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Pontoporia blainvillei, known as the franciscana, is a small dolphin endemic to the Southwestern

Atlantic. The collapse of the mining tailings dam in Mariana in 2015 altered the ecosystem dynamics

near the mouth of the Doce River, an ecologically crucial area for the species that is both genetically

and geographically isolated. Using drone monitoring of an isolated and threatened population of

franciscan dolphins, we analyzed the relationship between the Rio Doce sediment plume and the

occurrence of this species in the region. Franciscana sightings outside the plume were significantly

higher compared to those inside the plume. With the arrival of the tailings plume, there was a

considerable increase in sediment load, potentially causing acoustic attenuation.
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Pontoporia blainvillei, commonly known as the franciscana dolphin, is a small dolphin species endemic

to the region from Brazil (18° 25') to Argentina (42° 10%27)[1][2][3]. It is commonly observed in

shallow waters up to 30 meters deep[3]. This small cetacean inhabits the turbid waters of estuarine

environments and river mouths, often moving across diverse habitats[4][5][6]. Genetically and

geographically isolated[2][7], the Espírito Santo population is designated as FMA Ia (Franciscana

Management Area)[8][9] and is concentrated near the Doce River estuary[10][11].

The franciscana dolphin is considered the most threatened cetacean in the Southwestern Atlantic

Ocean (SAO)[12][13], mainly due to high bycatch rates in gillnet fisheries and contamination of its
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habitats[14][11][10][15]. It is classified as “Vulnerable” by the IUCN[16] and “Critically Endangered” by

the Brazilian Ministry of the Environment and Climate Change’s Red List[17]. Recently, it has been

suggested that the FMA I population, occupying the species’ northernmost range, be designated a

separate subspecies, Pontoporia blainvillei pukusi[13], underscoring its vulnerability. The November

2015 mining dam collapse in Mariana, southeastern Brazil, altered the habitat use dynamics and

affected biodiversity near the Doce River estuary (Gomes et al., 2017; Do Carmo et al., 2017).

Franciscana dolphins and other apex predators are already experiencing the effects of these

contaminants (Oliveira-Ferreira, 2022;[15]). Understanding how these endangered animals respond to

this new threat is essential for conservation strategies. However, franciscana dolphins display a

limited behavioral repertoire at the surface[4][18] and are generally difficult to observe in the wild[19],

adding even greater complexity in interpreting the response to new threats.

To address these knowledge gaps, drones have been widely applied in various wildlife science studies,

including in marine environments[20][21][22][23]. These devices enable the monitoring of ecological

patterns, such as the behavior and population size of marine mammals, with significantly reduced

impact compared to more traditional techniques, allowing the animals' natural behaviors to remain

undisturbed (Yaney-Keller et al., 2021; San Martin et al., 2021). Therefore, we analyzed the

relationship between the sediment plume from the Doce River and the occurrence of this species in the

region.

Monitoring efforts took place in the area with the highest concentration of the franciscana dolphin,

located just south of the Doce River estuary[23][10][11][24]. Aerial transects were carried out from three

launch points: Doce River (19°39’S 39°48’W), Comboios (19°42'S 39°54'W), and Piraquê-Açu River

(20°0'S 40°0'W). The first sampling point covers a coastal area directly over the mouth of the Doce

River. In contrast, the last sampling point flies over the area immediately in front of the Piraquê-Açu

River estuary, serving as a control point due to its greater distance from the species' main

concentration area. At the Comboios launch point, we monitored an area in front of the Comboios

Biological Reserve, which yielded the highest number of dolphin records using this methodology[23].

This location was selected to evaluate the association between the sediment plume from the Doce

River and the dolphins, as it frequently displays a noticeable boundary between the Doce River

sediment plume and the adjacent seawater.
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The flights were conducted using a DJI Mavic 2 Zoom drone, occurring monthly from 2018 to 2022

(excluding the 2020 pandemic restriction period) as part of the Aquatic Biodiversity Monitoring

Program, which studies the impacts of material from the Fundão dam on the marine and coastal

environment[24]. Sampling was performed in standardized flights at 50 m altitude and a speed of 40

km/h, with the camera positioned laterally and angled at -27°, covering transects with a swept area of

4 km². This configuration was designed to maximize area coverage with minimal overlap and higher

detectability, as determined by Barreto et al.[21]. Video samples, recorded in 4k 30fps, were analyzed in

the laboratory by at least two experienced researchers. Only flights where both dolphin sightings and

the sediment plume boundary occurred were selected (Fig. 1). To identify a pattern of franciscana

incidence inside or outside the sediment plume, records were grouped quarterly and classified based

on the group's position relative to the plume. Results were compared using the non-parametric

Mann-Whitney test[25], where all analyses yielded significant results (p < 0.05). A total of 14 quarters

of aerial surveys were analyzed, resulting in 70 sightings in the study region. Sightings of franciscanas

outside the plume were significantly higher, comprising about 82% of sightings, compared to 18%

inside the plume (Fig. 1).
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Figure 1. Frequency of franciscana (Pontoporia blainvillei) records in Comboios, Southwestern

Atlantic Ocean, between 2018 and 2022. Bars represent the mean number of records Inside or

Outside the plume. Lines represent standard deviations, and different numbers of asterisks

indicate significant differences between samples. The image in the background represents the

plume, captured during drone-monitoring.

The high flow rate of the Doce River provides a significant input of nutrients, resulting in high food

availability for species inhabiting the region, especially during rainy seasons when productivity

intensifies and sediment input from the river increases (Lemos et al., 2022;[24]). However, the arrival

of the waste plume led to a considerable increase in sediment loads, which likely contributed to an

increase in acoustic attenuation affecting resident species in the region, including P. blainvillei. This

effect may cause sound waves to encounter obstacles, thereby hindering echolocation (Frainer et al.,

2018;[10]). Certain features of the biosonar anatomy of small cetaceans may exacerbate echolocation

limitations in juvenile and young individuals[26].
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The presence of sediments alters the acoustic impedance of the water column, directly impacting the

propagation of sound waves. Sound attenuation in waters with suspended particles occurs due to

energy loss as the wave passes through the sediments[27]. Attenuation is influenced by various factors,

such as sound frequency, particle type and size, as well as the depth and type of seabed[28][29].

Estuarine environments are acoustically more complex[30][31], and organisms that have evolved in

these environments are adapted to seasonal variations in sediment discharge. However, in the

presence of excessive sediment, as with a mud plume, the ability to echolocate may be impaired, as an

environment with high suspended particle concentration leads to sound scattering, altering the

direction and intensity of the sound. Depending on the wavelength, excess sediment may have an even

greater effect, especially on the high-frequency sounds used by the species for echolocation. Studies

of sound emissions in P. blainvillei show that they produce narrowband high-frequency sounds, with a

peak frequency of 139 kHz[32] and a center frequency of 130 kHz[33][34]. These wavelengths are more

prone to be attenuated.

Paitach et al.[33] found differences in the acoustic parameters of P. blainvillei sound emissions between

two coastal environments in Santa Catarina, with frequencies being higher in Babitonga Bay compared

to the open sea. This suggests that the physical characteristics of the environments may influence the

variability of the species’ acoustic behavior. Studies on acoustic behavior, including the types, spectral

properties, and emission rate of sounds used within and outside the plume in the Doce River mouth

region, would help clarify the strategies used by these animals to adapt to specific contexts. Behavioral

context should also be considered, as in echolocating species, the rate of sound production is directly

linked to activity[35]. For instance, some species, such as Phocoena phocoena, emit 20 to 60 clicks per

second while traveling, increasing to hundreds of clicks per second during foraging[35].

A possible hypothesis is that the animals may use the outer edge of the plume to take advantage of the

acoustic impedance difference between seawater and river water. The greater the difference in

acoustic impedance between the two media, the greater the reflection and the lower the transmission.

At the plume/sea interface, the acoustic impedance — a measure of how similar or different the

acoustic properties of two regions are[27] — may create a differential sufficient for the animals to use

this acoustic "boundary" as a hunting strategy, where prey temporarily disoriented by changes in

water color, temperature, and density might become trapped. Some species, such as the bottlenose

dolphin, Tursiops truncatus, are known to employ a wide range of strategies, feeding tactics, and local

opportunities to enhance foraging success[36], often involving the use of physical barriers such as the
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sea surface[37], coastline[38], as well as the walls and sides of boats[39][40], limiting routes of prey

escape[41].

It is therefore possible that areas with high sediment input and other suspended particles in the water

column are avoided by franciscanas. Considering the typical coastal nature of this species[3], habitat

impacts may be further exacerbated by the species’ difficulty in competing for resources with larger

cetaceans in regions farther from the coast. Moreover, the low genetic variability of this population,

which has been genetically isolated for 1.8 million years[13], makes it even more vulnerable.

It is also important to note that even if results show more records outside the tailings plume, this does

not mean the species avoids entering the plume entirely, as overlap with the impacted area does

occur[23]. The franciscana population in FMA Ia may be subjected to still unknown impacts, including

the chronic effects of the mining tailings plume. Therefore, we suggest the adoption of synergistic

methodologies that allow for collecting information regarding habitat use preferences of this

threatened species within an impacted environment.
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