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 The Florida manatee (Trichechus manatus latirostris) is native to Florida and the 

Indian River Lagoon. Harbor Branch Oceanographic Institute (HBOI) is located in Indian 

River Lagoon and is frequently visited by manatees. The Manatee Project was created in 

2009 to document and photograph the manatees visiting HBOI. Analyzing photographs 

of 146 manatee that visited HBOI showed that a majority of the injuries sustained were 

caused by boats. 97% of the manatee had at least one propeller injury and 31% of the 

manatee had at least one skeg injury. Other non-boat related injuries seen in the images 

included cold stress and entanglement injuries. This study looked at the prevalence of 

scar by anatomical region, the cause of injury, and compared injury locations between 

male and female manatees. 
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INTRODUCTION AND BACKGROUND 

 Manatees are large mammals that inhabit the air-water interface. Their longer 

lifespan, use of nearshore and terrestrial aquatic habitats, and close proximity to human 

influences, e.g., boat traffic, unfortunately makes them an ideal research animal to study 

the impact of boat strikes. The native Florida manatee subspecies (Trichechus manatus 

latirostris) can be found along the Atlantic and Gulf coasts, including in Florida’s Indian 

River Lagoon. In 1967, the West Indian manatee (Trichechus manatus) was deemed 

endangered due to very low population numbers and threats from human-related 

activities. Aerial surveys started in 1991 only found 1267 individuals (FWC 2018). 

However, with recent increases in numbers, the U.S. Fish and Wildlife Service (USFWS) 

has downlisted the West Indian manatee from the endangered species list and reclassified 

it as a threatened species (USFWS 2017). 

Manatees are typically migratory animals, traveling up to 30 miles a day, and 

have been seen as far away from Florida as Galveston, Texas, Rhode Island, and Cape 

Cod, Massachusetts (Elphick 2007). However, there are some individuals that stay in the 

same area year-round (Goldsworthy 2016). This pattern where some individuals migrate 

and others remain in the same location year-round is called partial migration (Elphick 

2007). Partial migration can be viewed as a form of evolutionary turntable between 

sedentariness and migratoriness. It allows the transfer between one and the other by 

natural selection. If the climate of a place changes over time to become consistently 

milder or more severe–and so shifts the advantage of being a migrant or otherwise
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decisively one way or another–then having the system of partial migration within a 

population will allow it to adapt one way or another (Elphick 2007). 

Harbor Branch Oceanographic Institute (HBOI) is an important year-round site 

for the Florida manatee; 529 of 3,488 manatees on Florida’s east coast have been 

observed at HBOI (FWC 2018; Goldsworthy 2016; HBOI Manatee Project unpublished 

data). Some manatees are seen at HBOI year round. Other observations of specific 

individuals indicate that there is a partial migration taking place in the Florida manatee 

(Trichechus manatus latirostris) population near Ft. Pierce, FL (Goldsworthy 2016).  

Sirenians are not well adapted to cold water. They are slow-moving aquatic 

herbivores with exceptionally low metabolic rates and their distribution is primarily 

tropical (Irvine 1983). Their low metabolic rates and lack of blubber make the manatee 

vulnerable to cold stress. It is estimated that manatees consume 4–9% of their body 

weight daily (Bengtson 1983). Chronic exposure to cold water below 20 C, produces a 

cascade of clinical signs and disease processes termed “manatee cold stress syndrome” 

(Bossart et al. 2002, Manatee Protection Plan [MPP] 2002). Clinically, manatee cold 

stress syndrome involves a combination of lesions, emaciation, and infectious disease of 

the skin and gastrointestinal tract. In order to avoid the colder waters during the winter, 

manatees migrate to warm water springs, south Florida canals and lakes, passive thermal 

refuges, and the warm water effluents of electric power plants and other industrial 

sources (Bossart et al. 2002). Manatees may rest in these warm water refuges for up to 7 

days without feeding (Bossart et al. 2002). 

During the coldest periods, 60% of all Florida manatees access the warmer waters 

near 10 of the state’s electric power plants along the coasts and 15% use four natural 
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springs; most others use thermal basins in southern Florida (Laist and Reynolds 2005). 

Site fidelity to these refuges appears to be the principal factor segregating manatees into 

at least four subpopulations (Laist and Reynolds 2005). Wintering away from a warm 

water refuge would be metabolically expensive for a manatee, and energy costs would 

increase at higher latitudes where average water temperatures are lower (Irvine 1983). 

A study by Deutsch et al. (2003) showed that manatees were consistent in their 

seasonal movement patterns across years and showed strong fidelity to warm season and 

winter ranges. Within a season, individuals usually occupied only one or two core use 

areas that encompassed about 90% of daily locations. Most manatees returned faithfully 

to the same seasonal ranges year after year (median distance between range centers was 

<5 km between years). Seasonal movements of four immature manatees—tracked as 

calves with their mothers and then as independent subadults after weaning— provided 

evidence for strong natal philopatry to specific warm-season and winter ranges, as well as 

to migratory patterns (Deutsch et al. 2003). Looking at specific animals at HBOI, 

C2SAWW was first seen as a new calf in 2009, again in 2010, and more recently in 2015. 

C2TPCE was first seen as a calf in 2014 and also seen in 2015 (HBOI Manatee Project 

unpublished data). This is further evidence of natal philopatry. 

Using synoptic aerial surveys, in 2009, 3,802 Florida manatees (2,148 on the East 

coast and 1,654 on the West coast) were counted. In 2011, 4,824 (2,315 on the East and 

2,509 on the West coast) were counted indicating a slow increase in population (FWS 

2013). In 2017, a record number of 6,620 manatees (3,488 on the East and 3,132 on the 

West coast) were counted (FWC 2018). Several factors contributed to the trend in 

increasing population: first are the current laws designed to protect the manatees from 
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human harm and resulting increase in numbers of reproductive females; second, manatees 

are long-lived and appear to be remarkably resistant to natural disease; and third are the 

sublethal effects of many traumatic human-related injury (Bossart et al. 2002). However, 

manatees are still vulnerable due to their low reproductive rates, their thermally restricted 

home range, and human related deaths (boat strikes and harmful algal blooms) (Robinson 

2014). 

 Manatee skin is a large organ with numerous complex functions essential for 

survival. It serves as a protective barrier against the environment, including, harmful 

chemicals, ultraviolet radiation, and pathogenic organisms; it also helps to produce 

vitamin D and regulate body temperature and moisture loss (Sood 2014). Manatees are 

pachyderms and as such their skin is very thick. The skin of the Florida manatee is four 

times thicker than would be predicted for a terrestrial mammal with similar body mass 

(Lightsey et al. 2006, Kipps 2000). The closest living relatives of Sirenians are elephants. 

Manatees evolved from the same land animals as elephants over 50 million years ago and 

the fossil record shows a much more diverse group of Sirenians than we have today, with 

dugongs and manatees living together throughout their range (Smithsonian 2014).  

Kipps et al. (2002) did a study on manatee skin and calculated that it contributed 

56 Newtons (N) of negative buoyant force, which equals 70% of the negative buoyant 

force of their dense pachyosteosclerotic ribs. The calculation of buoyant forces of the 

skeleton, skin, and lungs demonstrates that the manatee is positively buoyant at the 

surface and negatively buoyant at depths of less than 10 m (Kipps et al. 2002). The 

epidermis is thin and keratinous and interdigitates with the dermis, which is an organized 

three-dimensional weave that is reinforced with two sets of collagen fibers--radial and 
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helical. The radial collagen fibers reinforce the skin against shear forces in nearly all 

directions, whereas helically wound fibers reinforce the circumference (Kipps et al. 

2002).  

Partly because of the skin's structure and composition, watercraft-induced wounds 

in manatees are often sublethal, with the protective dermis and underlying fat and muscle 

absorbing much of the impact, whether the impact is from blunt structures like hulls and 

keels or from sharp structures like propellers, skegs, and rudders (Lightsey et al. 2006). 

The thick insulating layers of skin, fat, and muscle protect the manatee’s internal organs 

and major blood vessels from the spinning propeller blades or skeg of the boat. The speed 

and size of the boat and the location of the manatee in the water column at the time of the 

boat strike result in varying degrees of injury to the manatee. These injuries range from 

superficial to full thickness wounds, involving the dermis and sometime muscle and bone 

(Flanagan 1997). Blunt force trauma occurs when a part of the boat hull, such as the keel, 

hits the manatee. This often results in deep tissue damage and broken bones that are not 

necessarily visible at the surface; however, scrapes and scratches from barnacles and 

other things on the hull surface may cause superficial wounds on the skin surface. 

Propeller strikes cause a series of short parallel scars perpendicular to the direction of the 

boat’s travel, whereas strikes by the skeg below a boat’s propeller causes a long thin scar 

in the direction of the boat’s travel. 

 Boats frequently hit manatees and this often leaves marks in their skin and, in 

some cases, completely removes sections of the skin or body (O’Shea et al. 2001). 

Manatees can be identified by their unique individual scar patterns and mutilations 

(Moore 1956, Beck and Reid 1995, Beck and Langtimm 2002, Barton and Reynolds 2006 
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& 2008, USGS 2006). One of the first references to manatees being struck by boat 

propellers was made in the early 1940s (O’Shea et al. 2001). The U.S. Geological 

Survey’s Biological Resources Division, Sirenia Project, maintains a photo-identification 

database of manatees known as the Manatee Individual Photo-identification System, or 

MIPS (Beck & Reid 1995, Beck & Langtimm 2002, Langtimm et al. 2004). This photo-

identification system and database of manatees contains information on distinguishable 

individuals with distinctive scar patterns. The vast majority of these appear to have been 

inflicted by propeller blades or skegs (O’Shea et al. 2001).  

 The Manatee Project at Harbor Branch Oceanographic Institute was established in 

2009 (Nys 2010). Land-based observations and photo-identification techniques have been 

used over the past nine years, allowing observers to document 529 individuals and 

recognize specific resident manatees that visit this location season after season. 

Throughout the nine years, photos of the manatees observed at HBOI were sent to 

researcher Cathy Beck to be compared to the MIPS database. So far 115 of the manatees 

seen at HBOI have matched (Beck, pers. comm.). The available histories of many of the 

matching manatees indicate they are migrants using HBOI as a transient stopover point. 

However, MIPS was able to confirm that certain individuals have only been documented 

at HBOI and at the former power plant in Fort Pierce indicating that there is a small 

seemingly resident population (Goldsworthy 2016). See Figure 1 and Figure 2 for 

multiple manatee sightings and seasonal trends of these frequently seen manatees. There 

are a few challenges with using scar patterns for photo-identification.  Manatee scars fade 

as wounds heal, and manatees also acquire new scars over time as they get struck by 

additional boats. 
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Figure 1: Multiple manatee sightings graph. These individuals have been seen at HBOI more 
than 5 times (Goldsworthy 2016). 
 

 
Figure 2: The times of year the 21 most frequently seen manatees were observed at HBOI. Most 
visits occur during the spring months when mating activity is occurring, particularly in the Small 
Boats marina (Goldsworthy 2016). 
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 Manatees are not the only marine species to be affected by boat strikes. There are 

studies on dolphins (Bloom and Jager 1994), whales (Visser and Fertl 2000), sharks 

(Towner et al. 2012), sea turtles (Oros et al. 2001), and dugongs (Maitland et al. 2006) 

acquiring injuries and then forming scars from contact with boat propeller blades and 

boat keels. These studies on animal-vessel collisions, especially on cetaceans, provide a 

model for the present analysis of regionalization of manatee vs. vessel collisions. Given 

the existence of the MIPS database, it is a little surprising such a study has not been 

conducted before.  

Prior studies looking at manatees, however, analyzed fatal watercraft-related 

mortality injuries (Wright et al. 1995) and determined if manatees have a left or right 

flipper preference (Tyler-Julian et al. 2016). The Wright et al. study looked at the death 

of manatees from 1979 through 1991 and found that of the 628 manatees that died, 406 

were due to collisions with watercrafts (Wright et al. 1995). They further determined that 

of the 406 deaths, propeller cuts caused 158 (39%); impact injuries (no propeller cuts) 

caused 224 (55%); propeller cuts and impact injuries, either of which would have been 

fatal, caused 16 (4%); and unidentified specifics of the collisions caused 8 (2%) (Wright 

et al. 1995). Fatal cuts were usually larger and longer than healed wounds. Many animals 

survived several boat collisions; one manatee had 22 separate patterns of propeller cuts 

(Wright et al. 1995). A necropsy performed by the Florida Marine Mammal Pathobiology 

Laboratory determined another manatee survived 49 different injury events; it was the 

50th injury that provided the fatal injury (Revkin 2002). This statement inspired part of 

the present project: How many boat strikes have living manatees experienced? 

Furthermore, this study also focuses on the individual number of wounds on each 
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manatee. The Wright et al. 1995 study stated only 2% of the propeller strikes were to the 

head, but 98% were on the dorsum. In addition, nearly 90% of scar patterns were along 

the head-to-tail axis, indicating manatees were moving in response to the oncoming boat 

when struck (Wright et al. 1995). The goal of this project is to evaluate wound 

regionalization on the manatees’ bodies, to determine how frequently manatees are struck 

by boats, and to determine if there is a difference in injuries between genders. 
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OBJECTIVES
 

The objectives of this project are to evaluate the prevalence of scars in the Harbor 

Branch manatees, determine the cause of the scars based on the scar morphology, and 

determine relative wound prevalence at various anatomic locations on the manatees’ 

bodies. Additional analysis will examine potential gender differences in scar patterns and 

left vs. right differences. Photo-identification teams, policymakers, law enforcement, and 

rehabilitation centers can use the results of my project to see trends of boat strike 

locations and how frequently manatees are getting hit. Rehabilitators and photo-

identification teams can use the information from the study to quantify wound frequency, 

identify the greatest probability of location of boat strikes, and hypothesize the most 

likely types of injuries the manatees will experience. Law enforcement and policymakers 

can use information from this study to make and enforce stricter slow and no boating 

zones especially if the main wound patterns are from boat hulls (determined by large 

patches of missing skin and/or large white light gray areas where the missing skin is 

healing) and prevent injuries by the use of skeg guards or propeller guards (determined 

by the prevalence of skeg and propeller injuries respectively in this study). Different 

injuries have different preventative solutions; therefore, it is important to determine the 

causes of injuries so we can prevent them in the future. 

 This study attempts to answer the following questions: 

• What is the cause of the injury?  

• Is there a pattern of specific injuries?  
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• Are certain parts of the body more likely to have wounds? Where is the 

injury located?  

• How many times has the manatee been injured? 

• What is the most common type of injury? 

• How many total scars are on the manatee? (For example, one propeller 

strike can leave two to 12 or more scars.) 

• Is there a difference in injuries between males and females? 
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HYPOTHESES
 
Ho: There is no prevalent cause of injury. 

Ha: Propeller injuries are the most prevalent cause of injury. 

 

Ho: The manatees have evenly distributed scars. 

Ha: The manatees have more scars on their paddles. 

 

Ho: The manatees are getting injured once. 

Ha: The manatees are getting injured more than once. 

 

Ho: There are at least five scars on a manatee body. 

Ha: The manatees have more than five scars on their body. 

 

Ho: There is no difference in scars between genders. 

Ha: Female manatees have more scars. 
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MATERIALS AND METHODS
 
Research Site 
 

Manatees have been seen at Harbor Branch Oceanographic Institute, in Fort 

Pierce, Florida, since a channel to the location was created in the 1970’s, but they were 

not adequately documented until 2009. The HBOI channel is a passive thermal basin, a 

confined area that retains heat from direct solar radiation or biodegradation of organic 

deposits (Smith 2000). In the case of the HBOI channel, and specifically the West Basin 

(Figure 3), the seawalls absorb solar radiation and transfer heat to the water, making it a 

passive thermal basin. Thermal data loggers show that the West Basin waters are a few 

degrees warmer than the data loggers out at the mouth of the ship channel in the Indian 

River Lagoon (HBOI Manatee Project unpublished data). In 2009, researcher Marilyn 

Mazzoil and intern Lauren Nys started the HBOI Manatee Project. From this initial 

project, a volunteer-run program collecting data on the manatees frequenting the channel 

was formed (Nys 2010; Robinson 2014; Goldworthy 2016). Twice-a-day photo-

identification surveys were opportunistically conducted for a minimum of 15 minutes 

each at two locations. Data collected included photographs, later identified in the lab, as 

well as behaviors observed, time, date, weather conditions, and availability of fresh water 

from a pipe in the seawall. These surveys began in 2009 and have continued for the last 

nine years. 

HBOI has two main locations where manatees are most frequently seen, the West 

Basin and the Small Boats Marina (Figure 3). Both serve a number of functions for 
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manatees, as a potential thermal refuge (especially the West Basin), a food source (both 

sites), a quiet space away from boat traffic in the lagoon (both sites), and a mating 

aggregation location (especially the Small Boats Marina) (Goldsworthy 2016). In 

addition to this, the West Basin has a small pipe where groundwater almost always enters 

the basin and serves as a fresh water source. During the winter manatees aggregate in 

warm areas such as the discharge canals of power plants and passive thermal basins, with 

each manatee returning to the same refuge one year after year (Deutsch et al. 2003, Laist 

and Reynolds 2005). 

During preliminary surveys in 2009, there were three survey sites; however, since 

the barge docking area proved to be an area that few manatees visited, it was dropped 

from the Manatee Project survey effort (Nys 2010, Robinson 2014). The West Basin 

(N27.534° W -80.356°) and Small Boats Marina (N27.533° W -80.350) (Figure 3) were 

consistently surveyed over all nine years. All surveys were conducted from land. 

 
Figure 3. Map of the HBOI Channel and survey sites; the West Basin on the left and the Small 
Boats Marina on the right. 
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Observations 
 

Survey Effort 
 
Beginning in 2009, volunteers arrived at HBOI and surveyed both sites twice per 

day, once during the morning shift, between 8:30–10:30, and once during the afternoon 

shift, between 14:30–16:30. For each shift, they visited both sites for a minimum of 15 

minutes recording manatee behaviors (See Appendix A.) and taking photographs of the 

manatees. The behavior parameters developed by Monica Ross (Appendix B) are used to 

rank the behaviors on a scale of one being the least to five being the most prominent. A 

similar data sheet was used for the last seven years; in 2012 the data sheet was modified 

with the addition of symbiosis to the behavior list. 

All animals are photographed and recorded on our survey sheets. Three size 

classes are used adult, subadult, and calves. For this study, only photographs of adult 

manatees were used. There have been 529 distinct manatees photographed and 

documented at HBOI. Of those, only adult manatees with their entire dorsal clearly 

shown in one or two photographs were used. If two photographs were used, then they 

both must have been taken on the same day to eliminate any variability of scar healing or 

additional scars being present. These images must clearly show the entire body, with the 

exception of flippers, as they are not always photographed, but flippers that were 

documented were included in this study. 

Photo-Identification Procedure 

Digital images of the manatees’ backs and paddles are taken during the surveys 

when possible, using a Canon EOS-1D Mark II camera with a 100-400 mm zoom lens or 

a 17-35 mm zoom lens if the manatees were nearby. A simple point-and-shoot Panasonic 
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Lumix DMC-ZS8 camera with 16x optical zoom, Nikon D3100 with 70-300 mm zoom 

lens, or Ricoh WG-5 GPS camera with 4x optical zoom were also available to the 

volunteers. On multiple occasions, there were opportunistic surveys in which 

photographs were taken of the manatees in the channel apart from the scheduled surveys. 

These individuals were also added to the database and a note was made of where and 

when the individuals were seen. A binder of manatee scar pattern sketches using U.S. 

Geological Survey’s Manatee Scar Sketch forms is available for HBOI Manatee Project 

volunteers to reference (Appendix C). 

Distinct manatees observed at HBOI were recognized by unique scar patterns and 

mutilations of the tail paddle and given a 4-letter code. Calves have a 6-character code; 

they have a “c” for calf and then a number (c1 for calf 1, c2 for calf 2, etc.) before their 

name. If the calves were seen with their moms, they are given c1 or c2 and the mom’s 

name. For example, calf 2 from mother SAWW is coded as c2SAWW. 

Image Analysis 
 

There are a few challenges with using scar patterns for photo-identification.  

Manatee scars fade as wounds heal, and manatees also acquire new scars over time as 

they get struck by additional boats. In light of this potential variable, this research project 

used one or two clear images of the entire adult animal taken at Harbor Branch. If two 

photographs were used, both photographs needed to be taken on the same day in order to 

eliminate changes in the scar pattern over time. 

Each manatee photograph was opened in ImageJ and a template dividing the 

manatee’s body into nine areas of analysis was transcribed onto the photo. The diagram 

in Appendix C can be referenced for anatomical terminology. The body was subdivided 
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into the following regions: the head, left flipper, right flipper, left anterior back, right 

anterior back, left posterior back, right posterior back, left tail paddle, and right tail 

paddle. The individual’s HBOI name, MIPS name (if known), and gender, presence (1) 

or absence (0) of scars in each of the nine anatomical regions, cause of injury (skeg, hull, 

entanglement, cold stress, propeller), total number of scars, and minimum number of 

injury events were recorded in an Excel spreadsheet. A set of parallel propeller marks 

were counted as a single injury event. The total number of scars is the total count of each 

mark caused by the skeg, hull, propeller, cold stress, and/or entanglement injury on the 

manatee’s body. The cause of the scar was a post hoc observation based on the 

morphology of the scar itself. The manatee’s scars are defined as propeller strikes, 

indicated by a series of parallel scars; skeg marks, indicated by one long relative straight 

line; hull strike marks where a moderate to large single patch of skin is missing; 

entanglement marks where an indentation around the entire animal or animal’s flipper; 

and cold stress indicated by random multiple white patches of variable size and shape 

which lack clean edges (Figure 4). An analysis was run to determine if there is a 

difference in regionalization of wounds, a difference between sexes, and difference in the 

causes of each wound. 
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Figure 4. Representation of manatee scars: skeg, hull, propeller, cold stress, and entanglement 
injuries. The manatee’s scars are defined as propeller strikes, indicated by a series of parallel 
scars; skeg marks, indicated by one long relative straight line; hull strike marks where a patch of 
skin is missing; entanglement marks where an indentation around the entire animal or animal’s 
flipper; and cold stress indicated by white patches. 
 

 It is important to note that other superficial scars resulting from scrapes and cuts 

from other objects in the environment, particularly minor cuts from the sharp edges of 

oyster shells or barnacles, were not included in this study. Any time a manatee is pushed 

against a dock, piling, or seawall in the estuaries, they are at risk of oyster shell or 

barnacle cuts. These are recognizable as very thin superficial cuts and scratches and often 

parallel in close proximity to each other; these are distinguishable from other types of 

scars.  

Statistical Analysis  
 

Descriptive statistics were calculated using the total number of individuals 

examined as the denominator. For the comparisons between genders only individuals 
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with a known gender were included in the analysis. A chi-squared test was used for 

categorical variables (scar region, cause of injury) and a two-sample test was used to 

compare total number of scars and number of injury events. All analyses were done using 

SPSS for windows, version 24. A p-value of < 0.05 was considered statistically 

significant.  



20 

RESULTS
 
 One hundred forty-six of 529 distinct manatees seen at Harbor Branch were 

examined. The list of manatees used in this study can be referenced in Appendix D. The 

criteria for the images used in this study was the animals chosen were adults when they 

were photographed at Harbor Branch and had one or two clear images of the entire 

dorsum of the individual. Flippers did not have to be included in the images; if they were, 

then they were included in the study. If two photographs were used, they must have been 

taken on the same day to mitigate the possibility of scar acquisition or healing over time. 

Of the 146 manatees examined in this study, the gender of 51 animals was known; 37 

were females and 14 were males. There is a bias in recognizing female vs. male manatee 

because males can only be identified if they show their ventral side, and subsequently the 

genital slit location is noted; females can be identified this way but females can also be 

recognized while they are nursing a calf. A minimum of 517 distinct injury events (set of 

parallel propeller marks, etc.) occurred in these 146 manatees producing a total number 

of 2,075 scars. The number of injury events in an individual manatee ranged from 1 to 

14. 

 
Table 1. Prevalence of Scar in Anatomical Region for 146 Manatees Observed at 
HBOI 

Head L 
Flipper 

R 
Flipper 

L Ant. 
Back 

R Ant. 
Back 

L Post. 
Back 

R Post. 
Back 

L 
Paddle 

R 
Paddle 

10/146 4/146 3/146 94/146 88/146 110/146 105/146 110/146 99/146 
7% 2% 2% 64% 60% 75% 72% 75% 68% 

Note: The delimitation of anatomical regions can be referenced in Appendix C. 
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Figure 5: Prevalence of scars by anatomical region among 146 manatees observed between 
2009-2018 photographed in the HBOI Channel. 
 
 
 
 
 
 

Table 2. Cause of Injury for 146 Manatee Observed at HBOI between 2009-2018 
 

 

 
 
 
 
 
 

Skeg Hull Entanglement Cold stress Propeller 
45/146 21/146 5/146 2/146 142/146 
31% 14% 3% 1% 97% 
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Figure 6: Occurrence of types of injuries among 146 manatees from HBOI between 2009-2018. 
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Table 3. Multiple Causes of Injury for 146 Manatee Observed at HBOI 
 

Skeg & 
Propeller 

Hull & 
Propeller 

Entanglement & 
Propeller 

Cold Stress & Propeller 

33/146 14/146 3/146 1/146 
23% 10% 2% <1%     

Skeg, Hull & 
Propeller 

Skeg & 
Hull 

Skeg, Cold Stress & 
Propeller 

Skeg, Entanglement & 
Propeller 

6/146 2/146 1/146 2/146 
4% 1% <1% 1% 

 
 
 
 

Table 4. Gender Comparison of Injury Location for 146 Manatee Observed at 
HBOI using Chi Square 

 

 Male Female Unknown* Pearson chi-

square 

(Asymptotic 

significance) 

 n (%) n (%) n (%)  

Head 2 (14.3) 1 (2.7) 7 (7.4) 2.46 (0.12) 

LFlipper 2 (14.3) 2 (5.4) 0 (0) 1.11 (0.29) 

RFlipper 1 (7.1) 2 (5.4) 0 (0) 0.56 (0.81) 

LAntBack 10 (71.4) 30 (81.1) 54 (56.8) 0.56 (0.45) 

RAntBack 9 (64.3) 24 (64.9) 55 (57.9) 0.001** 

(0.97) 

LPostBack 12 (85.7) 33 (89.2) 65 (68.4) 0.12 (0.73) 

RPostBack 12 (85.7) 30 (81.1) 63 (66.3) 0.15 (0.70) 

LPaddle 12 (85.7) 29 (78.4) 69 (72.6) 0.33 (0.56) 

RPaddle 13 (92.9) 24 (64.9) 62 (65.3) 3.99 (0.04) 

Total*** 8.11 (4.99) 19.4 (13.6) 41.7 (29.9)  
* Unknown gender individuals were excluded from Chi-square comparison. 
**Statically significantly difference at p < 0.05. 
***The mean and (standard deviation) is in place of the n (%) for total events. 
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Table 5. Gender Comparison of Cause of Injury for 146 Manatee Observed at 
HBOI 

 

 Male Female Unknown Total 

 n (%) n (%) n (%) mean (sd) 

Total # Scars 213 (10.3%) 697 (33.6%) 1165 (56.1%) 17.8 (11.2) 

# Injury Events 66 (12.8%) 168 (32.5%) 283 (54.7%) 4.6 (2.8) 

     

Cause of Injury n (%) n (%) n (%)  

Skeg 6 (42.9%) 14 (37.8%) 25 (26.3%)  

Hull 2 (14.3%) 6 (16.2%) 13 (13.7%)  

Prop 14 (100%) 37 (100%) 91 (95.8%)  

Entangle 2 (14.3%) 3 (8.1%) 0 (0%)  

Cold Stress 0 (0%) 0 (0%) 2 (2%)  
Note: T-test p-value is recorded as the mean and (standard deviation) in place of n (%) for total 
number of scars and number of injury events. Total column for cause of injury n (%) includes 
males, females, and unknown gender. 
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DISCUSSION

Many of the manatees at Harbor Branch survived several boat strikes and form 

scars from where the boat propeller, skeg, and/or hull collided with the manatee. The 

manatees at Harbor Branch most prevalent injuries were from boat scars. The total 

number of individual scars recorded on an animal ranged from 1 to 47 with an average of 

14.2 scars per animal. The total number of injury events ranged from 1 to 14. The 

average number of injury events per animal was 4.6.  The total number of scars on these 

146 individuals totaled 2,075. Similar results were seen in the Wright study, many 

manatees survive boat collisions and one manatee had 22 separate patterns of propeller 

cuts (Wright et al. 1995).  

Of the 146 manatees observed at Harbor Branch, the most prevalent injury 

locations were the left posterior back (75%), right posterior back (72%), left paddle 

(75%), and right paddle (68%). The location of the manatee’s scars can be located in 

Table 1 and is represented in graph form in Figure 5. There is a gradient of scar injuries 

starting with lower numbers of head and flipper injuries, with scars increasing in number 

on the anterior back, and continue to increase on the posterior back and paddle regions. 

The most common type of head injury was cold stress. During cold weather the 

manatee’s body typically remain submerged and they only exposing their head to breath. 

The numbers of head injuries on living manatee is low because physical impact by boats 

is often fatal. 
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The majority of individuals, 142 (97%) seen at Harbor Branch had one or more 

propeller scars; 45 (31%) individuals had scars from at least one skeg injury; 33 (23%) 

manatees in this study had both skeg and propeller injuries. The findings of this project 

are consistent with O’Shea’s 2001 article stating the majority of injuries have been 

caused by propeller and skeg injuries. Examining the other manatee injuries by individual 

cause showed 45 (31%) individuals had scars from at least one skeg injury; 21 (14%) 

individuals had at least one hull injury present; 2 (1%) individuals had scars from cold 

stress syndrome; 5 (3%) individuals had at least one entanglement injury. All five of 

these entanglement injuries were flipper injuries. Two of five manatees had entanglement 

injuries to both flippers. These results can be seen in Table 2. The occurrence of different 

types of injuries in graphical form can be seen in Figure 6.  

The most common combinations of injuries include skeg and propeller 33 (23%); 

hull and propeller 14 (10%); 6 (4%) manatees had skeg, hull and propeller injuries. 

Manatees that had two or more types of injuries are shown in Table 3. 

Using SPSS a Chi-square test was used for categorical variables (scar region, 

cause of injury) and a two-sample test was used to compare total numbers of scars and 

number of injury events. A p-value of < 0.05 was considered statistically significant. For 

the head, left flipper, right flipper, left anterior back, left posterior back, right posterior 

back, left paddle, and right paddle there was no statistically significant difference in 

injuries for gender. However, for the right anterior back female manatees had a 

statistically significant increase in prevalence of injury than male manatees; 24 females 

had injuries in this location compared to 9 males. This could be due to a small sample 

size. A larger sample size of gender-identified manatees is needed before additional 
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conclusions can be made. Table 4 has a detailed summary of the statistics for anatomical 

region and prevalence of injury in male, female, and unknown gender individuals. 

Animals with unknown gender were excluded from the chi-square comparison. 

 In addition to the location of the injury, the cause of injury for 146 manatees 

observed at Harbor Branch was also recorded. The total number of scars present on male 

manatees was 213, occurring from 66 different injury events. The total number of scars 

present on female manatees was 697, occurring from 168 injury events. The unknown 

gender individuals had 1,165 scars, occurring from 283 injury events. The mean number 

of total scars on a manatee from this population was 17.8, occurring from 4.6 injury 

events.  

The first null hypothesis was true; propeller injuries are the most prevalent cause 

of injury for the manatees observed at Harbor Branch. The second null hypothesis was 

false; the manatees had more scars on the posterior sections of the back compared to the 

paddle. The third null hypothesis was false; the manatees were injured on average 4.6 

times which was less than hypothesized.  The fourth null hypothesis was false; the 

manatees had on average 14.2 scars per animal which was almost triple the hypothesized 

number. Finally, the fifth null hypothesis was true; the females observed at Harbor 

Branch had 697 injuries from 168 injury events, which was more than the 213 scars from 

66 injury events on the male manatees.  

In the future, expansion of this project would include increasing the number of 

individual manatees sample size. It would be interesting to compare the manatee injuries 

at the Harbor Branch site to other sites (Crystal River, Blue Springs, Apollo Beach, etc.). 

Comparison of the regionalization of scars in these populations to the Harbor Branch 
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population vs. other sites would provide information on whether or not the cause of 

injuries are the same or different in other Florida manatee populations. It would be 

interesting to see if the Harbor Branch population has a propeller injury bias because the 

manatee that visit Harbor Branch utilize the Indian River Lagoon, part of the intracoastal 

waterway, frequent this high boat traffic area. Policymakers and law enforcement can use 

this information to enforce slow speed zones, implementation of propeller guards, and 

other policies to help protect these threatened marine mammals. 
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CONCLUSION

The manatees in this study had injuries observed most frequently on their left and 

right posterior back and left and right paddle. The cause of injury for 97% of the 

manatees was from one or more propeller scars. The second most prominent injury was 

due to boat skegs. The most common combination of injuries was from skeg and 

propeller injuries. This study examined the differences of injuries between male and 

female anatomical regions and found that the only statistically significant difference in 

injuries was the female manatees had a significant increase in prevalence of injury in the 

right anterior back region than the male manatees included in this study. The other eight 

anatomical regions observed had no statistically significant differences. 

Different causes of injuries have different preventative solutions, therefore it is 

important to determine the source of human-caused injuries so they can be prevented in 

the future. Looking at the manatees observed at Harbor Branch, propeller injuries were 

the cause of injury on almost all the animals. Identifying propellers as the main cause of 

injury demonstrates how important it is for policymakers and law enforcement to 

encourage propeller guards and enforce slow speed zones. Propeller guards and slower 

boat speeds would have prevented most of the injuries these manatees have endured. It is 

important to stress to policymakers and law enforcement that it is possible to prevent 

future manatee injuries by implementing and enforcing propeller guards for boats. These 

policies are particularly important for the Indian River Lagoon where the manatees from 

Harbor Branch frequently visit.
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Appendix A. Manatee Observation Data Sheet 

 
 

Manatee Obs&JYation Data Sheet 
HBOI/FAU Manatee Protect 

Database D 

S1ghbng Date: --......,-=--
mmlddlym 

ObseNer: ---------

Sighting Number: ___ _ Location: ---------

Sur;ey T1me (24h): ____ to ___ _ Effort (circle) ON or OPP 

Raining? Yes ___ No __ _ 

Water Pipe: Above Sea Level? Yes ___ No___ ~resh111ater Present? Yes ___ No __ _ 

Manatee Sighting: 

{C~ 8I'XJ recouJ ovmber o.r m&Miee81Jfe&er'it eve.y 5 minul~ 

5mins 10 mins 15 mins 20 mins 25mins 30 mins 

Adu~s/Subadults 

Calves ( <5ft) 

TOTAL 

Behavioral Observations: 
(Rank i:lt?fiH.iors ~r .. .:d ftem S b?it;g rhe most ofu:n to 1 ~ing r1le fea:tr o./;e/1) 

___ Milling 

___ Traveling 

Social 

Rest Sulface __ Dnnking __ Nursing 

Rest Borrom __ Top Feed __ Manng 

__ Mudding __ SymbiOSIS __ Cfl'lorung 
(fish cleanHlg) 

___ Pacing 
(ponte 
beh<Mor) 

Photos Taken: Yes ___ No __ _ Number of Manatees Photographed ___ _ 

Notes: _____________________________ _ 

ff a "'anatee &f)peafs dead or lfljurecl: 
· has a bleeding wound or deep fl-esh cu1s 
• surfaces to breathe mo1e than once per m1nute 01 has !rouble b1ealh•ng 
• l•Hs !o one stde or is uno.ble to submEuge 
• is en1sngled in motlofllametll Iitle 01 atl)' Olher debtis 
• is a lolie calf, 'llithout an)' aduhs for more than 12 hours 
• 1s be1ng har.-ssed 

Plea:le call: 
FWC HoUine1-008..tO~.J922 

Page __ ol __ 
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Appendix B. Manatee Behavior Classifications 

 

AL AU Symbiotic Relationship - allol.'rino species of tlsl\ {I.e . sheepshead) to feed off of the a'oa and 
mi('t'Q$Copic b;~ctqria loc.ated mainly on the back of the Manatee, Known to happen while d rinking , 

C CAVORT Cavorting · rolling, spy hoQ~ng. tail coming out of water, quickly swimming back .tnd rorttl 2round 
other Olnlm<ll(&} Ql evqn g..,bblng and rolling wtth another aN mat. l hls OOMvlor Is uwatty pr.-.curtOr to 
maiing behaviQ.r if {QC~! female i5 present. 

D DRINK Orlnklfl9 · slurping water at the surface; diving down to crad< in cemertt and mouthing wall ; drWdng 
watcl!' fTom bo<l't outflowfp•pe. 

F FE.EO Feeding • vegetation observed ~ pu_l!ed bdow water ot>lumn; vegetatiOI\ in m<1uth or d\e'Wing 
movement or moutn wnen at surface; mud trail coming from area animal is loeated. Chewing oo pil ing IS 
considered feeding . 

HB BOAT Human boat · animal c~s behllvior due to bOllting M:tivity nearby; r e<XM'd estim~~ted dista11et bol!'t 
Is from animal; !)lease also note dlen a boat goes by an CU'lim.!ll even if t\0 behaviCH' chan9C iS obsetved . 

HI ftl Hum an Interaction • hum;,n in the Wl'ter or -.nd which has C<lu &ed the ;:t.ni~ to change il$ bch;wiQ:'. 

M MATE Mating • primary difference between cavorting and mating behaviOf Is l hat a toea! female anlmaJ iS 
pn:scnt. This me~ all other animals are focusing thoelr cavorting beha\ltor on one specific animal, Female 
can boe Ol:lservecyco climb Into s~low watet" to avo!d males or tail slap males wtlen they are gra))btn9 her 
when She is not re«J)ti~. Cepulation is confi rJMd when a rem.ak: no;,ts a.lmly on the curfaee (back at 
surface} while male goes ut'lde..r rernale upiid.e down Md at an an.gle to her body. Copulation is~ ea!m lin~ 
little :actfvttv can be detected. 

MD NUD'D Mudding - .tnimal resu on bottom and surf.ac;.t$ with mud on ht.ad, $XPO$i~ only nostril!> ;~~nd fll • 
submerging; response to cold watec- in an attempt to st:.y warm 

L MIU. Mining ·slow baCk ond forth movtmcnt ()I anim;~~l wnhovt clear direction. This t:cl'lavior could also be 
fOta.Q ing ~1\avior 04 animal prior to feeding. 

N NUA.SE Nursing ~ ca~ will nurse unde.r eithet mwer. Mother 12n sometimes be seen tuming onto her slide 
$!lgrnt y whue extending ner tupper tol'lelp ca1t locate mammary g1ano. 

P PACE Pad ng • swimmln.g in right dfeles: this has been e<m:sidered a re!lponse to streu (seen i n mony 
recently released rehab. animalS) or an energy exertion behaviOr to keep wann. 

RB REsT BOn'OM Resting on b<lttoM ·animal rises to the surface to breathe every 7·1() minutes {mo.x 15 
minutes recorded) fet 2· 3 bteathS at a time and then slowly sinkS tot~ bottom. 

RS REST SURfACE Resting at sa.rface • animaJ ~ting with bade no.ting at surfe.ce; will ~ke 2·3 bre;~~ths 
evel)" 7· 10 minutes (max 15 minutes reoorde<l). 

S SOCI.Al Socializin g · tOU<:hing noses: chewing along body, slight body touching; close lfoloY1Ing wtwle mlllno 
lolbwed by touching. 

T TRAVEL Tuw•JI~ • mt'IW•MM~t w itf!. tl ir'Nt":'(l ('l~th f!"'(t C"\"POft; 1JW:to.1 Vf\!t-!ly 
(;()f'l$l.;tnt and faster than mlll!ng behavior: moverne.nt can be lono range or to oth~r 
skSe: Of riw!r. 

0 OTHER Othe.r - beh avior not daSSified as any of t~ above or behavior amnot be 
determined. 

rl<'i!)itiAIJy n,o...,,.,,~ by Moni~ ~-s/\Vilcfllf~ Trun 
bttp·amanatee.disJ.orgfattivity nots;;.htm 

Ross, Monica. "Mobile Ma na tees ," Dauphin Island Sea Lab. Daophln Island Sea Lab, n.d. Web. 2 )ul 
2010. <http://manatee.disl.org/actlvity _notes.htm 

Additional Behavior: AL by Heath Curtis James Curl under Esprit de Corps Con.<rnlting 
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Appendix C. Manatee Scar Sketch Form 

 

 

MANATEE SCAR SKETCH 

10# __ _ sex L I D I R 

Nick.name --- ---

Scar Codes H 

-
A 

-------
-

8 

----- --
c 

D 

X 

y 

~ R.EGJON pQSIIION N1R\fBEB mE Q2I&R mo.n; 

s ..$or L ·Ldl R ·H"'d 1 .Sinalt 1.. ·Lara• W ·Wb.icc I.. ·Linc 
M -MutilodM D-Don:sl F ·flippor l -lor3 M ·Medium G-G..., 8 -Bioub 
N --;\ftdjal Notcb R .a11tu A ·Anc. T nu:~k 4 .J ~ m«e s -Sm.ll 
D -D<fonnicy V • v mlr.ll B ·Mid. T Nllk 
r .r....,..o-=d C .p .. , Trunk 
H -Bolo D ·Pnfi.Plde 
K -Trunk !'bin X ·AIU. TOiil 
L -Tail PbUn Y ·1'<><1. T>U 
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 Appendix D. Hboi Manatees Examined In This Study 
 

A list of HBOI manatees examined in this study with their MIPS ID if known and 
gender if known. 
 

HBOI 
name 

MIPS Gender HBOI 
name 

MIPS Gender 
 

HBOI 
name 

MIPS Gender 
    

FATE 
 

U 
 

NYTO BC341 U 
ABBY FP042 F 

 
FEME FE172 F 

 
ODOT 

 
U 

ACES 
 

U 
 

FINU 
 

U 
 

OKAY 
 

U 
AJAY 

 
F 

 
FLIX 

 
U 

 
ONYX 

 
U 

ALEX 
 

F 
 

FLWR RB534 M 
 

OPAL FP040 U 
AMLA RB681 F 

 
FORK R607 F 

 
PEAR 

 
F 

ANDO 
 

U 
 

GADY 
 

U 
 

PERU 
 

U 
ANDY PE333 F 

 
GBBY 

 
U 

 
PHNX 

 
U 

ANNA 
 

U 
 

GIZA 
 

U 
 

PIPR 
 

U 
ARCH 

 
U 

 
GLGN 

 
U 

 
PLAY PE206 U 

AROW PE409 F 
 

GMMA 
 

U 
 

PNKY BC656 F 
BAND 

 
U 

 
GNRS 

 
U 

 
PNUT 

 
U 

BILL RB411 F 
 

GRAY 
 

U 
 

PNWL EC019 F 
BLOW RB645 M 

 
GRGE 

 
U 

 
POUT 

 
U 

BLUR 
 

U 
 

GUAM 
 

U 
 

PTHS 
 

U 
BOAT MI223 U 

 
HALF 

 
U 

 
PTRE 

 
U 

BOBO 
 

U 
 

HERB FK058 U 
 

RECT 
 

U 
BRIE 

 
U 

 
HOPE PE356 U 

 
RIPP 

 
F 

BSLC PE335 M 
 

HRBR 
 

U 
 

RLIN 
 

U 
BTWO U 

 
HWRD PE034 F 

 
SAIL 

 
U 

BUCK 
 

U 
 

HYDR 
 

U 
 

SAWW FP011 F 
CBCK RB592 U 

 
IGOR 

 
U 

 
SCAR 

 
U 

CHIP 
 

U 
 

IPAD 
 

U 
 

SEVN 
 

U 
CHUN 

 
U 

 
JAWA MI003 M 

 
SKIT RB583 F 

CLAM RB323 M 
 

JAYE PE105 F 
 

SKUL BC568 U 
CLAW RB693 M 

 
JOBE 

 
U 

 
SLNT 

 
U 

CNKY 
 

U 
 

JOHN BC009 M 
 

SNDY 
 

F 
COCO RB700 U 

 
KOLE RB490 F 

 
SPOT FP038 U 

COLD FK070 M 
 

LANE 
 

F 
 

SPRE RB523 F 
CROP 

 
U 

 
LAOS 

 
U 

 
STCH 

 
U 

CSNP 
 

U 
 

LAVA 
 

U 
 

STMP RB367 M 
CURT 

 
F 

 
LYDT RB388 U 

 
STPS 

 
U 

DANI 
 

U 
 

LEXI 
 

F 
 

SWRD BC262 M 
DASH FK007 F 

 
LGBT 

 
U 

 
TALY 

 
U 

DDSH 
 

U 
 

LILY 
 

U 
 

TEMP MI046 F 
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DEAN 
 

U 
 

LOGO BC648 U 
 

TINA 
 

U 
DECO 

 
U 

 
LOVE RB442 M 

 
TIZZ PE146 F 

DENT 
 

U 
 

LUNA 
 

U 
 

TOYO 
 

U 
DGBK 

 
U 

 
MADM 

 
U 

 
TPCE RB559 F 

DINO 
 

F 
 

MALI 
 

U 
 

TRAP RB656 F 
DROP RB601 F 

 
MILO 

 
U 

 
TRCE 

 
F 

DVET 
 

U 
 

MOLR PE134 M 
 

TSLA 
 

U 
EELI PE024 F 

 
MOMS RB456 F 

 
TSTK RB514 M 

EMLY 
 

U 
 

MOMW FP023 F 
 

TSTR 
 

U 
EQAL 

 
U 

 
MOON RB491 U 

 
UNQE 

 
U 

ERIC 
 

U 
 

MRSH PE106 F 
 

WACK 
 

U 
EVIN 

 
F 

 
NEMO 

 
U 

 
XIAN 

 
U 

EXPT RB605 U 
 

NICK RB709 F 
 

ZERO 
 

U 
FANG RB561 M 

 
NINE 

 
U 

 
ZIPP 

 
U 
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