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Introduction


The purpose of this article is to reconstruct the natural history of the West Indian manatee (Trichechus manatus latirostis) in Florida during prehistoric times using archaeological and ethnographic data and theory, climate reconstruction, and manatee biology.  Today, manatees are designated an endangered species, presently numbering only several thousand, and occupy a precarious position in Florida’s ecosystem. This reconstruction may help illuminate whether their present status is a recent phenomenon brought about by modern pressures of habitat loss and human population growth.


The working hypothesis of this article is that manatees were never plentiful in Florida and probably did not begin to populate Florida in larger numbers until the last 2000 years.  This hypothesis is based on several assumptions, each of which is supported in the following discussion: (1) manatees are not common in archaeological sites in Florida; (2) Florida was suitable habitat for manatees, more so in the last 8000 years; (3) if manatees were in Florida, they would have been hunted and eaten; and (4) there are no other reasonable explanations for the rarity of their remains.  Optimal foraging theory is used to estimate the prehistoric density of manatees in Florida.  The calculations indicate that prehistoric densities may have been significantly lower than modern densities.  

Manatee Biology


The Florida manatee, Trichechus manatus latirostis, is a subspecies of the Caribbean manatee, Trichechus manatus manatus, in the Order Sirenia.  Genetic analysis indicates that at least three subspecies inhabit the circum-Caribbean but that Florida manatees were derived from West Indian populations rather than from Mexico (Lefebvre et al. 2001: fig. 5).  It is an herbivorous aquatic mammal.  Early Europeans reported that average manatees weighed between 227 – 363 kg (500-800 lbs) but that some weighed as much as 544 – 726 kg (1200-1600 lbs) (McKillop 1985: 339).  Today, on the Nicaraguan coast, an average adult weighs about 227 kg, which yields about 90 kg (200 lbs) of meat, not including fat (Nietschmann 1973: 161, table 20).  In Panama, manatees weigh from 140 – 360 kg (308 – 792 lbs) (Wing 1980: 200).  

Manatees live in both fresh and salt water but seem to prefer fresh water (Hartman 1971).  When in salt water, they are usually seen near shore; otherwise they are found in rivers and estuaries (O’Donnell 1981: 14).  They are not often found in Caribbean islands that do not have reliable fresh water sources (Powell and Rathbun 1984: 23).  A survey of manatees in the Suwannee River area found that during the warm months they are most often found in the estuarine habitats at the mouths of rivers (Powell and Rathbun 1984: 16).  


Manatee ranges are limited by the availability of warm water and appropriate vegetation (Lefebvre et al. 2001: 460).  Manatees have been sighted throughout the Gulf coast (Powell and Rathbun 1984: fig. 1), but they are not well adapted to cold water like other marine mammals (Irvine 1983: 315) and cannot survive winter water temperatures except in warm water refugia.  They generally do not function well below 20° C, although some do fine in water that is 15-16° C.  Modern average January water temperatures suggest that in the absence of warm water refugia, most manatee ranges would be limited to areas south of Charlotte Harbor on the Gulf coast and Vero Beach on the Atlantic coast during the winter (Irvine 1983: fig. 4).  Some manatees roam, however, and a ca. 2000 year old manatee rib reported from Ohio appears to be from one adventurous individual (Williams and Domning 2004: 168).  Trichechus in Columbia are found over 1300 km upstream in the Orinoco River and its tributaries (Montoya-Ospinia et al. 2001: fig. 2; O’Shea et al. 1988: fig. 1).

Manatees are essentially non-territorial, solitary animals except for mother-calf pairs and during mating season (Hartman 1971: 181).  In Florida, their movements are seasonal (Powell and Rathbun 1984: 10), and they may follow repeat migratory patterns (Powell and Rathbun 1984: 23).  Ninety percent of manatees that aggregate in the warm winter waters of the Crystal and Homosassa rivers return each year (Powell and Rathbun 1984: 1).  They congregate in winter refuges but disperse in April when the water warms (Powell and Rathbun 1984: 14).  Manatees typically stay within three meters of the surface and come up to breathe every two to four minutes.  They normally travel at 4 – 10 km per hour but when startled can travel at up to 25 km per hour (McKillop 1985: 338).  They may follow predictable routes and graze at predictable spots (Powell and Rathbun 1984).  During warm weather, they tend to be found at the mouths of rivers in the Florida Big Bend area, such as the Suwannee, Withlachoochee, Crystal, Homosassa, and Chassahowitzka rivers, where they feed in the grass beds (Powell and Rathbun 1984: 14).  The Rama Indians of the Miskito Coast of Nicaragua liken them to cows that frequent certain pastures (Nietschmann 1973).  

After reaching sexual maturity at four to six years, manatees reproduce every two to three years with a 13 month gestation followed by a one to two year post-partum interval (Hartman 1971: 227).  Mating manatees are easy to approach (O’Donnell 1981: 16), and it appears they have no serious natural predators other than man. 

Fossil Sirenia in Florida


Sirenia have been present in Florida from the Eocene (ca. 35-55 million years ago), when they were semi-aquatic, through the present.  Trichechidae have been here from at least the early Pleistocene (ca. 1.7 million years ago) and perhaps the late Pliocene (Hulbert 2002: 326).  Late Pleistocene manatees may represent a different subspecies than those present in Florida today, which indicates that Florida may have been repeatedly colonized from the Caribbean.  Lefebvre et al. (2001: 459) posit that manatees went extinct at the end of the Pleistocene but repopulated Florida during the post-glacial warming.    

Trichechidae and Dungonidae can be differentiated in several ways, but their ribs are virtually indistinguishable if collected out of stratigraphic context.  Fossil material is very common in Oligocene and Miocene limestones, when much of Florida was under shallow seas.  As they erode from these deposits, fossil and modern manatee bones are reworked and may be difficult to distinguish (Hulbert 2002: 323).

The Archaeological Record of Manatees in Florida
The conventional wisdom is that prehistoric manatee remains are rare in archaeological sites in Florida.  In this article, “prehistoric” refers to manatees that were alive during the last 13,000 years to the time of contact, and “fossil” refers to manatee remains that are older than 13,000 years.  In an effort to test the conventional wisdom, a review was made of 29 site reports in The Florida Anthropologist and 49 survey reports of prehistoric sites from the site files in the Bureau of Archaeological Research that reported some excavation and a faunal list.  From these resources only two definite and one probable manatee bone and one definite and one possible fossil manatee bone were identified.  Several archaeologists have also anecdotally reported finding manatee remains in archaeological contexts.  Although not complete, it is fair to infer from the review that the conventional wisdom is accurate; there are not many manatee remains in prehistoric archaeological sites in Florida.

  Fossil manatee or dugong bones that show evidence of human modification have been found in the rivers in Florida out of archaeological context (e.g., Powell and Rathbun 1984: 20).  These have been presumed to be of great age, but the distinction between fossil and prehistoric manatee bones is not always straightforward, because the process of fossilization in Florida rivers depends on the depositional environment, which is not consistent throughout the state.  Bones can be permineralized, a process through which the bone matrix is filled with minerals, within several decades in waters with high mineral levels, such as springs, and appear to be much older than they are (Neill 1957).  Manatee bones are naturally dense and may mislead archaeologists into assuming they are fossilized rather than prehistoric, although Hulbert (2002: 2) suggests manatee rib bones are naturally too dense to incorporate minerals.  The density of a small sample of fresh and fossil manatee bones was compared to assess this issue.  Fresh manatee bone had densities ranging from 1.63 – 1.85 gm/ml, whereas the density of fossil bone ranged from 2.07 – 2.69 gm/ml, which demonstrates that fossil manatee ribs can be somewhat heavier than fresh bone.  


No unequivocal association of manatee remains and Paleoindian artifacts have been reported.  Cumbaa’s (1980: 9) statement that manatees were never common in Florida except perhaps during Paleoindian times appears to be based on problematic data.  Manatee ribs showing evidence of cut marks were reported by Ben Waller from the Chipola, Santa Fe, and Withlacoochee rivers in association with Paleoindian and younger artifacts.  Based on discussions with Waller, Cumbaa’s conclusion that the manatee remains were associated with the Paleoindian artifacts is tentative at best, and Waller (1970) did not reach the same conclusion in print.  

No unequivocal Paleoindian artifacts made of manatee bone have yet been recovered.  A beveled bone point from the Itchnetuckee River was identified by Jenks (1941) as likely coming from a manatee, but the tool has subsequently been identified as ivory (Andrew Hemmings, personal communication 2004).  A manatee rib (UF 135791), on display in the Museum of Florida History in Tallahassee, clearly exhibits cut marks but is presumed to be Paleoindian in age because of its mineralization.  Another mineralized artifact made manatee bone and collected out of context at the Page-Ladson site on the Aucilla River (Dunbar personal communication 2004) is also on display in the museum, but its age is unknown and presumed to be Paleoindian.

The earliest unequivocal artifact made of prehistoric manatee bone is a single atlatl handle from Windover (Penders 2002: fig. 5.6). It was sawn across the rib, then scraped and ground to final shape, and a transverse hole was drilled for the shaft.  Cumbaa (1970: 9) refers to manatee remains found in the Late Archaic period Bluffton and Tick Island middens and in an undated shell midden downriver from the Crystal River mound.  Neil et al. (1956) found no manatee in the assemblages from preceramic deposits in the Bluffton and several other middens in the area, however.


The worked tip of a fossil bone flaking tool was recovered in level 4 of the Queen Mound in Jacksonville (Laford 1983).  The tool was made of a fossil bone, which was split lengthwise, and it showed use wear on the tip.  I reviewed a photograph of the tool and include it as a possible prehistoric manatee bone tool.  This site is dated to the late Deptford or St. Johns I-A, ca. A.D. 55.  A manatee bone fragment was recovered from black midden soil from Trench 3 in an area near the Crystal River mounds.  No date is associated with this midden, but is likely late Deptford period or younger (Milanich 1994: 135).  Manatee remains were found at a site near Belle Glade (Willey 1949: 61 as cited in Cumbaa 1980), which may be related to Fort Center (Milanich 1994: 292).  A possible manatee bone was found at the Beacon Trade Port midden in Dade County (Janus Research 1997), which dates to the late Glades I phase (A.D. 135-560), and two manatee rib plummets were identified in the Glades Period IIIb levels in the Granada site assemblage from the mouth of the Miami River (Richardson and Pohl 1983).

Prehistoric occurrence in the Circum-Caribbean

Unlike Florida, evidence for manatee use is found throughout island and mainland circum-Caribbean archaeological sites.  Although there is no evidence of Paleoindian use of manatees in the circum-Caribbean, people were exploiting manatees by the Formative period in Yucatan, ca. 4000 B.P., and in the Caribbean islands by 2000 B.P. (O’Donnell 1981: table 7).  Manatee remains have been recovered from archaeological sites on the Bay Islands, Italia and Kukra Point, Jamaica, St. Kitts, Grenada, and Trinidad (McKillop 1985: 340), but manatee remains are more common in mainland sites, which may be due to the lack of freshwater sources accessible to manatees on some of the islands (Powell and Rathbun 1984: 23).


Manatee remains have been found at several archaeological contexts in the Yucatan and Belize (Bradley 1983: 29; MiKillop 1985).  The most intensive use of manatees is found at the Middle Classic Period (ca. 400 – 700 A.D.) Maya site at Moho Cay, near the mouth of the Belize River (McKillop 1984, 1985), at which manatees were the focus of subsistence making up 89% of the estimated meat weight.  Several artifacts made of manatee bone were also recovered, including carved boat models and human figurines (McKillop 1984: 30).  

Historic occurrence

Manatees are reported throughout the circum-Caribbean by early European explorers and naturalists (Baughman 1946; Whitehead 1977), but manatees are generally not mentioned in accounts from the nineteenth and early twentieth centuries.  The demands of Europeans for meat put pressure on meat resources in the circum-Caribbean including manatee (Nietschmann 1973: 35), and stocks were greatly reduced when commercial exploitation for meat and hides by Europeans started (Bertram and Bertram 1973: 324).  


Early historical accounts in Florida are contradictory; some reported that manatees were plentiful and others that they were near extinction (O’Shea 1988: 184-186, table 1).  Bartram (1955: 196-197) reported seeing a pile of manatee bones left by Indians at Manatee Springs off the Suwannee River in the mid-1770’s, and Harlan (1824) and Elliot (1942) describes native Floridian hunting methods.  Several photographs in the Florida archives show manatees hunted by Seminole Indians, which, along with the written accounts, indicates that manatees have been acceptable prey for native Floridians for the last two to three centuries.
Prehistoric Manatee Habitat in Florida

The working hypothesis assumes that manatees were present in Florida prehistorically, but if surface water temperatures were too cold or inland waterways were too shallow, Florida may not have provided an acceptable habitat.  Prehistoric climate reconstruction cannot provide a fine-grained picture of the environment, but conditions can be considered on a gross scale.  


The drop in sea level during the last glacial maximum of about 120 m (Balsillie and Donoghue 2004) would have narrowed the distance manatees would have to travel from Cuba to Florida.  Presently the trip is about 144 km (90 mi) and beset with treacherous currents.  The estimated distance 22,000 years ago would have been somewhat less, but the strength of the currents at that time is unknown.  At ca. 12,000 – 11,000 B.P., the sea level was about 40 m lower than present, and the land mass of Florida was about twice as large (Faught and Donohue 1997).  During this time period freshwater rivers may have been relatively abundant, but by 10,000 B.P., Florida became warmer and drier (Dunbar 2002).  Water levels were significantly lower throughout the state, and it is likely that at some point many of the rivers became impassable except at times of high water.  Further, rather than the sluggish rivers we know today, the rivers of 10,000 years ago likely moved more rapidly when they flowed (Miller 1992).  Shallow, rapid rivers with limited food would have impeded manatees from moving far into the interior.

Further complicating the reconstruction of the manatee natural history in the late Pleistocene and early Holocene periods is the temperature of the water in the Gulf of Mexico.  The Mississippi River was a major conduit for glacial meltwater from ca. 22,000 - 8000 B.P. (Fairbanks 1989).  The surface temperatures in parts of the Gulf cooled significantly, but whether the temperatures also cooled near the Florida shore is unclear.  The Gulf continental shelf is karst and likely had many springs that are now submerged (Scott et al. 2004) but could have provided warm water refuges for manatees.  It is fair to infer that the now-drowned river courses were similar to those found today around the Suwannee and Santa Fe Rivers in central Florida, and that manatees, if they were present, availed themselves of these springs.

In sum, the distance between Cuba and Florida at the end of the Pleistocene would have been favorable for manatee migration to Florida, but cool surface water temperatures may have discouraged travel through the Straits of Florida and prevented colonization of the mainland.  Lower sea, groundwater, and surface water levels would have made it unlikely manatees would have traveled far enough inland to locales that are now on Florida’s mainland.  This leaves unresolved questions about the age of cut manatee ribs found by Waller at locations that would have been far inland during the Paleoindian period.  If manatees were not present in those locations, their bones may have been transported inland from more coastal locales, or they may date from later time periods.  It is likely that if Paleoindians and Early Archaic inhabitants made extensive use of manatees, their remains are now submerged in the Gulf and Atlantic.  By ca. 5000 B.P., sea level stands had reached modern levels (Balsillie and Donoghue 2004).

Manatees as Food


The third assumption of the working hypothesis is that manatees were a suitable food source for prehistoric Floridians and, if present, would have been hunted and eaten.  Archaeological, ethnographic, and ethnohistoric data demonstrate that manatees have been hunted in the circum-Caribbean for food and other products for thousands of years (Baughman 1946; O’Shea 1988), although it is not clear how commonly manatee was eaten in prehistoric times.  Its use today as a source of food is culturally specific.  For example, manatee was once an undesirable food on the Miskito Coast of Nicaragua but now is highly desirable (Nietschmann 1973: 112).  

Manatee meat is prized for its flavor (O’Shea et al. 1988: 291).  Different parts reportedly taste like chicken, pork, and beef, and the meat can be eaten salted, fresh, or dried.  Fat is concentrated in the proximal end of the body, especially around the head and neck (Bertram and Bertram 1973: 321). The meat apparently keeps well, and the fat, which is not intermingled with the meat, does not go rancid (Bradley 1983: 26).  In the past, manatee fat was rendered for oil for lighting and cooking (Tozzer 1941: 190).  The hides are tough but difficult to tan, and there is little ethnographic evidence for native use of the hides (Bertram and Bertram 1973: 323).  Manatee bone is dense with little or no calcareous structure and has been likened to ivory.  It does not appear to have been used preferentially for any particular tool, however.  

Manatee Hunting

Both natives and Europeans have hunted all Sirenia species throughout the world (Bertram and Bertram 1973: 321).  Manatees are now legally protected throughout the circum-Caribbean, but hunting is still practiced in some regions (e.g., Montoya-Ospina et al. 2001).  All accounts agree that manatees are not easy to catch, and hunting takes great skill and experience.  Manatee hunters are held in high esteem among the Rama Indians of the Miskito Coast of Nicaragua (Loveland 1976: 76).  In Columbia, hunting manatees is considered tedious and not often pursued (Montoya-Ospina et al. 2001: 118).  An experienced hunter in Venezuela might kill 50 manatees in a lifetime (O’Shea et al. 1988: 291, 295).  Among the Miskito Indians, little attention is focused on manatees because “they require extreme patience and low return per trip” (Nietschmann 1973: 167), and it is difficult for skilled manatee hunters to find and train crewmen to accompany them.  Of all hunting and fishing practices, manatee hunting involves the highest inputs of time.   

Manatee fishermen focus on areas where manatees habitually come to feed (Nietschmann 1973: 161, fn. 16), and many trips to lagoon banks and manatee feeding areas are made before a fisherman is successful, because the animals are easily frightened.  In Columbia, hunters look for bite marks on aquatic grasses and a sweet smell that is attributed to manatee breath (Montoya-Ospina et al. 2001: 118).  

Throughout the circum-Caribbean, manatees are usually hunted from canoes with harpoons, but walking into rivers on waterweeds or stakes is also reported (Bertram and Bertram 1973: 327).  Because manatees have such an acute sense of hearing, the Miskito Indians use special narrow paddles and the bows of their dugout canoes must be shaped to create no noise in the water.  Special harpoon points are used for manatees that are different than those used for turtles and fish (Nietschmann 1973: 157, fig. 37).  Rama manatee hunters, usually working in pairs although sometimes alone, leave at dawn during the rainy season (Loveland 1976: 74).  Some hunters wait for manatees, while others actively search for them by coming up river using the turbid estuary waters for cover.

Manatee hunting in Venezuela consists of a single hunter in a dugout who uses a harpoon point inserted in a shaft and a rope that is attached to the point.  De Landa described the same hunting technique in Yucatan in the mid-1500s (Tozzer 1941: 191), and dugongs are hunted in Australia in a similar manner.  Paddles are muffled with cloth, and the harpooner may go over the side of the canoe as he thrusts the harpoon into the manatee to ensure that it penetrates the skin (Bertram and Bertram 1973: 326).  Manatees are also caught with seines (Cumbaa 1980: 7) or nets (Montoyo-Ospina et al. 2001: 127), or shot with arrows.  Lines and wooden floats are attached to the arrow or harpoon, and the animal is trailed until it tires and is then dispatched with a club or machete.  Harpooning a female seems to excite the males, which makes them less cautious.  

A large manatee carcass is cumbersome to handle.  The Miskito Indians tow the animal to the village, but the bones are returned to the water to ensure future hunting success (Loveland 1976: 75-76).  In Columbia, the carcass is loaded into the canoe by filling the canoe with water, rolling the carcass in, and bailing out the canoe to refloat it.  In Columbia, captured manatees are sometimes anchored by the tail and kept for months before being consumed (Montoya-Ospina et al. 2001: 118). 

Prehistoric Manatee Hunting in Florida

Elliot (1942: 95) reports that the Timucua of Florida hunted manatees by canoe, capturing them with a lasso and then driving a sharp stick or harpoon up their nose to stop their breathing and keep them from diving.  As the manatee struggled, which could be for some time, the hunters would hang onto the rope and continue to stab it until it was dispatched.  Harlan (1824: 277) notes that Indians on Florida’s east coast hunted manatees by harpoon.  


Prehistoric Floridians had the necessary technology for successful manatee hunting.  Manatees could have been hunted from canoes, trapped by weirs or nets, or harpooned from select locations at springs during the winter, although manatee carcasses may also have been collected opportunistically.  The earliest canoes in Florida appear at ca. 6000 B.P. (Wheeler et al. 2003: table 2), but it is unlikely they were invented at this time, as the technology appears well developed in the earliest examples.  Given that people apparently reached the Greater Antilles by 7000 B.P., which would have required fairly sophisticated watercraft (Cruxent and Rouse 1969), it seems reasonable to assume that canoes or watercraft of some kind were available to people in Florida by at least that date.   The Windover site reveals that early Floridians had sophisticated rope, twine, and netting with which to capture or contain manatees (Andrews et al. 2002), and an ivory harpoon, which likely dates to the Paleoindian period, has been recovered from the Aucilla River (Dunbar personal communication 2004).
Other Evidence of Manatee Exploitation


Hunting practices may explain why manatee remains are rare in archaeological middens, as they may have been butchered away from settlements or their bones returned to the water.  If such carcass management was practiced in Florida, one would expect to find manatee remains away from settlements, and in fact, that evidence is present but does not help clarify how common manatees were prehistorically.  If manatees made up a significant part of the diet, then we should expect to find archaeological evidence in non-subsistence contexts of their presence.  For example, their presence may be inferred if they were depicted on art work or their bones were used as tools, amulets, pendants, or charms.  Such use has been documented ethnographically and archaeologically throughout the circum-Caribbean.


Among the Warauno Indians of Venezuela, manatees are said to derive from two sisters; one turned into a manatee and the other a tapir (O’Shea et al. 1988: 294).  The Warauno shaman insignia may derive from the shape of the manatee sternum.  The Milky Way is known as the “road of the manatee.”   Among the Rama, manatees are thought to have several human-like capabilities, such as acute hearing and a quiet nature.  They know what the Rama are doing, and therefore it takes great skill to successfully hunt a manatee (Loveland 1976: 76).


In Venezuela the meat has medicinal qualities and can treat dental problems and syphilis.  The oil is used to treat backaches and arthritis.  The skin is also used for medicinal purposes.  Hunters keep bones as good luck amulets, or the bones may be ground for medicines.  The inner ear stapes bone apparently had a widespread medicinal or magical use.  Ear bones have the power to enhance hearing, but may also be used to treat tooth pain or prevent diarrhea (O’Shea et al. 1988: 293).  In Columbia, the bones are used to cure asthma or snakebites (Montoyo-Ospina et al. 2001: 127) and to attract fish and rain.  A Miskito manatee hunter will wear a manatee ear bone to keep the manatee from hearing him.  Successful manatee hunters will bathe in manatee blood, which is thought to be very potent (Loveland 1976:75-76).  Prehistoric human figurines made from manatee bone were found at the Mayan sites of Altun Ha and Moho Cay (McKillop 1985: fig. 2).  Model boats, a musical rasp, pendants, and other carvings made from ribs were also found at Moho Cay (McKillop: 1985: figs. 3-6). 


I could find no prehistoric representations of manatees in Florida.  Seven tobacco pipes excavated from a single mound in “Mound City”, Ohio, a now-destroyed site three miles from Chillocothe, were reportedly shaped exactly like manatees (Barber 1882: 267-268; Squier and Davis 1847: 251-253).  The only one depicted (Squier and Davis 1847: figs. 153, 154) has forelimbs with bent elbows and distinct digits and looks more like a land animal to me, however.

It is possible to explain the rarity of manatee remains in prehistoric archaeological sites in Florida by assuming that virtually every manatee bone was discarded elsewhere or that they were butchered away from settlements, and there is evidence to suggest that this was done on occasion.  The ethnographic review demonstrates that manatees are incorporated in the local mythology and iconography when they are relatively plentiful, and the rarity in Florida of tools, amulets, or ornamentation made of manatee bones supports the inference that they were in fact rare.  In sum, it appears that the working hypothesis is supported; manatees were never a significant part of the prehistoric diet in Florida.  
Estimating Prehistoric Manatee Density


It may be possible to estimate how common manatees were prehistorically by using optimal foraging theory.  Optimal foraging theory assumes that the acquisition of food is an evolved behavior in humans, and because it is genetically based, the behavior is generally predictable.  The theory, in its most basic formulation, assumes that people will make optimal choices that maximize their net benefit (Smith 1983).  As an example, if a hunter is faced with the choice of hunting two species of the same size, he or she will choose the one that is easier to catch, because the net energy benefit (energy gained minus energy expended) will be greater.  Similarly, if a hunter is faced with two species that require the same expenditure of energy to catch, the larger of the two will be preferred.  This is the essence of “diet choice” or “diet breadth” theory, which is one of the optimization theories (Jochim 1981).  

Diet Breadth Analysis 


A complete diet breadth analysis for manatees in prehistoric Florida is hampered by several data gaps.  For example, we do not know the number of calories provided by an average prehistoric manatee, how many calories would have been expended in hunting or processing manatees, or whether they were seasonally preferred.  Nevertheless, we can use some basic diet breadth equations to estimate the relative abundance of manatees in Floridia, by making some basic assumptions and using white-tailed deer (Odecoilius virginianus) as the comparative diet choice.


The purpose of the analysis is to determine how common manatees were prehistorically by working backwards from the evidence.  To begin, we make the following simplifying assumptions.

1. Manatees were present prehistorically and were a viable diet option.

2. Manatee remains are scarce in archaeological sites, but white-tailed deer remains are plentiful.  Therefore, deer were a preferred diet choice over manatees.

3. Calories are an appropriate proxy for energy, and meat is an appropriate proxy for calories.  Manatees produce about 144 kg of meat, and deer produce one-quarter as much, or about 36 kg.  

4. Manatees and deer have the same non-food value, so neither would be preferentially hunted for other than food value.


Because manatees provide four times as much meat as deer, they would not have been the preferred diet choice only if they did not yield a net gain in energy that exceeded that yielded by deer, i.e., they would not have been hunted because they were either too scarce or too difficult to hunt successfully. 


We have no density data on manatees in prehistoric Florida, but for deer we will use mid-twentieth century census in Florida (Harlow and Jones 1965).  Based on kill data and track counts, the average density of deer was approximately one per 50 acres, or .2 deer per km2 (Harlow and Jones 1965: table 17), although the density ranged widely in different habitats.

The Encounter Rate for Deer


The first calculation we must make is the encounter rate, which is the number of animals a hunter will encounter in a given time period (Shupp 2003).
 The encounter rate (n) for any animal depends on the density (d) of the animal in a given area (A) and is illustrated in equation (1).

n = d A





(1)

The area (A) is the area surveyed in time (T) given to the hunt.  The area surveyed is dependant on the sight distance a hunter has for a particular prey (s) and the rate at which he moves (r).  The site distance is a measure of the average distance at which the hunter can see the prey.  It is a measure of a circle of radius (s) and is approximated as 2s.  Given the variable terrain and vegetation, we assume a site distance for deer of 1 km. Therefore, for deer, equation (1) is now 

nd = 2 dd r sd T




(2)

Assuming that the density of deer is .2/ km2, a hunter moves at 5 km/hr, the site distance for deer is about 1 km, and the hunt lasts 10 hours, we solve for equation (2)

nd = 2 (.2/ km2 )(5 km/hr)(1 km)(10 hr)

(3)
nd = 2 (.2) (5) (10)
nd = 20 deer


Therefore, a hunter should encounter 20 deer in a 10-hour hunt.  If we assume a successful hunt probability (pd) of 5% (i.e., 1 of every 20 deer seen is killed), we find that a successful hunter will kill an average of one deer in every 10-hour hunt.

The Encounter Rate for Manatees


We are hampered in this estimation by lack of data, so we will make several assumptions.

1. Manatees will be best hunted in restricted areas, such as rivers, as opposed to open areas such as near-shore habitats.

2. The site distance (sm) is 100 m or .1 km, which is the average distance a hunter could see a surfacing manatee.

3. A hunter will move (r) at about 3 km/hr in a canoe while searching for and stalking manatees.


Solving equation (2) we have 

nm = 2 dm r sm T
nm = 2 dm (3 km/hr)(.1 km)(10 hr)

(4)
nm = 6 dm  km2

This means that in a 10-hour trip a hunter will encounter six times the number of manatees per square kilometer.  We cannot be any more specific because we do not know the prehistoric density of manatees.  Assuming the same probability for successfully hunting manatees (pm) as for deer at 5%, the number of manatees killed should be .3 times the density (.05 * 6 dm).  

Equation (5) shows that for a hunter to successfully kill one manatee in a 10-hour hunt, the density of manatees would have to be 3.33 per km2.  

1 = .3 dm  km2




(5)
1/(.3 km2) = dm 
3.33 manatees/ km2 = dm

Assuming a river is 50 m wide, this translates to 3.33 manatees for every 20,000 m (20 km) of river.  If the river is 200 m wide, then the density translates to 3.33 manatees for every 5000 m (5 km) of river, and if the river is 1000 m wide, then the density of manatees would be 3.33 for every 1 km of river.


If we increase the number of trips a manatee hunter must make in order to successfully hunt one manatee, which is supported by the ethnographic data, then the density will go down accordingly.  Assuming it takes four 10-hour trips before a manatee hunter is successful, solving equation (2) we have 

nm = 2 dm r sm T




nm = 2 dm (3 km/hr) (.1 km) 40 hr

(6)

nm = 24 dm  km2
Assuming the same successful hunting probability of 5%, we have 

1 = 24 dm  km2 (.05)




1 = 1.2 dm  km2
1/1.2 km2 = dm
.83 manatees/ km2 = dm
This means that a density of approximately one manatee per square kilometer would be sufficient to bring success in a 40-hour hunt.  
Prey Preference


In diet breadth theory, diet choices are a function of efficiency.  All other things being equal, the animal that provides the most calories per time investment will be the preferred meal.  Using the results developed in the equations (2) and (5), a hunter will always choose to hunt a manatee rather than a deer because he or she will recover four times as much meat for the same investment of time.  We know that was not the case, however, and based on ethnographic descriptions, it is likely that a manatee hunter would not have been as successful as a deer hunter.  Diet breadth theory allows us to estimate how much less successful a manatee hunter would have to be before he or she gave up and went back to hunting deer.


Prey preference depends on the total universe of available prey. Assuming the hunter has a choice of k species, they will be ordered in terms of preference from a - k.  The kth prey species will yield less net energy than the k-1 species.  The net energy provided by kth species depends largely on the hunting (including unsuccessful hunting) and processing time. The yield (y) of a species is a function of the energy gained per unit time and is illustrated by equation (7).
y = p e / te




(7)
where 

y = yield rate, which is a measure of energy gained and time expended

p = the probability of a successful kill

e = the energy gain, the proxy for which is the amount of processed meat

te = the total handling time expended in searching, hunting, and processing the animal, including failed attempts


Solving equation (7) for white-tailed deer 

yd = .05 (36 kg)/ted



(8)
yd = 1.8 kg/ted

This means the yield of deer is 1.8 kg for the total handling time.  If we assume that the hunting time (T) in equation (2) is the same as ted, then this last equation means that a hunter averages .18 kg of deer meat an hour.  Solving equation (7) for manatee and assuming the same probability of a successful kill (pm) as with deer

ym = .05 (144 kg)/tem



(9)
ym = 7.2/tem

Again, if we assume that the hunting time (T) in equation (2) is the same as tem, then this last equation means that a hunter averages .72 kg of manatee meat an hour.  If the total handling times (te) are the same for manatee and deer, then the yield for manatee would be four times as high, and it should be the preferred species.  This is not likely the case, and so our other assumptions must be incorrect.  Although we are fairly certain that the processing time for manatees is significantly higher than for deer, assuming they require the same processing time will make the density estimate very conservative, and so for now we will assume the handling times are the same.  


Combining the two concepts, encounter rate and prey preference, we can conclude that, all other things being equal, that tem must be at least four times higher than ted.
  If we assume that the hunting time (T) in equation (2) equals total handling time (te) in equation (7), then we can conclude that a hunter must hunt four times longer for manatee than deer in order to obtain the same net energy gain from both prey.  This assumption was calculated in equation (6), which resulted in a density of .83 (~1) manatee per square kilometer.


Based on the calculations, it appears that manatees would have been preferred over deer if the prehistoric density of manatees was at least one manatee per square kilometer, but because it was not preferred, the density must have been less.  We still do not know how that density relates to modern densities, however.  

In the late 1990’s, the Florida Fish and Wildlife Conservation Commission (FWC) conducted a study of manatees in the Caloosahatchee River (FWC 2002).  FWC estimated the seasonal densities of manatees at various locations in and near the mouth of the river with aerial surveys.  The highest densities occurred during the winter, when manatee densities ranged from 4.6 – 60 per square kilometer in different locations of the river (FWC 2002: table 13).  The eastern section of the river, which is upriver from the mouth and from 1 -3 km wide, had the highest winter concentration (1229 manatees in 20.5 km2).  If this density is inserted in equation (4), then the hunter will encounter 360 manatees per 10-hour trip.  At a successful hunting probability of 5%, the hunter would kill an average of 18 manatees a trip!  Even at the lowest modern density of 4.6/ km2, the hunter would encounter 27.6 manatees in a 10-hour trip and kill 1.38.  At these densities, the density of deer would have to range from 18 – 240/ km2 for deer to be the preferred species.  The highest density of deer estimated in the mid-twentieth century census was about .4/ km2 in pine-oak upland habitat (Harlow and Jones 1965: table 17). 
Changing the Diet Choice Variables

Certain patterns should be apparent from these calculations.  The manatee-density estimates are proportional to the deer-density estimates.  If deer were less plentiful than initially assumed, then manatees could be correspondingly less populous and still be the preferred diet choice.  In fact, the initial estimate in equation (3) for deer density could be more conservative and perhaps more realistic.  The area surrounding the Caloosahatchee River is swamp and wet prairie, which is the poorest habitat for deer, and the estimate for deer density could realistically be decreased by a factor of two (Harlow and James 1965: table 17).  In addition, we could assume that .5 km is a more realistic sight distance for deer.  Using these assumptions in equation (3), our hunter would encounter only five deer in a 10-hour hunt and at a 5% success probability would only kill one deer every 40 hours.  Since manatees must be at least four times harder to catch and process, this means the hunter would only have to kill and process one manatee every 160 hours, which under equation (6) means that if manatee densities were above .2 per square kilometer, they would have been the preferred diet choice.  This density is 23 times less than the lowest modern winter density in the Caloosahatchee River.

Two of the key variables are hunt time (T) and success probability (p), which are inversely related.  If T gets longer and p stays the same, then the density of manatees goes down because the hunter will have longer to encounter enough manatees to make a successful kill.  Conversely, if p goes down and T stays constant, then the density of manatees would have to rise for the hunter to encounter enough manatees for a successful kill.  Based on the ethnographic descriptions it may be reasonable to assume that T should be longer and p should be smaller, but so long as they change in the same proportion, the density will not change.

Discussion and Conclusion

The review of the site reports demonstrates that manatees are not common in prehistoric archaeological sites in Florida.  The evidence of Paleoindian exploitation of manatees is problematic and should be discounted due to the ambiguous association of Paleoindian artifacts and cut manatee ribs and the process of rapid mineralization.  The first unequivocal evidence of manatee use is from Windover in the early Middle Archaic period, ca. 8000 years ago (Doran 2002).  The next record of prehistoric use of manatee remains occurs several thousand years later in the late Archaic period.  In the last 2000 years, manatee remains are more common, and they appear to have been more regularly hunted.  In the historic period, we find what appears to be a greater intensity of exploitation.  This pattern also appears to be followed throughout the circum-Caribbean region where we see an increase in exploitation about 2000 years ago.


If manatees were present in prehistoric Florida, then several possibilities can explain why they are not found in archaeological sites.  They may have been too difficult to hunt and may only have been taken opportunistically.  They may have been butchered on-site; heavy manatee bones may have made retrieval of the entire carcass to the occupation site more trouble than it was worth.  In that instance, manatees would have been butchered near where they were killed, and their bones left behind.  Also, a practice of returning bones to the water would mask evidence of manatee hunting.  It seems intuitive that their unique bone structure would have provided Indians with an uncommonly dense material for making specialized tools or other objects, however.  Other than the two plummets at the Granda site, there is no evidence that manatee remains were treated in a special way in Florida.  Based on this summary, it appears the most likely explanation for the absence of manatee remains in archaeological sites in Florida is that they were either not present or were not plentiful.  


Optimal foraging theory is a means for estimating the prehistoric density of manatees.  Using the recent manatee density data from the Caloosahatchee River, it appears that the prehistoric density of manatees was less than present levels, and perhaps significantly less so.  Even using conservative assumptions of high deer density, the calculations indicate that prehistoric manatee density was likely less than the lowest modern winter densities.  

In marginal habitats, like Florida, initial over-hunting of just a few manatees could have tipped the balance and made the breeding population unviable.  O’Donnell (1981: 41) proposes that manatees would have little “harvestable surplus,” although in several circum-Caribbean habitats, manatees have maintained their population in the face of millennia of hunting pressure.  It does appear that manatees can learn and may change their habits to become more secretive and therefore harder to find, but it seems reasonable to conclude that in northern Florida, manatees would have been easy targets in clear, warm-water springs during the winter.  Because of their slow reproductive rate, manatees could have been rapidly eliminated from most areas of Florida.


This use of archaeological evidence to reconstruct the natural history of an animal may have application in other contexts, but only in situations where people could have affected their existence, such as at the edge or end of an animal’s spatial or temporal range.  For example, archaeological evidence has been employed with limited success to explain the extinction of Pleistocene megafauna.  Unlike that example, however, we can use ethnographic data to make educated inferences about how prehistoric people would have acted had manatees been present.  Although the reconstruction of manatee natural history is hindered by the limitations of the archaeological evidence, the use of ethnographic, climatological, and geographic data along with anthropological theory provides a means to at least attempt the inquiry.

Notes

1.
The equations used in this analysis were adapted from “Stomachs on the Move! Yet another optimum foraging model with Paleolithic applications,” by Mike Shupp. http://www.csun.edu/~ms44278/opt_for.htm.
2.
I watched a manatee necropsy at the Marine Mammal Pathology Lab in St. Petersburg.  Using 10-inch knives, three scientists were able to gut, weigh, and cut the carcass of a mature manatee into several sections in less than 20 minutes.  The animal was not skinned or de-boned.
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