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Abstract. We summarize reproduction of adults and survival of calves and subadult florida 
manatees (Trichechus manatus latirostris) that were identified in winter at Blue Spring on the upper 
St. Johns River in Florida. Some records span more than 20 years, but most are from IS-year continuous 
annual observations dUring winter 1978-79 through winter 1992-93. Fifty-seven, first-year calves 
were identified; 55 Jitter sizes were one, and one consisted oftwins (1.79% of all births). Sex ratios of 
first-year calves did not significantly differ from I: I. Based on 21 of35 sighted females (15 individuals) 
that appeared pregnant and returned with calves during the subsequent winter, we estimated an early 
(neonatal to about 6 months) calf survival of 0.600. Based on estimations with a 
minimum-number-known-alive method, calf survival from the first to the second winter was at least 
0.822, and subadult survival was 0.903 to the third, 0.958 to the fourth, 1.00 to the fifth, and 1.00 to 
the sixth winters. Seven females were observed from year of birth to their ftrst winter with a nursing 
calf; the mean age at parturition to the ftrst calf that survived to the next winter was 5.4 ±0.98 (SO) 
years. The estimated ages at first conception ranged from 3 to 6 years. The proportion ofadult pregnant 
females was 0.4JO/year. Weaning was not observed in winter. Intervals between births averaged 
2.60 ± 0.81 years. The pooled proportion of adult females nursing ftrst-winter calves was 0.303; the 
proportion of adult females nursing calves of any age was 0.407. These values do not significantly 
differ from those ofmanatees from the Crystal River or Atlantic Coast study areas. Anecdotal accounts 
are provided that suggested the existence of a pseudo estrus, an II to 13-month gestation, suppression 
of parturition in winter, and giving birth in quiet backwaters and canals. A female from Blue Spring 

I Present address: National Biological Service, Midcontinent Ecological 
Science Center, 4512 McMurry Avenue, Fort Collins, Colo. 80525. 
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produced at least seven calves during the 22 years since first observed and died giving birth at an 
estimated age of 29 years. 

Key words: Blue Spring, St. Johns River, Florida manatee, Trichechus manatus latirostris, early 
survival, reproduction, life history. 

Prior to the 1970's, little accurate information was avail
able on reproduction or early survival in wild populations of 
manatees. Information on these topics began to be published 
during the 1970's and early 1980's (Hartman 1979; Bengt
son 1981; *2Brownell et al. 1981) but was largely anecdotal 
or based on small data sets. In the absence of other satisfac
tory means to quickly accumulate data on such traits, the 
U.S. Fish and Wildlife Service in the late 1970's began to 
intensify long-tenn field observations of recognizable Flor
ida manatees (Trichechus manatus latirostris) at two clear
water sites where manatees aggregate in winter, Crystal 
River and Blue Spring. Rathbun et al. (1995) reported results 
from studies at Crystal River. In this paper, we report aspects 
of reproduction and early survival of manatees from joint 
studies by the service and the Florida Park Service at Blue 
Spring. We compared our results with those from studies at 
Crystal River and on the Atlantic Coast (Reid et al. 1995) 
and from studies of carcasses and captive animals (Odell 
et al. 1995; Marmontel 1995). 

Methods 

A description and review of the study area, population 
characteristics, and sampling procedures at Blue Spring 
were provided by O'Shea and Langtimm (1995). Blue 
Spring is a clear artesian spring located 240 km upstream 
(south) from the mouth of the St. Johns River in Volusia 
County near Orange City, Florida (Fig. 1). The season 
during which manatees aggregate usually extends from 
November to late March. Manatees use Blue Spring only as 
a thermal refuge and must leave it to forage in the St. Johns 
River. Nearly all manatees at Blue Spring are recognized by 
unique markings and scar patterns that are recorded by 
voucher photographs. Individuals are assigned identifica
tion numbers (prefix BS) and names. We used identification 
numbers for reporting our results because investigations on 
this population have not been terminated, and numbers will 
be of use to researchers in the future. The clear water and 
lack of aquatic vegetation allow unobstructed views of the 
manatees; intensive and repetitive observations are easy 
because the number ofanimals is small (total identifications 
increased because the size ofthe aggregation increased from 
23 during 1978-79 to 74 during 1991-92). The manatees 
were observed from banks above the spring, from canoes, 

2 An asterisk denotes unpublished material. 
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and from below the water surface (snorkeling observer). 
Complete censuses were made almost every day during cool 
weather and have numbered from 59 to 89 censuses/year. 

This report is based primarily on research at Blue Spring 
during winter 1978-79 through winter 1992-93. The spring 
has been protected from public boating and swimming in 
winter since the late 1970's, and the number of manatees 
that frequent the spring each winter has increased from fewer 
than 30 to more than 70 during our study. Data reported here 
were collected from November through March each year 
(unlike in the Crystal River, manatees seldom appear at Blue 
Spring in October). However, we occasionally reference 
data from prior winters, from opportune sightings in other 
seasons, and from anecdotal accounts from year-round stud
ies with telemetry. Information we reference from earlier 
years of study appeared in Powell and Waldron (*1981); 
observations during studies with telemetry in 1979 and 1980 
were excerpted from Bengtson (1981) and from our unpub
lished telemetry data from 1981 and 1983. We also made 
follow-up observations of females (BS 05 and BS 40) who 
were pursued by three herds of males that Bengtson (1981) 
tracked by telemetry at various locations in the St. Johns 
River during summer and early fall 1980. Bengtson (1981) 
observed three births during radio-tracking in April, May, 
and August 1980. Beeler and O'Shea (*1988) provided the 
unpublished summaries of locations of calf carcasses in the 
St. Johns River during 1974 to 1985, and the Florida Depart
ment of Environmental Protection (unpublished data) re
corded dates of an additional seven calf carcasses found in 
the St. Johns River during 1986 through 1992. We present 
these records with information on mating, gestation, and 
giving birth. 

We followed the techniques, criteria, and definitions 
described in Rathbun et al. (1995) for recording and calcu
lating information about reproduction. Determination of 
pregnancy by visible criteria, definition of winter, and ap
plication of tail nicks for the identification of calves are 
identical to those used at the Crystal River (Rathbun et al. 
1995). However, Rathbun et al. (1995) estimated parame
ters in reproduction from a censored data set that was 
restricted to females sighted for eight or more continuous 
winter seasons. Because of smaller sample sizes and the 
potential loss of information, we did not follow this proce
dure except for calculating intervals between births. We use 
the term first-winter calfto designate young, suckling mana
tees born since the previous winter aggregation period. 
Actual dates of birth were usually not known. 
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Fig. 1. The S1. Johns River and associated backwaters near Blue Spring, Florida, including place names used in this report. 

We followed the method of Rathbun et al. (1995) for 
estimating the proportion of calves that survived from birth 
to the first winter. We summed records of females that 
appeared pregnant (swollen and distended as described by 
Rathbun et al. [1995]; slight bulges were ignored; females 
that were identified as possibly pregnant were not included 
in the analyses) in one winter and were observed again in 
the next winter. The ratio of the number of these females 
seen with calves in the next winter subsequent to pregnancy 
and the total number of pregnant females observed the 
previous winter was considered an index of early-calf sur
vival (roughly covering the period from late pregnancy to 
about 6 months of age of the calf). We also determined 

unique markings of each calf (including tail nicks) during 
the period of dependency on its mother and during sub
sequent years. Based on these markings, we computed an 
index of annual survival from winter to Winter, beginning 
with the first winter of life and ending with the sixth winter. 
Calculations were made with a minimum-number-known
alive-method (Stirling 1971), by which survival was com
puted as the simple proportion of the total number of calves 
observed in one winter that was observed alive in the next 
winter or in any subsequent winter. These are minimum 
estimates because calves that emigrate to other sites between 
winters or that may return but are not recognized are as
sumed to have not survived. We tabulated year of birth and 
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fate of each calf in each subsequent winter to obtain these 
estimates. Calculations do not include calves born prior to 
1978 and calves of two females (BS 125 and BS 103) who 
were seldom seen in aggregations in winter at Blue Spring 
and therefore may not have been subject to the same eco
logical circumstances as the majority of other females and 
offspring in the data set. The proportion of adult females 
pregnant each winter was determined by summing the num
ber of females that appeared pregnant in one winter and the 
number of females that did not appear pregnant in the same 
winter but returned to the aggregation site with first-winter 
calves in the second winter and by dividing this sum by the 
total number of adult females present in the aggregation the 
first winter. The total proportion of females reproductive 
each winter was the quotient of the known lactating and 
pregnant females and the total number of adult females 
present in the aggregation that winter. Twins were consid
ered a single birth for calculating these proportions. We used 
the chi-square statistic to test hypotheses of no differences 
between proportions (Sokal and Rohlf 1969). 

Results 

Mating, Gestation, and Parturition 

An adult female (BS 05) and her 4-month old calf were 
attended by a herd of as many as 15 males for 10 days in 
September 1980. She continued to nurse the calf observed 
in September 1980 until at least April 1981, and did not give 
birth again until 1982. We also observed the pursuit of this 
female by a herd of males in April 1983 during our study 
with radio-tracking in reaches of the St. Johns River near 
Welaka. As many as 12 other manatees were with this 
female from about April 5 until early May. As in September 
1980, she was accompanied by a nursing calf (BS 53). 
However, this calf had been born in 1982 and was older and 
considerably larger than the accompanying calf in 1980. 
Subsequent to the 1983 observation near Welaka, the female 
returned without a calf the next two winters. These observa
tions suggested that the presumed mating did not result in 
conception. 

Two herds of males pursued a female (BS 40) in 1980. 
The first herd persisted from at least 3 to 14 September 1980 
and consisted of eight adult males. The second herd, ap
proximately 3 weeks later, persisted from 4 to 12 October 
1980 and consisted of 12 adult males. On 14 November 
1981, the female was seen with a small calf at Blue Spring. 
She was last seen without a calf on 27 August 1981 near 
Lake Dexter; her transmitter failed on 3 September. The 
estimated length of gestation may have been as long as 13 
months (assuming conception in September 1980 and birth 
as late as OCtober 1981) or only 11 months (assuming 

conception in early October 1980 and birth in September 
1981, the month after the last sighting without a calt). 

On II May 1990 a herd of at least seven recognizable 
adult males passed by Blue Spring in pursuit of a 4-year
old female (BS 73). This individual, however, returned 
without a new calf and was not judged to be pregnant 
during winter 1990-91. On numerous other occasions we 
observed males consorting with females but doubted that 
such herds were consorting with females in estrus. 

Forty-nine births were recorded since 1978 (Table I). 
Females did not give birth during November, December, or 
January in any year. Only one birth occurred in February. 
One female (BS17) was last seen without a calf at Blue 
Spring on 2 February 1986 and was pregnant. She was not 
seen during a subsequent long warm spell but returned on 3 
March with a very small suckling calf (BS 78). The calf was 
alive when we last saw the pair that season on 24 March. 
However, the mother returned to Blue Spring in the follow
ing winter without the calf, which we assumed to have died. 

The number ofother anecdotal records on timing ofbirths 
was too small to determine whether giving birth was sea
sonal other than being suppressed from November through 
February, although most births were in spring (March, April, 
and May). Birth dates of three calves were known (25 April, 
12 May, and approximately 10 August) from radio-tracking 
in 1980 (Bengtson 1981). In addition, we madeseveral other 
observations. One pregnant female (BS 37) left Blue Spring 
on 21 March 1988 and was again observed on 14 April when 
she was accompanied by a small calf(BS 95); local residents 
observed another female (BS 106) giving birth in a canal off 
the St. Johns River near Astor on 13 April 1993; BS 54 left 
Blue Spring pregnant on 18 March 1991 and returned with 
a calf on 9 April. The carcass of a female (BS 36) with a 
large fetus was recovered on 16 April 1988. Another female 
(BS 05) with a near-term (143 em total body length [TLJ) 
fetus died on 6 August 1992. A pregnant female (BS 09) in 
winter 1982-83 was subsequently observed without a calf 
in the Why Lagoon off the Highland Park Canal on 15 July 
1983 and with a very small calf (BS 62) at the same location 
on 19 August, indicating a birth in July-August. 

The three births in 1980 occurred during warm months 
in quiet backwaters off the main channel of the St. Johns 
River. In addition to the birth in Apri11993 in the residential 
canal off the St. Johns near Astor, carcasses of dependent 
calves were found in the area from April 1974 through 
December 1992. Carcasses of 10 small, newborn-sized (107 
to 150 em TL) calves were recovered in the St. Johns River 
system south ofWelaka. Locations included the Shell Creek 
backwater offMud Lake; a canal offthe St. Johns River near 
Crow's Bluff; the northwest shore of Lake Beresford; 
Jimmy Cove near Lake Dexter; near Tick Island, Lake 
Dexter; Welaka Springs; a canal off Ziegler Dead River; a 
canal off the St. Johns River near Sanford; and a residential 
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Table 1. Florida manatee (Trichechus manatus latirostris) calves observed in aggregations at Blue Spring during winters 

1978-1979 through 1992-] 993. Winters refer to consecutive winters of life. A = live calves observed at Blue Spring; 

D = calves that died subsequent to previous winter; U = fate unknown. Blanks appear when sex or number of winters 

dependent was not determined. 

Number 
of winters Year of Winter 

Young identification dependent birth 2 3 4 5 6 

BS 25 m Lenny I 1978 A A A A A A 
BS 28 m Floyd 1 1978 A A A A A A 
BS29 m Boomer 1 1979 A A A A A A 
BS30 m Luther 2 1979 A A A A A A 
BS 35 m Robin 2 1980 A A A A A A 
BS 36 f Felicity 1 1980 A A A A A A 
BS 37 f Lucille 2 1980 A A A A A A 
BS 38 m Lennon 1980 A U U U U U 
BS45 m Shane 1 1981 A A A A A A 
BS46 f Nora 2 1981 A A U U U U 
BS 53 m Philip 1 1982 A A A A A A 
BS54 f Success 2 1982 A A A A A A 
BS55 f Donna 2 1982 A A A A A A 
BS62 m Emmet 1 1983 A A U U U U 
BS63 m Lunatic 2 1983 A A A A A A 
BS67 m Adam West 1 1984 A A A A A A 
BS70 m Porky 1984 A U U U U U 
BS 71 m Margarito 1 1984 A A A A A A 
BS72 f Elaine 1 1985 A U A A A A 
BS73 f Lola 2 1985 A A A A A A 
BS 74 Jolly 1 1985 A U U U U U 
BS 75 m Frederick 2 1985 A A D 
BS76 f Beebe 1 1985 A U U U U U 
BS 77 Delta 1 1985 A U U U U U 
BS78 Kris 0 1986 D 
BS 87 f Liza 1 1986 A A A D 
BS 91 f Bubblegum I 1987 A U U U U 
BS92 f June 1 1987 A A A A A A 
BS95 Lufa 0 1988 D 
BS98 f Lillith 1 1988 A A A A A 
BS99 f Destiny 2 1988 A A A A A 
BS 100 m Phud 1 1988 A A A A A 
BS 101 m Lester 1 1988 A D 
BS 102 f Dana 2 1988 A A A A A 
BS 110 m O'Shea 2 1989 A A A A 
BS III m Luke I 1989 A A A A 
BS 118 f Julie 2 1990 A A A 
BS 119 m Loomis I 1990 A A A 
BS 120 f Lucretia I 1990 A A A 
BS 121 f Ester 1 1990 A A A 
BS 126 m Chuck 1 1991 A A 
BS 127 m Bertram 1991 A U 
BS 128 m Bartram 2 1991 A A 
BS 129 f Hope 1 1991 A A 
BS 130 f Delaine I 1991 A A 
BS 131 f Jessica 1 1991 A A 
BS 132 m Murphy I 1991 A A 
BS 139 m Kowabunga 1992 A 
BS 140 f Precious 1992 A 
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canal north ofMullett Lake. AlII 0 were found during warm 
months (n =3 in April; n =4 in May; n =1 in July; n =1 in 
August; n =I in September), and none was in the main body 
of the St. Johns River. 

One female (BS 08) from Blue Spring gave birth on 
25 April 1980 in the quiet backwater of the Ziegler Dead 
River. The female and the calf stayed in the Ziegler Dead 
River for several days after birth. On 30 April 1980. at 
1230 h, the female was approached by a lone adult male (BS 
01) who persistently pushed and thrashed her. The female 
responded with lunges above the water surface as if trying 
to break away from the male. The female and 5-day-old calf 
slowly moved through the shallow (1-2 m) water and spat
terdock (Nuphar luteum) beds. The male foIlowed closely, 
often within 1 m and frequently contacted and attempted to 
mount the female. The male was still accompanying the pair 
when the observation was terminated at 1630 h. The calf(BS 
35) returned to Blue Spring with its mother in the next 
winter. 

Litter Size and Sex Ratio ofCalves 

Fifty-seven calves were identified at Blue Spring 
since winter 1970-71, including 49 born to 22 females 
since winter 1978-79 (Tables 1 and 2). The total in
cluded six males identified during winters 1970-71 (1 
calf), 1971-72 (1 calf), 1975-76 (3 calves), and 1976-77 
(l calf) and two males (BS 103 and BS 125) that were 
excluded from analyses. Although litter size at birth was 
usually not known, all but one of the first-winter calves 
were singletons. The minimum twinning rate was 1.79% 
(1 of 56 births). The sex of21 females and 32 males was 
determined. The sex of four calves could not be deter
mined. The sex ratio was not significantly different from 
1:1 (X2 = 2.28, df= 1, P = 0.13). During the 1970's, all 
calves (n = to) in the group were males. From 1980 
through 1992-93, in contrast, females returned to Blue 
Spring with 22 male and 21 female calves. A set of male 
twins was born in 1991. 

Early Survival ofCalves 

Thirty-five pregnancies of 15 females were deter
mined by appearances. These females returned to Blue 
Spring during winters after each of the observed preg
nancies; 21 returned with one calf, indicating an annual 
calf survival rate of 0.600 from late pregnancy to first 
winter. Two of the pregnant females were seen with 
newborn calves (BS 78 and BS 95; Table 1) in March 
1986 and April 1988. The calves were assumed to have 
died prior to the next winter when the females returned 
without them. Inclusion of these two calves in our analy
ses raised the estimated minimum survival at birth to 
0.657. Many females that returned without their calves 
to Blue Spring in winters subsequent to giving birth in 

the preceding spring were pregnant again. Pregnancy 
was determined of 10 of 14 females who returned to Blue 
Spring without calves in the subsequent winter; all to 
were pregnant again by the next winter (Table 2). 

Thirty-seven of 45 (0.822) calves survived from the first 
to the second winter (Table I). The actual survival between 
the first and the second winter was assumed to be higher. 
The death of only one calf was verified (BS 101, killed by a 
boat strike). Four of the seven calves whose fates were 
unknown (BS 38, BS 70, BS 74, and BS 77) were offspring 
of females that did not consistently winter at Blue Spring 
(Table 2) and therefore could have been weaned closer to 
some other site where manatees aggregate in winter. Only 
one of the twins (Fig. 2) was alive during the second winter, 
when it continued to nurse from its mother. 

The minimum survival rate between the second and the 
third winters was 0.903 (28 of 31 calves); one (BS 75) was 
killed by a boat strike (Table 1). The two calves whose fates 
could not be determined (BS 46 and BS 62) were the off
spring of females that did not consistently winter at Blue 
Spring. The minimum survival rate from third to fourth 
winters was 0.958 (23 of 24 calves). One calf was killed by 
a boat strike. Survival was 1.00 between the fourth and the 
fifth winters (21 of 21) and between the fifth and sixth 
winters (17 of 17). 

Age at First Reproduction 

We estimated the age at first successful reproduction 
(returning to the spring with a nursing calf) of seven 
females (Table 3). To the nearest year of ages these 
females were 4, 5, 5, 5, 6, 6, and 7 years old 
(mean =5.4 ± 0.98 [SD]). The youngest ages at which 
females appeared pregnant were two females between 
the ages of 3 and 4 (BS 36, BS 102) and one older than 
4 but less than 5 (BS 54). However, none of these fe
males returned with a calf in winter after a pregnancy in 
the preceding spring. The youngest ages at first repro
duction based on returns to the spring with first-winter 
calves were one 3 to 4-year-old female (BS 92), two 4 to 
5-year-old females (BS 37 and BS 72), and one 5 to 
6-year-old female (BS 55). If the duration of gestation 
was approximately 1 year, the ages of females at first 
conception, regardless of outcome, were 3 years (n =3), 
4 years (n = 3), 5 years (n = 1), and 6 years (n =1; 
Table 3). 

Although six of the seven first-born live calves were 
female, the sex ratio at birth did not deviate significantly 
from a 1:1 (X2 = 2.28, df = 1, P = 0.13). The age of the 
female (BS 107) who gave birth to twins was unknown. 
However, based on size and appearance, she seemed to 
be about 3 years old when she was first identified in 
winter 1988-89, 3 years prior to twinning. 



Table 2. History of reproduction of all female Florida manatees (Trichechus manatus latirostris) observed in aggregations at Blue Spring on the upper St. Johns 
River, winter 1978-1979 through winter 1992-1993. An asterisk (*) indicates a juvenile female attained sexual maturity as indicated by pregnancy or lactation. 
B =first winter season after known birth of female; slash (I) =individual was not present; dash (-) =individual was sighted without a dependent calf, pregnancy 
not detennined; VP =individual appeared pregnant; SP =individual pregnant based on presence of calves in the subsequent winter. C =individual accompanied 
by dependent calf, followed by calf identification number; subscript number indicates whether calf was nursing in first or second winter; dead = individual known 
dead first winter; I =immature, based on continued nursing if not weaned, or absence ofprevious evidence ofpregnancy or giving birth by the mother; IA =assumed 
immature based on size and appearance. 

Female 1978-79 1979-80 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 1989-90 1990--91 1991-92 1992-93 

BS4 SP CI30 Cz30 VP SP CI71 VP VP CI98 Vp Cj1l9 VP C,l39 
BS5 CI28 VP C/36 SP Ct53 VP CI76 VP Cll00 VP VP Dead 
BS 8 VP C,35 Cz35 VP SP CI67 / / / / / / 
BS 9 VP CI29 VP CI45 VP CI62 SP CI72 Dead 
BS 17 VP VP SP CI54 Cz54 VP/CI78 SP CI91 SP CIllO Cz 110 Dead 
BS 24 C,25 VP CI37 Cz37 VP Ct63 Cz63 SP CI87 VP CllOl SP C,120 VP VP 
BS 36 B I I *VP VP C\75 Cz 75 VP Dead 
BS 37 B I I I *SP CI73 Cz 73 VP VP C,lll VP VP 
BS 39 / / CI38 / / / / CI74 SP Ct92 / / / / / 
BS40 / / VP CI46 Cz46 SP C,70 / 
BS49 / / / SP CI55 Cz55 SP CI77 / Dead 
BS 50 / / / / / / / / / / / / / 
BS54 B I I I *vp SP Ct99 Cz 99 VP C,126 
BS 55 B I I I I *SP CI102 CzlO2 VP CIl30 
BS56 / / / / / / / / / Cz103 / / / / 
BSn B / I I *SP CI 121 / 
BS 73 B I I I I *VP Ct140 
BS 87 B I I Dead 
BS 92 
BS98 

B I 
B 

I 
I 

*SP 
I 

CI 131 
I I 

:i? 
BS99 B I I I I ~ 
BS 102 B I I *VP '" 

~ 
BS 106 
BS 107 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

IA 
IA 

SP 
IA 

CI1I8 
VP 

Cz118 
C1127-8 

SP 
C2128 

q 
VI 

BS 109 VP VP Ct129 ~ BS 118 B I I 
BS 120 B I I ~ 
BS 121 B I I 

~ 
BS 124 
BS 133 

Cz125 Dead 
C\l32 
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~
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Fig. 2. Florida manatee (Trichechus manatus latirostris) female (BS 107) with first-winter twin offspring (BS 127 and BS 128) at 
Blue Spring, winter 1991-1992. Photo by T. J. O'Shea. 

Table 3. First pregnancies or births by known-age or approximate known-age female Florida manatees (Trichechus 
manatus latirostris) from Blue Spring on the upper St. Johns River. V = visually detected pregnancy; S = pregnancy 
determined by appearance with a calfin the subsequent winter. The length ofgestation is assumed to be approximately 
12 months. Although months of births are usually unknown, births did not occur during November, December, 
January, and February. 

Probable 
age at flfst First nursing calf 

Year/date First known pregnancy Estimated conception Estimated 
Female of birth Basis Winter age (year) (year) Winter age (year) 

BS 36 12 May 1980 V 1983-84 3.6 3 1985-86 5.4 
BS 37 10 August 1980 S 1984-85 4.3 4 1985-86 5.1 
BS 54 1982 V 1986-87 4.0+ 4 1988-89 6.0+ 
BS 55 1982 S 1987-88 5.0+ 5 1988-89 6.0+ 
BS 72 1985 S 1989-90 4.0+ 4 1990-91 5.0+ 
BS 73 1985 V 1991-92 6.0+ 6 1992-93 7.0+ 
BS92 1987 S 1990-91 3.0+ 3 1991-92 4.0+ 
BS 102 1988 V 1991-92 3.0+ 3 
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Intervals Between Births and Duration Proportion ofReproductive Females 
ofDependency ofCalves and Longevity ofReproduction 

We calculated a mean interval between births of A high proportion of the females at Blue Spring 
2.60 ± 0.81 years (winter seasons; n = 12 females; Ta reproduced each year (Table 4). Sample sizes were small 
ble 2). The mean duration of 25 intervals between births (6-15) each year, and proportions widely fluctuated 
in seven females with 9 to 18-year histories in the re from year to year. However, based on the total number 
stricted subset of the data was 2.60 ± 0.87 years. from all years, the pooled average proportion of adult 

The duration of dependency on mothers was determined females that nursed first-winter calves during winters 
of 42 calves whose fates were known and dependency did 1978-79 through 1992-93 was 0.303 (46 calves of 152 
not end with the death of the calf. The dependency of 28 records of mature females). The proportion of lactating 
(66.7%) calves lasted one winter, whereas the dependency females (nursed either a first- or second-year calf) was 
of 14 (33.3%) calves lasted two winters. The length of 0.407 (62 of 152 records of mature females). The propor
dependency was not related to the sex of calves (X2 =0.44, tion of pregnant females was 0.410, based on 57 of 139 
df = 1, P =0.507): the dependencies of 14 males and 12 records in the period excluding 1992-93 (records are not 
females lasted 1 year, and the dependencies of 6 males and complete for this statistic until births of 1992-1993 are 
8 females lasted 2 years. Periods ofdependency ofsix calves observed in 1993-94). Overall, the proportion offemales 
that were the first-born offspring were I, 1, 2, 2, 2, and 2 that reproduced each year through winter 1991-92 was 
winter seasons. We did not observe weaning, loss, perma 0.834; the sum of the proportion of pregnant females and 
nent separation, or death of calves during winter months the proportion of females who were nursing first-year 
(November through February); all females that were accom calves was 0.727. 
panied by nursing calves at the onset of winter continued to One female (BS 05; Fig. 3) first observed in winter 
be accompanied by their calves at the break-up of the 197(}-71 was accompanied by a calf when seen again in 
aggregation period in spring. 1971-72. No records were kept in 1972-73 or 1973-74, 

Table 4. Annual reproductive status of female Florida manatees (Trichechus manatus latirostris) in the aggregation 
site at Blue Spring on the upper St. Johns River. Dashes appear where data are incomplete on pregnancy status based 
on presence of calves the subsequent winter. The case of twins is computed as a single calving. 

Number Number Proportion 
Number Number nursing nursing nursing 

Number Number pregnant pregnancy first second first 
adult diagnosed based on status winter winter Proportion Proportion winter Proportion 

Winter females pregnant return unknown calf calf pregnant lactating calf reproductive 

1978-79 6 1 I 2 2 0 0.333 0.333 0.333 0.666 
1979-80 6 3 1 0 2 0 0.666 0.333 0.333 0.999 
1980-81 8 3 0 0 4 I 0.375 0.625 0.500 1.000 
1981-82 9 1 3 1 2 2 0.444 0.444 0.222 0.888 
1982-83 9 3 0 2 3 1 0.333 0.444 0.333 0.777 
1983-84 9 1 3 1 2 2 0.444 0.444 0.222 0.888 
1984-85 10 2 3 1 3 1 0.500 0.400 0.300 0.900 
1985-86 10 2 1 1 6 0 0.300 0.600 0.600 0.900 
1986-87 10 1 2 4 1 2 0.300 0.300 0.100 0.600 
1987-88 11 5 2 2 2 0 0.636 0.182 0.182 0.818 
1988-89 10 1 1 2 5 1 0.222 0.600 0.500 0.800 
1989-90 11 2 3 2 2 2 0.455 0.364 0.182 0.819 
1990-91 15 6 1 2 4 2 0.466 0.400 0.267 0.866 
1991-92 15 5 0 3 6 1 0.333 0.467 0.400 0.800 
1992-93 13 2 1 7 2 1 0.230 0.154 
Pooled 139 36 21 23 44 15 0.410 0.424 0.317 0.834 

(through 
1991-92) 

Pooled 152 38 46 16 0.407 0.303 
(through 
1992-93) 
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Fig. 3. Phoebe (BS 05), an adult female Florida manatee (Trichechus manatus latirostris) recognizable from a deformed flipper and 
dorsal- lJIId tail-scar patterns. She was first identified from film footage taken by Jacques Costeau at Blue Spring in winter 
197(}-1971. She had at least seven offspring during a 22-year period and died while pregnant in 1992 at a weight of 1,216 kg. 
Photo by T. J. O'Shea. 

but this individual was subsequently observed at Blue 
Spring in every winter during 1974-75 through 1991-92. 
She had six calves during the 18 consecutive years. Includ
ing her nursing calf in 1971-72, she produced five males 
and two females. None of the six calves recorded during 
the 18 consecutive years was dependent longer than one 
winter season. The female was found in distress and 
brought to a captive rehabilitation facility on 6 August 
1992. She died on the same day from complications of a 
late-tenn pregnancy. She was pregnant with a 143-cm TL, 
49.9-kg, near-tenn fetus (which also died). At death, the 
female was 365 cm TL and 1,216 kg. Her estimated age 
was 29 years based on growth-layer-group counts in the 
dome portion of the periotic bone (Marmontel 1993). No 
other female at Blue Spring was observed for as many 
winters as this female. She reproduced during at least 22 
years (1970-71 through 1991-92). 

The observations of some other females also were fairly 
lengthy. One female (BS 04) was observed from 1974-75 
(at an unknown age) through 1992-93 (no records were kept 
in 1976-77). She returned to Blue Spring with five calves 

during her 19-year history and was accompanied by a first
winter calf in winter 1992-93. Another female (BS 40) was 
first identified at an unknown age at Blue Spring in winter 
1974-75 but was not observed again until 1980-81. Since 
winter 1980-81, she was seen at Blue Spring each winter 
through 1992-93 except in 1985-86 (although in 4 of the 
12 winters she was present early but left by mid-winter). This 
individual, however, has not been pregnant or nursing a calf 
since 1984-85 (perhaps having entered a phase ofreproduc
tive senescence) and was only known to produce two calves 
during her entire history (Table 2). 

Discussion 

Much infonnation from our observations of the repro
duction of recognizable females at Blue Spring is similar to 
that obtained in other studies. Rathbun et al. (1995) noted a 
mean age of 5.1 ± 1.21 years at first successful reproduction 
by seven female manatees in the Crystal River, an age 
equivalent to those of the seven females we observed at Blue 
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Spring (5.4 ± 0.98 years). We noted an average interval 
between births of 2.60 ±0.81 years at Blue Spring, whereas 
Rathbun et al. (1995) calculated an interval of 2.48 ± 0.77 
based on a larger data set from the Crystal River. Reid et al. 
(1995) computed a mean interval between births of2.6 years 
based on 11 intervals from ten identifiable individuals on the 
Atlantic Coast. We estimated that female manatees at Blue 
Spring became sexually mature when they-like conspeci
fics in the Crystal River (Rathbun et al. 1995}-were as 
young as 3 and 4 years old. Based on findings from anatomi
cal studies of carcasses, Marmontel (1995) also estimated 
that females at their earliest pregnancies were 3 and 4 years 
old and noted thatall salvaged carcasses offemales that were 
5 years old or older were sexually mature. 

The proportion of reproducing females was high at Blue 
Spring. We noted a pooled proportion (through 1991-92) of 
0.41 ofthe adult females that were pregnant and a proportion 
of 0.42 that were lactating, indicating that a proportion of 
0.83 of the adult females were either pregnant or nursing a 
calf. The proportion of females nursing first-year calves 
(through 1992-93) was 0.30. The proportions of females 
nursing first-year calves were higher in the Crystal River 
(0.36) and on the Atlantic Coast (0.38), but sample sizes 
were larger in these two study areas (Rathbun et aI. 1995; 
Reid et al. 1995), and the pooled proportions of females 
nursing first-year calves were not significantly different 
(X2 =3.16, df= 2, P =0.21, mean proportion 0.362) among 
the three study areas. The proportion of lactating females 
(first- and second-year calves) at Blue Spring (0.407) was 
essentially identical to those on the Atlantic Coast (0.420) 
and in the Crystal River (0.422; X2 = 0.07, df=2, P =0.97, 
mean proportion 0.420). These proportions are higher than 
those calculated from findings from examinations of repro
ductive tracts of salvaged carcasses from throughout the 
range (0.333 pregnant and 0.180 lactating; Marmontel 
1995). Higher rates of pregnancy and lactation from obser
vations on living animals confirmed Marmontel's (1995) 
caution that such rates based on carcass examinations could 
be biased downwards because of sampling problems (in
complete necropsies, decomposition of carcasses, and per
haps over-representation of unhealthy, senescent, or other
wise non-reproducing females in carcass samples). Unlike 
the carcass-based data set, which is accumulated year-round, 
however, observations from longitudinal studies are season
ally biased. Births and weaning, for example, seemed to be 
suppressed during winter at Blue Spring. Live-animal data 
sets may be biased upwards if the sex of reproductively 
active females is documented with greater frequency be
cause of the presence of calves (O'Shea and Langtimm 
1995). However, because the proportions of lactating fe
males do not differ among the three study areas, despite 
differences in intensity ofsampling and sampling conditions 
(0'Shea and Langtimm 1995), we suspect this bias is mini

mal. Although the number of observed adult females in any 
one year was small at Blue Spring, observations were more 
intensive and repetitive there than in other study areas. The 
lactation status ofall females was determined atBlue Spring, 
and proportions were equivalent to those in the Crystal River 
and Atlantic Coast study areas. 

Our finding of the non-occurrence of births in winter 
is also concordant with information from studies in the 
Crystal River and studies ofcarcasses (Marmontel 1995; 
Rathbun et al. 1995). Information on the tendency of 
suppressed weaning of calves during winter is emerging. 
In addition to our findings of an absence of weaning in 
winter at Blue Spring, Reid et al. (1995) noted only one 
of seven calves was weaned during studies with radio
tracking on the Atlantic Coast during November through 
February. Suppression of weaning during November
February is clearly adaptive (particularly in northern 
Florida) because cool temperatures during these months 
impose the most serious energetic stress on manatees 
(Irvine 1983), and manatees in the weaning age and size 
classes are most susceptible to mortality in winter 
(O'Shea et al. 1985; Marmontel 1993; Ackerman et al. 
1995). Continued nursing in winter supplements the diet 
of calves with energy-rich milk, and continued close 
association with mothers presumably confers on calves 
the benefits of the adult females' experience in avoiding 
temperature extremes and finding profitable sources of 
food. The absence of a pattern of one- or two-winter 
dependencies according to sex of the calf is consistent 
with findings on the Crystal River (Rathbun et al. 1995). 
The proportion of calves that was dependent for two 
winter periods also did not significantly differ 
(X2 =2.01, df = 2, P = 0.37, mean proportion 0.250) 
among the Blue Spring (0.333; 14 of 42 calves), Crystal 
River (0.231; 28 of 121 calves; Rathbun et al. 1995), and 
Atlantic Coast (0.216; 8 of 37 calves; Reid et al. 1995) 
study sites. Sample sizes of period of dependency by age 
of female at Blue Spring were too small for statistical 
analysis but, as in manatees in the Crystal River (Rath
bun et al. 1995), a tendency of nursing first-born calves 
longer than 2 winters may exist in manatees at Blue 
Spring (four of six cases). If so, energy expenditure may 
explain the trend. Lactation in first-time reproducing 
females may pose demands on continued growth in body 
size (0' Shea and Reep [1990] recorded growth beyond 
ages at first reproduction in manatees at Blue Spring), 
and these dual demands may require a longer period of 
lactation. 

Other aspects of reproduction in manatees that were 
identified in our studies are also similar to findings by 
others. These include the apparent existence of a pseudo
estrus (Hartman 1979; Marmontel 1995; Rathbun et al. 
1995), an approximately I-year gestation (Rathbun et al. 
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1995; Reid et al. 1995), a seeming preference for giving 
birth in quiet waters and canals (Rathbun et al. 1995; 
Reid et al. 1995), and a low incidence of twinning and 
I: 1 sex ratios of calves (Marmontel 1995; Rathbun et at. 
1995). In general, the high concordance of nearly all 
aspects of reproduction in manatees among study areas 
is remarkable because of the long distances between 
these areas and the contrasting habitats and environ
mental conditions, particularly in winter. These contrasts 
include the dark, tannin-stained freshwater conditions 
that dominate the range of the Blue Spring group, which 
must enter cold water to forage in winter; the ready 
availability of freshwater vegetation to the aggregation 
of manatees in winter in the Crystal River (in summer, 
some of these manatees foraged in estuaries and rivers 
of the largely uninhabited Big Bend Coast of the Gulf of 
Mexico); and the seagrass-dominated habitats of the 
group on the Atlantic Coast (many of these manatees 
make long migrations and frequent intensively urban
ized settings). The ranges of manatees studied at Blue 
Spring and on the Atlantic Coast overlap, and some 
interchange occurs between these two aggregations 
(Reid et at. 1991). However, Crystal River and Blue 
Spring are as widely separated by water as possible in 
the range of manatees in Florida and are on opposite 
sides of the peninsula, precluding significant inter
change. Perhaps this concordance of reproductive traits 
of manatees among study areas indicates that manatees 
in Florida are convergent on a maximum level of repro
duction, unrestrained by density-dependent mecha
nisms. We recommend the continuation of longitudinal 
studies at these sites to document shifts in traits of 
reproduction, to increase sample sizes, and to improve 
an understanding of patterns of variation. 

Survival of calves between late pregnancies in one 
winter to their appearances with mothers in subsequent 
winters was also remarkably similar between the Blue 
Spring (0.60) and Crystal River (0.67) sites, where the 
number of observations (55 of 82 cases) was substan
tially higher (Rathbun et at. 1995). Our data show higher 
annual survival of calves after the first winter at Blue 
Spring; by the third winter, rates essentially matched 
those of adults (0'Shea and Langtimm 1995). Compara
ble data from other studies about the survival of calves 
beyond the first winter are not available. Rathbun et at. 
(1995) noted that only 36% of 22 calves that were tail
nicked while dependent were re-identified at least three 
seasons after weaning in the Crystal River. This is almost 
halfofthe survival we observed at Blue Spring by similar 
criteria (22 of 33 or 67%; Table 1) and is probably 
attributable to difficulties in re-identifying animals un
der the observation conditions in the Crystal River rather 
than higher subadult mortality (in the Crystal River, 

larger areas must be searched, greater numbers of mana
tees must be distinguished, and the rate of scarring on 
calves that facilitates recognition is probably lower). 

Mortality factors that contribute to the lower survival 
of manatees during their early years are largely unknown, 
but the numbers of dead in the very young perinatal 
category have been increasing (Ackerman et al. 1995) and 
are a substantial fraction of the total (Marmontel 1995). 
Most explanations for these perinatal deaths have been 
largely speculative and include possible orphaning be
cause of disturbance or death of mothers by human activi
ties, increasing proportions of younger females in the 
population that may be unsuccessful in first attempts at 
giving birth or nursing, or pollution or disease (*U.S. 
Marine Mammal Commission 1993). In reality, early mor
tality is probably caused by multiple sources, including a 
variety of natural causes. 

We speculate that some perinatal deaths may be due 
to behavior of males. Hartman (1979: 101-102) aptly 
described the intense and "unrelenting pursuit" of fe
males by herds of "bulls," including "violent jack
knife(s)" and "frenzied embraces," and also noted that 
these pursuits are sometimes of females with calves. Our 
observations of males that pursued females with calves, 
including the case of the lone male and the female with 
a 5-day-old calf, are concordant with those of Hartman 
(1979). This leads us to speculate that some fraction of 
the largely unexplained cases of perinatal mortality may 
result from such pursuits. One may envision young 
calves being left behind or lost as females try to elude 
pursuing males, calves that are stressed from trying to 
keep up with their mothers and having their nursing 
patterns interrupted, or calves that are physically injured 
or drowned during the intense pursuits of females by 
males. Calves may also die if males interrupt females 
during parturition. Perinatal deaths would be to the ad
vantage of males (akin to the evolutionary male mating 
strategy involving infanticide known of a variety of 
mammals; Hausfater and Hrdy 1984) if females become 
estrous soon after the deaths of their calves. The latter is 
evidenced by the high incidence of pregnancy we noted 
among females that had lost calves between successive 
winters and Hartman's (1979) observations of a female 
in estrus 10-15 days after the loss of a calf at birth. 
Because of the low probability that the killed calves are 
offspring of the pursuing males-considering the rela
tively promiscuous mating system described by Hartman 
(1979)-the fitness of such males are enhanced. Move
ment patterns of male manatees in the S1. Johns River 
have generally been described as patrolling circuits in 
search of estrous females during warm months (Bengt
son 1981), and greater rates and wider ranges of travel 
were also suggested of male manatees on the Gulf Coast 
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(Rathbun et al. 1990). Although loss of very young 
calves would be least costly to females because of the 
relatively low energetic investment at that stage, the 
seeming preference by females for giving birth in quiet 
canals and backwaters away from main channels of 
travel may function to avoid roving males. We did not 
observe separation or loss of calves at Blue Spring during 
winter, when breeding condition of males is suppressed 
(Hernandez et al. 1995). Mating strategies are an impor
tant topic in modern behavioral and evolutionary ecol
ogy (Clutton-Brock 1988, Clutton-Brock and Parker 
1992), but in manatees have not been well studied or 
interpreted according to contemporary theory. Future 
research in this field should be encouraged. 
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