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ABSTRACT. Differences in distribution, prey species, season and social learning opportunities influence the feeding tactics
used by marine mammals. Here, we analyze the coordinated feeding behavior of the Guiana dolphin, Sotalia guianensis
(Van Bénéden, 1864, Delphinidae) and its relation to seasonality and the presence of calves. In a total of 201 feeding bouts,
we observed four types of coordinated feeding tactics, which differed in frequency and in mean number of engaged
individuals. Tactics in which dolphins used their bodies to herd and capture prey were the most frequent, presenting a
higher frequency and engaging a higher number of individuals, suggesting that these tactics are better for capturing fishes
which form larger schools. Furthermore, the seasons influenced the feeding behavior used by dolphins. During spring-
summer, a longer duration of bouts and a larger number of individuals engaged in the feeding tactics was observed, which
may be related to the seasonal spawning of larger schooling fish, such as Sardinella brasiliensis (Steindachner, 1879). Calves
were present in 95% of all coordinated feeding tactic occurrences. This study indicates a complete preference of dolphins
for coordinating their actions to capture prey and for the first time reports the presence of calves in the coordinated tactics

and jumps. This broadens the current knowledge of the Guiana dolphin feeding tactics.
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Due to their size, energetic needs and great mobility, large
endothermic predators may influence their prey populations
(TerBORGH 1990). In response, prey have developed antipredator
strategies, forcing predators to enhance their hunting reper-
toire (Kress & Davies 1992). Coordinated hunting has been re-
ported in several mammals (Packer & Ruttan 1988) and even in
one bird species (e.g. Bepnarz 1988). Differences in distribution,
prey species, seasons, and social learning opportunities may
influence the feeding tactics used by marine mammals (RENDELL
& WarreHeap 2001). Coordinated feeding may be very impor-
tant for dolphins which work together, since this enables them
to establish and reinforce social bonds (Wursic 1986).

The Guiana dolphin, Sotalia guianensis (Van Bénéden,
1864), is a small delphinid which can be found from northern
Honduras to southern Brazil, inhabiting estuaries and bays
(Stvoes-Lores 1998, Carr & Bonpe 2000). The diet of Guiana
dolphins has been investigated in detail along the Brazilian
coast, demonstrating an opportunistic and generalistic feed-
ing habit in which their main prey tends to form small or large
schools with pelagic or demersal habits (D1 Bexebrrro & Ramos
2004). Among them, fish which tend to form large schools,
such as Sardinella brasiliensis (Steindachner, 1879), Trichiurus
lepturus (Linnaeus, 1758) and Harrengula clupeola (Cuvier, 1829)

and smaller schools such as Micropogonias furnieri (Quoy &
Gaimard, 1825) are reported to inhabit the Ilha Grande bay
waters (R. Bernardes, Universidade de Sdo Paulo, unpubl. data).

Little is known about the individual tactics used by S.
guianensis to capture prey, as well as the mean number of indi-
viduals engaged and the participation of calves (Rossi-SanTos &
Frores 2009). Coordinated feeding behavior data is more de-
tailed in other delphinid species in different habitats (e.g. WUrsic
1986, BrL'kovicH et al. 1991, NEumManN & Orams 2003).

Given its “data deficient” status by IUCN (2004), the
objectives of this study were two. First, to investigate the tac-
tics that dolphins use to capture prey, along with the number
of individuals engaged in each tactic. The hypothesis tested
was that some tactics would present higher frequency of oc-
currence and engage a higher number of individuals than oth-
ers, since feeding tactics may be linked to prey schooling
patterns. Therefore, different tactics could be used to capture
fishes which form different school sizes and the number of
dolphins engaged in each tactic would be a reflection of fish
school size. The prediction associated with this hypothesis is
that feeding tactics in which dolphins use themselves as a bar-
rier to herd and capture prey will engage a higher number of
individuals, since we believe that this type of coordination may
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more effectively trap larger fish schools. BeL'kovirch et al. (1991)
suggest that the success of a feeding tactic will depend on the
ability of the dolphin to restrict prey activity and maneuver-
ability. The second objective was to verify if the feeding behav-
ior duration and the number of individuals engaged varied
during the seasons. The second hypothesis is that during some
periods of the year, dolphins would spend more time feeding
and would aggregate a higher number of individuals in the
feeding tactic than during others. This hypothesis derives from
Marsuura (1978) and VasconceLLos et al. (in press) who report
that fish communities which are known to be part of the §.
guianensis diet have seasonal spawning and abundance. The
predictions associated with this hypothesis are that dolphins
will spend a higher amount of time, and engage a higher num-
ber of individuals, in their feeding behavior during spring and
summer, since large schools of S. brasiliensis and H. clupeola
spawn during these seasons, influenced by the South Atlantic
Central Waters (SACW). The presence of calves during the feed-
ing behavior, as a proxy to infer the importance of this area as
a nursing and learning ground, was also quantified.

MATERIAL AND METHODS

The Ilha Grande Bay is located along the southern coast
of the state of Rio de Janeiro (Fig. 1) forming together with the
Sepetiba Bay, a great estuarine system (SigNorint 1980). Marine
habitats of the bay act as transition areas between the land and
the sea (NoGara 2000) receiving organic matter from the river

drainage and mangrove production. From the sea, Ilha Grande
bay receives deep waters rich in nutrients derived from the
South Atlantic Central Waters — SACW (Signorint 1980).

This study was conducted within the western part of the
region, which includes areas of smaller depths (<10 m) and is
preferentially used by the S. guianensis population (Lopi 2003).
The Guiana dolphin population occurs all year long, and Lot
& Herzer (1998) reported that this area contains the largest ag-
gregation of individuals ever seen for the species (groups of ca.
400 individuals).

Eighteen days of boat trips from May 2007 to March 2008
were accomplished, on board of a 7.5m vessel. All boat trips
were conducted following focal group procedures with con-
tinuous samplings using a digital handycam SONY DCR-TRV
120® (ALtmANN 1974). When a group of dolphins was sighted,
the boat’s velocity was reduced in order to keep a distance of
15 meters from the group. Only dolphin groups considered to
be feeding were used for data collection. The feeding defini-
tion followed Karczmarski et al. (2000), i.e. dolphins presenting
an absence of directional movements, diving frequently in asyn-
chronous fashion. To better clarify data presentation, two sam-
pling units used in this work were defined as: 1) Feeding Bout
— Continuous and discrete period of feeding (in seconds), in
which one or several feeding tactics occurred (VAuGHN et al.
2008); 2) Tactics — Number of short-duration behaviors inside
each feeding bout (ArtmanN 1974).

Since underwater visibility of feeding bouts was not pos-
sible beyond a depth of approximately 3 m, visible surface bouts

worw  wow o -
. Jw & e |
Rio de Janeiro /Wl}g ,
iy gf D&
- / o, °
g(\ f a

T
20'00°s

io de Janeiro

Atlantic Ocean N E
A

0 110

30°00°s

Nautical Mies.

T T T
5000W w000W 2000W

2100°s

MSOOW  4S0OW  4AF0OW  4200W  4100W

T
21°00°s

T
2008

Rio de Janeiro

T
23°00°'s

Atlantic Ocean

23100°s

, A

0 2 4

Nautical Miles

A

[ 380 760

Nautical Viles

200
L
T

25°00°5 2320505

T
2200°s

%7 9

Atlantic Ocean

T T T T T
HOOW  4DOW  4I0OW  4200W  410OW

44°400W 4300w

Figure 1. Map of the study area, located in Ilha Grande Bay, southeastern Brazil.
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were used as proxies for underwater activities. At the laboratory,
the recorded videoclips were analyzed by two experienced ob-
servers (R.H.O Tardin & M. A. Especie) to avoid possible errors
in identifying the tactics used by dolphin groups. To reach the
first objective, we quantified the occurrence frequency of tactics
performed by dolphins, along with their variations, and counted
the number of individuals engaged in each one. The frequency
of variations was counted only within each tactic and was not
compared to the whole data set. The definition of a group was
the 10 m chain rule definition used by SmoLkEr et al. (1992).

The second objective was accomplished by counting the
duration of feeding bouts and the number of individuals en-
gaged in each tactic, during all 18 days of surveys. Further-
more, if the occurrence of jumps in tactics also varied among
the whole sampling period was also investigated. The presence
of calves in feeding behavior was evaluated by counting the
occurrence of groups containing calves in the bay, their pres-
ence on the tactics and the frequency for each one.

The Kruskal-Wallis test was used to test if the number of
individuals engaged in each tactic was statistically different.
To evaluate if the number of individuals engaged in variations
of the main tactics was significantly different than in the main
tactics, the non-parametric Mood’s median test was used. This
test was used since group size data may be heavily skewed and,
therefore, violate the standard assumptions of the Mann
Whitney U test (Sen 1998). Mood’s Median test was also used
to assess the statistical significance between duration of bouts
and the number of individuals engaged in each tactic, within

the 18 days of surveys. Finally, the chi-square test for two inde-
pendent samples was used to test if the occurrence of jumps in
tactics varied during the entire sampling period.

RESULTS

A total of 28.5 hours were spent on direct observation.
Overall, 1,520 groups, in which no solitary individual was spot-
ted, were observed. Therefore, all feeding activities occurred in
groups. From a total of 201 feeding bouts, four types of coordi-
nated feeding tactics were observed (Tab. I).

Coordinated Feeding Tactics

The Wall formation tactic presented two variations: Wall
formation with jumps and Side-by-side Wall formation. Mood's
median test showed a significant difference between the num-
ber of individuals engaged in the Wall formation with jumps
compared to the main “Wall formation” tactic (x*>=14.91,df =1,
p < 0.001)

The Perpendicular feeding tactic also presented two varia-
tions: Perpendicular feeding with jumps and Side-by-side Per-
pendicular feeding. Mood’s Median Test showed a significant
difference between the number of individuals engaged in the
Perpendicular feeding with jumps compared to the main “Per-
pendicular feeding” tactic (x2= 53.76, df = 1, p < 0.00001).

Bout mean duration was 67.8 s (60 + 114), ranging from
7.8s to 1,266s. Kruskal-Wallis test showed significant differences
between the number of individuals engaged and the tactics
(n=914, H=121.1, df = 3, p = 0.0001) (Fig. 2).

Table I. Summary of the coordinated feeding tactics of Guiana dolphins in llha Grande Bay, Rio de Janeiro. N = number of occurrences;
Mean and SD data refers to number of individuals engaged in each tactic.

Range of the number

Coordinated Feeding Tactic N % individuals engaged Description
(Mean + SD)

Wall formation 375 48.40 2-200 (15.2 £15.5) A group of dolphins split into two subgroups which
join in opposite directions (BeL'kovicH et al. 1991).

Wall formation with jumps 55 14.67 3-25(9.2+4.4) One or both subgroups jump before or after
performing the Wall formation tactic.

Side-by-side Wall formation 5 1.16 6-12 (10.8 £ 4.5) One or both subgroups get side-by-side before
performing the Wall formation tactic.

Perpendicular feeding 262 33.80 4-50 (12.8 £ 6.8) A group of dolphins split into two subgroups which
join in perpendicular directions.

Perpendicular feeding with jumps 84 32.06 3-17 (7.9 £ 2.6) One or both subgroups jump before or after
performing the Perpendicular feeding tactic.

Side-by-side Perpendicular feeding 27 8.09 4-30 (12.7 £5.8) One or both subgroups get side-by-side before
performing the Perpendicular feeding tactic.

Kettle 80 10.30 2-13(6.3£2.4) Animals dive under a school of fish, forcing it to the
surface, emerging from several directions
(BeL'koviTcH et al. 1991).

Line abreast 58 7.50 4-15 (7.7 £2.9) Animals form a tight line, swimming side-by-side,

separated by no more than one dolphin-body
width (Neumann & Orams 2003).
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Seasonal Variations

Mood’s median test showed that two distinct sampling
periods, within the 18 days of survey, were statistically differ-
ent (x2=19.12, df = 1, p < 0.0001). In the spring-summer pe-
riod, bouts were longer (X_ ;.. .mmer = 165 § £ 223) than during
the autumn-winter period (X, .. = 43.8 s + 0.86). There
were also differences between the number of individuals en-
gaged in the tactics and among these two periods (Tab. II) (Wall
formation: x2 = 148.68, df = 1, p < 0.0001; Perpendicular feed-
ing: x2=57.84, df = 1, p < 0.0001; Kettle: x2 = 4.84, df = 1,
p < 0.028; Line abreast: x> = 4.58, df = 1, p < 0.032). Of 139
jump occurrences in the coordinated feeding tactics, 81.3%
(n = 113) was observed in the autumn-winter, while 18.7% in
the spring-summer period. The chi-square test showed signifi-
cant differences between them (x2=51.26, df =1, p = 0.00001).

Table Il. Number of individuals engaged in each tactic during the
two sampling periods. N = number of occurrences; Mean and SD
data refers to number of individuals engaged in each tactic.

Coordinated Autumn-Winter Spring-Summer

feeding tactic N Mean=SD N MeanSD
Wall formation 181 8.9+4.2 194 21.1£19.3
Perpendicular feeding 124 9.7 +3.7 138 15.7+ 7.7
Kettle 46 5.6+1.9 34 7.2+ 238
Line abreast 34 69+25 24 87+ 3.1

Calves and Feeding Tactics
From a total of 1,327 sighted groups, 86.1% (n = 1,357)
had calves as their members. Calves were present in 95% of the
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DISCUSSION

As in dolphins, coordinated feeding tactics frequently
occur in several terrestrial predator species [e.g. lions, Panthera
leo (Linnaeus, 1758), (ScHALLER 1972); chimpanzees, Pan troglo-
dytes (Blumenbach, 1799) (GoobarL 1990); and African wild
dogs, Lycaon pictus (Temminck, 1820), (CreeL & CreeL 1995)].
To overcome antipredator methods, predators of schooling fish
develop their own tactics (Major 1978). For Delphinidae, this
selective pressure enabled a great diversity of feeding strate-
gies, indicating a higher level of behavioral plasticity (Wursic
1986).

This work presents data that indicates a complete prefer-
ence of coordination in order to capture prey. The high fre-
quency of occurrence observed in the Wall formation suggests
a higher individual energy intake. Moreover, this tactic appears
to overcome prey defenses by using the confusion effect against
the prey themselves, through attack from multiple locations,
rendering prey incapable of polarization (Potrrs 1983). Interest-
ingly, previous studies with bottlenose dolphins, Tursiops
truncatus (Montagu, 1821) and common dolphins, Delphinus
delphis (Linnaeus, 1758) (BeL'xovircH et al. 1991, NEumMAaNN &
Orams 2003, respectively) report the same tactics observed here,
suggesting a possible convergent evolution regarding feeding
tactics, in order to adapt to similar selective pressures from dif-
ferent habitats.

BevL'kovircH et al. (1991), working with T. truncatus, re-
ports a high frequency of the Wall formation in the western
Crimea region, Russia. However, NEumanN & Orawms (2003) study-
ing the bottlenose dolphin in deeper regions such as New
Zealand, found that Kettle is the most observed tactic, suggest-
ing that depth might be correlated with its occurrence.

To date, no published work with Guiana dolphins quanti-
fies the presence of jumps during the coordinated feeding be-
havior. Acevepo-Gurierrez (1999) suggests that, for bottlenose
dolphins, jumping would have a fish driving function, thus en-
hancing the capture of prey. Under these circumstances, jumps
would be acting as a facilitating agent, possibly helping to push
prey against a dolphin barrier, which seems to be the case here.

However, other explanations are provided to the asso-
ciation of jumps in the coordinated feeding behavior. Norris &
Dot (1980) suggest a social facilitation function to the jumps,
where dolphins would use it to aggregate, reaffirming social
bonds, while Lusseau (2006) suggests a non-verbal type of com-
munication, which would avoid competition between the
groups. Despite the communicative meaning, which wasn’t our
objective, the higher occurrence of jumps associated to the
coordinated feeding tactics suggests its use to enhance prey
capture success.



Coordinated feeding tactics of the Guiana dolphin in llha Grande Bay

295

The number of individuals engaged in the tactics was
highly differentiated. A higher number of individuals engaged
in the Wall formation and Perpendicular feeding may suggest
that these tactics are better to herd larger schools of prey, such
as S. brasiliensis and H. clupeola. The use of jumps by groups of
few individuals herding prey (Tab. I) suggests that body impact
on the water was efficient in tightening schools of prey despite
the small number of feeding dolphins. This would increase their
capture success and still be advantageous, since these groups
may not share the same benefits of larger groups.

A larger duration of bouts and a higher number of indi-
viduals engaged in feeding tactics during the spring-summer
period suggest that the temporal dynamics of prey, such as H.
clupeola and S. brasiliensis which tend to form large schools
and spawn in these seasons (VasconciLLos et al. in press), ap-
pear to influence the coordinated feeding behavior of Guiana
Dolphins. Similarly, prey such as the Whitemouth Croaker (M.
furnieri), which form small schools of fish and spawn mainly
during autumn and winter (Hammovict & Iegnacio 2005), possi-
bly suggests that the smaller bout duration and number of in-
dividuals feeding observed in these periods may be a reflex of
S. guianensis prey schooling patterns. In fact, Social foraging
theory suggests that animals should maximize individual in-
take, thus aggregate to exploit available food resources
(GraLDEAU & Caraco 2000).

The large presence of calves in coordinated feeding tac-
tics may suggest that this behavior would be a potential candi-
date for social learning in dolphins, especially between the
mother and her calf, as reported by Benper et al. (2008) in At-
lantic spotted dolphins, Stenella frontalis (Cuvier, 1829). There-
fore, the shallow and protected waters of [lha Grande bay may
be an opportunistic site for social learning in S. guianensis.

Most studies regarding coordinated feeding tactics do not
quantify the number of individuals engaged, the presence of
calves nor the associated events, such as jumps (e.g. BeL'kovicH
etal. 1991, NEuMANN & Orams 2003, Rossi-Santos & FLores 2009).
Therefore, this paper provides more details of the coordinated
feeding tactics of dolphins, by quantifying the presence of calves
and associated events in feeding tactics, especially for the poorly
known Guiana dolphins.
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