampling was conducted at the same sites over time. Negaprion sp. are known to
form groups based on size and sex (Guttridge et al., 2009b). If Negaprion sp. arrived to the
RemORA first the larger numbers could of caused an increase in feeding motivation amongst
conspecifics potentially keeping Carcharhinus sp. at a distance. In Galapagos sharks, changes in
school numbers have been shown to influence their behaviour to hooked fish, where depredation
rates increase when three or more individuals were present (Robbins et al., 2011). Negaprion sp.
had the highest MaxN (n=4) during this study. Carcharhinus sp. live in a coastal pelagic habitat
while Negaprion sp. live in a coastal benthic habitat. The implication for fishers fishing on the
bottom is they could be more likely to experience depredation from Negaprion sp. compared to

fishing in the water column where depredation may be more likely from Carcharhinus sp.

Shark senses

In trying to determine how and why depredation events happen, it is important to look at how
sharks use their senses for detecting prey. Sharks senses are often specialized for the habitats in
which they live (Kempster, McCarthy & Collin, 2012). Carcharhiniformes primarily live in
coastal pelagic habitats and have the highest electrosensory pore abundance of all Selachimorpha
(Kempster, McCarthy & Collin, 2012). This high abundance of electrosensory pores aid in
locating fast moving prey reducing the energy expended giving them a higher advantage of
finding food in the environment. Shark senses cover a wide range of detection distances from
their hearing, which can detect sounds up to a kilometre away, olfaction at medium distances, and

direct contact through taste (Collins, 2011; Reef Quest, 2014). It is likely sharks use hearing to
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form the association of boats and recreational fishing activity with a food reward, as hearing is a

sharks longest range sense (Reef Quest, 2014).

Reducing depredation

Depredation may lead to increased mortality of fish stocks that is not accounted for in the current
management of recreational fishing. The fish lost to depredation plus those kept by fishers, will
result in greater mortality of the fish stocks than intended based on fisheries regulations. As we
do not know the frequency and magnitude of depredation events, the impact on target fish stocks
is currently unknown. Furthermore, fishers may pull in their catch at a fast rate to try and avoid
depredation but in the process make this catch more vulnerable to barotrauma (Sumpton et al.,
2010). Undersized fish returned to the water having suffered barotrauma would likely die (by the
injury itself or by predation) with the fisher then continuing to fish (Brown et al., 2010; Sumpton
et al., 2010). The best-case scenario is to reduce depredation events by providing fishers with

mitigation strategies to alter fishing practices and improve fishing opportunities.

Commercial longline fisheries, which are known to be impacted by shark depredation and shark
bycatch, use a variety of shark avoidance strategies, which recreational fishers could also
implement (Gilman et al., 2007). Longline fishers may avoid fishing in areas with known high
shark abundances and where high rates of depredation are known to occur, to reduce the further
conditioning of sharks (Gilman et al., 2007). Similar strategies could be adopted by recreational
fishers at Ningaloo. In addition, if a fisher experiences a high level of gear loss and depredation,
they should stop fishing in that area. When a depredation event occurs, fishers should report the
event through an existing data collection mechanism if one is available including the location
they were fishing, the species of shark if known and the species lost if known. The promotion of

communication between recreational fishers that experience depredation events should be
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developed so ‘real time’ depredation hot spots can be determined and action to reduce
depredation can be taken (Gilman et al., 2007). No matter where a fisher is on the water they
should aim to minimise bait discards and burley where possible to minimise the likelihood of
attracting sharks to the area. Robbins et al. (2013) suggested in some extreme cases, park
managers may need to consider monitoring and regulating fishing activities or implementing

time-area closures in areas known to continually have shark depredation.

In addition to mitigation strategies, fishers can use and be knowledgeable about shark repellents.
Depredation in recreational fishing has the potential to hinder the quality of a recreational fishing
experience. By repelling sharks away from fishers lines and caught fish, sharks may be able to be
negatively conditioned to dissociate fishing lines with a food reward allowing fishers a higher
quality fishing opportunity (Gilman, et al., 2007). A successful repellent would reduce the
number of shark depredation events without repelling the target fish species. Multiple studies in
the field have tested electropositive metal alloys and magnets made from rare earth metals
containing mostly neodymium-iron-boron and barium-ferrite in baited hook experiments, and
have found significant evidence that Chondrichthyes, including blacktip sharks (Carcharhinus
limbatus), juvenile lemon sharks and white sharks (2-4 m) are repelled (WWF, 2006; Mandelman
et al., 2008; Stoner & Kaimmer, 2008; Brill et al., 2009; O’Connell et al., 2010, 2011a, 2011b,

Robbins et al., 2011; O’Connell et al., 2014).

Future studies
Water current was a major confounding factor in our analysis. On days with strong to very strong
currents, video analysis revealed sharks took longer to arrive and longer to feed. Day 5 of

sampling had the largest tidal variation (1.7 m) due to the full moon. The sample locations were
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just inside of the Exmouth Gulf resulting in strong tidal currents when the tide switched. Upon
completing video analysis an observation of a very strong current resulted in longer arrival and
feeding times. The major limitation of the current study was the use of only two Fished and two
Unfished sites, within the same no-take sanctuary. Future studies should attempt to increase the
replication of sites and we recommend sampling inside and outside of multiple no-take
sanctuaries to test the generality of patterns found in the current study (after Langlois et al. 2012).
Furthermore, the current study was not able to intersperse sites due to the logistic constraints of
the temporal sampling and a strong gradient in benthic habitat observed to the south of the no-
take area sampled. Despite the resultant concern of spatial confounding it was more important for

the current study to sample sites with as comparable habitat as possible.

This study used a downward facing midwater RemORA modified from a pelagic stereo-BRUV
(Santana-Garcon et al., 2014a). The RemORA systems have been developed based on anecdotal
observations that sharks make closer approaches to the extended downward facing system. In
studies where multiple species of sharks are expected or targeted, the downward facing field of
view of the RemORA system may be a limitation as sharks can be difficult to identify from
above. Carcharhinus species have similar external features and murky water further complicates

their correct identification (Santana-Garcon et al., 2014b).

Conclusion

This study suggests sharks are capable of being classically conditioned to recreational fishing
activities and depredation rates are influenced by fisher behaviour. We have highlighted possible
mitigation strategies designed to un-condition sharks to recreational fishing, including modifying
fishing practices, use of deterrents based on the sensitivity of shark senses and management

strategies. The best approach is likely to be enabling fishers to become more knowledgeable of
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how and why shark depredation events happen and take appropriate steps to avoid them. By
reducing depredation it is possible to lessen the negative impacts on fish stocks due to the
unknown amounts of target fish killed, improve the recreational fishing experience by reducing
the loss of gear and prized fish from the line and minimising injuries or mortality to threatened

and vulnerable species of shark.
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Figure 1(on next page)
Study Site

Map of study area in Ningaloo Marine Park, Western Australia. Fished sites are located in VLF
Bay. Unfished sites are located in Bundegi Sanctuary. The border of Bundegi Sanctuary is

displayed around the Unfished sites.
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Figure 2(on next page)
RemORA

Deployment design of the specialized downward-facing, midwater RemORA camera system

(adapted from Kempster, 2014).
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Figure 3(on next page)
Figure 3A - Time of Arrival Unfished

Time of first arrival (A) and time to first feed (B; mean = SE) of sharks with increasing time
from the start of the experiment within the Fished sites. The line and grey shading represent

the significant fitted linear model (= SE).
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Figure 4 (on next page)
Figure 3B - Time to First Feed Unfished

Time of first arrival (A) and time to first feed (B; mean = SE) of sharks with increasing time
from the start of the experiment within the Fished sites. The line and grey shading represent

the significant fitted linear model (= SE).
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Figure 5(on next page)

Figure 4 - Max N of species

Relative abundance (mean MaxN % SE) of Negaprion and Carcharhinus with increasing time

from the start of the experiment at the Fished sites.
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Table 1(on next page)

MaxN of species

Table 1. Species of sharks seen and the MaxN of individuals recorded using RemORAs in

Ningaloo Marine Park, Western Australia.
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Species Common Name  MaxN

Negaprion acutidens Lemon shark 4
Carcharhinus ambionensis ~ Pigeye shark 3
Galeocerdo cuvier Tiger shark 1
Carcharhinus limbatus Blacktip shark 1
Carcharhinus obscurus Dusky shark 1
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Table 2(on next page)

Statistic p-values

Table 2. Linear mixed model summary of behaviour parameters and MaxN with time at

Fished sites.
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Measure df R? P-value

Time of Arrival 20 0.232 0.017*
Time of First Feed 16 0.362 0.008*
MaxN Negaprion 20 0.13 0.098
MaxN Carcharhinus 20 0.01 0.644
MaxN Total 20 0.105 0.139

* shows significance at & 0.05
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