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 Species monitoring, population assessments, and behavioral observations 

of many endangered marine mammals are typically limited to surveys of animal 

surfacings due to the challenges of detecting and tracking individuals that usually 

live in remote areas. This study demonstrates the benefits of using unmanned 

aerial vehicles (UAVs), or drones, as a noninvasive and low-cost method to 

monitor and observe Florida manatee (Trichechus manatus latirostris) 

populations. We conducted several flights using a small multirotor drone to detect 

manatees in a warm-water refuge area at Round Island Riverside Park in Indian 

River County, Florida. Through the use of aerial videos, we confirmed three 

sightings of manatees. These data emphasize the potential of drone surveys to 

assess abundance and density as well as analyze behavioral ecology in regard to 

foraging strategies, habitat use, social interactions and herd structure. Using high-

resolution images, individuals may be identified based on scar patterns and 

distinctive markings. 
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INTRODUCTION 

The Florida Manatee  

 The Florida manatee (Trichechus manatus latirostris) is a subspecies of the West 

Indian manatee (Trichechus manatus) and belongs to the order Sirenia, which constitutes 

the only entirely herbivorous group of marine mammals (Reynolds 1979). The Florida 

manatee is one of the largest coastal mammals in North America, measuring 2-3.7 m (6.5 

to 12 feet) long and weighing between 400 and 550 kg (880 to 1100 lb) (Sattelberger 

2015). Florida manatees have robust fusiform bodies that are compressed dorsoventrally 

and taper to a large flattened tail fluke that is used for locomotion. They lack hindlimbs, 

but have modified forelimbs, or flippers, which aid in steering movements and foraging 

(USFWS 1999). Males and females are similar in size and appearance, with grey-brown 

thick, leathery skin that is thinly covered with small hairs and sometimes barnacles or 

algae (Rathbun 1984).  

Florida manatees reach sexual maturity between 3 and 5 years of age and can 

reproduce throughout their entire adult life (USFWS 1999). They have a low 

reproductive rate, giving birth to a single calf every 3 years after a gestation period of 12-

13 months (Sattelberger 2015). Calves are born year-round, although calving usually 

peaks in late spring to early summer (Reynolds 1979). While calves are typically weaned 

after 1-2 years, strong maternal bonding persists for several years after calves are born 

(Reid et al. 1992).  

It is estimated that an individual manatee can consume 5-15% of its body weight 

in a single day, feeding on a wide variety of aquatic plants, seagrasses, and algae 

(Sattelberger 2015). Manatees usually forage at depths of 1-3 m, using their flippers to 
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dig up submerged vegetation in the sediment. Manatees are opportunistic feeders, grazing 

on algae attached to rocks or pilings, as well as shoreline vegetation, such as mangrove 

leaves, in addition to their usual diet of seagrasses or freshwater macrophytes (Smith 

1993).  

Manatees in Florida are often found swimming in herds, which consist of 2-6 

individuals of either sex (Reynolds 1979). While social facilitation can occur, it is not 

necessarily the case that manatees in herds are involved in social interaction. Herds are 

ephemeral, which suggests that manatees do not exhibit long-term group cohesion as do 

more social marine mammals such as dolphins and whales (Reynolds 1981). Although 

infrequent, communication is important in synchronizing certain manatee behavior such 

as breathing, diving, nuzzling or swimming (Reynolds 1979). Since the sirenian eye lacks 

mechanisms for high visual activity, manatees rely on acoustic communication that helps 

herd members maintain contact with each other or find each other in murky waters. 

Synchronous swimming movements, vocalization, and breathing have been well-

documented particularly in mother-calf pairs. Additionally, strong constant vocalization 

in the form of squeaks, chirps, and groans has been recorded when mother and calf 

become separated (i.e., by dams or flood gates) (Reynolds 1981). Although manatees are 

often found alone as well, they are moderately social animals who exhibit prolonged 

maternal bonding, coordinated behavior, and acoustic communication. 

Florida manatees have also been observed engaging in symbiotic relationships in 

which they allow various fish species to feed on algae, invertebrates, and microscopic 

bacteria harbored on their skin (Robinson 2013). Such a relationship has been 

documented in the St. Johns River drainage, where non-native suckermouth catfish 
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regularly attach to manatees and graze the epibiota on their skin (Nico et al. 2009), as 

well as in Crystal River, where bluegills exhibit the same behavior (Powell 1984). These 

interactions mainly occur when manatees are resting at the surface or milling about 

slowly, activities which constitute most of their day (>90%), in addition to feeding 

(Reynolds 1979).  

These slow-moving mammals inhabit coastal bays and estuaries throughout 

Florida, and are found in salt, fresh, and brackish waters (Irvine and Campbell 1978). 

Florida manatees are divided into at least two somewhat isolated subpopulations: one 

along the Atlantic coast (east) and one along the Florida Gulf of Mexico coast (west). On 

the east coast, they are commonly found from the Georgia/Florida border south to 

Biscayne Bay, and from the Wakulla River south to Cape Sable on the west coast. They 

are also found in the waterways of the Everglades and Florida Keys as well as in Lake 

Okeechobee (USFWS 1999).  

Florida manatees require habitat with shallow-water vegetation to feed on 

(Reynolds 1979). Additionally, this species depends on habitats with access to natural 

springs or manmade warm water refugia, and access to freshwater sources (USFWS 

1999). Factors that contribute to the distribution of manatees in Florida include proximity 

to warm water during cold winter weather, availability of aquatic vegetation, proximity to 

channels of at least 2 m in depth, and location of fresh water (Hartman 1979). Freshwater 

sources are particularly sought by manatees that live mainly in estuarine and marine 

waters. Manatees also seek out quiet areas in canals, creeks, or lagoons which provide 

habitat for feeding, resting, mating, or calving. Also, due to thermally induced seasonal 
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migrations, manatees must have access to deeper channels which are used as migratory 

routes (USFWS 1999).  

Manatees have a limited ability to thermoregulate in cold waters due to their 

extremely low metabolic rate and high thermal conductance, rendering them dependent 

on warm water (FWC 2007). Florida manatees migrate seasonally when water 

temperatures drop below 20C, seeking refuge in artificial sources such as warm-water 

effluents from power plants, natural warm-water springs (Sattelberger 2015), or passive 

thermal refugia (Stith et al. 2012). Additionally, air temperatures below 15C have been 

shown to stimulate manatee movement to warm-water areas (Tiedemann 1985). Large 

aggregations of wintering manatees (>50 individuals) have been documented in natural 

warm-water refugia such as Kings Bay in Crystal River, FL, as well as in several power 

plant effluent zones throughout the Indian River Lagoon (IRL) (Sattelberger 2015, Shane 

1984). Power plant effluents have allowed Florida manatees to expand their winter range 

beyond its historical limits, which could contribute to increased manatee abundance by 

providing additional habitat (Shane 1984). Passive thermal refugia, areas with no active 

point sources of warm water inflow, have also supported large numbers of manatees 

during cold fronts in areas such as the Everglades and the Ten Thousand Islands where 

springs and industrial warm water are absent (Stith et al. 2012).  

Florida manatees can travel up to 40 km/day (USFWS 1999), migrating 

northward in the springtime and southward in the fall and winter (Longieliere 1994). 

Particularly, the South Florida Ecosystem region is home to the most resident manatee 

populations as well as transient migrants. Some of the largest winter aggregations (>100 

individuals) occur in South Florida, particularly in the IRL and Intracoastal Waterway 
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(ICWW) southwards to Biscayne Bay in both industrial effluents and passive thermal 

refugia (Fig. 1 & 2) (USFWS 1999). Manatees also exhibit strong site fidelity, returning 

to the same warm-water sources annually (Reid et al. 1991). For instance, manatees have 

been repeatedly identified over several years in a passive thermal refuge at Harbor 

Branch Oceanographic Institute (HBOI) in Fort Pierce, FL, through the use of photo-

identification surveys (Goldsworthy 2016). There is also evidence to show that calves 

learn migratory patterns from their mothers, exhibiting strong natal philopatry to specific 

wintering sites (Deutsch et al. 2003).  

 
Figure 1. Map of the Indian River Lagoon. The IRL extends from the Ponce Inlet in Volusia County to 

the Jupiter Inlet in Palm Beach County (EPA 1995). 

 

 The West Indian manatee was first listed as endangered in 1967 under the 

Endangered Species Preservation Act of 1966, and was also among the original species 
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listed as part of the Endangered Species Act of 1973 (USFWS 1999). However, the 

species is now considered threatened due to notable increases in population sizes and 

extensive conservation efforts, including the designation of critical habitat and 

sanctuaries (USFWS 2017). In 2016, when the downlisting occurred, 6,250 Florida 

manatees (3,292 on the east and 2,958 on the west coast) were counted, a significant 

increase from the 1990s when just over 1,000 individuals remained (FWC 2020). 

Nonetheless, there are concerns that the downlisting may reduce protective measures for 

manatees, especially considering pressure from stakeholder groups on local governments 

and ongoing coastal development which results in habitat degradation (Reynolds 2017).  

 
Figure 2. Map of Florida Manatee Critical Habitat. The IRL accounts for a significant portion of 

critical habitat (Source: USFWS 2019). 
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 The threatened status of Florida manatees is mostly due to human-related 

activities such as boat strikes, habitat loss due to coastal development, pollution from 

sewage discharge and terrestrial runoff, increased turbidity from upland activities, and 

alteration of natural hydrology (USFWS 1999). Mortalities have also occurred due to 

manatees becoming entangled in fishing gear or trapped in flood-control dams (Reynolds 

1979). By far, the greatest anthropogenic threat to manatee populations is boat collisions 

and propeller strikes (USFWS 1999), as Florida manatees share the waterways with more 

than 2 million vessels (Sattelberger 2015). Since Florida manatees rely mainly on 

seagrass beds for foraging, mating, and calving, there is also a concern regarding boat-

related impacts on seagrass beds. Boating activity can damage seagrasses by causing 

propeller-generated scarring of seagrass beds as well as boat-induced turbidity (Hallac et 

al. 2012). Additionally, human-related nutrient input and altered hydrology of waterways 

have resulted in harmful algal blooms, which are known to kill off seagrasses and 

manatees alike (Lapointe et al. 2020). Natural threats which have a significant impact on 

manatee populations include exposure to red tide and cold-related deaths. During cold 

spells, manatees may die of acute hypothermia or cold stress syndrome, as a result of 

chronic exposure to cold water (Worthy et al. 2000). Symptoms of cold stress syndrome 

include skin lesions, emaciation, and infections of the skin or gastrointestinal tract 

(Goldsworthy 2016). It is crucial that anthropogenic impacts on Florida manatee 

populations are minimized and habitat is protected to ensure the survival of the species. 

Drones in Marine Science 

 Recently, unmanned aerial vehicles (UAVs), or drones, have been used 

successfully in a broad range of applications in marine science, including behavioral and 
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photo-identification (photo-ID) studies of sirenians (Ramos et al. 2018, Landeo-Yauri et 

al. 2020). Manned aerial surveys in airplanes and helicopters have traditionally been used 

to detect and study marine mammal populations, although these surveys can be 

expensive, noisy, and dangerous (Torres et al. 2018). Since drones are small, portable, 

affordable, and relatively noninvasive, they have the potential to replace or supplement 

manned aerial surveys (Koh and Wich 2012, Hodgson et al. 2013). Not only are drones 

less costly and safer to human operators than manned flights, they have more 

maneuverability and capability to fly at low altitudes to observe animals during surveys 

(Landeo-Yauri et al. 2020). Moreover, drones provide remote access to populations of 

free-ranging animals that are typically difficult to monitor given their unpredictable 

movement patterns, occupation of hard-to-reach habitats, and tendency to be disturbed by 

human presence and activity (Schofield et al. 2019).  

 Additionally, drones record detailed flight logs and permanent visual imagery 

(Hodgson et al. 2013), as well as allow on-demand sampling at fine scales under a greater 

range of weather conditions than boat-based, shoreline, or manned aerial surveys 

(Johnston 2019). Drones are capable of rapidly sampling and collecting data from a 

bird’s-eye view, which allows for greater observational capacity than traditional survey 

methods (Joyce et al. 2019). Boat-based or shoreline observations limit the ability to 

assess the context of animal behavior, as it is more difficult to view environmental and 

social interactions from a horizontal perspective (Raoult et al. 2018). Thus, fine-scale 

behavioral patterns can be more readily quantified using drone-based data (Rieucau et al. 

2018). It is important to note that some studies have reported disturbance responses of 

animals to the presence of drones, although these effects are species-specific and largely 
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unknown (Ramos et al. 2018). Disturbance responses also vary according to the noise 

level and type of drone used (Smith et al. 2016).  

 Drones have been used to assess the health of coral reefs and seagrass beds 

(Johnston 2019), abundance and density of dugongs (Hodgson et al. 2013), sea turtles 

(Sykora-Bodie et al. 2017) and seals (Johnston et al. 2017), as well as to monitor both 

legal and illegal fishing activities in marine protected areas (Maxwell et al. 2014). 

Behavioral studies of humpback whales (Johnston 2019) and sharks (Rieucau et al. 2018) 

have also been conducted using drones. Also, photo-ID studies have confirmed the 

efficacy of drone-based surveys for identifying marine mammals (Landeo-Yauri et al. 

2020). 

For effective management of the West Indian manatee, long-term studies of 

individually identifiable animals are recommended to determine reproduction rates, 

survival rates, migration patterns, and site fidelity of populations (Ramos et al. 2017). 

However, techniques typically used to identify animals are expensive, invasive, or require 

extensive effort, highlighting the potential of small drones as a low-cost alternative for 

tracking and identifying manatees (Quintana-Rizzo and Reynolds 2010). Photo-ID is the 

most affordable and non-invasive method to identify individuals based on distinct 

features on the surface of the body, such as scarring patterns and unique markings (Beck 

and Reid 1995). Manatees often bear scars, mutilations, or coloration patterns that can be 

used to reidentify individuals over time. For instance, scars from boat propellers or 

notches in the tail fluke are typically used to identify individuals. Images of scarring and 

identifying markings are usually obtained with high-resolution cameras from boats, 

shore, or underwater as well as during capture for health assessments (Beck and Clark 
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2012). However, it can be difficult to capture such images in the wild since manatees are 

often found alone or in small groups, live in remote areas, and are only readily detectable 

during surfacings (Hartman 1979).   

 The large winter aggregations of Florida manatees provide greater opportunities 

for drone-based photo-ID studies. For example, more than 1000 manatees have been 

counted using drones at some power plant sites in Florida (Martin et al. 2012). The 

Manatee Project at HBOI, a volunteer-based photo-ID program, has been ongoing for 

over 10 years and has been successful in identifying hundreds of both transient and 

resident Florida manatees (Goldsworthy 2018). This study hopes to supplement the 

efforts of the Manatee Project by conducting drone-based surveys in a warm-water refuge 

used by manatees in the IRL in order to continuously monitor manatee behavior and 

habitat. In addition to describing a method for collecting and analyzing drone-based data, 

this study aims to demonstrate the potential of using drones to assess abundance and 

density, analyze behavioral ecology in regard to foraging strategies, habitat use, and 

social interactions, as well as use high-resolution images to identify manatees. 

MATERIALS AND METHODS 

Study Area 

 Surveys were conducted at Round Island Riverside Park in Indian River County, 

FL, a county-operated park located on the Indian River Lagoon (IRL) on North 

Hutchinson Island. The study area consisted of three brackish basins in which manatees 

are often found: the North Basin, the Boat Ramp Basin, and the West Basin (Fig. 3). 

These basins serve several functions for manatees including thermal refugia, foraging 

sites, and quiet areas away from boat traffic in the larger lagoon. A foot bridge 
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overlooking the North and Boat Ramp Basins, leads to a fishing pier on the island 

overlooking the West Basin. There is also a large observation tower on the island which 

overlooks portions of the West Basin, a boardwalk overlooking the Boat Ramp Basin, as 

well as a kayak launch and boat ramp.  

 
Figure 3. Map of Round Island Riverside Park Study Area. This map shows the three survey areas in 

which drone flights were conducted (North Basin, Boat Ramp Basin, and West Basin) and the two 

launch sites (foot bridge and fishing pier).  

 

Drone Flights 

 The protocol for drone flights described here generally corresponds to that of 

Landeo-Yauri et al. (2020), who aimed to photo-identify Antillean manatees using drone-

based surveys. Drone flights were conducted using a small multi-rotor drone, the DJI 

Mavic Air (16.6 x 18.0 x 3.9 cm), which was equipped with a high-definition camera 

(1/2.3’ CMOS, 12 MP sensor; FOV 85 35 mm f/2.8 lens) recording 2.7K video in MP4 

format (Fig. 4). The camera was mounted to a 3-axis gimbal which transmitted a live-

feed to the tablet-mounted (iPad Pro 10.5”) remote control (Fig. 5). This drone also 
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included sensors, GPS, and a compass that ensured stable flight conditions with 

consistent altitude. Four batteries were used to maximize flying time and efficiency of 

surveys. Additionally, a 64 GB mini SD card was used to store all video files.  

 
Figure 4. Photos of DJI Mavic Air (A) and Accessories (B). The accessories included 4 batteries, an 

adapter and cord to mount and connect the tablet to the remote controller, an extra SD card, and extra 

drone propellers. 

 

  

Figure 5. Photo of Remote Control with Mounted Tablet. This iPad was used along with the remote 

controller to operate the drone and display the live feed using the DJIGo application for iPad.   

 

 Visual surveys of the three basins were first conducted to detect the presence of 

manatees. If manatees were sighted, the drone was flown over them and filming 

commenced. If manatees were not found visually, the drone was flown around the basins 

to survey the area. During this type of survey, the drone was typically flown along the 
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mangrove shorelines of the basins, where manatees are usually found resting or feeding. 

The camera also panned the general area of each basin to detect any manatees at the 

surface.  

The pilot (Abigail Lenhart) initially launched the drone to an altitude of 10.7-15.3 

m (30-35 ft) to search for manatees in the designated survey areas. The pilot monitored 

the aircraft’s status and its streaming video signal while other researchers (Jon Moore and 

Sam McGuire) maintained a visual line of sight with the drone and watched the live-

stream to detect manatees (Fig. 6). The drone was remotely piloted with the remote 

controller and mounted tablet using the DJIGo application for iPad. The drone was 

launched from the foot bridge and fishing pier on the island (Fig. 3) to survey the three 

basins of interest. The observation tower was not suitable as a launch site due to 

surrounding trees and limited views of the West Basin which would have hindered the 

ability to maintain line of sight with the drone. Additionally, the boardwalk adjacent to 

the Boat Ramp Basin was not used as a launch site due to the foot bridge providing 

adequate views of the study area. 

 If a manatee was detected, the drone was lowered to 4.6 m (15 ft) with the camera 

pointed downward directly over the individual to obtain the best view of the manatee. 

The drone vertically approached manatees and was subsequently lowered for stable 

hovering over the animals to record them. If a manatee was actively swimming, the drone 

slowly followed it horizontally from an altitude of 4.6-6.1 m (15-20 ft). Manatees were 

filmed for 2-10 minutes, until adequate imagery and behavioral observations were 

obtained. The drone was then landed safely at the launch site (Fig. 7).   
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Figure 6. Photo of Pilot Operating Drone. Abigail Lenhart and Sam McGuire monitored the drone’s 

status from the fishing pier.  

 

 

Figure 7. Photos of Drone Takeoff and Landing. The drone was launched from (A) and landed on (B) 

the fishing pier.  

 

 Flights were undertaken on 3/13/20 and 3/15/20 between 1300-1630 hours. A 

total of 8 flights were conducted, constituting approximately 2.7 hours of flying time. All 

field work at Round Island Riverside Park was conducted under a research study permit 

approved by Mr. Kevin Kirwin, Director of Parks and Conservation Resources for the 

Indian River County Parks Division.  
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Data Analysis  

 Each drone video was reviewed at least twice post-survey to observe behavior and 

identify any distinct scars or coloration patterns on manatees. The time of each video was 

recorded as well as the GPS coordinates of individual manatees at the time at which they 

were first sighted, using the drone’s flight log data which was accessed through the DJI 

Assistant program. Other items recorded included the date of video, number of manatees 

detected, behavior observed, and whether the manatees exhibited a disturbance response 

to the drone’s presence. Weather conditions and environmental data were obtained from 

NOAA and the Land/Ocean Biogeochemical Observatory (LOBO) at the Indian River 

Lagoon (IRL) Vero Beach (VB) location.  

 Images of all manatee sightings were screen-grabbed from aerial videos and 

selected according to image quality as well as distinctiveness of manatee features. Images 

(3-6 per manatee) which showed the individual’s body most clearly were selected. All 

images were taken at an altitude of 4.6 m (15 ft). To standardize the images, each photo 

was cropped and rotated to align lengthwise with the body of the manatee, with the 

anterior body oriented to the right. Images were evaluated based on clarity and 

distinctiveness of features for possible identification of individuals (Fig. 8). The series of 

images for each individual were assessed according to 3 categories of distinctiveness:  

(1) Distinctive = easily detected scars, markings, or coloration evident in all 

photos of the individual which can positively identify the individual  

(2) Average = minimal scarring or coloration that is evident in some photos, may 

or may not lead to identification of the individual  
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(3) Not Distinctive = lacking marks and scars or with subtle coloration patterns 

that do not allow positive identification of the individual.  

  

 

 

  

 

 

 

 

Figure 8. Depiction of Video and Image Analysis. This figure depicts the data analysis process from 

recording of aerial video of manatees during flights to image and individual distinctiveness analysis 

(Drone image from DJI.com).  

 

RESULTS 

 The 8 flights conducted resulted in 3 independent sightings of manatees. All 3 

manatees were adults, and no calves were seen. All manatees were found alone, and no 

intraspecific social interactions were observed. Manatees were detected in 2 of the 

designated survey areas (North Basin and Boat Ramp Basin). No manatees were found in 

the West Basin (Fig. 9). Two manatees were found in the Boat Ramp Basin on different 

days, and one manatee was found in the North Basin (Table 1). Two manatees were 

initially detected through visual survey, while one manatee was detected aerially. The 

manatees exhibited similar behaviors of resting and milling, although one manatee was 

seen engaging in symbiosis with a school of mullet. None of the manatees exhibited a 

disturbance response to the drone. The environmental conditions were similar on both 

days of surveying (Table 2).  

Video 
Recording (in 

field) 

Video 
Selection 

Best images 
selected per 

video 

Crop/Rotate 
Images 

Assessment for 
Distinctiveness 
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 In general, lower altitudes provided clearer video quality from which to extract 

photos for possible identification. Two of the manatees were classified as “Not 

Distinctive,” while one individual was classified as “Average,” according to the selected 

photos (Fig. 11 & 12). The individual classified as “Average” bore a single large scar on 

the right side of the body (Fig. 10). None of the manatees could be positively identified or 

matched with the Manatee Project database (Table 3).  

 
Figure 9. Map of Manatee Sightings. This map displays the manatee sightings according to the GPS 

coordinates obtained from the flight logs. Manatee 1 was found in the North Basin, while Manatees 2 

and 3 were seen in the Boat Ramp Basin. Note that no manatees were seen in the West Basin. The 

map also shows the location of the boat ramp and kayak launch at Round Island Riverside Park.  
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Table 1. Manatee Sighting Locations and Observations. This table shows the date, location, launch 

site, and initial sighting type of each manatee sighting. The time and coordinates correspond to the 

initial sighting of each individual. The behavior was recorded for each manatee observed and none 

showed a disturbance response.  

 Date Time Location Launch 

Site 

Coordinates 

(Lat/Long) 

Behavior Disturbance 

Response 

(Y/N) 

Initial 

Sighting 

Type 

Manatee 1 03/13/20 1425 North 

Basin 

Foot 

bridge 

27°33'43.44"N/ 

80°19'43.52"W 

Surface 

rest, 

milling, 

symbiosis 

N Visual 

Manatee 2 03/13/20 1444 Boat 

Ramp 

Basin 

Foot 

bridge 

27°33'40.10"N/ 

80°19'47.65"W 

Surface 

rest, 

milling 

N Visual 

Manatee 3 03/15/20 1350 Boat 

Ramp 

Basin 

Foot 

bridge 

27°33'41.85"N/ 

80°19'48.20"W 

Bottom 

rest, 

milling 

N Aerial  

 

Table 2. Environmental Data. This table displays weather conditions, tidal data and environmental 

conditions of the study area. The time recorded is the start time of the surveying effort for each day 

(Source: LOBO and NOAA 2020). 

Date Time Water 

Temperature 

(C) 

Salinity 

(ppt) 

Tidal 

Information 

Air 

Temperature 

(C) 

Wind 

Speed 

(m/s) 

Wind 

Direction 

Cloud 

Cover 

(%) 

03/13/20 1400 23.8 34.2 Flooding – 

High tide 1520 

26.1 4.1  East 5 

03/15/20 1330 24.6 33.8 Flooding – 

High tide 1707 

27.1 3.6 East 0 

 

 

Figure 10. Photo of Manatee 1. This photo depicts the large scar on the right side of the body as well 

as a symbiotic interaction with a school of mullet.  
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Figure 11. Photo of Manatee 2. This photo shows some dark coloration around the tail fluke, although 

no distinctive notches or markings are visible.  

 

 

Figure 12. Photo of Manatee 3. There are no distinctive markings or coloration patterns on this 

individual.  

 

Table 3. Manatee Distinctiveness and Markings. This table shows the assessment of distinctiveness for 

each individual according to visible scars and markings present. No manatees were positively 

identified due to lack of distinctiveness.  

 Distinctiveness Scars/Markings Present Positive ID 

(Y/N) 

Manatee 1 Average Large scar on right side body, dark coloration 

pattern on posterior body and tail fluke 

N 

Manatee 2 Not Distinctive Some coloration around tail fluke N 

Manatee 3 Not Distinctive  No obvious markings N 
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DISCUSSION 

 The results of this study demonstrate that small drones can be used for detecting, 

observing, counting, and possibly identifying Florida manatees in their natural 

environments. When equipped with high-resolution cameras and flown at appropriate 

altitudes, drones are an effective tool for rapidly quantifying fine-scale behavioral 

patterns and obtaining imagery of scar patterns of free-ranging manatees, even in the 

turbid waters of the Indian River Lagoon. Nonetheless, due to the small sample size (n=3) 

of this study, caution must be taken when interpreting the results. It is also important to 

note that the start of drone surveys in the field was delayed while the research permit was 

pending approval. Additionally, the survey effort was curtailed due to state, county, and 

university policies implemented to combat the coronavirus (COVID-19) pandemic 

occurring during this study.  

 This study investigated manatee distribution, abundance, and use of the study area 

as well as the potential of using drone-based photo-ID methods to identify individuals. 

All manatees were found alone, supporting the idea that they are a moderately social 

species and individuals are often observed alone (Reynolds 1979). The predominant 

behavior observed for each of the manatees was resting, which often occurs in the middle 

of the day, when temperatures are hottest (Reynolds 1981). Since the surveys were 

conducted on hot (26.1C, 27.1C) afternoons, it is not a surprise that manatees were seen 

resting both at the surface and on shallow bottom. Manatee 1 was observed engaging in a 

symbiotic relationship with a school of mullet grazing algae off the manatee’s back. 

Manatees were also observed slowly milling about at the surface and no feeding was 

recorded. However, Manatee 1 and Manatee 3 were both found near mangrove 
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shorelines, indicating that they may use the low-hanging leaves of the trees or dropped 

leaves and propagules lying on the bottom as food sources. Since manatees are known to 

seek out quiet areas with minimal boat traffic (USFWS 1999), it is likely that Round 

Island Riverside Park serves as an important warm-water refuge for feeding, resting, and 

maybe even mating or calving. Although there was some boating and kayaking activity in 

the park, manatees here did not seem disturbed by human presence. Drone-based surveys 

may be a viable method for locating areas in which human activities visibly impact 

manatees, which can aid management and conservation efforts in critical manatee 

habitats.  

 Although no statistically significant determinations can be made due to the small 

sample size of this study, it is important to note that none of the manatees observed 

exhibited a disturbance response to the presence of the drone. This encouraging result is 

supported by other research that has investigated the impact of drones on marine life. For 

example, studies have documented no disturbance response in gray whales (Torres et al. 

2016), humpback whales (Christiansen et al. 2016), and sperm whales (Acevedo-

Whitehouse et al. 2010). However, these findings conflict with several studies that have 

documented strong reactions of animals to drones. For example, blue whales 

(Domínguez-Sánchez et al. 2018), bottlenose dolphins (Ramos et al. 2018), and 

Antillean manatees (Landeo-Yauri et al. 2020) have exhibited disturbance responses by 

fleeing the area when drones approached head-on or directly overhead. It has not been 

determined if marine mammals detect the presence of drones acoustically or visually, but 

disturbance can have important implications such as stress or loss of feeding and resting 

opportunities (Ramos et al. 2018). Another consideration is that disturbance may 



 22 

manifest physiologically rather than behaviorally in some cases, as was shown with 

American black bears that had significantly elevated heart rates in the presence of drones, 

despite exhibiting no behavioral response (Ditmer et al. 2015) Therefore, it is important 

to assess the potential for disturbance when approaching animals with drones. 

 In this study, the drone approached manatees from all angles and hovered steadily 

above individuals at an altitude as low as 4.6 m (15 ft), with no disturbance detected. 

However, the studies mentioned above indicate that factors such as angle and directness 

of approach, speed, altitude, type of drone used, and flight patterns (i.e., stable hovering 

or active pursuit) should be considered on a species-specific basis before conducting 

drone-based surveys (Ramos et al. 2018). Also, researchers should minimize changing 

altitude when flying over marine mammals, considering that multirotor drones produce 

the most noise during altitudinal changes (Sweeney et al. 2016). However, the drone used 

in this study was very small, making it more difficult for the noise to penetrate the water 

column. It has also been suggested that drones should fly at the highest possible altitude 

to minimize disturbance (Landeo-Yauri et al. 2020), although this can be difficult in 

manatee photo-ID studies given that the highest-quality images are obtained when the 

drone is closer to the animal. Even though drone-based surveys are overall less invasive 

than traditional survey methods (Acevedo-Whitehouse et al. 2010), researchers must be 

vigilant in detecting disturbance and develop best practices for minimizing these impacts 

on wildlife.  

 Another important outcome of this study is the potential for small drones to 

supplement photo-ID studies of Florida manatees, particularly as an extension of the 

HBOI Manatee Project. Clear weather conditions and good visibility aided the success of 
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surveys given the usually the murky water of the study site. The results show that scars 

and distinctive markings can be seen from 4.6-6.1 m (15-20 ft). Although none of the 

individuals in this study could be identified due to lack of unique scar patterns, positive 

identifications would be possible through the use of more surveys and analysis of high-

resolution imagery. Compared to underwater, boat-based, or land-based photo-ID 

methods, drones are more effective for remote detection of manatees and capturing 

images of the entire dorsal surface of the body (Landeo-Yauri et al. 2020). Using images 

of scars, coloration patterns, or notches in the tail fluke, individuals could be cross-

matched with photo-ID catalogs from the Manatee Project or the Manatee Individual 

Photo-identification System (MIPS). MIPS is part of the U.S. Geological Survey’s 

Biological Resource Division, and has positively identified more than 2,000 Florida 

manatees since the 1970s, which have been matched with about 120 individuals from 

surveys conducted by the Manatee Project (Goldsworthy 2016).  

 Due to the limitations of this study as mentioned above, more surveys and 

imagery would be required to make any estimates of population size or population-wide 

conclusions regarding site fidelity, social interaction, herd structure, or ratio of resident to 

transient individuals. Identifying a large portion of the population would also require 

drone flights throughout the IRL and/or the statewide range of the Florida manatee, 

requiring permission from various governmental agencies. Other hindrances to drone-

based observations are environmental factors such as wave action, surface ripples, 

shadowing, fog, or glaring sunlight which may result in poor-quality images (Joyce et al. 

2019). In this study, it was sometimes difficult to obtain the best footage of manatees due 

to strong sunlight causing a glare on the water’s surface. This could hinder the ability to 
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detect scars, suggesting that pointing the camera away from the sun or using a polarized 

camera lens could help obtain better imagery. 

 Drones can open new avenues of research for various aspects of Florida manatee 

biology and ecology, which can inform management and conservation projects aimed to 

protect manatees and their associated habitats. For instance, drones can be used to 

examine seasonal change in manatee distribution, particularly in warm-water refuge areas 

and designated critical habitats or sanctuaries. In this way, the effectiveness of current 

sanctuary sizes and locations can be assessed to provide adequate protection of this 

threatened species. Repeated sightings of identifiable individuals could help determine 

larger patterns of site fidelity to these areas, which could in turn identify areas needing 

further protections such as slow wake zones. Drone surveys could also aid in assessing 

the health of individual manatees by monitoring scar acquisition and healing of 

repeatedly identified individuals. Drones can also supplement aerial and boat-based 

surveys in carcass recovery efforts, to quickly locate deceased manatees and determine 

cause of death, particularly during harsh winters (Stith et al. 2012). Drones may enhance 

studies of habitat use by manatees living in areas that are inaccessible or where boat-

based surveys might disturb the animals. Increased use of drone-based observations can 

also help researchers better understand manatee behavioral ecology. Drones offer the 

chance to observe new behaviors never recorded before, such as the documentation of 

multiple novel gray whale foraging strategies which were filmed with drones (Torres et 

al. 2018). Improved knowledge of manatee foraging behavior and habitat use can aid 

management plans designed to protect important feeding grounds.  
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 Knowledge and understanding of Florida manatee distribution, abundance, 

migration, social behavior and habitat use will surely increase as drone technology 

continues to improve. Drone-based research has vast potential for monitoring populations 

of threatened manatees and informing conservation plans. The opportunity to observe 

manatees and their habitats from a bird’s-eye view can aid management efforts aimed at 

minimizing anthropogenic impacts and establishing sound future land use plans to better 

protect critical habitats.  
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