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Abstract

Amazon River dolphins often form multi-species aggregations at water confluences. This
study used a multi-year data set to examine dolphins, fish, and geomorphology at dolphin
aggregations. Methods included dolphin transect surveys, dolphin point counts, net and
line fish captures, side-scan sonar, and eDNA analyses at five dolphin aggregations and
two control sites. Amazon River dolphins (Inia geoffrensis and Sotalia fluviatlis) are typically
found at aggregation sites that occur at water confluences that have greater dolphin num-
bers than control sites. The confluences had riverbed depressions averaging six metres in
depth where fish were concentrated. Pink river dolphins preferred to form aggregations in
flooded forest tributaries and large rivers, while grey river dolphins preferred the larger
rivers. There were eighty-nine fish species at the confluences within the size of fish con-
sumed by dolphins, and a higher abundance of fish occurred in and around the aggregation
sites compared to control sites. The number of dolphins present at the aggregation sites
correlated with fish abundance. Dolphin life history, such as fishing, resting, raising calves,
and social interactions, occur at the aggregation sites. The aggregation sites are important
conservation areas of the endangered pink and grey river dolphins, and through their
folklore, Indigenous people living at confluence sites assist in the conservation of the aggre-
gations and have lived with dolphins at confluences for thousands of years, contributing to
their survival.

Keywords: pink river dolphin; grey river dolphin; Amazon fish; dolphin aggregations;
river confluences

Key Contribution: Amazon river dolphin life history revolves around interspecific
aggregations at water confluences that have high fish abundance and diversity.

1. Introduction

Dolphin populations and their life history depend on fish, both in oceans and rivers,
and the abundance and distribution of fish determines dolphin behaviour and habitat
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use [1]. River dolphins prefer confluences of rivers and areas of riverbed depressions, and
they typically gather at these sites, forming aggregations [2]. In the Amazon, river dolphins
form groups at confluences in the Bolivian, Amazon, and Orinoco River basins [3-5].

Two sympatric river dolphin species, Inia geoffrensis (pink river dolphin) and Sotalia
fluviatilis (grey river dolphin), inhabit flooded forests and rivers in the Ucamara depression
of western Amazonia in Peru [6]. Pink river dolphins, an ancient species, use smaller tribu-
taries and flooded forests, but also use large rivers [7,8]. They have evolved adaptations for
the Amazon and flooded forests since the Miocene, around twenty million years ago [9].
Grey river dolphins split from their marine ancestors around two million years ago during
the Pleistocene and are less adapted to flooded forest life; they inhabit larger rivers and
occasionally smaller tributaries and flooded forests [10,11].

Both species of Amazon River dolphins use confluence areas, including lake-river,
channel-river, and river-river confluences where they form aggregations [7]. Fishing be-
haviour by dolphins is common at these sites, and fish abundance is presumed to be the
reason for the dolphins’ preference for confluence areas [7,12]. The dynamics of river currents
and sediment load might also be a reason for dolphins’ preferences for confluence areas [1,13].

River confluences, where two or more rivers or channels meet, often exhibit high
fish populations and species richness. This is due to a combination of factors, including
increased habitat complexity, diverse water quality conditions, and the confluence acting
as a movement corridor for fish [14]. The combination of water flows produces a diversity
of habitats, ranging from fast-flowing currents to slower, deeper pools that concentrate nu-
trients and organic matter for fish diets [15]. Large confluences can have different currents,
such as backflow currents and channels that can facilitate fish movements, food availability,
and reproduction as spawning and nursery grounds for migratory fish [16]. Consequently,
the species’ richness and abundance of fish are higher at confluences compared to other
river locations [14].

Observations of the fishing behaviour of river dolphins at confluences strongly suggest
that they prey on fish in those locations. River dolphins congregate where there is a
concentration of fish, and their feeding behaviour demonstrates a clear predator—prey
relationship [9]. Grey dolphins feed closer to the surface, chasing fish, while pink dolphins
feed deeper in the water [6].

In this study, we used a long-term data set collected monthly over 15 years at multiple
areas with dolphin aggregations. This paper analysed the data set to better understand the
ecology of Amazon River dolphins in relation to their fish prey and shows how aggregation
sites at confluences are central to the life history of dolphins. We used an experimental
design that recorded dolphin and fish data at the confluences and at control sites outside of
these areas. We studied areas where pink and grey river dolphins aggregate in terms of dol-
phin numbers and interactions, fish numbers and diversity, and riverbed geomorphology.

The study sites included the aquatic landscape at the confluence of the Ucayali, Mara-
non, and Amazon Rivers, and the confluences of the Samiria River in the Pacaya—Samiria
National Reserve. The Pacaya—Samiria National Reserve, decreed in 1982, is currently
co-managed between the Peruvian Protected Area Service (SERNANP) and the Cocama
(Kukama) Indigenous people through community-based management groups. The reserve
allows sustainable resource use and traditional activities, including artisanal fishing [17].
This area is part of the largest block of varzea flooded forests in western Amazonia and
extends over an area of 120,000 km? in the Department of Loreto, Peru [18].

The pink river dolphin and the grey river dolphin are both classified as “Endan-
gered” (EN) in the IUCN Red list, which shows their vulnerability to ongoing conservation
threats [19]. Dolphin studies in the Pacaya—Samiria National Reserve and adjoining ar-
eas span over decades [5,7,20] and the population of both river dolphins is particularly
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abundant in this region and has been stable over the years [18]. The local Indigenous
communities and SERNANP are both important to dolphin conservation at confluence sites.
Indigenous communities in this region of the Peruvian Amazon have strong beliefs about
not killing the dolphins, and this has been key in maintaining strong dolphin populations,
especially at confluence areas where there are dolphin aggregations [21].

2. Materials and Methods
2.1. Study Area

The study area was in the western Amazon in the Loreto Region of Peru. Dolphin
research was conducted in the Samiria River basin, and the major Marafion, Ucayali and
Amazon rivers in the Pacaya—Samiria National Reserve (PSNR), and a buffer zone situated
in the Marafion-Ucayali subsidence area of the Ucamara depression [22] (Figure 1). PSNR
and surrounding areas have a predictable annual water level cycle with high water from
January to June and low water from July to September. This water level cycle is a result of
the winter-summer seasons in the Southern Atlantic, and since water levels slowly rise
and fall due to the flatness of the flooded forests. There is an average difference of 9.5 m
between peak flooding and the low season trough, ranging from 108.2 to 117.7 m.a.s.l. [18].

Pacaya-Samiria National Reserve
and buffer zone

Figure 1. Map of the study area and aggregation sites: (1) the Samiria River and Atun Lake (Samiria—
Atun), (2) Samiria River and Tapischa Lake (Samiria-Tapischa), (3) Samiria River and Shiringal
Channel (Samiria—Shiringal), (4) Samiria River and Maranon River (Samiria-Maranon), and (5) the
confluence of the Ucayali, Maranon, and Amazon Rivers (UM—-Amazon).

We studied dolphin aggregations with a variety of methods to estimate dolphin
and fish populations, dolphin behaviour, and age structure. Between 2010 and 2024,
we completed a total of 1341 dolphin surveys covering 6705 km of transect and over
50,000 sightings of individuals. In addition, 1290 fish surveys conducted over the same
period at the same locations measured over 40,000 fish. Dolphin and fish surveys were
performed throughout the year, in all seasons and months.

2.2. Dolphin Surveys

Dolphin surveys included population size, age structure and behaviour. We estimated
abundance and density using standard methods for river dolphins [23-25]. Surveys in-
volved 5 km aquatic transects placed at aggregation and control sites. Transects began
before the aggregation site, progressed through the core area, and ended after the site.

We used motorboats between 8 and 14 m long for dolphin surveys, and we drifted
downriver if there was sufficient river current. The boat engine was used at minimum
speed if there was insufficient current, especially in the lakes and channels. The transect
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velocity was between 2 and 4 km/h. A Garmin GPS was used to measure the position and
length of transects.

We also studied dolphin aggregations using point counts. Data were collected for one
hour from an anchored boat at the aggregation site. The point counts recorded the same
data as the 5 km aquatic transects with the addition of distance and angle from the boat of
dolphin sightings.

Visual records of dolphins breaching the water surface allowed for species identifica-
tion, pod size, and composition. The pod size was the number of dolphins present, and
the pod composition was recorded as infant, juvenile, sub-adult, adult, and large male.
The composition used the dolphins’ relative size, with infants being the smallest, juveniles
notably smaller than adults, sub-adults being slightly smaller than adults, and large males
exceeding the average adult size. Pod numbers and composition were determined by
observing the individuals for multiple breaches of the dolphins and care was taken not to
double count individuals. We did not perform individual recognition of dolphins, except
during the observation period.

Behavioural data included feeding, moving, resting, playing, and mating. Pink and
grey river dolphins feed differently. Pink river dolphins use their heterodont dentition
to feed on catfish that are usually deep in the water near the riverbed and typically stay
submerged for several minutes and surface actively, whereas grey river dolphin fish near
the surface, chasing fish and often feeding in pods [6].

Moving (displacement) behaviour was a consistent movement of dolphins either
upstream or downstream. Dolphins often breach in unison whilst moving. Dolphins stay
close to the bank where the currents are weaker when travelling upstream. When dolphins
rest, they face upstream against the currents, or in slow-moving whirlpools, often close to
the bank and they breach the water slowly.

Play behaviour was when dolphins become excited and display rolling, tail wagging,
fin slapping, and they can jump completely out of the water, sometimes with flips or twirls.
Spy hopping occurred in pink river dolphins when individuals protrude their beak out of
the water and twirl it vertically in circles. Mating behaviour was also recorded.

We determined dolphin abundance by counting the number of individuals at ag-
gregation and control sites during 5 km surveys as individuals/survey, which permitted
statistical comparisons. The data spanned 2010-2019 and 2022-2024. We calculated annual
means per site for each species. Seasonal analysis divided the data between high-water
(Jan—June) and low-water (July-Dec) seasons. Analysis during peak flooding, when dol-
phins had greater access to the flooded forests, used the months of April and May.

2.3. Fish Catch per Unit Effort Surveys

We surveyed fish to obtain catch-per-unit-effort (CPUE) data during 2012-2019 and
2022-2024 using both gill net and rod-and-line methods at the same locations as dolphin
surveys. CPUE was used as a measure of fish abundance. The effort was a standard gill
net of green nylon measuring 30 m long, 3 m deep with a 2-3-inch mesh, set for 1 h. Nets
were set in rivers, channels, lake habitats, and flooded forest habitats, and a GPS point was
noted for each net location. We recorded data on species, weight, and standard length. Fish
were returned into the water after measuring.

Hook and line fishing had a mean of 5 people fishing per hour. Traditional poles with
simple fish lines and hooks were baited with meat. We recorded measurements on species,
weight, and standard length, and fish were released after measuring.

We measured fish abundance as individuals captured per one-hour survey, or
fish/hour-survey. The control sites used the same method, and the variables were the same
(fish/hour), allowing for a comparative analysis between aggregation and control sites.
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2.4. Side-Scan Sonar Surveys

We studied geomorphology of the riverbed and counted fish numbers using a StarFish
Seabed Imaging System which is a high-definition side-scan sonar. The sonar produces
near-photographic quality images of the riverbed. Fish are visualized as white dots which
are caused by gas in their swim bladders and stomachs, or through direct reflection. The
StarFish side-scan sonar was placed on the bow or side of a 10 m boat, and line surveys were
performed at 4-6 km /h for 5 km. Images were used to determine fish numbers by adding
all fish spots and direct images of fish and discounting floating vegetation. Although
side-scan sonar generates images from both sides, only the side with less interference was
used for counting fish.

2.5. eDNA

Species richness and abundance at the Maranon-Ucayali-~Amazon confluence site
used environmental DNA (eDNA) of water samples because it was not possible to conduct
CPUE studies at this location due to the size of the merging rivers. eDNA sample collec-
tion and analysis were performed with Nature Metrics. Water collection, filtering, and
storage of aquatic kits followed the sampling protocol of the Standard Aquatic eDNA Kit
(https:/ /www.naturemetrics.com). Each water sample used four sub-samples collected
around the centre of the aggregation and control site at 100 m intervals.

2.6. Statistical Analysis

We used ANOVA tests to analyse differences between variables at aggregations
and control sites, including dolphin species, dolphin numbers, fish CPUE, side-scan
sonar, seasons, years, river type, and river size. For the Samiria sites, ANOVA tests
of means were used because of the large sample sizes. Correlations were used for
fish—dolphin relationships.

A MANOVA evaluated differences in aggregation size based on the combination of
fish CPUE and side-scan sonar fish numbers across sites and years. The relationships were
analysed between the dependent variable of aggregation size, as number by year, and the
factors of fish CPUE and side-scan sonar numbers, by site (1-5) and years (2010-2018).

Ethical approval was authorized by SERNANP and the Peruvian Forestry and
Wildlife Service (SERFOR) for biological surveys, with approval code RD-000116-2022-
DGGSPFFS-DGSPES.

3. Results

Five dolphin aggregations and two control sites were studied, representing the main
waterscape types of the Ucamara basin in western Amazonia. We found mixed species
aggregations on the Samiria, Maranon, Ucayali, and Amazon Rivers, all at confluences of
rivers, lakes, and channels.

The aggregation sites were located at confluences of lakes and rivers (n = 2), at the
confluences of two rivers (n = 2), and at the confluence of a channel and a river (n = 1).
The confluence aggregation sites included: the Samiria River and Atun Lake (Samiria—
Atun), Samiria River and Maranon River (Samiria-Maranon), Samiria River and Tapischa
Lake (Samiria-Tapischa), Samiria River and Shiringal Channel (Samiria-Shiringal), and
the confluence of the Ucayali, Maranon, and Amazon Rivers (UM—-Amazon). The Samiria—
Atun aggregation was in a tributary river, while the other sites connected to one of the
larger rivers (Maranon, Ucayali, and Amazon) (Figure 1). The Samiria-Tapischa, Samiria—
Shiringal, and Samiria-Maranon aggregations were in the wetland habitats at the mouth of
the Samiria River.
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Dolphins studied in areas outside the aggregations were used as control sites, one on
the Samiria River (Samiria Control), and another on the Amazon River and Yarapa Channel
(Amazon Control).

3.1. Dolphin Aggregations

Both the pink and grey river dolphins used the same aggregation sites, and both
species were common. At the aggregations, pink river dolphins were present 99.8% of the
time. Grey river dolphins were not always present, and the interior river site (Samiria—
Atun) had the lowest presence of grey river dolphins, with both species present 62.7% of the
time. The two dolphins formed mixed-species aggregations more frequently at sites linked
to major rivers, with both species present 84% of the time, and mixed-species aggregations
were greater in the major rivers than in the tributary river (ANOVA, df 15, F 7.77, p = 0.015).
The UM—-Amazon site had the largest rivers and the greatest mixed-species aggregation,
with both dolphins present 98.8% of the time.

3.2. Pink River Dolphin

Pink river dolphins had an overall mean of 16.9 ind/survey (SD 3.5, range 13.1-21.0)
per aggregation site. At the control sites outside of aggregation sites, pink river dolphins
had a mean of 7.0 ind/survey (SD 0.5, range 6.7-7.4) (Table 1).

Table 1. Number of pink river dolphins and grey river dolphins (ind/survey) at aggregation and
control sites. Values are individuals per 5 km aggregation survey or control survey.

Sites Minimum Maximum Mean (Ind/Survey)  Std. Deviation
Pink River Dolphin

Samiria—Atun 8.86 17.00 13.15 2.60
Samiria-Tapishica 9.57 24.25 18.49 5.42
Samiria-Shiringal 13.86 36.20 21.01 7.40
Samiria—Maranon 12.60 34.50 18.88 6.78
UM-Amazon 5.00 29.00 13.25 7.04
Samiria Control 3.60 10.40 7.44 2.06
Amazon Control 0.00 27.00 6.78 5.91
Grey River Dolphin

Samiria—Atun 1.62 11.55 4.45 3.27
Samiria-Tapishica 4.40 12.33 8.10 2.92
Samiria—Shiringal 4.95 17.16 9.72 421
Samiria—Maranon 5.22 8.50 6.91 142
UM-Amazon 7.00 47.00 19.10 11.05
Samiria Control 1.60 4.02 247 0.93
Amazon Control 1.00 30.00 7.23 7.02

All the aggregation sites had greater numbers of pink river dolphins than the control
areas (Table 2). The pink river dolphin numbers at the control sites were similar to each
other and were about half of the pink dolphin numbers found at aggregations (ANOVA,
p = 0.75). The dolphin aggregations at the mouth of the Samiria River had the largest
number of pink river dolphins, with a mean of 19.5 (SD 1.35) ind/survey. The number of
dolphins between aggregation sites differed (ANOVA, df 43, F 2.95, p = 0.032), with the
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number of dolphins at the Samiria—Atun and UM-Amazon aggregations being smaller
than those at the mouth of the Samiria River.

Table 2. ANOVA analysis of differences in pink and grey river dolphin numbers between aggregation
and control sites. Due to the large sample sizes for the Samiria sites, analyses were on annual means.

Site Comparison df F Value p Value
Pink River Dolphin

Samiria—Atun vs. Samiria Control 1,14 23.6 <0.001
Samiria—-Tapischa vs. Samiria Control 1, 14 29.0 <0.001
Samiria—-Maranon vs. Samiria Control 1, 14 20.8 <0.001
Samiria Shiringal vs. Samiria Control 1, 14 249 <0.001
UM-Amazon vs. Amazon Control 1,80 11.5 <0.001
Samiria Control vs. Amazon Control 1,77 0.1 0.75
Grey River Dolphin

Samiria—Atun vs. Samiria Control 1,14 2.6 0.123
Samiria-Tapischa vs. Samiria Control 1, 14 26.8 <0.001
Samiria—-Maranon vs. Samiria Control 1, 14 22.5 <0.001
Samiria Shiringal vs. Samiria Control 1,13 51.7 <0.001
UM-Amazon vs. Amazon Control 1,50 18.1 <0.001

3.3. Grey River Dolphin

Grey river dolphins had an average of 18.9 ind/survey (SD 9.2, range 11.5-34.5) at
aggregation sites, compared with a mean of 5.6 ind/survey (SD 2.2, range of 4.0-7.2) at
control sites (Table 1).

All the confluence aggregation sites had greater numbers of grey river dolphins than
control areas outside the confluences, except the interior river site (Samiria-Atun) (Table 2).
Aggregation sites connected to large rivers had a greater number of grey river dolphins
than control areas. The Samiria—Atun aggregation site, inside a tributary river and not
linked to a large river, had similar grey river dolphin numbers as control sites, and was not
an aggregation for grey river dolphins. Grey dolphin aggregations increased in numbers
with the size of the river, with the greatest being at the UM-Amazon aggregation site (mean
19.1 ind/survey) and the lowest at the mouth of the Samiria (mean 8.24 ind/survey).

3.4. Dolphin Behaviour at Aggregations

The behaviours observed were fishing, resting, moving, and playing. At the con-
fluence aggregations, both species of dolphins had greater point counts of fishing than
other behaviours. In both species, there were also greater counts of fishing behaviour
at the aggregations than at control sites, indicating that dolphins often feed at the sites
(Table 3). Contrary, at the control sites, displacement behaviour (moving) had the greatest
counts, indicating that dolphins often move between confluence areas when on the main
river channel.
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Table 3. Frequency of pink and grey river dolphin behaviours at aggregation sites and controls. The
values are counts of behavioural categories per survey (counts/survey).

Behaviour Minimum Maximum Mean Std. Deviation
(Counts/Survey)

Pink River Dolphin

Fishing Aggregations 0.00 68.00 15.16 15.80
Control 0.00 37.00 13.14 13.86

Resting Aggregations 0.00 51.00 9.64 12.34
Control 0.00 15.00 4.70 6.46

Moving Aggregations 0.00 8.00 1.08 1.81
Control 0.00 6.00 1.98 2.73

Playing Aggregations 0.00 54.00 1.80 7.52
Control 0.00 2.00 0.38 1.32

Grey River Dolphin

Fishing Aggregations 0.00 80.00 16.62 16.34
Control 0.00 74.00 14.62 23.31

Resting Aggregations 0.00 82.00 2.73 10.87
Control 0.00 25.00 2.50 6.72

Moving Aggregations 0.00 17.00 2.59 4.14
Control 0.00 9.00 1.56 2.42

Playing Aggregations 0.00 85.00 3.38 11.4
Control 0.00 6.00 0.75 1.77

Pink river dolphins displayed a greater amount of resting and play behaviours at
aggregation sites than the controls, and calves displayed these behaviours more than adults.
Grey river dolphins displayed play behaviour with greater frequency at the aggregations.

3.5. Seasonal Differences in Site Usage

The pink river dolphins used aggregations throughout the year without seasonal
differences in the abundance of individuals at these sites between the high-water season
(January—June) and the low-water season (July-December) (ANOVA, p = 0.71). However,
during the peak flood pulse months of April-May, pink river dolphins decreased at the
aggregation sites and moved into the small tributaries and lakes that were not accessible to
them during the rest of the year. At the UM—Amazon confluence, their numbers went down
to 5 ind/survey during the peak flood pulse in April from an average of 13 ind/survey
during the rest of the year. In the Yarapa Channel, there were no dolphins in the low-water
season, whereas in the peak flood months, there were 6 ind/survey. The control sites
outside the aggregations had a greater number of pink river dolphins in the low-water
season (9.3 ind /survey) than in the high-water season (6.2 ind /survey) (ANOVA, df 11,
F5.12,p=0.04).

The grey river dolphins showed no difference in numbers at the UM-Amazon aggre-
gation site, the most used aggregation by this species, between the high- and low-water
seasons (ANOVA, p = 0.31). Grey river dolphins were rare in flooded forests, and, in the
high-water season, they used the larger rivers.

Seasonal aggregation sites occurred. For example, the confluence at the Yarapa Chan-
nel and Amazon River had a mixed-species aggregation during the high-water season of
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11 ind/survey, but in the low-water season, when water stops flowing from the channel
and the confluence ceases, dolphin numbers decreased and were similar to the control sites.

3.6. Channel Geomorphology of the Riverbed at Dolphin Aggregations

We evaluated the riverbed geomorphology at aggregation sites using side-scan sonar.
The Samiria River control site had a depth of around 10-12 m during the high-water season
and 24 m during the low-water season, which fluctuates between flood and drought
years [26]. The control site on the main channel of the Amazon had a depth of 30-40 m
in the high-water season and 20-30 m in the low-water season. The secondary channel
at the UM-Amazon confluence had a depth of 10 m in high water and 2 m in low water
outside of a depression caused by a reverse current, with a high-water depth of around
18 m and a low-water depth of around 12 m. All the confluence aggregation sites had a
depression in the riverbed that averaged 6.3 m deep (SD 1.6, range from 5 to 9 m) (Table 4,
Figure 2). On the Samiria River, the riverbed depth at the confluence aggregations outside
the depressions were similar to the Samiria control depths.

Table 4. Riverbed depressions at the aggregation sites in metres from the surrounding riverbed.

Confluence Sites Depression Depth (m)
Samiria—Atun 6.0
Samiria-Tapishca 5.0
Samiria—Maranon 6.5
Samiria—Channel 5.0
UM-Amazon 9.0

Figure 2. Fish captured on side-scan sonar at the Samiria—Tapishca depression. The letter A is a
school of fish, B is individual fish, C is the riverbed, and D is the water surface.

The geomorphology of the UM—Amazon site, formed from the merging of the Ucayali
and Maranon Rivers, is important for dolphin and fish populations. The size of the Maranon
(16,175 m3/s) and Ucayali (11,415 m3/s) Rivers results in a complex hydrogeomorphology
consisting of fast-flowing deep channels, stagnation zones, and secondary currents [27].
The Ucayali River determines the bed formation at the confluence, and there is a secondary
current that is counterclockwise on the left bank and has a riverbed depression separate
from the main channel and bordered by a stagnant zone [27]. Dolphin and fish aggregations
were located at this secondary current zone (Figure 3).
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Figure 3. Side-scan sonar images of the depression of the secondary current zone of the Ucayali-
Maranon River confluence, which makes up the UM-Amazon aggregation site, (A) on the periphery
of the depression, (B) in the depression, and (C) two dolphins (*) at the edge of the depression. The
water area is darker (1), and the riverbed lighter (2) in colour. The left vertical axes are the depth, and
the white dots are the fish.

3.7. Fish Numbers

Fish numbers at the confluence sites were determined using side-scan sonar and had a
greater abundance of fish than the control sites (ANOVA, df 107, F 9.5, p = 0.003). The control
sites had the lowest fish numbers (4.2-8.7 fish/image), whereas the confluence aggregation
had greater fish numbers (14.6-33.6 fish/image). The interior tributary aggregation had
fewer fish numbers (14.6 fish/image), and the UM—-Amazon aggregation site had the
greatest fish numbers (33.6 fish/image) (Table 5).

Table 5. Fish numbers (fish/image) at dolphin aggregation sites and control sites as individuals per
side-scan sonar image.

Site Minimum Maximum Mean (Fish/Image) Std. Deviation
Samiria—Atun 1.00 47.00 14.60 10.11
Samiria—Tapishca 3.00 137.00 30.81 33.88
Samiria—Maranon 5.00 76.00 25.93 19.41
UMA-Amazon 20.00 56.00 33.57 8.74

Control Samiria 1.00 88.00 8.77 14.12

Control Amazon 0.00 15.00 427 4.40

3.8. Fish Species and Abundance

The Samiria River aggregation sites had a total of eighty-nine species of fish. The
CPUE used one hour net and one hour rod fishing to calculate abundance as ind /hour.
The occurrence measured a 1-0 capture per season per year of the species, with a maxi-
mum of 24 occurrences over the 12-year sample. The most frequently observed species
were Astronotus ocellatus, Liposarcus pardalis, Pygocentrus nattereri, Prochilodus nigricans, Ser-
rasalmus humeralis, and Serrasalmus rhombeus (Table 6). The CPUE method recorded fish
in the weight range eaten by dolphins, with a mean of 136.5 g/fish. The amount actually
eaten by dolphins of each fish species was not measured and is likely to be related to the
preference of dolphins and abundance of fish. The fish abundance at the aggregations
was lower during the high-water season (6.1 fish/h (SD 4.1)) and greater in the low-water
season (14.7 fish/h (SD 8.4)) (ANOVA, df 21, F 9.1, p = 0.007; Figure 4).



Fishes 2025, 10, 495

11 of 19

Table 6. The most common fish species caught at aggregation sites using both gill net and rod-and-line
methods. The occurrence measured a 1-0 capture per season per year of the species, with a maximum
of 24 occurrences over the 12-year sample.

Species Occurrence
Astronotus ocellatus 23
Pterygoplichthys pardalis 20
Pygocentrus nattereri 20
Prochilodus nigricans 18
Serrasalmus humeralis 17
Serrasalmus rhombeus 15
Aphanotorulus emarginatus 14
Mylossoma albiscopum 14
Ancistrus sp. 12
Heros efasciatus 12
Hoplerythrinus unitaeniatus 12
Hoplias malabaricus 12
Aequidens tetramerus 11
Triportheus angulatus 11
Chaetobrachus flavescens 10
Mesonauta festivus 10
Metynnis sp. 10
Piaractus brachypomus 10
Oxydoras niger 10
Cichlasoma amazonarum 9
Tetragonopterus argenteus 9
Brycon cephalus 7
Satanoperca jurupari 7
Schizodon fasciatus 7

The composition of fish species at the UM-Amazon site was determined through
eDNA analysis. The common genera/species that had over 1000 DNA fragments in-
cluded Leporinus, Schizodon, Ctenobrycon hauxwellianus, Cyphocharax, Prochilodus lineatus,
Pellona flavipinnis, Trachelyopterus galeatus, Megalechis picta, Pterodoras granulosus, Trachydo-
ras steindachneri, Calophysus macropterus, Pinirampus pirinampu, and Zungaro zungaro. The
diversity of fish was greater at the UM—Amazon aggregation site with a species richness
of 57-73 OTU’s, compared to the control site in the main river channel that had a lower
species richness of 26-33 OTU'’s.

3.9. Dolphin—Fish Correlation

The numbers of fish and dolphins were positively correlated at all the aggregation and
control sites (Pearson 2-tailed, N = 7, p < 0.001). However, the proportion of pink and grey
river dolphins varied, with grey river dolphins having greater numbers than pink river
dolphins where fish populations were largest (Figure 5).
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Figure 5. Relationship between river dolphin numbers (as individuals/survey) and fish numbers (as
fish/image) in the seven study sites: (A) relationship between both dolphin species and fish numbers,
(B) relationship between pink and grey dolphin species and fish numbers, and (C) relationship
between the pink and grey river dolphins at sites and fish abundance as a non-parametric ranking.

Sites 1 and 2 are the controls.
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MANOVA showed that the pink river dolphin aggregations were determined by both
fish abundance and waterscape type. The abundance of fish (df 2, f 10.6, p < 0.001) and
the aggregation site (df 2, f 25.4, p = 0.001) were the main factors determining dolphin
numbers. There were no differences between the years 2012 and 2023, with dolphins
having stable populations at the confluences during the study period (df 2, £ 0.89, p = 0.418)
(Supplementary Material). The control sites, outside of confluences, had the lowest numbers
of dolphins and fish. The interior tributary river (Samiria—Atun) had significantly larger
dolphin and fish numbers than the control sites, but smaller numbers of dolphin and fish
than those found in the aggregations at the confluences of major rivers. Confluence sites
connected to the major rivers were the most important for dolphins.

3.10. Dolphin Demographics at Aggregations

Dolphin groups in areas of mixed species aggregations had greater numbers of young
individuals, including infants and juveniles, than adults of both species (Figure 6). A high
proportion of young individuals indicates a dolphin nursery, and aggregation sites were
areas where dolphins raised their calves. Young dolphins were in sub-groups at the centre
of the aggregation, with mature female-sized dolphins around the edge and larger males
on the outskirts.

A mGrey ®Pink
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100
-1l [
0 |
Infant

Juvenile Sub adult Adult

Individuals

0o

mGrey ®Pink
350

300
250
200
15
10¢
50
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Individuals

S

Figure 6. Demographics of river dolphins in aggregation sites. Counts of total recorded compositions
during surveys for (A) grey river dolphins and (B) pink river dolphins. The age classes include
infants, juveniles, sub-adults, and adults are shown in the top graphs, and young and adults in the
bottom graphs.

At aggregation sites, the pink river dolphin calves made up 62% of the individuals, the
rest being adults, whereas the grey river dolphin calves made up 57% of the individuals. The
aggregations had greater proportions of young individuals, which resulted in inter-specific
nurseries. At times, the nurseries had young individuals of both species in proximity, and,
at other times, they used different areas of the confluence.

4. Discussion

Our study shows that all aggregation sites of pink and grey river dolphins were located
at water confluences. The aggregations had statistically higher numbers of dolphins than
the control sites, and both dolphin species used these areas, albeit to different degrees.
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Dolphin aggregations occurred at areas with the highest fish abundance. Fish and
dolphins converged at confluence areas of rivers, channels and lakes that form the aggre-
gation sites. At the aggregation sites, both fish and dolphin abundance were greater than
at control sites, dolphin abundance was positively correlated with the abundance of fish,
and fishing was the most frequent dolphin behaviour. These findings suggest that fish are
important for the formation of dolphin aggregations and that fish predation by dolphins is
greater than in areas away from the confluences.

The dolphin aggregation in the tributary river at the Samiria—Atun site was not
connected to a major river, and this site had a pink river dolphin aggregation, but not a
grey river dolphin aggregation. Other studies have also shown that pink river dolphins
use the smaller rivers, lakes, and flooded forests more than the grey river dolphins, who
prefer larger rivers and lakes [5,28,29].

The largest grey river dolphin aggregation was at the confluence of the Ucayali,
Maranon, and Amazon Rivers (UM-Amazon), which was four-fold greater in water surface
area than confluence areas at the mouth of the Samiria River (Samiria-Tapishca, Shiringal,
and Maranon). Grey river dolphins at UM—-Amazon had greater numbers than Pink
dolphins; while at the mouth of the Samiria River, the species distribution reversed, with a
greater abundance of pink river dolphins.

Habitat preferences showed that pink river dolphins are more inclined to use smaller
water bodies and flooded forest habitats, whilst grey dolphins are more inclined to larger
open waters [4,30]. Differences in preferences lead to similar total dolphin numbers at gath-
erings, but with varying proportions of species. The different preferences may result from
competition, since dolphins could reduce competition by having proportional differences
in numbers between different confluences. Feeding behaviour differs between the species
and this can also reduce competition, since grey river dolphins feed near the surface, while
pink river dolphins feed deeper in the water [6].

Aggressive behaviour between the two dolphin species was rare and consisted of
short chasing interactions. In contrast, the two species were frequently observed fishing
together and having mixed-species nurseries, and observations of the two species in mixed
pods at the aggregations were common. These findings suggest that fish availability in the
aggregations was sufficiently high that both dolphin species did not need to compete with
aggressive behaviour for food resources.

Shorebirds, including herons, egrets, and cormorants, consume greater quantities
of fish than dolphins and are a main competitor of dolphins, with similar fish diets [26].
Indeed, occasionally, pink river dolphins would drown egrets that were floating on vegeta-
tion by rapidly pulling them under, but they did not eat the birds. This might have been a
game for the dolphins, or a result of direct competition.

Fish numbers at the aggregations sustained dolphins year-round. Pink dolphins
travelled to smaller streams, lakes, and channels during peak flood months, as they do
throughout the Amazon [29]. However, dolphin aggregation sites had similar numbers
present throughout the year, serving as important feeding sites in all seasons.

Fish abundance at the aggregation sites was greater during the low-water season
and decreased during the high-water season. The continental weather systems from the
southern Atlantic result in the inundation of the flooded forests during the rainy season
from January to June [31]. In the Ucamara depression, the volume of water increases by
up to four times, causing one-third of the Loreto Region to flood, the size of an inland
sea. The inundation of the forests usually lasts for two months during peak flooding. This
increase in water volume and water surface area results in fish dispersing throughout the
flooded forests with a lower fish abundance compared to the low-water season when fish
concentrate in lakes, rivers, and channels, and the forests are dry land.
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While the fish abundance was correlated to the size of dolphin aggregations, the study
cannot determine which species of fish dolphins ate. Notably, the fish species observed in
the confluences are all known to occur in other areas of the Amazon floodplain, including
flooded forest, lakes, and their connected channels [32] and many of the fish genera and
species have been observed to be dolphin food [9,10].

The methods used to estimate fish abundance included CPUE, side-scan sonar and
eDNA. The CPUE yielded species richness and an abundance of fish that were consumed
by dolphins. The side-scan sonar yielded the numbers of fish but not species, whereas
the eDNA gave a measure of abundance and species richness of all species, including
smaller and larger sizes than the size of fish eaten by dolphins. eDNA abundance, as
measured by the number of DNA fragments in a sample, can be a useful indicator of fish
abundance, but needs to be interpreted with caution due to variations in DNA shedding
rates between species. While more DNA fragments suggest a larger population, factors like
species-specific shedding rates and environmental conditions can influence the relationship
between eDNA and actual fish numbers [33,34].

Both river dolphin species have home ranges from two to 25 km [20,35]. Dolphins
may move between aggregation sites at confluences, which are around 10 km apart, and
would allow a home range of 25 km to encompass confluence areas [34]. The composition
of the aggregations appears to consist of a core pod that is frequently present, and other
individuals that are at the aggregation for shorter multi-day periods.

Confluences are areas of high biological activity within the floodplain system of
Amazonia [16]. Often the mixing waters differ in their velocity, temperature, and density
resulting in a complex 3-dimensional flow dynamic with boundary zones over which water
velocities can rapidly change with back eddies, up- and down-welling, and areas of slack
water. The river flow influences bed morphology, creating deep areas attractive to fish
seeking to avoid bird predation. The mixing waters frequently differ in their chemical and
biological characteristics and promote enhanced fish productivity [36]. Small organisms,
such as fish eggs and larvae and planktonic crustaceans, together with allochthonous
forest inputs, tend to become concentrated in boundary zones, and these attract small
fish. In flowing waters with velocities lower than their sustainable swimming speeds, fish
orientate with the flow, tend to hold station, and let their food flow towards them [37].
The smaller fish form aggregations in water of suitable velocity and depth and these are
attractive to large fast swimming predators who are better able to swim in currents, such
as apex predators such as dolphins. In fast-flowing water, a small fish is a sitting target
for a dolphin.

At confluence sites, the higher fish densities during the low-water season suggest that
these areas offer deeper water refuges in which to feed and reduce predation during the
dry season. Oxygen concentration and elevated temperatures can also be limiting factors
for fish in floodplain lakes during the low-water season, where fish die-offs are frequently
observed [38]. Confluences, with their turbulent flows and vertical mixing, allow fish to
utilize deeper, cooler waters because of the increased oxygen availability. These mixing
zones may be key ecological regions for the maintenance of aquatic diversity within the
floodplain ecosystem.

The life history of Amazon River dolphins revolves around aggregation sites, which
are key for feeding, raising young, social behaviours, and interspecific interactions. The
high proportion of young dolphins and greater displays of playing and resting behaviours
strongly suggest that the aggregation sites serve as nurseries. These areas are important
for the survival and development of young river dolphins, providing abundant food,
protection, and opportunities for learning essential social and fishing skills [29,39]. The
aggregation sites are important for the long-term survival of dolphin populations. They
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provide abundant food and a safe environment for vulnerable young dolphins to develop
vital skills, including the ability to interact with the conspecific species.

The conservation of river dolphins is particularly important at confluences that host
dolphin aggregations. People usually live at confluence sites, and these villages use fish
resources for subsistence and market sales. For example, at the Samiria confluence site,
four local communities from the Kukama Indigenous people harvest 1740 tons of fish
annually [17]. Campbell et al. [19] found that 89% of dolphin home ranges overlap with
human fishing areas. People use shallow areas along the shore for fishing at confluences
since gill nets do not work in deep water. Shallow areas are habitats where shorebirds
fish, whereas the deeper pools of the confluence areas are where dolphins feed, and this
separation decreases direct overlap of human and dolphin fishing areas.

The dolphin aggregations at confluences are of special conservation interest and are
important for the survival of both river dolphin species. The large dolphin numbers and
stable populations in the study sites are in large part due to the local Kukama Indigenous
peoples who live at the confluences. The Kukama people living close to the Samiria and
UM-Amazon confluences have strong folklore and traditional stories surrounding dolphins,
which drive positive conservation attitudes and behaviours, including a strong belief in
not harming or killing dolphins [21].

Indigenous Amazonians and dolphins have co-existed at the same confluences for thou-
sands of years, and Indigenous beliefs have helped conserve the dolphins throughout this time
and continue to do so today. The Pacaya—Samiria National Reserve’s co-management strategy
supports conservation efforts of the Kukama communities and, together with SERNANP, they
are helping the dolphins to survive at their natural aggregation sites.

5. Conclusions

Confluences of rivers, channels, and lakes are areas were pink and grey river dolphins
form aggregations. These aggregation sites are important for the life history of the dolphins
and are important sites for dolphin conservation. All of the confluences had riverbed
depressions harboring large fish populations. Dolphin fished at the confluences but also
had nurseries with a high percentage of young dolphins, showing the importance of the
aggregation sites for raising young in areas of abundant fish. The dolphin aggregations
increased with fish numbers, and the highest dolphin and fish populations were found on
the largest rivers. Local Indigenous people have villages at confluence areas and fishing
is an important activity, resulting in overlap between people and dolphin aggregations.
Strong taboos that the Indigenous people have about not killing dolphins have helped in
the conservation of dolphin aggregations at confluence sites.
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