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ABSTRACT 

Morotai Island is one of the islands in North Maluku that has high biodiversity of coral reefs 

which also provides habitats for blacktip reef sharks. In this paper, researchers aimed to understand the 

effects of auditory and odor stimuli on appearance and behavioral changes of blacktip reef sharks in 

Morotai Island, North Maluku. The study was carried out during September-October 2019 in the 

observation areas in the south waters of Morotai Island. This research uses two different direct 

observation methods of attracting sharks, BRUV (Baited Remote Underwater Video) method and ASC 

(Audible Stationary Count) method. Based on the results of the study, BRUV method have the higher 

effectiveness in attracting blacktip reef sharks with 116 occurrences rather than ASC method with 31 

occurrences. From these data, this study indicates that both of those methods have a significant effect 

on the appearance of blacktip reef sharks. Significant behavioral differences are found in the BRUV 

method where more sharks are attracted to approach the bait (fresh raw fish meat) and stayed longer in 

the station. In the ASC method, less sharks are attracted, kept their distance from the bait (plastic bottle 

that mimics low-frequency pulsing sounds) and stayed relatively in a shorter time in the station. 
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2.  INTRODUCTION 

 

Sharks are in the group of sea animals that are threatened due to the natural and human 

limiting factors. The percentage of shark fishing in Indonesia reaches 13%, based on that data, 

Indonesia ranks first among the 20 largest shark hunting countries in the world. 

One of the efforts made to lower the rate of decline in shark populations is by issuing 

special regulations that prohibit shark fishing or ecosystem-based management such as national 

parks and also by improving tourism establishments. Morotai Island is one of the most infamous 

shark diving and research sites in Indonesia. Morotai Island has good potential for marine and 

aquatic diversity and also the habitat for blacktip reef sharks. Sharks as a diving tourism object 

are more profitable and environmentally friendly than sharks that are used as fishing 

commodities.  

Sharks can smell up to 100 meters away because they use most of their brains to process 

smells. Sharks also have a good sense of hearing that makes them have the ability to catch low-

frequency sounds produced by their prey, namely fish that are dying. Tourism actors use the 

shark's sense of smell and hearing to lure the sharks to appear.  

Based on these backgrounds, it is necessary to conduct research to analyze the types of 

stimuli that are more effective in attracting reef sharks and their impacts on shark behavior in 

the waters of Morotai Island so that the results of this study can be used as information for the 

management of shark resources in ecotourism activities in the waters of Mitita Island.  

 

 

2.  DATA AND METHODS  

2. 1. Study area 

This research was conducted in the north of Mitita Island which is located in the southern 

part of Morotai Island, North Maluku. The research location is located at 2°00' to 2°40' North 

Latitude and 128°15' to 128°40” East Longitude. There are 3 stations in this study, namely 

Niomi Point, Blacktip Point, and Pinacle Point (Figure 1). The determination of the research 

location meets the requirements, such as having different habitat criteria at each station and 

easy access. 

 

2. 2. Data and methods 

This research was carried out during September-October 2019. The method used in this 

research is a survey method by obtaining data on the appearance of blacktip reef sharks and 

water physico-chemical parameters such as temperature, current type, salinity, acidity, and 

visibility. Observation of the appearance of sharks was carried out through two direct 

observation methods, namely BRUV (Baited Remote Underwater Video) method as the odor 

stimuli and ASC (Audible Stationary Count) method as the auditory stimuli. 

The function of BRUV method is to attract the attention of sharks to the stationary point 

which is the BRUV frame that has been placed as a bait in the form of fresh skipjack meat. In 

the frame of the BRUV there is a camera that is used to record the appearance of the shark that 

will be analyzed. In the ASC method the stationary point is the diver. The media used in the 

ASC method is a plastic bottle, where the sound of the bottle produces a sound frequency that 

resembles the sound of a dying fish. 
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Figure 1. Map of Research Sites on Mitita Island 
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The difference between the ASC and BRUV methods is the presence of divers in the ASC 

method. To reduce the bias in the resulting data, observations were also conducted on the 

behavior of the sharks. If the shark is attracted to the diver, then the appearance generated the 

first time when the method is performed will be high and starting to decrease after that. On the 

other hand, if the shark responds neutrally, the appearances generated during the observation 

will not change much. 

Observation of appearance data was carried out 18 times within 1 month. The frequency 

of data miscalculation on the appearance of sharks can be minimized by paying attention to the 

scar or position of the suckerfish on the shark. 

This study used descriptive-comparative analysis. The results of the analysis will show 

whether the attracting methods has a significant effect on the appearance of sharks. Before 

analyzing, the data on the appearance of sharks with the BRUV and ASC methods will be tested 

for homogeneity. After that, a comparative hypothesis test will be carried out with a t-test.  

The t-test formula used is: 

 

𝑡 =  
𝑥̅ ₁ −  𝑥̅ ₂

√
(𝑛₁ − 1) 𝑠₁2 + (𝑛₂ − 1)𝑠₂2 

𝑛₁ + 𝑛₂ − 2  (
1
𝑛1 +

1
𝑛2)

 

 

Description : 

�̅� = Average occurrence of sharks with the BRUV method 

�̅� = Average occurrence of sharks by using the ASC method 

n₁ = Number of samples treated with BRUV method 

n₂ = Number of samples treated with ASC method  

S₁ = Standard deviation in the BRUV method 

     S2 = Standard deviation in the ASC method  

 

Observations of behavioral changes in the BRUV method were divided into 5 categories 

of shark behaviors and 2 categories of bait conditions when shark appears (Table 1). Behavioral 

observations on the ASC method were carried out descriptively. 

 

Table 1. Categories of Shark Behaviors and Bait Conditions When Sharks Appear 

 

BAIT CONDITIONS 

WHEN SHARK APPEARS 
SHARK BEHAVIOR 

A. There is a non shark fish 

feeding frenzy on the bait  

1. Back and forth approaching the 

bait 

2. Back and forth but doesn’t 

approach the bait  

3. Approaching the bait then go away  

B. There is no feeding frenzy by 

non shark fish on the bait  

4. Just passing through without 

approaching the bait 

5. Eating the bait 
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3.  RESULTS AND DISCUSSION 

3. 1. Waters conditions 

At the time of data collection regarding water parameters, North Maluku was 

experiencing a second transition season where monsoon winds blew from the Australian 

continent to the Asian continent, bringing dry air masses. 

 

Table 2. Physical and Chemical Conditions of Water 

 

Station 

Time of data 

collection 

(UTC+09:00) 

Water Parameters 

Temperature 

(°C) 

Salinity 

(ppt) 

Acidity 

(pH) 

Visibility 

(Meter) 

Current type 

(Knots/Hour) 

Station 1 09.00 – 16.00 29 – 30 33 – 34 7,9 – 8,2 7 – 15 1 – 2 

Station 2 09.00 – 16.00 29 – 31 34 8,0 – 8,2 6 – 11 1 – 2 

Station 3 09.00 – 16.00 29 – 31 34 - 35 8,0 – 8,3 9 – 16 1 – 3 

 

 

3. 1. 1. Temperature 

The temperature during observation ranged from 29-31 °C (Table 2). The data were 

collected in the month of September-October, when the east monsoon wind blows. During the 

east monsoon, a mass of cold water flows from Eastern Australia which affects the waters of 

Eastern Indonesia. The optimal temperature for the appearance of reef sharks in this study is 29 

°C, this is in accordance with the research conducted in Makassar waters which stated that the 

Carcharhinidae family generally appeared at a depth of 0-22 meters at a temperature range of 

24-30 °C with optimal temperatures ranging from between 27-29 °C. 

 

3. 1. 2. Salinity 

The results of salinity measurements at all research stations ranged from 33 – 35 ppt. 

Station 3 has the highest salinity value of 35 ppt, while the lowest salinity value is obtained at 

Station 1 with a salinity value of 33 ppt. The average salinity during the transitional period from 

dry to rainy season is quite high compared to the other 3 seasons. This happens because the 

month of September (transitional period from dry to rainy season) has low rainfall which results 

in very effective solar radiation for heating the water mass in the surface layer, so that the 

average salinity in the Maluku Sea is 34.05 ppt. The data results from the three stations showed 

that the appropriate salinity for the appearance of blacktip reef sharks was a salinity with the 

value of 35 ppt.  

 

3. 1. 3. Visibility 

The results of data collection show that Station 2 has the lowest visibility value with an 

average of ± 9 meters and the highest visibility value is at Station 3 with an average of ± 13 

meters. Visibility is one of the important elements in conducting BRUV and ASC surveys, this 
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is because BRUV surveys should not be carried out unless there is at least three meters of 

underwater visibility. A good visibility will make it easier for researchers to collect data. The 

results of the data during the study showed that the highest appearance of blacktip reef sharks 

occurred at a visibility of 16 meters. Shark appearances are rarely found in shallow waters with 

limited visibility. 

 

3. 1. 4. Acidity 

The results of pH measurements in the field ranged from 7.9 - 8.3. The highest pH value 

was obtained at Station 3 with an average pH of 8.16 and the lowest pH value was obtained at 

Station 1 with an average pH of 8.10. The diversity of pH values obtained at each station is 

influenced by the temperature factor at the time of data collection. The temperature affects the 

amount of dissolved oxygen in the waters. The high intensity of sunlight will cause an increase 

in the sea surface temperature which has an impact on decreasing the concentration of carbon 

dioxide in the waters so that the pH value will increase. It can be concluded from the results 

obtained during the study that the higher the pH, the more sharks will appear. The optimal pH 

for the appearance of blacktip reef sharks takes place in a range of 8.2 - 8.3. 

 

3. 1. 5. Current types 

Currents, waves, and tides affect the turbidity in the sea, and also play a role in the 

diffusion of blood (as an odor stimuli) in sharks calling. This happens because the movement 

of sea water brings suspended substances in the water column to spread in various directions. 

During the study, the range of currents recorded was in the calm to strong category. The current 

speed obtained at the three stations is relatively high, this is due to the location of Mitita Island 

which is directly opposite to the open sea (Halmahera Sea). It can be concluded from the data 

obtained during the study that the optimal current for the appearance of sharks is a current with 

a strong category. 

 

3. 2. Appearance and effectiveness of methods 

Observation of appearance data used two methods of atrracting sharks, the BRUV (Baited 

Remote Underwater Video) method and ASC (Audible Stasiunary Count) method. The data 

was collected 18 times with a total of 147 blacktip reef shark appearances. The average 

appearance of sharks at each station was 8 occurrences.  

 

Table 3. Shark appearances 

 

Research 

Location 
Number of Observations 

Number of Blacktip Reef Sharks 

Appearances (Individuals) 

Station 1 6 35 

Station 2 6 49 

Station 3 6 63 
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The most appearances were at station 3 with an average of 11 occurrences and the lowest 

occurrences were at station 1 with an average of 6 occurrences. The high occurrence rate found 

at station 3 indicates that this station has suitable characteristics for shark habitat, the reasons 

why this happens is because water parameters are one of the factors in the appearance of 

blacktip reef sharks. 

 

3. 2. 1. BRUV 

Sharks rely on their sense of smell to hunt prey. Sharks are able to smell at a distance of 

more than 100 meters, this is because most of the shark brain is used to process smell. Stimulus 

generated by bait on the BRUV method has been proven to be able to stimulate the presence of 

sharks, this can be seen in the appearance of reef sharks found at every data collection at all of 

the three research stations (Figure 2).  

 

 
 

Figure 2. Shark Appearances by using the BRUV method 

 

 

Station 1 had the lowest number of reef shark appearances with a total of 27 occurrences, 

while the highest number of appearances was found at Station 3 with a total of 50 occurrences. 

The number of occurrences at each station is proportional to the speed of the current, where the 

highest occurrence is identified when the current is in a strong category. Current is one of the 

physical factors that affect the presence of reef sharks. Besides that, currents also have a role in 

the diffusion of blood because the movement of sea water carries suspended substances in the 

water column to spread in various directions.  
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Figure 3. The appearance of the blacktip reef shark in the BRUV method. 

(Carcharhinus melanopterus (Quoy & Gaimard, 1824)) 

 

 

The appearances of blacktip reef shark by using the BRUV method can be categorized as 

high. Besides having the ability to stimulate the appearance of sharks, the bait in the BRUV 

method also lures other species other than sharks such as carnivorous fish to approach the 

BRUV frame. The presence of carnivorous fish around the bait is thought to be an additional 

factor in the appearance of sharks in this method. The correlation value between the abundance 

of carnivorous fish and the presence of reef sharks is very high, where there is a relationship 

between the abundance of carnivorous fish and reef sharks. 

 

3. 2. 2. ASC 

Based on the chart in (Figure 3), the appearance of blacktip reef sharks was found at all 

of the three stations. It can be concluded that the ASC method was able to stimulate the 

appearance of blacktip reef sharks. The lowest occurrence was found at station 1 with a total of 

8 occurrences. Station 2 had a bigger number of appearances than station 1 with 10 occurrences 

and the highest appearance was found at Station 3 with a total of 13 occurrences. The difference 

in appearance that occurs at each station can be caused by human error factors that were carried 

out during data collection. One of them is because researchers did not always produce the right 

frequency when using the bottle as the bait. 

During data collection, observations in the ASC method were not only observing the 

appearance but also observing the behavioral response of sharks to the presence of divers. 

Observation of the response of sharks to divers is intended to eliminate the bias of divers during 

data collection. If sharks are attracted to divers, then the rate of encounters with new individuals 

is high when the diver first enters the water to start counting, and decreases thereafter. On the 

other hand, if sharks respond neutrally to divers, encounter rates should neither increase nor 

decrease over the time of the survey. From the data obtained during the study, it showed that 

https://en.wikipedia.org/wiki/Jean_Ren%C3%A9_Constant_Quoy
https://en.wikipedia.org/wiki/Joseph_Paul_Gaimard


World Scientific News 168 (2022) 16-29 

 

 

-24- 

there was no significant change in the appearance of sharks during the study. So it can be 

concluded that sharks are neutral towards the presence of divers. 

 

 
 

Figure 4. Shark Appearances by using the ASC method 

 

 

 
 

Figure 5. ASC method 
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3. 2. 3. Method Effectiveness 

There are significant differences in the results of these two methods. At the three stations, 

the appearance of blacktip reef sharks was more visible when using the BRUV method 

compared to the ASC method. The highest occurrence in both methods was found at Station 3, 

which indicated that Station 3 was a very suitable location for the appearance of reef sharks, 

while the lowest occurrence was found at Station 1, which means that Station 1 was a less 

suitable location for the appearance of sharks compared to the other two stations.  

 

 
 

Figure 6. Comparison of Shark Appearance by the BRUV and ASC Methods 

 

 

The results of the water parameters data in the ASC method have similarities with the 

water parameters in the BRUV method with an optimal temperature of 29 °C, optimal salinity 

of 35 ppt, visibility of 14-16 meters, optimal pH of 8.2-8.3 , and optimal current is in the strong 

category. However, there is a significant difference in the appearance of the blacktip reef sharks. 

It can be concluded that this difference in appearance is due to the attracting method used. 

Both methods have their respective advantages and disadvantages. The advantages of the 

BRUV method are that it attracts more sharks, and because of that, the duration of data 

collection can be longer. The data collection by using the BRUV method is safer because it uses 

the BRUV framework, on the other hand this method requires a fairly high cost. The advantages 

of the ASC method are that it is relatively cheaper and easier to use, but this method couldn’t 

attract many sharks.  

To determine the effect of differences in the appearance of reef sharks on the BRUV and 

ASC methods, comparative statistical tests were carried out. The results of the homogeneity 

test on the two data samples show that the two data are not homogeneous, so the formulas that 

can be used in the comparative test are the formula of separated variance and polled variance. 
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After the t test, the results obtained are t count > t table, which means there is a positive 

difference between the appearance of sharks with auditory and odor stimuli. 

 

3. 3. Analysis of shark behaviors 

The interest of several types of fish such as rays, sharks, and sea snakes is not only due 

to the bait provided but also because of the activities of other fish around the camera (Figure 

4). This competitive eating behavior is called the feeding frenzy. The feeding behavior of other 

fish on the bait influences or lures other fish to approach the bait. 

 

 
 

Figure 7. Shark Behaviors Based on Feeding Frenzy in the BRUV Method 

 

 

When the BRUV method was used, the blacktip reef shark (Carcharhinus melanopterus 

(Quoy & Gaimard, 1824)) was more dominant in showing the behavior of just passing by 

without approaching the bait (Category B4) when there was no Feeding Frenzy on the bait. The 

appearance of this shark is also detected when there is a Feeding Frenzy around the bait, but 

the presence of a Feeding Frenzy does not make the shark approach the bait and only goes back 

and forth around the bait (Category A2). Blacktip reef sharks are generally less aggressive 

towards bait and prey on injured fish. This type of shark is very picky about its food, even this 

shark does not prey on fish that have been injured by shooting. This fish will only go back and 

forth around the shooting location as long as the fish blood is still scattered in the water. 
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There are differences in the sharks behaviors in each method. In the BRUV method, more 

sharks appeared. Sharks were more daring to get close to the bait (fresh fish meat), and stayed 

longer at the location. In the ASC method, fewer sharks appeared. Sharks kept their distance 

from the bait (plastic bottle that mimics low-frequency pulsing sounds), and the duration of the 

sharks staying at each station was relatively shorter. 

 

 

4.  CONCLUSION  

 

The BRUV method had a higher effectiveness in attracting blacktip reef sharks with a 

total of 116 occurrences than the ASC method with a total of 31 occurrences, which means that 

the attracting method had a significant effect on the appearance of sharks. The difference in 

shark behavior that can be seen from the two methods is in the BRUV method, where more 

sharks appear, sharks are more dare to approach the bait (fresh fish meat), and the duration at 

the station is longer. In the ASC method, fewer sharks appeared, sharks kept their distance from 

the bait (plastic bottle that mimics low-frequency pulsing sounds), and the duration of the sharks 

staying at each station was relatively shorter. 
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