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ABSTRACT. The coordinated feeding tactics used by delphinids are influenced by differences in the distribution of prey
species, season, and opportunities for social learning. In the present study, we compared the coordinated feeding
behavior of two populations of the Guiana dolphin, Sotalia guianensis, in southeastern Brazil, and how these feeding
tactics vary seasonality and in the presence of calves. We observed eight types of coordinated feeding tactics, which
differed in frequency and in the mean number of individuals engaged in them, and between both areas. Feeding tactics
used to herd and capture prey were the most frequent and engaged a greater number of individuals, suggesting that
these tactics are better for capturing fish that gather in larger schools. Furthermore, the seasons influenced the occur-
rence of different prey items, which in turn modified the feeding tactics of the dolphins. In the Ilha Grande Bay we
observed that bouts lasted longer and larger groups engaged in the feeding tactics, which may be associated with the
seasonal spawning of larger schooling fish such as Sardinella brasiliensis (Steindachner, 1879) (Teleostei: Clupeidae).
However, in the Sepetiba Bay, we observed longer feeding bouts and a smaller number of individuals engaged in the
feeding tactics during autumn-winter. This may be associated with the fact that the most abundant prey species,
Micropogonias furnieri (Desmarest, 1823) (Teleostei: Sciaenidae), gathers in small schools. Calves were present in 95%
of all coordinated feeding tactics that occurred in the Ilha Grande Bay and in approximately 61% of feeding tactics in
the Sepetiba Bay, suggesting that these areas are important for social learning. This study provides more information
about feeding tactics and improves knowledge of the coordinated behavior of Sotalia guianensis (Van Benéden, 1864).
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Cooperative feeding behavior has been reported for sev-
eral cetaceans in different habitats, for instance Killer whales
Orcinus orca (Linnaeus, 1758) (Barp 2000), common dolphins
Delphinus delphis (Linnaeus, 1758) (NEuMANN & Orams 2003) and
bottlenose dolphins Tursiops truncatus (Montagu, 1821)
(BeL'kovicH et al.1991). Despite the many studies conducted with
Sotalia guianensis (Van Bénéden, 1864) (e.g., Grist ef al. 1999,
Rossi-Santos et al. 2007), there is little information about the
feeding behavior tactics used by this species or the participa-
tion of calves and group size in each tactic (Rossi-SaNTOS & FLORES
2009, TarpiN et al. 2011). The Guiana dolphin S. guianensis is a
small delphinid that occurs continuously along the Atlantic
coast of Central and South America, from Nicaragua to the
state of Santa Catarina, southern Brazil, inhabiting estuaries
and bays (Simoes-Lores 1998, Carr & Bonpe 2000). It usually
forms small groups (1 to 30 individuals) (e.g., Geise 1991). Ac-
cording to Frores & Da Siva (2009), large groups are usually
engaged in feeding activities. Some studies on the diet of this
species along the Brazilian coast indicate that the feeding hab-

its of this dolphin are opportunistic and generalist at different
depths (e.g., Ouivera et al. 2008). The main food items con-
sumed by the Guiana dolphin are pelagic or demersal prey, for
instance Sardinella brasiliensis (Steindachner, 1879) (Teleostei:
Clupeidae), Trichiurus lepturus (Linnaeus, 1758) (Teleostei:
Trichiuridae) and Micropogonias furnieri (Desmarest, 1823)
(Teleostei: Sciaenidae) (D1 Benepitro & Ramos 2004), which in-
habit estuarine waters (e.g., Borosia & Barros 1989, Araujo et al.
1998).

This study compares the coordinated feeding behavior
of S. guianensis in two bays in southeastern Brazil. First, we
describe and quantify the feeding tactics and dolphin group
size in each tactic for each area. Then, we compare the results
between the two areas. Because dolphins use different feeding
tactics to capture fish in different school sizes, they are likely
to gather in different numbers according to the size of the
school. Furthermore, in order to test whether dolphins spend
more time feeding in any particular season, we analyze whether
the duration of the feeding behavior (bout) varies seasonally,
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and associate our results with the seasonal spawning and abun-
dance of prey, for instance S. brasiliensis. Finally, we also ascer-
tain the participation of calves and juveniles in each tactics, in
each bay.

MATERIAL AND METHODS

Along the southern coast of Rio de Janeiro, a large estua-
rine systems is formed by the Ilha Grande, 22°50’-23°20’S,
44°00’-44°45’W, and the Sepetiba bays, 22°54’-23°04’S, 43°34’-
44°10'W (Fig. 1) (SioNorint 1980, Araujo et al. 1998). The Ilha
Grande Bay receives deep waters rich in nutrients, derived from
the South Atlantic Central Waters (SACW) (SigNorint 1980), and
organic matter from river drainage and mangrove production,
which act as a transition area between the sea and the land
(Nogara 2000). We surveyed the western area, which includes
shallow waters (< 10 m), using boats. The Sepetiba Bay is a
semi-enclosed body of water connected with the sea in the
East, by a small, shallow inlet with little water flow, which
crosses extensive mangrove forests. Much of the inlet complex
is shallow (about 6 m in depth). In some areas, however, as in
between islands, it may reach 47 m in depth. There is a large
natural channel in the western part that runs between the large
islands of Jaguanum and Itacuruga, with depths of = 30 m
(MutHE & VALENTINI 1998).

Sotalia guianensis occurs in protected areas, like estuaries,
bays, shallow areas and areas with mangroves (Rossi-Santos &
WEDEKIN 2006, FLores & Da Siva 2009). In both Ilha Grande
and Sepetiba bays, Guiana dolphin populations are present
throughout the year, and most groups are composed of mother-
calf pairs accompanied by juveniles (Lobt 2003, Nkry et al. 2008).
At the Ilha Grande Bay, Lop1 (2003) observed 1,754 individuals
in 54 groups; calves were present in 89% of the groups and
juveniles in 87% (Lopr 2003). In a recent study (TArpIN et al.
2013a) observed that 94% of the groups have calves and/or
juveniles. In the Sepetiba Bay, the population size is approxi-
mately 1,269 individuals (FracH et al. 2008), and calves are
present in 80% of the groups.

The present study compares the coordinated feeding tac-
tics of the Guiana dolphin between the two populations. The
data obtained from the Sepetiba Bay were collected from Sep-
tember 2000 to August 2001, and resulted from 29 boat trips.
During the latter, we observed the general behaviors of the
dolphins. The data from the Ilha Grande Bay were obtained by
TarDIN et al. (2011) in the western part of it. They conducted
eighteen days of boat trips from May 2007 to March 2008.
Despite the fact that data from different bays were collected at
different periods, the natural and anthropogenic conditions
found in both areas were similar and did not influence the
results. In both areas, all boat trips were conducted in random
routes using a boat with 7.5 m and 2 observers following focal
group procedures with continuous sampling (ALtMANN 1974),
using SONY® Digital 8 25x and GRADIENTE® VHS 18x video
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Figure 1. Map of study area, the great complex estuarine formed
by Ilha Grande Bay and Sepetiba Bay, southeastern Brazil.
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cameras in the Sepetiba Bay and a digital Handycam SONY®
25x in the Ilha Grande Bay. When we sighted a group of dol-
phins, we reduced the speed of the boat in order to maintain a
15 m distance from it, a procedure adopted also by TarDIN et al.
2013b. This distance avoids interference on the behavior of
the dolphins. According to Karcmarski et al. (2000), the feeding
behavior of dolphins is characterized by frequent and asyn-
chronous dives in different directions, without a breathing
pattern. We only included, in our data, dolphins that seemed
to be feeding in groups.

The following definitions are used in this study: 1) Group:
characterized by individuals within 10 m of each other
(SMOLKER ef al. 1992) and engaged in the same activity
or moving in the same direction (SHANE 1990); 2) Feeding bout:
a discrete and continuous period of feeding (in seconds), in
which some feeding tactics occur (VAuGhN et al. 2008); 3) Im-
mature individuals: calves are individuals smaller than 1/2 of
the adult length and are a light gray in color; and juveniles are
individuals larger than 1/2 and smaller than 2/3 of the adult
in length (Geist ef al.1999); and 4) Tactics: short-duration be-
haviors within each feeding bout (Arrmann 1974). We classi-
fied the feeding tactics into eight categories (Table I).

Two experienced observers analyzed the video clips to
avoid possible errors in identifying the tactics used by dolphin
groups. First, we quantified the frequency of tactics performed
by dolphins for each area separately. We counted the number
of individuals in the group engaged in each tactics and the cor-
responding season (divided in spring-summer (September 215 —
March 20%) and autumn-winter (March 21% — September 20™)).
Then, we counted the duration of each feeding bout and the
number of individuals engaged in each tactic during all survey
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Table I. Description of the eight categories of feeding tactics.

Coordinated Feeding Tactic

Description

Wall formation

Wall formation with jumps
Perpendicular feeding
Perpendicular feeding with jumps
Line abreast

Line abreast with jumps
Kettle

Characterized by the division of a group into two subgroups that swim

in opposite directions (BeL'kovicH et al. 1991)

One or both subgroups jump before or after performing the Wall formation tactic

A group of dolphins split into two subgroups, which swim in perpendicular directions (TArDIN et al. 2011)
One or both subgroups jump before or after performing the Perpendicular feeding tactic

Dolphins that swim side by side form a tight line, separated by no more than one dolphin-body width (Neumann &
Orams 2003)

One or both subgroups jump before or after performing the Line abreast

Characterized by dolphins diving under a school of fish and forcing it to the surface, with dolphins emerging from
several directions (BeL'kovicH et al.1991)

Kettle with jumps

One or both subgroups jump before or after performing Kettle

days in each area. To standardize the feeding bout data between
the two bays, we divided the duration of each bout by the mean
duration of all bouts for each area separately. Furthermore, we
investigated whether the occurrence of jumps in tactics varied
throughout the entire sampling period. We evaluated the pres-
ence of calves and juveniles in feeding behaviors by counting
the groups containing these individuals in the two bays, their
presence in the tactics and the frequency of each age class.

We used the non-parametric Mood’s Median test to evalu-
ate whether the group size in each tactic differed significantly
in both areas and to assess the statistical significance between
the duration of bouts in each season in both areas. The Kruskal-
Wallis test was used to determine whether the number of indi-
viduals engaged in each tactic was statistically different between
the seasons for both areas. A Chi-square test was used 1) to test
whether the occurrence of jumps in tactics varied during the
sampling period, because some authors discuss jumping within
the context of a feeding strategy (e.g., Wursic & Wursic 1980,
AcevepO-GUTIERREZ 1999, Lusseau 2006, Rossi-SaANTOs & FLORES
2009, Nascivento & Nascivento 2010); 2) to evaluate the fre-
quency of the main tactics; and 3) to test for the presence of
immature individuals in each tactic in both areas.

RESULTS

In the Ilha Grande Bay, we observed 1,520 groups and
914 events of coordinated feeding tactics, whereas in the Sepetiba
Bay we observed 948 groups and 370 events of coordinated feed-
ing tactics (Table II). No feeding event with only one individual
was observed in either bay during the study period. Feeding tac-
tics without jumps were more frequently observed than feeding
tactics with jumps, and the difference in their frequency was
significantly different (x> = 16.082, d.f. =1, p < 0.0001).

In the analysis of the feeding tactics throughout the sea-
sons for the two populations, we only considered feeding tac-
tics without jumps. This decision was motivated by the number
of samples of tactics with jumps, which varied significantly
between seasons in both areas (jumps were more frequent in

the Ilha Grande than in the Sepetiba Bay), which could affect
the results. In the Ilha Grande Bay, we observed 390 events of
feeding tactics in the spring-summer period and 385 occur-
rences in the autumn-winter period, whereas in the Sepetiba
Bay, we observed 168 occurrences of feeding tactics in the
spring-summer period and 179 in the autumn-winter period.
A significant difference (x? = 86.638, d.f. =9, p < 0.0001) was
found in the frequency of feeding tactics between the seasons
in both areas. In the Ilha Grande Bay, wall formation and per-
pendicular feeding were more frequently observed in all sea-
sons, whereas kettle and line abreast were more frequently seen
in the autumn-winter period. In the Sepetiba Bay, wall forma-
tion and kettle were more frequent during the autumn-winter
period, and the line abreast and perpendicular feeding were
more frequent in the spring-summer period.

A significant difference in group size was found during
the following feeding tactics in both populations: wall forma-
tion (x*> = 16.21, d.f. = 1, p = 0.000001) and line abreast (x* =
15.13, d.f. = 1, p = 0.000001). By contrast, no difference was
found in the size of groups performing perpendicular feeding
(x*=0.56,d.f. =1, p=0.453) and kettle (x*=1.20,d.f.=1,p=
0.273) (Table II).

Group size in all coordinated feeding tactics differed sig-
nificantly between the two bays (p = 0.000001). Therefore, in
order to verity in which feeding tactics the difference occurred,
we used post hoc tests for all ranks.

Wall formation and kettle differed significantly in the
mean group size in the spring-summer periods for Ilha Grande
and Sepetiba (p = 0.000001 and p = 0.01966, respectively), be-
tween the autumn-winter period for the Sepetiba Bay and the
spring-summer period for the Ilha Grande Bay (p = 0.000001
and p = 0.007076, respectively), and between the spring-sum-
mer and autumn-winter periods for the Ilha Grande Bay (p =
0.000001 for both tactics).

Line abreast and perpendicular feeding tactics differed sig-
nificantly in mean group size among the spring-summer peri-
ods for both bays (p = 0.000113 and p = 0.000002, respectively)
and between the autumn-winter period for the Sepetiba Bay and
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Table Il. Number of occurrences (N) and group size engaged in each tactic during the two sampling periods in llha Grande Bay (retrieved
from TaroiN et al. 2011) and Sepetiba Bay.

Ilha Grande Bay

Sepetiba Bay

Coordinated feeding tactics

Autumn-Winter

Spring-Summer

Autumn-Winter

Spring-Summer

N Group size N Group size N Group size N Group size
(MeanzSD) (MeanzSD) (Mean+SD) (MeanzSD)

Wall formation 181  2-35(8.95+4.27) 194 3-200 (21.10+£19.34) 106 2-30 (8.67+4.95) 92 2-40 (11.23+7.94)
Wall formation with jumps 40  2-25(8.95+4.96) 15  6-15(10.0+2.64) 5 6-30 (14.249.17) 4 4-12(8.00+3.65)
Perpendicular feeding 124 4 -25(9.67+3.68) 138 4-50 (15.71+7.74) 19 3-16 (8.63+3.53) 23 3-30(9.86+6.82)
Perpendicular feeding with jumps 73 3-15 (7.55£2.29) 11 7-17 (10.27£3.16) 1 (12+0) 3 3-11(7.3314.04)
Kettle 46 2-12(5.65+1.87) 34 3-15(7.17£2.79) 29 2-11 (5.24+2.55) 15 2-13 (5.06+3.47)
Kettle with jumps 0 - 0 - 1 (31£0) 0 -
Line abreast 34 4-12(6.94+2.52) 24 4-15(8.75£3.13) 25 2-10 (5.20+2.38) 38 2-12(5.47+2.86)
Line abreast with jumps 0 - 0 - 2 3-4 (3.5+0.70) 7 4-8(5.57+1.51)

the spring-summer period for the Ilha Grande Bay (p =0.000119
and p = 0.000051, respectively). Line abreast also presented a
significant difference between the autumn-winter periods for
the two bays (p = 0.034459), whereas perpendicular feeding was
significantly different between the spring-summer and autumn-
winter periods of the Ilha Grande Bay (p = 0.000001).

During all study periods, we observed 399 feeding bouts
in the Ilha Grande Bay, with a mean duration of 67.8 s (60 +
114 s), ranging from 7.8 s to 1,266 s. In the Sepetiba Bay, we
counted 239 feeding bouts lasting 66.65 £ 60.71 s. The feeding
bouts in the [lha Grande Bay were longer during the spring-
summer period (165 £ 223 s) than during the autumn-winter
period (43.8 + 0.86 s). However, in the Sepetiba Bay, during
the spring-summer period, the bouts were shorter (42.91 + 38.28
s) than in the autumn-winter period (94.03 £ 69.79 s). No sig-
nificant difference was found between the spring-summer sea-
sons of both areas (x? = 1.36, d.f. = 1; p = 0.244), whereas the
autumn-winter seasons were significantly different between
both areas (x> = 103.36, d.f. =1, p =0).

In the Ilha Grande Bay, immature individuals were ob-
served in 95% (n = 905) of coordinated feeding tactics. They
were seem more frequently in the wall formation (38%, n =
350) and less frequently in the line abreast formation (6%, n =
55). In the Sepetiba Bay, this class of individuals was seen in
227 feeding tactics (61%), more frequently in the wall forma-
tion (66%, n = 150), as in the Ilha Grande Bay. However, in
this area, calves and juveniles were less frequently seen in the
kettle feeding tactic (8%, n = 18). The results of the Chi-square
test differed significantly between the frequency of feeding
tactics with the presence of immature individuals and feeding
tactics with a lack of calves and juveniles in both bays (x? =
123.201, d.f. = 1, p < 0.10001).

DISCUSSION

The feeding strategies of the small delphinid S. guianensis
are considered elaborate and complex, with several patterns
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that are executed individually or cooperatively (MONTEIRO-FILHO
2000). These dolphins use coordinated feeding tactics to over-
come prey escape strategies (Major 1978).

The diet of the Guiana dolphin is composed of prey spe-
cies with different habitats and behavioral patterns, but the
species seems to be selective and restricted to a group of po-
tential prey in each region (OLiveira et al. 2008). The results of
our study are consistent with those of Be’Kovich et al. (1991),
who emphasized that the feeding behavior of a species can
vary according to habitat characteristics, prey species and their
distribution.

According to Major (1978), the feeding strategies of most
cetaceans aim to reduce the size of the school and disorientate
the fish, facilitating prey capture. Assuming that during wall
formation, the dolphins in the group move in opposite direc-
tions to divide the school and capture prey, this feeding tactic
seems to be the most efficient among S. guianensis populations.
Among all of the coordinated tactics observed in this study,
the wall formation was the most frequently used in both ar-
eas, showing that S. guianensis has clear preference for this tac-
tic, suggesting that it yields the best cost-benefit ratio for all
individuals involved.

The results of this comparative study suggest a possible
convergence in feeding behavior for delphinids because the
coordinated feeding tactics observed here are not exclusive to
the species studied. Common dolphins, for instance Delphinus
delphis (Linnaeus, 1758) in New Zealand, NEumMaNN & Orams
(2003), also execute wall formation and line abreast forma-
tions, and BeL'kovicH et al.’s (1991) also observed the kettle and
wall formation in Black Sea bottlenose dolphins, T. truncatus.

Coordinated jumps had been previously reported for S.
guianenis (e.g., Rossi-Santos & FLores 2009). However, only TArDIN
et al. (2011) have discussed the quantification and detailed
investigation of these jumps. According to ACEVEDO-GUTIERREZ
(1999), dolphins probably jump to drive fish against an ob-
stacle. In the present study, jumps were frequent in the Ilha
Grande Bay, whereas in the Sepetiba Bay they were rare. It is
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possible that differences in the depth of the water are respon-
sible for this difference. In the Ilha Grande Bay, where the water
level is shallower (about 10 m), the impact of the dolphin’s
body against the water when returning from a jump up would
be high and probably sufficient to disorient prey schools. It
may also help to push prey against a dolphin barrier or the
seabed, facilitating capture. The Sepetiba Bay has greater depths
(about 30-40 m), and the intensity of the body impact would
not cause a significant effect on prey. Another explanation may
be the use of jumps as a method to signal the presence of prey
to other groups (Wursic & Wursic 1980).

The differences in the duration of the feeding bout, fre-
quency of tactics and group size throughout seasons confirm a
close association between predator and prey. A seasonal vari-
ability in the size of the group has been reported for several
species of odontocetes in response to seasonal fluctuations in
the habitat and the movements of potential prey (e.g., WURsIG
& Wursic 1980). According to SHANE et al. (1986), there is a
definite seasonal difference in the number of individuals in
populations of species that remain in the same area through-
out the year, which seems to be the case with these two popu-
lations of S. guianensis.

The size of a dolphins’ group is associated with the size
of the prey school, as observed by Wursic & Wursic (1980),
Benort-Birp & Au (2009) and TarpiN et al. (2011). The highest
mean group size corresponded to the wall formation tactic in
the two bays, as well as in the spring-summer season in the
Ilha Grande Bay. The number of individuals engaged in this
tactic is variable, from large groups in Ilha Grande, which may
be associated to the capture of large schools (such as
Engraulidae) that are abundant in the spring-summer season,
to small groups in Sepetiba during the autumn-winter period,
which may be explained by abundant small schools of the
croaker, M. furnieri.

In the Ilha Grande Bay, the coordinated feeding bouts
were longer, and tactics were more frequent of in the spring-
summer period. During this time, wall formation and perpen-
dicular feeding were the most frequently observed tactics. Bay
waters are strongly influenced by the SACW during the sum-
mer, which provides a great abundance of fish (SigNoriNnt 1980).
Thus, it is necessary to perform more coordinated tactics to
catch prey in large schools, such as Cupleidae and Engraulidae,
during this period (Matsuura 1978). Despite the fact that S.
brasiliensis occurs in both areas, Parva & Morta (2000) reported
that the larger and heavier schools of species near the state of
Rio de Janeiro were found in waters of the Ilha Grande Bay,
corroborating our hypothesis. However, in the Sepetiba Bay,
the duration of feeding bouts and the frequency of feeding
tactics were higher during the autumn-winter period, with the
wall formation and kettle being more frequently used during
this season. Aravjo et al. (1998) demonstrated that M. furnieri
was one of the most abundant fish species in the bay in the
autumn-winter period, which may influence the higher fre-

quency of coordinated feeding tactics, such as kettle, during
this season. The croaker (M. furnieri) is an abundant demersal
species. This habit may be the reason why the kettle tactic oc-
curs in the autumn-winter period in the Sepetiba Bay. More-
over, kettle occurred at greater depths (NEumMANN & ORAMNS
2003). Information about M. furnieri is deficient for the Ilha
Grande Bay. The similarities in prey composition and abun-
dance in the Ilha Grande and Sepetiba bays have not been
determined and more details must be gathered to better sup-
port this hypothesis.

Immature individuals were frequent during the coordi-
nated feeding behavior in both areas. According to SHANE (1990),
learning has an important role in the behavior of T. truncatus.
By watching their mothers and other adults, the calves learn
where and how to locate and capture prey.

Because the Sepetiba Bay is semi-enclosed and more pro-
tected, we expected that immature individuals (calves and ju-
veniles) would be more frequent in the population of this bay.
Contrasting with our expectations, we found that immature
individuals are more frequent in the Ilha Grande Bay. One
possible explanation is that calves and juveniles are more pro-
tected from human impacts in the Ilha Grande Bay than in
the Sepetiba Bay (Dt Souza Lima et al. 2002) and consequently
have more opportunities for learning coordinated tactics. An-
thropogenic influences are more obvious in the Sepetiba Bay,
of which intense boat traffic and a major harbor are good ex-
amples. Most likely, these factors also affect the availability of
resources there. In conclusion, the Ilha Grande Bay seems to
be more suitable to shelter a large dolphin population and
therefore a larger number of infants.

The present study compares the largest populations found
for the species S. guianensis and provides details on the coordi-
nated feeding tactics of dolphins by quantifying the presence of
calves and associated events in feeding tactics. The estuarine
complex should be considered an important area for the con-
servation of this species, requiring greater management and pres-
ervation efforts. Knowledge of this subject is considered
insufficient by IUCN (2004). Additional studies of coordinated
behavior among other populations along the Brazilian coast are
necessary to better understanding the ecology of this species.
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