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ABSTRACT

Seasonal changes in light, temperature, and food availability stimulate a physiological response in an
animal. Seasonal adaptations are well studied in Arctic, Sub-Arctic, and hibernating mammals; however,
limited studies have been conducted in sub-tropical species. The Florida manatee (Trichechus mana-
tus latirostris), a sub-tropical marine mammal, forages less during colder temperatures and may rely
on adipose stores for maintenance energy requirements. Metabolic hormones, growth hormone (GH),
insulin-like growth factor (IGF)-1, and ghrelin influence growth rate, accretion of lean and adipose tissue.
They have been shown to regulate seasonal changes in body composition. The objective of this research
was to investigate manatee metabolic hormones in two seasons to determine if manatees exhibit season-
ality and if these hormones are associated with seasonal changes in body composition. In addition, age
related differences in these metabolic hormones were assessed in multiple age classes. Concentrations of
GH, IGF-I, and ghrelin were quantified in adult manatee serum using heterologous radioimmunoassays.
Samples were compared between short (winter) and long (summer) photoperiods (n =22 male, 20 female)
and by age class (adult, juvenile, and calf) in long photoperiods (n=37). Short photoperiods tended to
have reduced GH (p=0.08), greater IGF-I (p=0.01), and greater blubber depth (p=0.03) compared with
long photoperiods. No differences were observed in ghrelin (p = 0.66). Surprisingly, no age related differ-
ences were observed in IGF-I or ghrelin concentrations (p >0.05). However, serum concentrations of GH
tended (p=0.07) to be greater in calves and juveniles compared with adults. Increased IGF-I, greater blub-
ber thickness, and reduced GH during short photoperiod suggest a prioritization for adipose deposition.
Whereas, increased GH, reduced blubber thickness, and decreased IGF-I in long photoperiod suggest pri-
oritization of lean tissue accretion. Hormone profiles in conjunction with difference in body composition
between photoperiods indicate seasonal adjustments in manatee nutrient partitioning priorities.

© 2016 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.

Introduction

alterations in food intake, body weight, fat content, and hormonal
functions (Florant and Healy, 2012). Metabolic hormones such as

Mammals live in diverse environments and are confronted
with consistent seasonal environmental fluctuations in light, tem-
perature, and food availability. Seasonal environmental changes
may stimulate a physiological response in an animal often initi-
ated by the endocrine system to maintain homeostasis (Florant
and Healy, 2012). Environmental stimuli may elicit a response
of the organism to adjust homeostatic set points. These adjust-
ments result in acclimatization and may include responses, such as

Abbreviations: GH, growth hormone; IGF, insulin-like growth factor.
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ghrelin, growth hormone (GH), and insulin-like growth factor (IGF)-
[ function to regulate tissue-specific energy allocation and together
link growth physiology, developmental age, energy balance (the
amount of calories consumed versus metabolized and stored), and
nutritional status (negative [fasting] or positive nutrient intake) in
domestic animals (Bergan et al., 2015; Breier, 1999; Cammisotto
et al,, 2010; Castaneda et al., 2010; Lawrence and Fowler, 1997).
The secretion of the metabolic hormone ghrelin in the stomach
is influenced by nutritional status (Cummings et al., 2001; Salbe
etal., 2004). The increase of ghrelin during fasting or reduced nutri-
ent intake stimulates the release of GH, fat oxidation, and food
intake, and inhibits body weight gain and adiposity (Tschop et al.,
2000). Growth hormone regulates energy deposition and mobiliza-
tion through its direct action on adipose tissue (Bergan et al., 2015;
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Fig. 1. (A-D) Pattern among seasons (summer, fall, winter) presented as mean & SE in adult free-ranging manatees from 2005 to 2010. (A) Average blubber thickness (mm)
(B) Average ghrelin concentrations (pg/ml) (C) Average GH concentrations (ng/ml) (D) Average IGF-1 concentrations (ng/ml). Significant differences among seasons were

presented as letters (a, b). Sample size is within the column of each season.

Breier, 1999). During energy deficiency or periods of low nutritional
status, GH stimulates lipolysis and inhibits lipogenesis (Bergan
etal., 2015). The mobilization of fat from adipose tissue, or lipolysis,
provides energy for maintenance (Vijayakumar et al., 2010). When
nutritional intake is adequate for energy requirements of main-
tenance, GH stimulates the production and release of IGF-I from
the liver. Insulin-like growth factor-I regulates somatic growth, cell
proliferation, differentiation, and apoptosis (Renaville et al., 2002).
During normal physiological conditions IGF-I stimulates protein
synthesis, bone formation, and glucose uptake (Etherton, 1991).
Modifications in nutrient intake or seasonal abiotic variables
elicit an endocrine response resulting in alteration of growth rate
and tissue-specific nutrient priorities (Gerrard and Grant, 2006).
Mammals that exhibit seasonal changes in body composition are
generally leaner during long photoperiod (summer, greater than
12 h of daylight) with greater adiposity during the short photope-
riod (winter, less than 12 h of daylight; Florant and Healy, 2012;
Webster et al., 1999; Zhang et al., 2012; Zhu et al., 2012; Zinn et al.,
1986). Some mammals demonstrate weight gain, with increased
adiposity, during a transitional period (fall) in preparation for the
winter when food may be scarce, ambient temperature declines,
and additional energy is needed for thermoregulation (Florant and
Healy, 2012; Fuglei et al., 2004; Webster et al., 1999; Zhang et al.,
2012; Zhu et al., 2012). During winter, some mammals minimize
lean tissue accretion to conserve body protein (Nunes et al., 1998;
Prestrud and Nilssen, 1992; Webster et al., 1999). Previous studies
found that during winter ghrelin stimulates lipogenesis and food

intake (Tschop et al., 2000). During fall GH was reduced to facilitate
adipose accumulation in preparation for short photoperiod (Fuglei
etal., 2004).In contrast, summer GH concentrations were increased
to facilitate lean tissue accretion mediated by IGF-I (Rosenfeld and
Hwa, 2009). In previous studies of ungulates, IGF-I concentrations
were greater in summer compared with winter and were correlated
with increased lean tissue accretion (Barenton et al., 1988; Comeau
et al., 2008; Webster et al., 1996).

Most research on the role of metabolic hormones in the regu-
lation of seasonal change in body composition has been examined
in species living at middle to high latitudes that exhibit strong sea-
sonal patterns in food intake and body composition (Fuglei et al.,
2004). However, the physiological mechanism for seasonal body
composition is unknown in sub-tropical or tropical species with
less pronounced seasonal patterns. The free-ranging Florida mana-
tee (Trichechus manatus latirostris), a subtropical aquatic mammal,
seasonally shift their habitat preference due to their narrow ther-
moneutral zone (Reynolds and Wilcox, 1986). Manatees tend to
remain relatively inactive in warm water areas during cold air or
ambient temperatures to reserve energy (Reynolds and Rommel,
1996; Reynolds and Wilcox, 1986). Therefore, manatees feed and
forage less frequently resulting in negative energy balance and
blubber loss (Gallivan et al., 1983; Reynolds, 2000). While seasonal
changes in blubber thickness have been observed, the physiologi-
cal mechanisms that contribute to this seasonal difference in body
composition has not been explored in the Florida manatee. The
primary objective of this research was to determine if manatee
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Table 1

Sample size of manatee that were used to quantify hormone concentrations during
photoperiod comparisons from Crystal River and Everglades, Florida from 2005 to
2010.

Age class?® Winter Summer Fall
Male Female Male Female Male Female
Adult 11 10 9 3 2 7
Juvenile 6 3 — — — —
Calf 5 3 - — — —

3 Age classifications were determined based on straight length measurements and
defined as adult >260 cm, juvenile 236-260 cm, calf <236 cm.

exhibit a seasonal physiological response and determine if changes
in ghrelin, GH, and IGF-I were related to changes in seasonal
change in body composition of free-ranging Florida manatee. In
addition, to determine if manatees exhibit the typical mammalian
developmental pattern in these metabolic hormones, hormone
concentrations were assessed in three different age classes of male
manatee.

Material and methods
Sample collection

Research was conducted as part of routine manatee health
assessments performed by the U.S. Geological Survey (USGS)
Sirenia Project and the Florida Fish and Wildlife Conservation
Commission (FWC) from 2005-2010. If individual manatees were
captured in multiple photoperiods, only data collected in one
photoperiod was used for this study. Age class was categorized
for 59 manatees (33 male; 26 female) by standard straight-line
length (tip of snout to tip of paddle), as follows: adult >260 cm;
juvenile 236-260cm; and calf <236cm (Table 1; Bonde et al.,
2012). During long photoperiod (summer; June-August) and the
transitional period (fall; October), samples were collected from
Everglades, Florida using nets in an open-water boat capture
method (Wong et al., 2012). Samples during short photoperiod
(winter; December-February) were collected from Crystal River,
Florida using nets in a land based capture method (Bonde et al.,
2012). During land and boat based captures, a No. 30 or 56 braided
seine twine net 122 m long and up to approximately 8 m deep, with
a 10- to 17-cm stretch knotted nylon mesh was deployed from a
motorized modified mullet skiff with a removable transom. The net
encircled the manatee, and the capture team pulled the net and the
manatee onto the capture boat or river bank (Bonde et al., 2012;
Wong et al., 2012). Manatees were then transported to the health
assessment base on-shore for a medical examination by a team of
biologists and veterinarians.

Blood handling and hormonal analyses

Blood samples were collected within 20 min of capture from
the brachial bundle on the medial aspect of the pectoral flipper
(Bonde et al., 2012; Stamper and Bonde, 2012) using serum sepa-
rator tubes, and stored in a cooler with ice until processing (Bonde
etal., 2012; Bossart et al., 2001; Stamper and Bonde, 2012). Within
1 hofcollection, whole clotted blood was centrifuged at 6000 x g for
10 min. Serum was collected and archived frozen at —80 °C. A phys-
ical exam was conducted which included general appearance, body
temperature, body mass, morphometrics (standard length and axil-
lary girth), and blubber thickness measured via ultrasound (Bonde
et al, 2012; Ward-Geiger, 1997).

Ghrelin concentrations were determined by a heterologous
radioimmunoassay (RIA) kit (GHRT-89HK, Millipore, Billerica, MA).
Manufacturer protocols were precisely followed with one modifi-

cation: all reagent and sample volumes were halved. Radioactivity
of the final pellet was measured using a gamma counter (Wizard
Walla 1470, Perkin Elmer, MA). Serum concentrations of GH and
IGF-1 were determined by heterologous RIA (Richmond and Zinn,
2009). Antisera and standards were purchased from A.F. Parlow,
National Hormone & Peptide Program (Torrance, CA). Rabbit-anti-
porcine antisera for GH (AFP422801) was used with goat secondary
antisera against rabbit y-globulin and porcine GH (AFP10864B)
standard to quantify manatee GH concentrations. Serum concen-
trations of IGF-I were quantified with a rabbit-anti-human IGF-I
antibody (AFP4892898) and purified human IGF-I standard (Lot
#1). Serially diluted pooled serum from free-ranging West Indian
manatees was used to validate heterologous ghrelin, GH, and IGF-
[ RIA. Standard validation parameters including percent recovery,
precision of the assay, parallelism, and dilution linearity were
assessed (Richmond and Zinn, 2009).

Statistical analysis

The homogeneity of variance (HOV) was calculated using the
Bartlett test to determine normality and variance of hormone and
morphometric measures between seasons, sex, and age classes. To
evaluate seasonal differences, measurements of serum ghrelin, GH,
and IGF-I and blubber thickness were analyzed in a general linear
model using an analysis of variance (ANOVA) to determine signifi-
cant differences (SAS Inst. Inc., Cary, NC). Due to the small sample
size (Table 1) sex differences were not statistically tested. A Fisher’s
Least Significant Difference (LSD) post-hoc test was used to deter-
mine differences among seasons (summer, fall, winter). To test the
effect of age, ghrelin, GH, and IGF-I concentrations were analyzed
using an ANOVA in one season. The LSD post-hoc test was used to
determine differences among age classes (calf, juvenile, adult). The
results were presented as the mean =+ standard error (SE). Differ-
ences were considered significant at p-value <0.05 and a trend if
0.05 <p-value <0.10.

Results
Radioimmunoassay validations

Percentage recovery of pooled manatee serum spiked with
human ghrelin standard RIA was 105.7 +9.8%. Dilution series of
pooled manatee serum was parallel to the ghrelin standard curve
(dilution linearity RZ =0.97). The intra- and inter-assay coefficient
of variation (CV) for ghrelin were 10.0 and 8.3, respectively. Per-
centage recovery of pooled manatee serum spiked with porcine
GH standard RIA was 92.5 + 7.9%. Dilution series of pooled mana-
tee serum was parallel to the GH standard curve (dilution linearity
R?=0.98). The intra- and inter-assay CV were 6.3 and 15.6, respec-
tively. Percentage recovery of pooled manatee serum spike with
human IGF-I standard RIA and high and low manatee serum was
93.1 £ 5.7%. Dilution series of pooled manatee serum was parallel
to the IGF-I standard curve (dilution linearity R% =0.95). The intra-
and inter-assay CV were 10.8 and 10.9, respectively.

Seasonal differences

As expected, blubber thickness differed between seasons
(p=0.03; Fig. 1A). Summer manatees had reduced blubber thick-
ness (5.74+0.9mm) compared with the winter (8.740.7 mm)
and fall (8.4+1.0mm) animals. However, no difference was
observed in blubber thickness between fall and winter sea-
sons (p=0.82). Ghrelin concentrations (Fig. 1B) were similar
across all seasons (p=0.66): summer (1255.1+93.2 pg/ml), fall
(1272.8+120.4pg/ml), and winter (1359.2+78.8 pg/ml). There
was a seasonal trend in GH concentrations (p=0.08). Summer
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Table 2

Reported results for ghrelin, GH, and IGF-I validations for manatee serum including dilution linearity, percentage recovery, and intra-assay and inter-assay coefficient of

variation (CV).

Hormone Dilution linearity Percentage recovery? Intra-assay CV* Inter-assay CV?
Ghrelin (pg/ml) ¥=30.383x—90.963R? =0.97 105.7+9.8 9.9+139.0 8.3+110.2
GH (ng/ml) y=12.303x+11.385R?=0.98 92.5+79 6.3+0.9 15.6+£2.5
IGF-I (ng/ml) y=3.0958x+0.7416R? =0.95 93.1+5.7 12.8+10.1 10.3+£25.0

2 Values reported as mean 4 Standard Deviation.

had greater GH concentrations (14.5+ 2.3 ng/ml) compared with
winter at (8.1+1.6ng/ml; p=0.03; Fig. 1C) while there were
no differences between fall (9.14+2.4ng/ml) and either summer
or winter (p=0.12 or 0.71, respectively). Concentrations of IGF-
I were different among seasons (p<0.01; Fig. 1D) with greater
concentrations during summer (164.0+13.2ng/ml) and winter
(147.2+11.7 ng/ml) compared with fall (91.3 & 14.6 ng/ml). There
were no differences in IGF-I concentrations between summer and
winter (p=0.35) (Table 2).

Age class differences

Serum ghrelin concentrations exhibited no significant dif-
ferences among age classes (p=0.12; Fig. 2A) and variance
was also not different among age categories (HOV, p=0.12,
1265.7 +£281.8 pg/ml). Serum concentrations of GH were highly
variable (HOV, p=0.03, 8.0 4.3 ng/ml) among age categories, and
GH concentrations tended (p=0.07; Fig2B) to be greater in calves
(10.3 £1.8 ng/ml) and juveniles (10.1 + 1.6 ng/ml) compared with
adults (6.4 £+ 1.0 ng/ml). There was no significant difference in IGF-I
concentrations (p =0.28; Fig. 2C) between age class and variability
was similar (HOV, p=0.29, 138.7 £ 51.2).

Discussion

While significant research has been conducted on metabolic
hormones in domestic species (pigs [monogastric], cattle and sheep
[ruminant]), very little information is available for exotic species
(Govoni et al., 2011). Even more limited data are available for free-
ranging ungulates and hindgut fermenters. Data presented here
are critical for understanding the normal physiology of the endan-
gered manatee as well as providing important observations for
free-ranging hindgut fermenters.

The Florida manatee exhibited morphological, physiological,
and hormonal differences among season. The Florida manatee may
have similar seasonal patterns compared with temperate species,
revealing that although they are in a warmer climate, moderate
variation in photoperiod and temperature result in physiologi-
cal response. Therefore, these data can provide a better overall
understanding of the physiological response to photoperiod in
species in sub-tropical environments to further monitor and pro-
tect their populations and ecosystems. Moreover, these data can
offer another method of monitoring the Florida manatee health to
help protect and conserve the species.

Seasonal differences

The Florida manatee experiences relatively minor seasonal vari-
ations in temperature, light, and food availability that may lead
to physiological responses to cope with environmental pressures.
They are a subtropical species that have a narrow thermoneutral
zone and low metabolic rate influencing their need to migrate to
warm water sites in order to seek refuge from cold temperatures
(Reynolds and Odell, 1991; Reynolds and Wilcox, 1986). Like other
marine mammals, manatees have blubber, multiple subcutaneous
adipose layers that assist with their thermoregulatory needs during

cold temperatures (Irvine, 1983). Unique to manatees are their thin
alternating layers of blubber and paniculus muscle when compared
with other marine mammals (Irvine, 1983). Concurrent with pre-
vious studies on domestic and wild species, manatees had reduced
blubber thickness during summer compared with fall and winter;
perhaps for advantageous competitive mating with greater adipos-
ity in the fall and winter to maintain positive energy balance due
to cold temperatures and the lack of food (Fuglei et al., 2004; Genin
and Perret, 2000; Zinn et al., 1986). Additionally, increased blubber
thickness in the fall may suggest adipose accumulation for ther-
moregulatory needs and energy demands for the winter season.
Thicker blubber in the winter may be used to reduce thermoregu-
latory costs and provide energy for body maintenance when intake
is reduced (Fuglei et al., 2004; Genin and Perret, 2000; Zinn et al.,
1986).

Similar to sheep, ghrelin concentrations were consistent among
seasons in the free-ranging Florida manatee (Igbal et al., 2006).
In a study by Igbal et al. (2006), sheep were found to be unre-
sponsive to the orexigenic properties of ghrelin because their gut
is consistently full of food and not completely emptied between
feedings (Sugino et al., 2002, 2004). Ghrelin is produced in the
rumen and cecum of ruminant and hindgut fermenting species,
respectively, versus the proximal region of the stomach in mono-
gastric species (Date et al., 2000; Hayashida et al.,2001). The cecum
houses microorganisms that function to digest cellulose in the
process known as hindgut fermentation (Reynolds and Rommel,
1996).In sheep, ghrelin concentrations are consistently maintained
across seasons, resulting in similar food intake throughout the year
(Harrison et al., 2007). Even though sheep are foregut ferment-
ing ruminants while, Florida manatee use hindgut fermentation,
continuous gut fill is important for the efficiency of both digestive
strategies. Although, studies have not been performed in manatees
to determine where the abundance of ghrelin-producing cells are
located it can be hypothesized that it may be in the cecum, similar
to other hindgut fermenters (Hayashida et al., 2001). The gastroin-
testinal tract, including the cecum, of a manatee is not fully emptied
between meals. Therefore ghrelin concentrations may not differ
significantly among seasons because of the continuous presence of
food in the lumen of the gastrointestinal tract (Igbal et al., 2006;
Reynolds and Rommel, 1996).

Growth hormone plays a role in tissue specific nutrient par-
titioning (Breier, 1999). Elevated GH concentrations promote
lipolysis and inhibit lipogenesis (Breier, 1999; Fuglei et al., 2000).
Greater GH concentrations in association with reduced blubber
thickness in the summer suggests GH is stimulating IGF-I and pro-
tein accretion (Blumenthal et al.,, 2011; Breier, 1999). Whereas
reduced GH in the winter and greater blubber thickness suggests
blubber is being maintained or accumulated (Webster et al., 1996)
instead of favoring adipose mobilization (lipolysis) for maintenance
energy needs (Fuglei et al., 2000).

In previous ungulate studies, a seasonal response of IGF-I was
evident. Concentrations were greater in the summer compared
with the winter and were positively correlated with tissue accre-
tion (Barenton et al., 1988; Webster et al., 1996). Manatees were
predicted to have a similar response. As expected, IGF-I concen-
trations were greater in the summer; however, they did not differ
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Fig. 2. (A-C) Average hormone concentrations among age classes (calves, juveniles,
adults) during the winter from 2005-2010 in the free-ranging Florida manatee. Val-
ues presented as the mean & SE in (A) ghrelin (pg/ml) (B) GH (ng/ml) and (C) IGF-I
(ng/ml). Black dots are outliers beyond two standard deviations of the mean.

significantly from winter concentrations. In addition, IGF-I concen-
trations were reduced in the fall which was unexpected given the
greater blubber depth in fall compared with summer suggesting
adipose accumulation. Although, previous research suggests ani-
mals in temperate climates have greater IGF-I concentrations in

the fall compared with winter for adipose accumulation (Webster
et al., 1996; Fuglei et al., 2004), perhaps low concentrations of IGF-
[ in the Florida manatee are sufficient to increase and maintain
blubber. Alternatively, these reduced IGF-I concentrations in the
fall may suggest reduced intake as manatee are traveling to warm
water refuge for the winter (Reynolds and Rommel, 1996).
Insulin-like growth factor-I stimulates protein accretion and
works with GH to facilitate adipose and lean tissue accretion
(Gautsch et al., 1998; Hornick et al., 2000). Greater concentrations
of GH and IGF-I are positively correlated with growth rate and food
intake in red deer during the spring season and are thought to pro-
duce rapid lean tissue accretion (Adam et al., 1996; Suttie et al.,
1989; Webster et al., 1996). Alternatively, reduced GH concentra-
tions in association with greater IGF-I concentrations during the
fall and winter suggest the facilitation of lipogenesis (Rosenfeld
and Hwa, 2009). Manatees had elevated GH and IGF-I concentra-
tions in conjunction with reduced blubber, suggesting lean tissue
accretion. This may be beneficial to manatees due to the peak in
mating activity and reproductive demands during the summer and
fall seasons (Hartman, 1979; Reep and Bonde, 2006; Rosenfeld and
Hwa, 2009). Although GH concentrations were not significantly dif-
ferent in fall compared with summer and winter, greater GH from
summer to winter in conjunction with reduced IGF-I and greater
blubber thickness suggest manatees may be accumulating adipose
for the winter as seen in other species like the arctic fox and red
deer (Fuglei et al., 2004; Webster et al., 1996, 1999). Greater IGF-I,
reduced GH, in conjunction with greater blubber thickness dur-
ing the winter may suggest maintenance of blubber stores to meet
the thermoregulatory needs due to colder temperatures. Chang-
ing hormone concentrations in association with blubber thickness
among summer, fall, and winter seasons suggest seasonal changes
in nutrient priorities in the Florida manatee follow a similar pattern.

Age-class differences

While little is known about ghrelin during post-natal develop-
ment, the role of GH and IGF-I have been well studied in domestic
species growth and development. Most species exhibit an age
related decline in GH while IGF-I generally increases with age
(Comeau et al., 2008; Govoni et al., 2003; Harrell et al., 1999).
Importantly, both GH and IGF-I are elevated during periods of
rapid growth such as the early post-natal period as well as puberty
(Govoni et al., 2003; Harrell et al., 1999). Manatee were hypoth-
esized to follow a similar pattern; however, in this study not all
hormones exhibited the typically mammalian developmental pat-
tern.

Ghrelin is highly conserved across species (Kojima et al., 1999),
and is found primarily in the stomach (Ariyasu et al., 2001; Date
et al., 2000). Although ghrelin is known to stimulate food intake,
adiposity, and the release of GH (Korbonits et al., 2004; Nakazato
et al., 2001; Tschop et al., 2000), the role ghrelin plays in develop-
ment is still unclear (Akimoto et al., 2011; Chanoine et al., 2006).
Although there are limited studies on the ontogeny of ghrelin, it was
hypothesized that ghrelin concentrations may be constant between
age classes species to stimulate appetite maintain a positive nutri-
tional status. In the present study, ghrelin concentrations exhibited
no differences among age classes in the free-ranging Florida man-
atee. Manatee are hindgut fermenters with food continuously in
their gastrointestinal tract which may be contributing to consis-
tent ghrelin concentrations between age classes (Igbal et al., 2006;
Reynolds and Rommel, 1996). This may also suggest food intake is
relatively constant with maturation in manatees.

In most mammalian species including humans, cattle, and
sheep, GH generally declines with age, with increased secretion
during the perinatal and pubescent stages associated with peri-
ods of increased growth rate (Albertsson-Wikland et al., 1994;
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Anderson et al., 1988; Blackman et al., 1994; Martha et al., 1992;
Schwarz et al.,, 1992). Similar to these species, the free-ranging
Florida manatee exhibited reduced GH concentrations in adults
compared with calves and juveniles. Manatee calf growth rate is
high the first few years of life during and after nursing. Calves range
from 91 to 137 cm in length at birth and can reach 152 to 183 cm
within the first two years of life (Odell, 1982). As seen in previ-
ous research, greater GH concentrations in calves and juveniles
suggest a greater growth rate (Anderson et al., 1988; Albertsson-
Wikland et al., 1994; Blackman et al., 1994; Martha et al., 1992;
Schwarz et al., 1992). In addition, the juvenile age class exhibited
a wide range of GH concentrations demonstrating high variabil-
ity. The juveniles used in this study may include prepubescent and
pubescent individuals increasing the likelihood that some animals
may be experiencing rapid growth which may also explain the
wide range of GH concentrations; increased GH concentrations in
individuals experiencing puberty and therefore, growth, may con-
tribute to the high variability observed in this group (Govoni et al.,
2003; Marmontel, 1993; Schwarz et al., 1992; Zinn et al., 1989).

Serum IGF-I concentrations are known to increase significantly
during the first few years of life and then begin to decrease with
age eventually plateauing after puberty (Blackman et al., 1994;
Comeau et al., 2008; Gatford et al., 1996; Govoni et al., 2003;
Harrell et al., 1999; Schwarz et al., 1992). Surprisingly, there were
no differences in IGF-I concentrations among age classes in the
free-ranging Florida manatee. Previous studies found human, cat-
tle, pig, and lamb IGF-I concentrations were initially elevated while
nursing, reduced post-weaning, followed by an increase as ani-
mals approach puberty, and plateaued when individuals reached
puberty (Blackman et al., 1994; Gatford et al., 1996; Govoni et al.,
2003; Harrell et al., 1999; Schwarz et al., 1992). It is likely that the
manatee calves used for the current study were no longer in their
initial perinatal stage when captured; neonate calves are not often
captured during health assessments due to the stress placed on the
calf and its mother. In addition, the manatee calves used for the
present study may no longer have been nursing and therefore, IGF-
I concentrations were consistent among the age classes. Younger
nursing calves may exhibit increased IGF-I concentrations similar
to other mammalian species.

During normal physiological conditions, GH stimulates the
release of IGF-1. Together the hormones are associated with growth
rate and protein metabolism. Increased GH and IGF-I concentra-
tions in the perinatal and pubescent stages of life in domestic
species promote increased growth rate (Albertsson-Wikland et al.,
1994; Anderson et al., 1988; Blackman et al., 1994; Martha et al.,
1992; Schwarz et al., 1992). In the current study, greater GH con-
centrations and consistent IGF-I and ghrelin concentrations in calf
and juvenile manatees suggest greater growth rate. Although, IGF-
I and ghrelin concentrations were consistent with the adult age
class, greater GH may stimulate growth. Whereas reduced GH in
adults and the consistency in IGF-1 and ghrelin concentrations may
no longer stimulate growth rate, but rather changes in body com-
position. The differences in GH between age classes suggest that
there are age-related changes occurring; however, future research
needs to be conducted to further understand how these hormones
specifically impact growth rate in the Florida manatee.

Conclusions

Based on previous seasonal research conducted in high lat-
itude mammals, manatees shared interesting seasonal patterns
with temperate species. However, age related changes in metabolic
hormones did not follow the typical mammalian pattern. Ghrelin,
GH, and IGF-I profiles in conjunction with body composition
changes between seasons indicated seasonal adjustments in man-

atee tissue-specific nutrient partitioning. Ghrelin concentrations
were similar to domestic ruminant species remaining consistent
through changes in season. These data suggest manatees are prior-
itizing lean tissue accretion during the summer for potential mating
and reproductive demands, whereas, manatees may be prioritiz-
ing adiposity in the fall and winter for energy maintenance and
thermoregulatory needs.

The Florida manatee is an endangered species protected by the
Marine Mammal Protection Act (MMPA, 1972) and the Endangered
Species Act (ESA, 1973). While ecological and population studies
have been conducted in this species, limited research has been
completed on the physiology of manatee. Understanding the nor-
mal physiological mechanisms that contribute to manatee growth,
development, and changes in nutrient intake are important consid-
erations for understanding how manatee will cope with changing
environmental conditions. The Florida manatee has alow metabolic
rate compared to other mammals that reduces their ability to main-
tain their core body temperature during the winter season which
contributes to their susceptibility to cold and ultimately induces a
physiological reaction contributing to clinical symptoms (i.e., ema-
ciation, fat store depletion) and disease referred to as cold-stress
syndrome (Bossart et al., 2002; Irvine, 1983). Determining the nor-
mal pattern of seasonality in the Florida manatee may provide a
better understanding for managers to develop successful methods
to determine population health status and further the survival of
the species.
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