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ABSTRACT 

Dolphins in Shark Bay use sponge tools to ferret prey from the sea floor (Smolker et 

al. 1997). This foraging tactic is costly, as sponging females have larger foraging activity 

budgets, dive for longer periods, and have fewer associates than non-sponging females 

(Mann et al. 2008). One factor that has not been considered in this discussion though, is the 

relationship between sponging and tidal current. Sponging occurs primarily in deep-water 

channels (Sargeant et al. 2007) with strong tidal current (unpublished data), which is likely 

to have implications for the overall energetic cost of this foraging technique. Our results 

show that dolphins predominantly travel with the current, and when doing so, move at 

faster speeds and cover greater distances. These results suggest that sponge foraging may 

not be as energetically costly as initially believed. Foraging with the strong tidal flow may 

save energy for spongers relative to those that forage in minimal current (outside of 

channels). Although spongers forage more than non-spongers, their movement may be 

more efficient per unit of time. Future work will explore movement of spongers during 

non-sponging bouts as well as movement of non-sponging dolphins in these channels.  

 
INTRODUCTION 

The development of foraging skills and tactics in bottlenose dolphins (Tursiops sp.) 

is influenced by both ecological (Sargeant et al. 2007) and social factors (Mann & Sargeant, 

2003; Mann et al. 2008; Sargeant & Mann 2009). One foraging tactic characterized by 

matrilineal transmission is sponge foraging, or sponging (Mann & Sargeant 2003). This 

technique, unique to the wild bottlenose dolphins of Shark Bay (Mann et al. 2008), occurs 

when the “dolphin forages wearing a sponge on its rostra while doing tail‐out dives and 

staying down in the water for 2‐3 minutes”(Smolker et al. 1997). In Shark Bay, Western 
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Australia, sponging is female biased, although only 11% of the adult female population of 

Shark Bay employs this tactic (Mann & Sargeant, 2003).   

Sponging seems to be costly. In comparing the calving success, activity budgets, and 

sociality of adult female sponging dolphins with non-sponging adult females in Shark Bay, 

Mann et al. (2008) found no obvious advantages associated with the sponging tactic. 

Compared with non-sponging females, sponging females spend significantly more time 

foraging, dive for longer periods, and have fewer associates. Spongers and non-spongers do 

not significantly differ in calving success. Schoener (1987) theorized that natural selection 

should favor foraging behaviors that maximize net energy gain; however, given the 

increased amount of time that spongers must devote to foraging, it would appear that 

sponging is energetically costly but of equal adaptive value. One factor that has not been 

considered in this discussion though, is the relationship between sponging and tidal 

current. Sponging occurs primarily in deep-water channels (Sargeant et al. 2007) with 

strong tidal current (unpublished data), which is likely to have implications for the overall 

energetic cost of this foraging technique.  

Studies of the impact of tidal current tend to focus on two areas, the effects of tidal 

current on the behavior of prey – and consequently predators – and the energetic costs of 

foraging with or against tidal flow. Thus, tidal current can be used to predict foraging 

behavior.  Johnston and Read (2007) proposed that tidal patterns can be used to predict 

aggregations of marine life and predation patterns, as larger predators follow smaller prey 

who feed on tidally driven zooplankton. Several studies support this claim. Green turtles 

(Chelonia mydas) in Baja California Sur, Mexico, move with tidal current and exploit food 

patches driven by current while reducing the energetic cost of traveling (Brooks et al. 

2007). Harbor porpoises (Phocoena phocoena) in Ramsay Sound, Wales, forage against tidal 
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flow, intercepting tidally driven prey (Pierpoint 2008). Bottlenose dolphins (Tursiops 

truncatus) off the coast of San Diego, California, increase foraging during high-tide currents, 

which is believed to be caused by an increase in nutrients carried in by the flood tidal 

current, attracting prey and ultimately the dolphins themselves (Hanson & Defran 1993). 

Nevertheless, it is unlikely that sponging dolphins are targeting tidally driven prey, as the 

type of fish they are expected to eat, such as Parapercis sp., are bottom dwelling, sit-and-

wait predators (Mann et al. 2008). 

  Several studies have investigated the relationship between tidal currents and 

energy expenditure in marine animals. The common eider (Somateria mollissima 

sedentaria) in the Canadian Arctic typically forages by diving against the current (Heath et 

al., 2006), but in extreme current, eiders do not forage. This evidence has been used to 

suggest that extreme current reduces foraging profitability by increasing energy 

expenditure (Heath & Gilchrist 2010).  Forward and Tankersely (2001) suggest that by 

traveling with the ebb and flood tidal currents, marine animals reduce the energetic costs 

of movement. Several studies seem to support this hypothesis. For example, Leopard 

sharks (Triakis semifasciata) in Tomales Bay, California, move toward the shore during the 

flood tidal current and out to sea with the ebb tidal current (Ackerman et al. 2000). Finless 

porpoises (Neophocaena phocaenoides) in Kanmon Strait, Japan, travel primarily with the 

direction of tidal current (Akamatsu et al. 2008). Bottlenose dolphins (Tursiops truncatus) 

in Sarasota, Florida, generally swim with the current (Irvine et al. 1981), although it isn’t 

clear whether this changes during foraging per se. Likewise, bottlenose dolphins (Tursiops 

truncatus) in Cardigan Bay, Wales, forage largely with the tidal current (Gregory & Rowden 

2001). 

In most studies, foraging in the direction of current flows is only assumed to reduce 
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energetic cost and increase foraging profitability, as energetic expenditure is rarely 

measured directly. For example, a study of Steller sea lions (Eumetopias jubatus) moving 

both with and against the current used overall body movement as a proxy for energy 

expenditure to demonstrate that moving against the flow is energetically costly (Hindle et 

al. 2010). However, one study (Williams et al. 1992) directly investigated energetic 

expenditure through the physiological responses of captive bottlenose dolphins traveling 

with flowing water. The researchers found that “wave-riding” dolphins obtain a significant 

reduction in the energetic costs while maintaining similar speeds to the other, non-wave-

riding dolphins. 

Given the energetic costs of diving (Kooyman 1989) and that sponging involves 

frequent and long dives (Mann et al. 2008) in deep channels (Sargeant et al. 2007) with 

strong tidal currents (unpublished data), , we propose that sponging dolphins swim with 

tidal currents more often than against.. Additionally, given the costs of moving against the 

current (Hindle et al. 2010; Williams et al. 1992), we predicted that when spongers utilize 

the tidal flow, they would travel farther, faster, and have longer foraging bouts.  These 

findings may help account for the costs of sponging, as the apparent drawbacks of sponging 

may not be as energetically costly as it would seem if sponging dolphins are taking 

advantage of tidal current to reduce travel costs.    

METHODS 

Our study site includes the 250 km2 east of Peron Peninsula in Shark Bay, Western 

Australia (25 47’S, 113 43’E). A longitudinal study of bottlenose dolphins began in 1984 

based out of Monkey Mia, Shark Bay, and since then, over 54 sponging dolphins have been 

identified. While the main study site contains diverse habitats consisting mostly of sand 
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flats, shallow sea grass beds, and deeper embayment plans, the data for this investigation 

were collected primarily in the deep-water channels in Shark Bay where sponging occurs.  

We analyzed long-term focal follow data for the sponging dolphins collected from 

2000-2010. This subset was chosen because after May 1, 2000, the U.S. government ceased 

scrambling Global Positioning Satellite (GPS) data, enabling us to collect more accurate 

location and track data on dolphin movement. Twenty-three sponging dolphins were 

observed for 323 hours (average = 14 h, SE = 0.11 h , range = 0.75-80 h) during 162 

follows, which included 120 hours of sponging bout data with corresponding GPS. We 

employed point sampling (1-min intervals) to record primary behavioral activity, and the 

presence or absence of sponges was continuously noted. GPS data were collected during 

these focal follows from logged tracks of boat movement or handwritten coordinates 

recorded during these follows.   

In a given follow, we considered a sponge foraging bout to begin at the first point 

sample in which sponging was recorded and end at the last point sample sponging was 

recorded, with no more than five consecutive minutes of non-sponge foraging behavior in 

between. If 5 or more minutes of non-sponging behavior were recorded, the previous 

sponge foraging bout was said to have finished, and a new sponge foraging bout would 

begin at the next point sample at which sponge foraging was recorded. No sponging data 

were included during periods of negligible current (30 minutes before or after the peak 

high or low tide). Additionally, we excluded sponging bout data for dependent calves, as the 

corresponding GPS data for the calves were the same for the sponge foraging mothers.  

To determine if the sponge foraging dolphins utilize the current while sponging, we 

looked at the direction of each sponger’s movements during sponge foraging bouts in 

relation to the tidal current direction. We calculated the direction of each sponging 
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dolphin’s movement between the first and last point of each sponge foraging bout. Before 

proceeding, we plotted several sponging bouts continuously from start to finish and found 

that only calculating the angle of movement between the starting point and ending point of 

each bout still provided an accurate picture of a dolphin’s overall bearing. The bearing of a 

dolphin’s movement vector between consecutive GPS points was calculated using basic 

trigonometry. The equation to establish the bearing between two points is defined as θ= 

atan2(sin(Δlong)*cos(lat2),  cos(lat1)*sin(lat2) − sin(lat1)*cos(lat2)*cos(Δlong)), where 

point 1 has coordinates of  lat 1, long 1  and point 2 has the coordinates of lat2, long2. 

Additionally, we calculated the distance between the start and end point of each sponge 

foraging bout. The equation to establish distance between consecutive GPS points is 

d=ACOS(SIN(lat1)*SIN(lat2)+COS(lat1)*COS(lat2)*COS(lon2-lon1))*6371, where point 1 

has coordinates of  lat 1, long 1  and point 2 has the coordinates of lat2, long2. 

We determined the direction of the tidal current during each sponge foraging bout. 

The currents in the channels of Shark Bay flow parallel to the sand flats and banks that 

border each channel and change by 180  based on the tidal state (Table 1). Using aerial 

photographs of Shark Bay, we measured the angles of each of the channels in which 

sponging occurs. Then, we established the tidal state during each sponging bout via tide 

predictions for Shark Bay, allowing us to determine current direction for each bout. For 

example, in the 1st Channel (where most sponging occurs), the angle of the associated 

banks heading in a northwest direction is 323 , indicating that current direction is 323  

during the ebb tide. When tidal states switches to the flood tide, the current direction 

reverses to 143  for this channel (Fig. 1). 
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Figure 1. Example of current direction estimation process in 1st Channel. The black line indicates the angle of 
the channel borders used to estimate current bearing.  
 

Table 1: Estimated and Observed Current Directions in 1st Channel 

 
Tidal State Bank Angle Mean Current Direction (SD) 

Ebb Tide 143 132.3 ± 11.5 

Flood Tide 323 316.1 ± 12.5 

 

Angle of Dolphin Movement in Relation to Tidal Current 

We calculated the difference between the angle of travel for each dolphin sponge 

foraging bout and the tidal current such that current direction was 0: (360:) and dolphin 

movements were on either side of 0: (360:), <180:indicating left, >180: right, and 180: 

indicating movement completely against the current. After determining the mean direction 

of travel for each dolphin using the ‘circular’ package in R, we performed Rayleigh’s test for 

circular uniformity to determine if there was a preferred direction of dolphin movement 

during sponge foraging. We performed a circular ANOVA to explore differences in dolphin 
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bearing with respect to tidal current across age, sex, and with and without the presence of a 

dependent calf.  

Differences in Average Distance, Bout Duration, and Speed between Movements With 

and Against the Current 

To compare differences in distance traveled and travel time during sponge foraging 

bouts with and against the current, we calculated a mean distance and travel time for each 

dolphin for bouts both with and against the current. Because some dolphins were only 

observed traveling with the current, our sample size was reduced to 16 dolphins for these 

analyses. We performed a paired one-tailed t-test to compare these means. To explore 

differences in average speed of each dolphin both with and against the current, we used the 

equation Speed = Distance/ Time to find the average speed of each sponge foraging bout. 

After calculating a mean speed for each dolphin’s bouts both with and against the current, 

we performed a paired one-tailed t-test to compare these means.  

RESULTS 

Angle of Dolphin Movement in Relation to Tidal Current 

 Dolphin bearing of movement during sponge foraging was significantly centered 

around a mean ± SE direction of 356.43 ± 18.6: (Rayleigh test: r = 0.43, N = 23, P = 0.021) 

(Fig. 2). Values close to 0:, 360: indicate movement with the current. There were no 

significant differences with respect to dolphin angle of travel across sex (F 1, 21 = 0.012, P = 

0.87), age (F 1, 21 = 0.63, P = 0.24), and in the presence or absence of dependent calves (F 1, 21 

= 0.003 , P = 0.93).   
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Circular Histogram of Bearings With Respect to Current 

 

Figure 2. Rose diagram (circular histogram) of mean dolphin bearings with respect to current, 0: being the 
direction of current flow. Green indicates movements with the current, red indicates movements against the 
current.  
 

Differences in Average Distance, Bout Duration, and Speed between Movements With 

and Against the Current 

Average distance traveled during sponge foraging bouts with the current was 

significantly greater than those against the current (t14 = 2.26, P = 0.04). The mean distance 

(km) traveled during bouts with the current was 0.72 ± 0.11, while the mean distance 

traveled during bouts against the current was 0.39 ± 0.06 (Fig 3). Average speed during 

sponge foraging bouts with the current was significantly greater than those against the 

current (t14 = 2.14, P = 0.05). The mean speed (km/h) traveled during bouts with the 

current was 1.72 ± 0.23, while the mean distance traveled during bouts against the current 

was 1.26 ± 0.13 (Fig. 4). There were no significant differences in average bout duration 

between foraging bouts with and and against the current (t14 = 0.81, P = 0.43). The mean 
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duration (mins) for bouts with the current was 33.09 ± 4.48, and the mean duration for 

bouts against the current was 28.07 ± 5.31. 

                    

Figure 3.  A comparison between the average distances traveled during sponging bouts with and against the 
current.  * = P ≤ 0.05. 
 

                      

Figure 4.  A comparison between the average swimming speeds during sponging bouts with and against the 
current.  * = P ≤ 0.05.
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Discussion 

 Sponging dolphins have behavioral profiles that differ from dolphins that use other 

hunting tactics.  Spongers spend more time hunting, dive for longer and have fewer 

associates than their non-sponging counterparts (Mann et al. 2008). Thus, it is somewhat 

puzzling that they have calving success rates similar to non-spongers (Mann et al. 2008).  

We suggest that spongers mitigate the costs of hunting by going with the tidal flow. Using a 

combination of long-term focal data with GPS, tide predictions, and tidal flow data from the 

channels of Shark Bay, we were able to investigate the relationship between dolphin 

bearing of travel with respect to tidal current during sponge foraging bouts.  

Our results show that sponging dolphins predominantly travel with the current 

during sponging bouts in both incoming and outgoing tides. This result did not vary across 

age, sex, or in the presence of a dependent calf. Our findings were consistent with the 

literature and our predictions. Research investigating the relationship between the 

movement of marine mammals and tidal flow, including studies concerned with foraging, 

primarily found that marine animals move with the current (Gregory & Rowden 2001; 

Akamatsu et al. 2008; Irvine et al. 1981) which decreases energy expenditure (Hindle et al. 

2010; Williams et al. 1992).  

Additionally, we found that when sponging dolphins do not forage with the current 

during sponging bouts, they move at slower speeds and swim for shorter distances. This 

additional evidence not only speaks to the strength of the current in these channels, but 

also demonstrates that swimming downcurrent is efficient. Foraging with the current 

allows the sponging dolphins to more rapidly scour a larger area for prey. 

These findings are particularly enlightening, as they suggest that sponge foraging 
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may not be as energetically costly as we initially believed. The channels in which sponging 

occurs have some of the most powerful currents in Shark Bay (unpublished data), so it may  

be particularly important for sponging dolphins, who demonstrate a strong bias for these 

deep water habitats, to utilize this tidal flow. Foraging with the strong tidal flow may allow 

spongers to save more energy relative to dolphins that forage in minimal current (outside 

of channels). Although spongers forage more than non-spongers, their movement may be 

more efficient per unit of time and may not come at an energetic cost.  

Some limitations need to be taken into account in considering the results of the 

study. While we did not find sex differences in dolphin bearing with respect to current, our 

sample size of male sponging dolphins was limited, as males are less likely than females to 

adopt the sponging tactic (Mann et al. 2008). Likewise, our analyses of age differences only 

took into account female juvenile spongers, as our data do not include focal follows on 

juvenile male spongers or on dependent calves of either sex. Further research is needed to 

compare the movement direction of sponging dolphins during non-sponging bouts as well 

the foraging bouts of non-spongers in the channels to see if the bearing of these movements 

with respect to current are different from these results.  

Conclusions 

 Sponging dolphins in Shark Bay, Western Australia, travel with the tidally driven 

current in the channels during sponge foraging bouts. Traveling with the current allows 

these dolphins to move farther and faster than if they traveled against the current. These 

results suggest uncover more features of this case of tool use in bottlenose dolphins and 

help to account for apparent energetic costliness of the foraging tactic.  
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