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Abstract

The West Indian manatee (Trichechus manatus) is 
exposed to a number of anthropogenic influences, 
including metals, as they inhabit shallow waters 
with close proximity to shore. While maintaining 
homeostasis of many metals is crucial for health, 
there is currently no baseline reference range that 
can be used to make clinical and environmental 
decisions for this endangered species. In this study, 
whole blood samples from 151 manatees were 
collected during health assessments performed in 
Florida and Belize from 2008 through 2011. Whole 
blood samples (n = 37) from managed care facili-
ties in Florida and Belize from 2009 through 2011 
were also used in this study. The concentrations of 
17 metals in whole blood were determined, and 
the data were used to derive a baseline reference 
range. Impacts of capture location, age, and sex 
on whole blood metal concentrations were exam-
ined. Location and age were related to copper 
concentrations as values were significantly higher 
in habitats near urban areas and in calves. Copper 
may also be a husbandry concern as concentra-
tions were significantly higher in managed mana-
tees (1.17 ± 0.04 ppm) than wild manatees (0.73 ± 
0.02 ppm). Zinc (11.20 ± 0.30 ppm) was of special 
interest as normal concentrations were two to five 
times higher than other marine mammal species. 
Arsenic concentrations were higher in Belize (0.43 
± 0.07 ppm), with Placencia Lagoon having twice 
the concentration of Belize City and Southern 
Lagoon. Selenium concentrations were lower (0.18 

± 0.09 ppm) than in other marine mammal species. 
The lowest selenium concentrations were observed 
in rehabilitating and managed manatees which may 
warrant additional monitoring in managed care 
facilities. The established preliminary baseline ref-
erence range can be used by clinicians, biologists, 
and managers to monitor the health of West Indian 
manatees. 
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Introduction

The West Indian manatee (Trichechus manatus) 
is an endangered species exposed to a number 
of anthropogenic influences that affect the health 
of the population. From prominent boat strikes, 
entanglements, and habitat loss to possible risks 
of contaminant burdens, including trace metals, 
manatees reside in an environment conducive to 
negative human influences. Manatees are unique 
among marine mammal species as they are fully 
aquatic, obligate herbivores (Reynolds et  al., 
1999) that are in direct association with sediment 
and aquatic vegetation, thus, making them an 
important biomarker for the health of our water-
ways (Bonde et al., 2004; Bossart, 2006).

Trace metals are beneficial to the health and 
normal growth of animals. Metals are often 
found bound to metalloproteins and other smaller 
molecular weight proteins which make them vital 
for the proper function of enzymatic reactions, 
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protein structure, and many other physiological 
utilities. However, both non-essential and essen-
tial metals can be detrimental to the health of the 
animal if found above or below homeostatic con-
centrations. Whole blood provides a measurement 
to evaluate both the intracellular and extracellular 
metal concentrations in blood, and it assists as a 
diagnostic tool in the field for assessing the health 
of the individual. Monitoring metal concentrations 
in an endangered species, such as the West Indian 
manatee, in a constantly changing environment is 
important in regards to the health of the popula-
tion in both wild and managed care environments.

Much is unknown with regard to normal base-
line metal concentrations in the whole blood of 
wild and managed West Indian manatees. Stavros 
et  al. (2008a) utilized whole blood and skin 
samples from eight wild manatees in Crystal 
River, Florida, and detected high concentrations 
of arsenic (0.34 ± 0.04 mg/g) and zinc (11.30 ± 
1.18  mg/g) in the blood and aluminum (4.91 ± 
4.98  mg/g) in the skin when compared to other 
marine mammal species. This was the first report 
of metal concentrations in manatee blood and pro-
vides a preliminary baseline for a small sample 
size from one location in Florida. Siegal-Willott 
et  al. (2013) examined blood in 45 wild mana-
tees in three locations in Florida and one location 
in Belize from 2005 to 2006 and reported loca-
tion, age, and sex differences on a range of ele-
ments. This study presents new results from blood 
samples of wild and managed manatees from 
four locations in Florida and three locations in 
Belize and makes valuable comparisons with past 
studies.

Metal concentrations in whole blood samples 
from the West Indian manatees in Florida and 
Belize were utilized in this study in order to con-
struct a preliminary baseline reference range for 
trace metals in West Indian manatees. This refer-
ence range will assist in monitoring the health of 
this endangered species in regard to metal expo-
sure. In addition, age, sex, and location were 
examined as factors which may influence metal 
concentrations, and these were also compared to 
other marine mammal species and previous pub-
lications. The reference range identified in this 
study can be used for clinical, husbandry, and 
management purposes to monitor the health of 
this endangered marine mammal species.

Methods

Manatees Used in This Study
Wild Manatees—Routine health assessments 
were performed by, and under the authority of, the 
U.S. Geological Survey (USGS) Sirenia Project 
and Florida Fish and Wildlife Conservation 

Commission (FWC) using methodology previ-
ously reported (Bonde et  al., 2012). Procedures 
included blood draw, urine and fecal analyses, 
passive integrated transponder (PIT) tagging, 
ultrasound measurements of subcutaneous dorsal 
blubber thickness, and recording of morphometric 
measurements and total body weight. Vital sign 
monitoring was also conducted while each mana-
tee was out of the water. Manatee health assess-
ments were performed in four locations through-
out the State of Florida from 2007 through 2011: 
(1)  Crystal River, Citrus County, Northwest 
Florida (28° 53' 28" N, 82° 35' 50" W) (CCR); 
(2) Indian River, Brevard County, East Coast 
Florida (28° 28' 13"  N, 80° 45' 48" W) (CBC); 
(3) Everglades, Collier County, Southwest Florida 
(25° 12' 00"  N, 80° 55' 08" W) (TEP); and 
(4)  Lemon Bay, Englewood, Charlotte County, 
Southwest Florida (26° 56' 41" N, 82° 21' 40" W) 
(TSW). Health assessments were also conducted 
in three locations in Belize (BZ) under the author-
ity of permits granted to Sea to Shore Alliance 
from 2008 through 2011: (1) Belize City (16° 37' 
56" N, 88° 21' 05" W), (2) Placencia Lagoon (16° 
37' 56" N, 88° 21' 05" W), and (3) Northern and 
Southern Lagoons (17° 11' 46" N, 88° 19' 28" W). 
Random manatees were captured in Florida with 
a 122-m-long net by a land set capture or boat-
based capture depending on location (Bonde 
et al., 2012). In BZ, manatees were captured from 
a boat-based technique employing a 183-m-long 
net. Morphometrics, including straight and cur-
vilinear length, girths, and weights, as well as 
any additional markings, were recorded during 
health assessments. For this analysis, age catego-
ries were estimated using body length measure-
ments and defined as straight length: ≤ 225 cm = 
calf, 226 to 270 cm = subadult, and > 270 cm = 
adult (revised from O’Shea et al., 1985, based on 
Florida manatees).

Whole blood was collected from the medial 
interosseous space between the radius and ulna 
from minimally restrained manatees by a veteri-
narian or highly trained biologist. Blood was col-
lected using an 18-gauge × 38.1-mm needle into 
a 7-mL royal blue top Monoject® tube with K2 
EDTA anticoagulant designed for trace element 
analysis. Samples were placed on ice while in the 
field and stored at 4° or -80° C until analysis. A 
total of 151 wild manatees were used in this whole 
blood analysis study (Table 1). 

Managed Care Manatees—Blood from man-
aged manatees were obtained from the Ellie 
Schiller Homosassa Springs Wildlife State Park in 
Homosassa, Florida; the Mote Marine Laboratory 
in Sarasota, Florida; and the Wildtracks Manatee 
Rehabilitation Centre in Sarteneja, Belize. Blood 
samples were obtained during routine health 
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assessments and were not taken solely for the 
purpose of this project. A total of 37 whole blood 
samples was obtained from long-term managed 
(CAP) manatees and rehabilitating (REHAB) 
manatees, with 18 of the animals in Florida and 
one in BZ (Table 1). CAP animals were defined 
as manatees residing in facilities for greater than 
6 mo prior to obtaining the blood sample. Diets 
varied for animals in managed care and rehabili-
tation and often relied heavily on purchased or 
donated vegetation, predominantly lettuce variet-
ies such as romaine lettuce. 

Sample Analysis
Forty-one wild Florida manatee whole blood 
samples were initially submitted to Doctor’s 
Data, Inc. (St. Charles, IL, USA) in 2007 for 
ICP-MS analysis. Subsequent samples were 
analyzed at the Center for Environmental and 
Human Toxicology in the College of Veterinary 
Medicine at the University of Florida (UF). At UF, 
an aliquot of whole blood (250 to 1,000 mL) was 
placed in borosilicate glass tubes (18 × 150 mm; 
Fisher Scientific Company, Pittsburgh,  PA, 
USA) and measured for wet weight (ww) (mg). 
Ultrapure Optima™ nitric acid (Fisher Scientific 
Company) was placed in each tube in a 45-well 
graphite digestion block at approximately 130° C. 
Ultrapure 30% hydrogen peroxide (Mallinckrodt 
Baker, Inc., Phillipsburg,  NJ, USA) was then 
used to complete the digestion of organic matter. 
Samples were diluted to 2% nitric acid with deion-
ized water. Each sample was then filtered using 
a 13-mm nylon syringe filter (0.2 μm; Fisher 
Scientific Company) and placed in a 15-mL coni-
cal tube (Corning Life Sciences, Lowell, MA, 
USA) for analysis using an inductively coupled 
plasma mass spectrometry (Thermo Electron 

X-Series ICP-MS; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) in the College of Pharmacy 
at UF. For each sample, a maximum of 22 elements 
were analyzed—Ca, Mg, Cu, Zn, Mn, Li, Se, Sr, 
Mo, As, Ba, Cd, Co, Pb, Hg, Ni, Pt, Ag, Tl, U, 
Cr, and Fe—with an internal standard of indium. 
Triplicate runs were performed on the ICP-MS 
on each sample. The mean was then multiplied 
by the volume of deionized water with which the 
sample was reconstituted in order to obtain total 
concentration in ng/mL. Using the original weight 
of each sample (mg), metal concentrations were 
calculated as ppm (wet weight). Quality assur-
ance for manatee samples included blank sam-
ples, repeat samples, and National Oceanic and 
Atmospheric Administration (NOAA) whale liver 
standard reference materials for select elements. 

Statistical Analysis
Descriptive statistics for mean, standard devia-
tion (SD), standard error (SE), and range for 
each element were calculated using SigmaPlot®, 
Version 11 (Systat Software Inc., San Jose, CA, 
USA). Nonparametric statistics were used when 
the data were not normally distributed based on 
the Shapiro-Wilk’s Normality Test in SigmaPlot®. 
A Pearson Product Moment Correlation was per-
formed to determine if a correlation was present 
for sex (male, female), age class (calf, subadult, 
and adult), and weight (kg) for each metal in wild 
manatees. A Kruskal-Wallis one-way ANOVA on 
ranks was performed to determine a significant 
difference (p < 0.05) for each metal in each age 
class. A one-way ANOVA with a pairwise mul-
tiple comparison (Holm-Sidak) was performed 
using the average and SE for each element based 
on location. 

Table 1. West Indian manatee (Trichechus manatus) whole blood samples by sex and age class; n denotes sample size, with 
the number of manatees in parentheses.

Male Female
Location n Calf Subadult Adult Calf Subadult Adult
Citrus County, CCR 77 1 30 15 3 13 15
Brevard County, CBC 20 0 6 5 0 4 5
Collier County, TEP 7 0 1 3 0 1 2
Charlotte County, TSW 14 0 1 4 0 3 6
Belize, BZ 33 0 10 5 1 12 5
Total number of wild manatees 151 1 48 32 4 33 33
Rehabilitating animals (REHAB) 
(Florida)

13 (11  
animals)

1 3 0 5 (3) 3 1 

Long-term managed care (CAP) 
(Florida)

24 (8  
animals)

0 0 4 (2) 0 0 20 (6)

Total number of managed manatees 19 1 3 2 3 3 7
Total number of manatees 170 2 51 34 7 36 40
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Baseline Reference Interval Analysis 
A baseline reference range was determined using 
MedCalc, Version 12.1.4 (Mariakerke, Belgium), 
and wild, free-ranging manatees in Florida and 
BZ. A reference interval was calculated using the 
normal distribution, the nonparametric percentile 
method, and the robust method. Scatter and distri-
bution plots were constructed to visually examine 
the data points, and a double-sided 95% reference 
interval was used to determine the lower and upper 
limits of the distribution. Outliers were eliminated 
following Tukey’s rule of 1.5 × IQR (interquartile 
range) above the third quartile or below the first 
quartile of the box plot. A 95% confidence inter-
val (CI) was calculated for each element. 

Results

Trace metal concentrations of up to 22 elements in 
manatee whole blood were determined (Table 2).  
Metal concentrations in relation to geographic loca-
tion and individual parameters, such as age, sex, 
weight, and straight length, also were examined.

Geographic Location 
Geographic location had a significant impact on 
whole blood concentrations for some elements. 
Calcium (Ca) (p = 0.005) and magnesium (Mg) 
(p < 0.001) were significantly higher in TEP 
than CCR or TSW, with a mean difference of 7 
to 16 ppm higher. Lithium (Li) (p < 0.001) was 
significantly higher in TSW than CCR and TEP, 
while molybdenum (Mo) (p = 0.02) was signifi-
cantly higher in CCR than TEP and TSW, with 
a difference of < 0.007 ppm. CAP and REHAB 

Table 2. Average whole blood metal concentrations (ppm, wet weight [ww]) ± SE (with ranges) in West Indian manatees based 
on location; -- denotes no data available, n indicates sample size, and * denotes statistically significant values (p < 0.05).

Element n
CCR: Citrus  

County, Florida n
CBC: Brevard 

County, Florida n
TEP: Collier  

County, Florida n
TSW: Charlotte 
County, Florida

Ca 20 65.55 ± 1.17 -- -- 7 72.71 ± 3.56* 14 63.78 ± 0.93
(56-74) (60-86) (58-69)

Mg 20 54.20 ± 1.79 -- -- 7 71 ± 4* 13 62.15 ± 2.05
(24.38-99.36) (50-80) (49-74)

Cu 77 0.76 ± 0.02 20 0.82 ± 0.05 7 0.40 ± 0.07 14 0.75 ± 0.03
(0.30-1.35) (0.50-1.45) (0.20-0.71) (0.55-0.94)

Zn 77 11.84 ± 0.39 20 10.70 ± 0.46 7 14.73 ± 0.22 14 14.82 ± 0.42
(5.69-19.73) (8.21-15.41) (13.80-15.40) (11.59-16.70)

Mn 63 0.018 ± 0.001 16 0.02 ± 0.003 7 0.021 ± 0.002 13 0.018 ± 0.001
(0.004-0.043) (< 0.05-0.06) (0.015-0.028) (0.012-0.027)

Li 20 0.006 ± 0.001 -- -- 7 0.008 ± 0.001 13 0.0135 ± 0.0006*
(0.002-0.011) (0.006-0.012) (0.011-0.017)

Se 77 0.19 ± 0.01 20 0.09 ± 0.007 7 0.21 ± 0.05 14 0.176 ± 0.007
(0.06-0.55) (0.05-0.16) (0.12-0.46) (0.129-0.218)

Sr 37 0.20 ± 0.01*   6 0.28 ± 0.03 7 0.28 ± 0.01 13 0.222 ± 0.010
(0.09-0.36) (0.20-0.39) (0.24-0.33) (0.170-0.270)

Mo 37 0.02 ± 0.001* -- -- 7 0.0112 ± 0.0003 13 0.0116 ± 0.0006
(0.006-0.040) (0.0095-0.012) (0.0083-0.0150)

As 77 0.30 ± 0.02 20 0.17 ± 0.02 7 0.19 ± 0.08 14 0.20 ± 0.02
(0.04-1.32) (0.07-0.30) (0.05-0.65) (0.10-0.36)

Ba 20 < 0.0002 ± 0.0003   6 0.02 ± 0.01* 7 0.0009 ± 0.0002 13 < 0.0002 ± 0.001
(< 0.0002-0.004) (0.004-0.035) (0.0003-0.0017) (< 0.0002-0.004)

Cd 75 0.002 ± 0.0002 20 0.003 ± 0.0005* 7 0.0004 ± 0.0001 14 0.0010 ± 0.0001
(0.0001-0.005) (< 0.01-0.005) (< 0.0002-0.001) (0.0004-0.0021)

Co 75 0.002 ± 0.0002 20 0.002 ± 0.0006 7 0.005 ± 0.001* 14 0.0012 ± 0.0002
(0.0004-0.007) (< 0.01-0.012) (0.003-0.010) (0.0005-0.0026)

Pb 20 0.03 ± 0.01 14 0.019 ± 0.002 7 0.031 ± 0.009 14 0.009 ± 0.001*
(0.0003-0.001) (0.005-0.034) (0.012-0.074) (0.001-0.018)
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individuals had significantly lower concentrations 
of manganese (Mn) (p < 0.001) but higher copper 
(Cu) (p < 0.001) concentrations when compared 
to other locations. REHAB manatees differed  sig-
nificantly in selenium (Se) (p = 0.003) concentra-
tions, with the lowest Se in CBC (= 0.09 ppm) and 
REHAB (= 0.07 ppm), while Zinc (Zn) (p < 0.001) 
concentrations were lowest in BZ (=  7.75  ppm) 
and REHAB (= 8.89 ppm) manatees. Antillean 
manatees (T. m. manatus) in BZ also differed, with 

iron (Fe) (p < 0.001) concentrations significantly 
lower with a difference of up to 130 ppm and arse-
nic (As) (p < 0.001) concentrations doubling those 
of CAP and REHAB animals. There was a signifi-
cant difference within locations in BZ (p = 0.025), 
with a median As concentration in Placencia 
Lagoon (0.69 ppm) double that of Southern 
Lagoon (0.32 ppm) and Belize City (0.34 ppm). 
CCR manatees had significantly lower strontium 
(Sr) (p = 0.002), with the largest difference in 

Table 2 (cont.). 
Hg 20 < 0.0006 ± 0.0001 20 0.009 ± 0.001* 7 0.0015 ± 0.0005 13 0.001 ± 0.0003

(< 0.0006-0.001) (0.004-0.016) (<0.0006-0.0040) (< 0.0006-0.0025)
Ni 20 < 0.003 ± 0.0003 -- -- 7 <0.003 14 < 0.003 ± 0.0009

(< 0.003-0.005) (< 0.003-0.003)
Pt 20 < 0.0002 -- -- 7 <0.0002 13 < 0.0002

Ag 20 0.005 ± 0.001 -- -- 7 0.007 ± 0.002 13 0.0033 ± 0.0008
(0.0002-0.0134) (0.002-0.011) (0.0016-0.0119)

Tl 20 0.0002 ± 0.0001 -- -- 7 < 0.0001 13 < 0.0001
(< 0.0001-0.001)

U 20 < 0.0001 -- -- 7 < 0.0001 13 < 0.0001

Cr 29 0.011 ± 0.001* 10 0.036 ± 0.002 -- -- -- --

(0.004-0.036) (0.045-< 0.1)

Fe 52 392 ± 12.88 20 417.69 ± 24.13 -- -- -- --

(264.23-701.57) (323.79-836.33)  

Element n BZ: Belize n CAP: Managed Care n REHAB: Rehabilitation
Cu 33 0.68 ± 0.04* 24 1.17 ± 0.04 13 1.05 ± 0.15

(0.30-1.01) (0.70-1.75) (0.75-2.77)
Zn 33 7.75 ± 0.19 24 10.05 ± 0.57* 13 8.89 ± 1.18

(5.07-11.11) (5.68-16.13) (4.62-18.47)
Mn 33 0.0054 ± 0.0004* 17 0.009 ± 0.001 8 0.008 ± 0.001

(0.0003-0.0095) (0.002-0.014) (0.005-0.012)
Se 33 0.21 ± 0.05 24 0.10 ± 0.01 13 0.066 ± 0.007*

(0.03-1.27) (0.06-0.20) (0.025-0.111)
As 33 0.43 ± 0.07* 24 0.063 ± 0.011 13 0.025 ± 0.004

(0.07-1.73) (0.003-0.262) (0.005-0.049)
Cd 33 0.0040 ± 0.0003* 24 0.0034 ± 0.0004* 13 0.0026 ± 0.0007*

(< 0.01-0.005) (< 0.01-0.005) (< 0.01-0.005)
Co 33 0.014 ± 0.004* 24 0.0036 ± 0.0004* 13 0.0018 ± 0.0005*

(< 0.01-0.12) (< 0.01-0.005) (< 0.01-0.005)
Pb 33 < 0.05 24 < 0.05 13 < 0.05

Cr 33 < 0.1 24 < 0.1 13 < 0.1

Fe 33 285.07 ± 7.65* 24 347.58 ± 14.82 13 306.21 ± 18.28
(212.45-406.44) (192.37-467.10) (248.54-428.79)
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mean of 0.07 ppm. Moreover, cobalt (Co) (p < 
0.001), lead (Pb) (p = 0.006), barium (Ba) (p < 
0.001), and chronium (Cr) (p < 0.001) were sta-
tistically significant among locations; however, 
they had mean concentrations of < 0.1 ppm in all 
locations. Concentrations of cadmium (Cd) (p < 
0.001), mercury (Hg) (p < 0.001), and thallium 
(Tl) (p = 0.005) were also statistically significant 
among locations, with mean concentrations lower 
than < 0.01 ppm. 

Wild manatees, as a whole, were then compared 
to CAP and REHAB manatees, and differences 
were observed in whole blood metal concentra-
tions. REHAB manatees had significantly lower 
concentrations of Zn (p = 0.025), with a median 
of 7.64 ppm, and 10.49 ppm and 10.35 ppm in 
wild and CAP manatees, respectively. Se concen-
trations were statistically significant (p < 0.001) 
between wild manatees (median = 0.148 ppm) 
and REHAB manatees (median = 0.07 ppm). CAP 
manatees had the highest concentrations of Cu (p 
< 0.001), with a median concentration (1.20 ppm) 
almost doubling that of wild manatees (0.74 ppm); 
while wild manatees had significantly higher (p < 
0.001) median concentrations of As (0.26 ppm), 
with concentrations up to 6× higher than CAP 
(0.04 ppm) and REHAB (0.02 ppm). In addition 
to As, Mn (0.01 ppm; p = 0.021) was significantly 
higher in wild manatees, while Cd (0.001 ppm; 

p < 0.001) and Co (0.003 ppm) were significantly 
lower than CAP and REHAB manatees.

Individual Parameters
Within wild manatees, there was no signifi-
cant difference between sexes for each metal. 
However, there was a significant difference in Cu 
(p < 0.001), Cd (p = 0.023), Pb (p = 0.016), and Tl 
(p = 0.025) within age classes, with metal concen-
trations decreasing as age increased. Silver (Ag) 
(p = 0.022), on the other hand, was higher in adult 
manatees than in calves or subadults. 

Reference Interval
A 95% reference interval was constructed for 17 
elements in the West Indian manatee (Table  3). 
This preliminary reference range provides 
baseline values for the West Indian manatee with 
a calculated upper limit (90th percentile) and 
lower limit (10th percentile) based on a 95% CI 
for manatees in this study. 

Discussion

Metal concentrations in whole blood of manatees 
are affected by a number of parameters, including 
location, managed care/rehabilitation, and straight 
body length. Most elements were similar to previ-
ously reported concentrations in other mammalian 

Table 3. A baseline reference range based on a 95% confidence interval (CI) for whole blood metal concentrations (ppm, 
ww) in wild West Indian manatees; n denotes sample size and < LD indicates below the limit of detection. 

Element n Lower limit Lower limit CI Upper limit Upper limit CI
Ag 41 0.001 0-0.002 0.011 0.010-0.013

As 145 0.095 0.070-0.111 0.447 0.406-0.478

Ba 37 < LD < LD 0.002 0.001-0.002

Ca 38 59.298 56.298-60.238 71.699 69.000-77.390

Cd 103 < LD < LD 0.002 0.001-0.002

Co 112 0.001 0-0.001 0.004 0.003-0.004

Cr 70 0.007 0-0.010 0.044 0.036-0.054

Cu 144 0.457 0.402-0.506 0.971 0.917-1.012

Fe 105 262.861 254.933-274.319 448.158 424.995-510.936

Li 33 < LD < LD 0.018 0.016-0.020

Mg 40 48.000 43.01-49.535 75.000 70.465-79.748

Mn 122 0.005 0.003-0.006 0.025 0.024-0.028

Mo 40 0.009 0.008-0.010 0.015 0.013-0.015

Pb 116 0.001 0-0.001 0.022 0.020-0.030

Se 142 0.068 0.056-0.075 0.233 0.216-0.276

Sr 62 0.150 0.112-0.170 0.283 0.270-0.340

Zn 151 7.247 6.755-7.588 15.940 15.301-16.282
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species (Table 4); however, Cu, Zn, As, and Se in 
whole blood were of special interest in the West 
Indian manatee in this study. These differences 
can be due to a number of varying factors. For 
instance, differences can be a result of the mana-
tee’s strict herbivorous lifestyle compared to the 
other piscivorous-consuming, offshore marine 
mammal species. Moreover, manatees inhabit 
shallow fresh, brackish, and saltwater systems, 
migrating among numerous locations throughout 
the State of Florida and neighboring states, and, 
therefore, are exposed to varying geographic 
substrates and anthropogenic sources which may 
likely impact their metal intake. Due to these dif-
ferences, comparisons of the present data to other 
studies on metals in West Indian manatee whole 
blood were performed (Table 5). 

Copper Concentrations 
Based on our results, Cu concentrations were high-
est in CAP and REHAB manatees. This is of con-
cern as Cu is toxic at high amounts, with whole 
blood or serum concentrations > 1.5 ppm indica-
tive of Cu toxicosis in sheep (Osweiler, 1996). 
Values in CAP manatees averaged a mean ± SE 
of 1.17 ± 0.04 ppm compared to 0.73 ± 0.02 ppm 
in wild manatees. Average Cu concentrations did 
vary among managed care facilities: Ellie Schiller 
Homosassa Springs Wildlife State Park (n = 32 for 
16 animals) was 1.14 ± 0.07 ppm, Mote Marine 
Laboratory (n = 4 for two animals) was 0.96 ± 
0.06 ppm, and Wildtracks Manatee Rehabilitation 
Centre (n = 1 for one calf) was 1.39 ppm. This 
variation in managed care and rehabilitation envi-
ronments may be attributed to the differences in 
the water filtration systems, animal habitat dif-
ferences and housing with other species such as 
fish, and varying diet. For instance, diets, includ-
ing harvested lettuce varieties, have been reported 
to contain Cu (U.S. Department of Agriculture 
[USDA], 2015). The use of romaine lettuce as a 
predominant source of food may result in an excess 
Cu intake in CAP manatees, with large manatees 
consuming approximately 20 to 30 heads of lettuce 
a day. Although the concentration of Cu associated 
with toxicity is unknown in manatees, we suggest 
that managed care facilities be aware of the reper-
cussions of Cu toxicity and monitor potential Cu 
exposure. In the dugong (Dugong dugon), a spe-
cies closely related to the manatee, Cu poisoning 
was suspected due to the presence of copper sulfate 
algaecide at the Cairns Oceanarium (Oke, 1967). 
Based on this study, CAP and REHAB manatees 
had significantly higher concentrations of Cu than 
wild manatees, which may warrant further evalua-
tion of managed environments and general nutri-
tional husbandry practices. 

In wild manatees, Cu concentrations were sig-
nificantly higher in more urban areas, such as 
Citrus, Brevard, and Charlotte Counties, com-
pared to the Everglades. Although manatees 
are semi-migratory animals that are capable of 
moving between warm-water aggregation sites 
in the winter, with some individuals migrat-
ing > 2,300 km in one season (Reid et al., 1991; 
Deutsch et al., 2003), blood concentrations can be 
useful as indicators of metal exposures. The results 
in this study were similar to data from O’Shea 
et al. (1984) who reported exceedingly high liver 
Cu concentrations (1,400 ppm, dry weight [dw]) 
in urban areas of Florida. Moreover, Anzolin et al. 
(2012) found manatees in Brazil having higher Cu 
concentrations in the more populated and urban 
areas of Pernambuco and Paraíba than in Alagoas. 
As a result, these data suggest further examina-
tion is needed of possible environmental factors 
involved in the increased concentration of Cu in 
urban locations. 

In addition to managed care environments and 
urban areas, wild calves in this study had the high-
est amount of Cu in whole blood when compared to 
adults and subadults. It has been documented that 
Cu is most abundant in younger marine mammal 
species as a result of possible transplacental trans-
fer of the metal. Yang et al. (2004) found that Cu 
in the liver of the fetus (60.9 mg/g, ww) of a single 
Dall’s porpoise (Phocoenoides dalli) was higher 
than in the mother (10.4 mg/g, ww). Cu concen-
trations were also highest in neonatal cetaceans 
and harp seals (Phoca groenlandica) (Fujise et al., 
1988; Wagemann et  al., 1988; Parsons, 1999). 
Thus, age, location, and managed care environ-
ments influence Cu concentrations in West Indian 
manatees.

Zinc Concentrations
In this study, as in Stavros et  al. (2008a) and 
Siegal-Willott et  al. (2013), whole blood Zn 
concentrations were two to five times higher in 
manatees compared to other marine mammal 
species (Table 3). The mean ± SE Zn concentra-
tion in wild manatees of 11.20 ± 0.30 ppm in this 
study suggests Zn concentrations to be specific 
to manatees and unique among marine mammal 
species. A similar Zn concentration was found in 
leatherback sea turtles (Dermocheyls coriacea) 
in French Guiana with a mean ± SD of 11.10 ± 
0.28 (Guirlet et al., 2008). However, despite this 
high concentration of Zn, manatees in this study 
did not exhibit any clinical signs of zinc toxic-
ity described in previous studies in other animal 
species (Mautino, 1997; Agnew et  al., 1999; 
Dziwenka & Coppock, 2004; Garland, 2007). In 
addition, there was no significant difference in Zn 
concentrations between wild and CAP manatees, 
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suggesting that this concentration of Zn is normal 
in manatees. The underlying reasons for the high 
concentration of Zn are unknown at this time; 
however, Zn concentrations may be influenced 
by health status as REHAB manatees had signifi-
cantly lower Zn concentrations. Many manatees 
admitted to rehabilitation are brought into a facil-
ity due to illness, malnutrition, or injury, which 
can affect Zn concentrations in an animal. Health 
status has been correlated to Zn concentrations 
in sea lions, with lower concentrations observed 
in animals suffering from domoic acid toxicity 
(Harper et  al., 2007). Zn is an essential element 
found in many metalloenzymes and is vital for 
proper growth, skeletal development, wound heal-
ing, and reproduction (Osweiler, 1996). Therefore, 
Zn may be mobilized in sick, rehabilitating mana-
tees for purposes such as wound healing or as a 
result of lack of nutrition, but additional studies 
are needed to confirm these ideas. 

Although signs of toxicity are not apparent 
in this study, Zn toxicosis is of interest in man-
aged care facilities nationwide. Due to the inges-
tion of American one-cent coins known as “pen-
nies” made after 1982, for which Zn replaced Cu, 
many captive animals have died of Zn toxico-
sis—for example, a Celebes ape (Macaca nigra; 
Murray et  al., 1997), a striped hyena (Hyaena; 
Agnew et  al., 1999), and a gray-headed chacha-
laca (Ortalis cinereiceps; Droual et  al., 1991). 
Cetaceans have shown morbidity and mortality 
from Zn intoxication at concentrations similar to 
normal manatee Zn concentrations (M. T. Walsh, 
pers. comm., October 2007). This observation 
helped to prompt investigations into Zn concen-
trations in the 1980s in marine mammals in man-
aged care environments, with manatee concentra-
tions initially causing concern due to the ingestion 
of pennies. The established reference range may 
now assist in the health monitoring of West Indian 
manatees in managed care environments and 
rehabilitation facilities and is a preliminary refer-
ence range that could be improved with a more 
robust sample size from each location, age, or by 
considering the animal’s health condition. 

Arsenic Concentrations
Citrus County manatees examined in this study 
were similar in whole blood As concentrations 
(0.30 ± 0.02 ppm) as reported by Stavros et  al. 
(2008a; 0.34 ± 0.04 ppm), but As was significantly 
higher in Antillean manatees in BZ (0.43 ± 0.07 
ppm) and much lower in CAP and REHAB mana-
tees (0.05 ± 0.01 ppm). In addition, there was a 
significant difference within As concentrations in 
the whole blood of Antillean manatees. As concen-
trations in manatees from Placencia Lagoon dou-
bled those of Belize City and Southern Lagoon. 

Placencia is a coastal village with recent increases 
in habitat destruction, a decrease in seagrass beds, 
and a rising tourism industry. Placencia Lagoon 
is affected by nutrient enrichment from various 
sources, including solid waste disposal, sewage 
discharge, shrimp farming, and citrus and banana 
plantations, which can be potential sources of 
metal contamination (Short et  al., 2006; Boles 
et al., 2011). Generally, As exposure in animals has 
been reported to be obtained from contaminated 
water, herbicides, and agricultural runoff (Penrose 
& Woolson, 1974; Osweiler, 1996; Ensley, 2004). 
Moreover, although banned in the U.S. and 
Europe, Chromate Copper Arsenate (CCA) has 
been a commonly used wood preservative since 
the 1930s for residential and nonresidential use 
and a source of leaching of As, Cr, and Cu (Solo-
Gabriele & Townsend, 1999; Hasan et al., 2010). 
BZ’s precious natural resources are threatened by 
issues such as deforestation, lack of proper solid 
waste management, and rapid coastal develop-
ment (Young, 2008), which can contribute to the 
metal concentration in the waterways of BZ. As 
a result, elevated As concentrations in Antillean 
manatees may be due to anthropogenic influences 
in BZ, which warrants further investigation.

Although As concentrations may be high, anal-
ysis of As speciation is needed to determine the 
potential for toxic effects, if any, in manatees and, 
in particular, in the Antillean manatee. Higher tro-
phic marine mammals and sea turtles contained 
predominantly arsenobetaine, which is nontoxic 
and has a short biological half-life in marine 
mammals (Kubota et  al., 2002; Kunito et  al., 
2008). The dugong, on the other hand, accumu-
lated predominantly methylarsonic and dimethyl-
arsinic acid as opposed to arsenobetaine (Kubota 
et al., 2002, 2003). Kubota et al. (2002) suggested 
the difference in arsenobetaine in dugongs may be 
due to their seagrass diet. Thus, it has been found 
that marine mammals generally contain organic 
forms of nontoxic As; and despite high hepatic As 
accumulation, risk of toxicity remains low. This 
finding highlights the importance of determining 
speciation in order to assess the potential risk of 
As toxicity in Antillean manatees. 

However, excess As is of concern due to the 
impact on reproduction in humans. For exam-
ple, As has been linked to infant mortality and 
increased abortion rates in humans in Bangladesh 
(Rahman et al., 2010). It has been suggested that 
biomethylation of inorganic As is toxic and results 
in dimethylarsinic acid causing genotoxic and 
tumorigenesis (Yamanaka et al., 2004). In marine 
mammals, Kubota et  al. (2005) examined the 
potential of maternal transfer of As in the Dall’s 
porpoise. Thus, the effects of As may be of con-
cern in an already endangered species, such as the 
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manatee, which has a long lifespan and a slow 
reproductive rate. 

Selenium Concentrations
When compared to other marine mammal spe-
cies, Se concentrations are low in the manatee 
(Table 4). According to Lewis et al. (2007), sea-
grasses from the west coast of Florida and the 
Florida Keys were low in Se. Thus, Se uptake 
may be dependent on diet and the surrounding 
environment of the West Indian manatee. Se con-
centrations may be of special concern in CAP and 
REHAB manatees for which concentrations were 
significantly lower than in wild Florida manatees. 

Se is an essential element and an integral part 
of enzymatic functions, playing a vital role in 
the immune and reproductive systems, normal 
hepatic function, neurotransmission, and in pre-
venting carcinogenic development (Schomburg 
et al., 2004; Hall, 2007). Moreover, Se has been 
known to function as a detoxification mechanism 
for Hg, with a 1:1 molar ratio in marine mammals 
with high hepatic Hg concentrations (Koeman 
et al., 1975; Dietz et al., 2000). Se is also known 
to be an antioxidant and anti-inflammatory ele-
ment (Rayman, 2000), which can be important in 
malnourished or injured REHAB manatees. The 
low Se concentrations in CAP and REHAB mana-
tees should be monitored as Se deficiency may 
be involved in a number of diseases in humans, 
including Keshan disease and Kashin-Beck dis-
ease, as well as muscular dystrophy, pancreatic 
fibrosis, embryonic death, and hepatic apoptosis 
in various animals (Fordyce, 2005). Se has been 
supplemented in manatees showing elevated 
muscle enzymes and lactic acid due to trauma 
or during health assessments (M. T. Walsh, pers. 
comm., 14 July 2015). As a result, Se concentra-
tions should continue to be of special concern 
in West Indian manatees in order to avoid Se 
deficiency.

Concluding Remarks
This study contains the largest number of live 
manatees sampled for metal analysis from a vari-
ety of locations throughout Florida and Belize. A 
preliminary baseline reference range is suggested 
for use by clinicians, biologists, and husbandry 
staff to monitor trace metal concentrations in 
manatees (Table 3). This reference range should 
be used with caution as the health status of each 
individual free-ranging manatee was not corre-
lated to the metal concentration. However, this 
preliminary baseline reference range is valuable 
in order to monitor this endangered species popu-
lation. Moreover, although organ samples provide 
an insight to long-term trace metal accumulation 
in aquatic mammals, samples may not be easily 

accessible and, most often, are collected from 
stranded animals which are stressed, malnour-
ished, or immunocompromised. Thus, blood is a 
useful, minimally invasive, biomonitoring tool for 
circulating concentrations of trace metals in live 
animals. It also should be noted that elements vary 
in concentrations among species and blood com-
partments. Gray et  al. (2008) reported that trace 
metal concentrations in Weddell (Leptonychotes 
weddellii) and leopard (Hydrurga leptonyx) seals 
vary throughout the year depending on a number 
of parameters, including prey availability and 
amount consumed at the time of sampling, trophic 
level of the species and prey, individual health 
and nutrition status, as well as anthropogenic and 
natural environmental exposures. Clinicians and 
researchers should be cautious when comparing 
trace metal blood concentrations among individu-
als, species, locations, and sampling periods.
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