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Status and Threats Analysis for the Florida Manatee
(Trichechus manatus latirostris), 2012

By Michael C. Runge, " Catherine A. Langtimm,2 Julien Martin,2 and Christopher J. Fonnesbeck?

Abstract

The endangered West Indian manatee (7richechus manatus), especially the Florida subspecies
(T. m. latirostris), has been the focus of conservation efforts and extensive research since its listing
under the Endangered Species Act. On the basis of the best information available as of December 2012,
the threats facing the Florida manatee were determined to be less severe than previously thought, either
because the conservation efforts have been successful, or because our knowledge of the demographic
effects of those threats is increased, or both. Using the manatee Core Biological Model, we estimated
the probability of the Florida manatee population on either the Atlantic or Gulf coast falling below 500
adults in the next 150 years to be 0.92 percent. The primary threats remain watercraft-related mortality
and long-term loss of warm-water habitat. Since 2009, however, there have been a number of unusual
events that have not yet been incorporated into this analysis, including several severely cold winters, a
severe red-tide die off, and substantial loss of seagrass habitat in Brevard County, Fla. Further, the
version of the Core Biological Model used in 2012 makes a number of assumptions that are under
investigation. A revision of the Core Biological Model and an update of this quantitative threats analysis
are underway as of 2015.

Introduction

In 2007, the U.S. Fish and Wildlife Service (FWS) published a 5-year status review of the West
Indian manatee (7richechus manatus Linnaeus; FWS, 2007), incorporating a U.S. Geological Survey-
(USGS) led quantitative threats analysis for the Florida manatee (7richechus manatus latirostris; Runge
and others, 2007b). In preparation for a new 5-year status review, this threats analysis is being updated.
This report contains preliminary results from such a threats analysis; information is current as of
December 2012. On March 1, 2013, the stipulations of the Budget Control Act of 2011 (Publ. L. 112-
25) led to automatic spending cuts (sequestration) across many Federal agencies, including the
Department of the Interior. As a result of sequestration, work on the 5-year status review and work on
the quantitative threats analysis ceased. Work is beginning in 2015 to update the threats analysis with
the most current information, but this report is being provided as an interim source of information.

Like the 2007 threats analysis, this study uses a quantitative approach grounded in the
assumption that an appropriate measure of status under the Endangered Species Act (ESA; 16 U.S.C. §
1531 et seq.) is based on the risk of extinction, as quantified by the probability of quasi-extinction. This
study is related to the qualitative threats analyses that are more common under the ESA but provides an

Us. Geological Survey, Patuxent Wildlife Research Center, Laurel, Md.
2U.S. Geological Survey, Southeast Ecological Science Center, Gainesville, Fla.
*Vanderbilt University School of Medicine, Department of Biostatistics, Nashville, Tenn.
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additional level of rigor, objectivity, and integration. In this approach, our philosophy is that analysis of
the five threat factors described in Section 4(a)(1) of the ESA (habitat loss, overutilization, disease or
predation, inadequacy of existing regulatory mechanisms, and other natural or manmade factors) can be
undertaken within an overarching quantitative framework. The use of the probability of quasi-extinction
as a metric can integrate the threats identified by the five factors, quantify their relative effects, and
provide an understanding of the trade-offs among them.

Florida manatee populations have experienced a number of unusual events since the last 5-year
status review (FWS, 2007) that are not yet reflected in the analysis in this report: severe cold in the
winters of 2009—10 and 201011, extensive loss of seagrass habitat in Indian River Lagoon in Brevard
County, Fla., in 2011 and 2012, a severe red tide in the Southwest region in 2013; and an unusual
mortality event of unknown cause in Brevard County in 2013. The potential effects of these particular
events is being explored in 2015.

This report presents survival rates for Florida manatees, fractions of mortality resulting from
various causes, and the probability of the adult population falling below 100, 250, or 500 manatees in
four regions in Florida using data available as of 2012. The relative strength of various threats to the
persistence of Florida manatees are shown in figures and tables.

Methods

The basis of this threats analysis is a comparative population viability analysis. This involves
forecasting the Florida manatee population under scenarios that differ in the presence of various threats,
while accounting for process variation (environmental, demographic, and catastrophic stochasticity), as
well as parametric and structural uncertainty. The description of the methods in the 2007 threats analysis
(Runge and others, 2007b) largely holds, but we have been able to update a number of aspects. The
structure of the core model has been updated, new estimates of warm-water capacity have been
produced, and new estimates are available for most of the parameters in the model, including survival
rates and fractions of mortality.

Population Model

The Manatee Core Biological Model (CBM) (Runge and others, 2007a) was used as the
modeling framework for this analysis. This model is a stage-based projection model for Florida
manatees, incorporating environmental and demographic stochasticity, catastrophes, density
dependence, and long-term change in carrying capacity. The model tracks manatees in the four
geographic regions of Florida (Atlantic, Upper St. Johns, Northwest, and Southwest) separately and
does not account for movement between them. Importantly, the CBM explicitly incorporates uncertainty
about the parameters in the model.

The structure of the CBM (version 5.03) was updated in several ways. First and most
importantly, we developed a more nuanced method of incorporating density dependence resulting from
winter habitat limitation. A panel of experts (see the section “Warm-Water Capacity’’) had
recommended distinguishing high- and medium-quality warm-water sites, estimating capacity
separately for those classes of sites, and applying differential mortality in those classes of sites during
severe, cold, and mild winters. These dynamics, along with behavioral rules for the manner in which
manatees choose among these sites, have been incorporated. There are several ways that manatees may
choose sites; the CBM allows for the incorporation of structural uncertainty about this behavior by
including several different mechanisms. Under the “ideal despotic” distribution hypothesis, manatees
preferentially choose high-quality sites, then spill into medium-quality sites once the high-quality sites
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are filled. To reflect the attractiveness of industrial sites, the results included in this report use the
“ecological trap” distribution hypothesis in which manatees preferentially choose medium-quality
industrial sites over high-quality natural sites and spill into medium-quality natural sites only if the other
two classes are filled. Second, recent survival analyses (see the section “Survival Rates”) have identified
an important red-tide effect in certain years in the Southwest region. This information was used to
incorporate a better representation of severe red-tide effects than had been previously modeled (as a
“Type 2 catastrophe”, Runge and others, 2007a). Other changes to the CBM largely govern how
parameters were estimated.

We examined five major threats identified in the Manatee Recovery Plan: watercraft-related
mortality, loss of warm-water habitat, red tide, mortality in water-control structures (gates and locks),
and mortality resulting from interaction with marine debris (for example, fishing lines, trap lines). The
details of how we modeled these threats are presented in subsequent sections.

Warm-Water Carrying Capacity

Between November 2011 and May 2012, an expert elicitation process was undertaken to
estimate the carrying capacity for manatees in the State of Florida, currently and through the next
century. An expert panel was convened with participants from Federal agencies, state agencies, non-
governmental organizations, and private industry. The combined judgement of the expert panel was that
the availability of winter refugia acts as a limiting factor for the population size of Florida manatees.
The panel defined carrying capacity as the number of manatees that could survive winters of varying
severity, taking into account the spatial extent of thermal refuges; the availability of food resources in
proximity to those refuges; and the behavior of manatees, including their tolerance for human
disturbance. The panel had access to a recent study of warm-water site characteristics (Provancha and
others, 2012) but also took into account other considerations. The panel distinguished high-quality
capacity (capacity associated with natural warm-water sites that provide water of at least 22 degrees
Celsius ["C], even in the most severe winters) and medium-quality capacity (capacity associated with
natural or industrial warm-water sites that provide water of at least 18 °C in severe winters and 20 °C in
most cold winters). The panel forecast losses in warm-water habitat over the next century, primarily
driven by reduction in spring flow and retirement of power generation plants that produce warm
effluent.

Survival Rates

Since the 2007 FWS 5-year status review, the database managers at USGS Sirenia Project,
Florida Fish and Wildlife Research Institute (FWRI), and Mote Marine Laboratory (Mote) completed a
major upgrade of the Interagency Manatee Individual Photo-Identification System (MIPS), which now
includes the use of digital images and common protocols for collecting and processing data, storing data
in a common database, and error checking. Additional years of monitoring data, both live sightings and
dead recovery, were added to the database. By the end of 2012, however, data processing had not yet
been completed for the extreme cold winters of 2009—2010 and 2010-2011, which killed a large number
of manatees as documented by carcass recovery and necropsy data (Barlas and others, 2011).

Individual manataees were included in the analysis according to the selection rules described in
previous publications (Langtimm and others, 1998; Langtimm and others, 2004; Runge and others,
2007a). Annual survival estimates were based on the entire period of record, for which the sampling
periods were winter 1982—83 through 2008—09 for the Northwest and Atlantic regions, winter 1985-86
through 2008—-09 for the Upper St. Johns region, and winter 1995-96 through 2008—09 for the
Southwest region.
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A new mark-recapture statistical model was applied to the data that accounts for bias in survival
estimates at the end of the time series identified in previous work (Langtimm and others, 2004;
Langtimm, 2009). The Barker closed-population robust design (Barker/RD) model (Kendall and others,
2013) jointly analyzes three types of data—Ilive sightings of MIPS individuals at the major aggregation
sites during the winter season, additional live sightings of those individuals at other locations (anywhere
in the southeastern United States) and at other times, and matches to recovered dead carcasses. A
simulation study based on analyses of data generated under known parameters of survival, detection,
and dead recovery rates demonstrated reduced bias and increased precision using this modeling
approach (Pefaloza and others, 2014). The model was run in the program MARK (White and Burnham,
1999).

We determined mean annual survival rate for the period of record for each region, but because of
possible remaining bias as documented in the simulation study (Pefialoza and others, 2014), we dropped
the survival estimate for 2008 for all regions. We calculated temporal variance according to the method
of Burnham and others (1987). In the Southwest region, we included a covariate for severe red-tide
years (1996, 2003, 2005, 2006) and estimated the additional mortality rate for those years.

Fractions of Mortality

In order to model the effects of several of the threats, an estimate of the fractions of mortality
resulting from each of six causes (watercraft, water-control structures, interaction with marine debris,
cold, red tide, and other) was needed. We used data from the Florida Fish and Wildlife Conservation
Commission’s manatee carcass recovery program, 2001-09. Causes of mortality were tabulated for
adults (body length > 265 centimeters [cm]), subadults (236—265 cm) and calves (151-235 cm) in each
region. Carcasses from perinatal mortalities were not included in the analysis. In the fractions-of-
mortality analysis, adults and subadults were combined into a single “adult” category (adults and
subadults are treated separately in the survival analyses and the population model itself). Note that this
size classification differs from that used in the previous analysis (Runge and others, 2007b). The cause
of death cannot be determined for a substantial proportion (approximately one-third) of the recovered
carcasses, and the fraction of mortality resulting from each cause may be different in the unknown cases
than in the known cases. This creates considerable uncertainty in the estimate of the overall fractions of
mortality; accounting for this uncertainty was a primary purpose of the analysis of these data. To
estimate these underlying fractions of mortality and their uncertainty, we built a Bayesian hierarchical
model that captured the sampling processes for both the known and unknown carcasses. Cause of death
proportions (for known and unknown carcasses together) were specified as the parameters of a
multinomial distribution. We assumed the known carcasses were correctly classified. We modeled the
causes of death for the unknown carcasses as a multinomial distribution with fractions of mortality that
could differ from the fractions for the known carcasses. For the Southwest region, an effect owing to
severe red-tide years (2003, 2005, 2006) was included. A weak prior distribution (Dirichlet
[1,1,1,1,1,1]) was placed on the fractions of mortality in the unknown carcasses; this distribution gives
no prior preference to any cause of death in the carcasses of unknown cause. Sensitivity of the results to
the prior distribution was investigated, and only a minor effect was found. No compelling case could be
made for an alternative prior distribution. Parameters were estimated by Markov Chain Monte Carlo
using Dr. C.J. Fonnesbeck’s software, PyMC. Chains of the length 1,000,000 were generated, a 900,000
iteration burn-in sample was removed, and the remaining sample thinned by a factor of 10 to produce a
posterior sample of 10,000. The posterior distributions of the fractions of mortality in the population
were used in the CBM to capture the uncertainty in these parameters.
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Other Parameters

Nearly all of the other parameters in the CBM were reviewed and updated following the same
methods used in Runge and others (2007a). The details are not included here, except to note that the
2011 synoptic survey results were used as the starting population sizes in each region.

Modeling the Threats

The methods for modeling the threats are unchanged from Runge and others (2007b) but are
reiterated here for clarity. We removed the five threats one at a time and compared the results of the
model to the status quo (the baseline parameters in the CBM project the population in the continued
presence of all identified threats). It is important to note that these scenarios were “all or nothing”; either
a particular threat was there at its current level (and remained at that level indefinitely) or it was
removed completely.

For three of the threats (mortality owing to watercraft, water-control structures, and
entanglement in marine debris), we “removed” the threat by reducing regional mortality of adults and
calves by the fractions estimated with the Bayesian methods described above. This assumes that the
causes of mortality are additive, not compensatory. For instance, in a particular replicate, if the status
quo scenario had an adult survival rate of 0.94, and the fraction of adult mortality owing to watercraft
was 40 percent, then the “no watercraft mortality” scenario used an adult survival rate of 0.964 (this is a
40% interpolation between 0.94 and 1.0). To account for uncertainty, each replicate has a different base
survival rate and fraction of mortality, based on the sampling distributions for each. The fractions of
adult mortality were applied to the survival rates for subadults (age 3+) and adults; the fractions of calf
mortality were applied to the survival rates for first- and second-year calves. Note that the fractions of
mortality owing to cold and background red tide (different from severe red tide) were treated as part of
the baseline mortality and were not removed in any of the scenarios.

For the threat resulting from loss of warm-water habitat, we removed the threat in the model by
maintaining winter warm-water capacity at current levels for the indefinite future, rather than having
that capacity drop at the currently anticipated rates. For manatees that rely primarily on first-order
springs (Upper St. Johns and Northwest regions), this could happen either by preservation of existing
spring flow and protection (through management of minimum flow levels, such as proposed for Blue
Spring [Rouhani and others, 2007]) or by mitigation that exactly matches the anticipated loss (for
example, through increasing access to and protection of other springs). For manatees that rely primarily
on industrial warm-water effluents (Atlantic and Southwest regions), this could happen by maintaining
those industrial effluents at their existing levels, through restoration of natural habitats in those areas, or
by replacing lost warm-water capacity using alternative technologies (for example, solar-heated
refuges). Note that in the scenario that removed this threat, cold-related mortality owing to loss of
warm-water capacity was reduced, but background, density-independent cold-related mortality (as
captured in the fractions-of-mortality analysis) remained.

For red tide, we removed the threat from the model by setting the probability of occurrence of a
severe red-tide event to zero. Background levels of red-tide mortality occur every year and are already
incorporated into the estimates of survival. In the CBM, catastrophic red-tide mortality represents the
periods of severe mortality events. An expert panel projected that these events will occur with 45-
percent frequency (80% uncertainty range, 19—74%) in the Southwest region, 8 percent (80%
uncertainty range, 0—15%) in the Northwest region, and 15 percent (80% uncertainty range, 6-25%) in
the Atlantic region. In the survival analysis for the Southwest region, a severe red-tide year reduced
survival by 2.17 percent (standard error, 0.84%). The expert panel estimated that this effect would be
only 35 percent as large (14-55%) in the Northwest region and 38% as large (18—58%) in the Atlantic
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region. To project the population in the absence of this threat, the probability of severe red-tide
mortality was set to zero. But note that background levels of red-tide remain, particularly in the
Southwest region.

Measuring the Effects of the Threats

We examined the population size over time under the six scenarios considered (status quo plus
removal of each of the five threats, one at a time). To provide context, trends in the total population size
were included, but the focus was on examining quasi-extinction over different time frames and for
different levels of effective population size. We assumed that a relevant measure of status, for
classification under the ESA and perhaps for other purposes, can be expressed as the probability of
quasi-extinction over the ensuing y years, where quasi-extinction is defined as an effective population
size of fewer than z on either the East coast or the Gulf coast. Note that y and the probabilities of quasi-
extinction that designate a change in status are policy parameters that have not yet been determined for
manatees; given that, the results over a reasonable range of values are presented in the “Results” section.
The threshold effective population for quasi-extinction, z, is governed more by biology than policy, but
a level has not yet been agreed upon, so we present a range of values. The East coast comprises the
Upper St. Johns and Atlantic regions, and the Gulf coast comprises the Northwest and Southwest
regions. In the analysis, we equated the effective population size with the adult population size, based
on the open mating system of manatees. (In the population model, adults include females 4.5 years and
older that have previously bred and males 4.5 years and older.) After this analysis was completed in
2012, a new study estimated the ratio of effective population size to adult population size to be about 0.5
for Florida manatees (Tucker and others, 2012). This new understanding will be incorporated into future
updates of the CBM and should be taken into account when interpreting the results herein (for example,
if the desire is to evaluate the probability of quasi-extinction for an effective population size of 250, the
results associated with an adult population size of 500 need to be examined).

These probabilities of quasi-extinction, then, serve as a measure of status of the population and
are compared across scenarios with different threats removed. This comparison provides a measure of
the relative effect of each threat on the manatee population.

Results

Warm-Water Capacity

Statewide, the median estimate of current capacity at all high-quality sites was 5,309 individuals
(80% credible interval [CI], 2,425-12,464 individuals; fig. 14), and the median estimate of current
capacity at medium-quality sites was 10,122 individuals (80% CI, 6,528—17,345 individuals; fig. 1B).
Over the next century (2010-2110), a significant portion of this capacity is expected to be lost through
retirement of industrial facilities and reduction in spring flow. Statewide, the median estimate of long-
term high-quality capacity was 4,251 individuals (80% CI, 1,909-9,873 individuals; fig. 14) and
medium-quality capacity was 2,353 (80% CI, 1,072—6,326 individuals; fig. 1B). That is, the average
long-term loss of capacity is expected to be 18.6 percent (10.8-30.3%) at high-quality sites, and
75.5 percent (49.8-88.8%) at medium-quality sites.
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shown reflect uncertainty in the capacity. The projections and their uncertainty were estimated using an

expert-panel process, informed by site-based empirical estimates.

Survival Rates

The regional adult manatee survival rates are shown in table 1. In all cases, these values are
higher than past estimates and considerably more precise. Using the deterministic model of Runge and

others (2004), the confidence ellipses for survival and breeding rate can be superimposed on a contour

plot of the asymptotic population growth rate (A) (fig. 2). In the Atlantic, Northwest, and Upper St.

Johns regions, the growth rates have been demonstrably greater than 1 (positive growth) over the recent

past (1983-2007). In the Southwest, the growth rate has been greater than 1, but if the severe red-tide

frequency increases, the growth rate could stabilize or begin to decline.
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Table 1.  Florida manatee adult survival rates for four regions in Florida, 1983-2007.

[In all cases, observations during the winter of 2008/2009 were included in the data analysis, but 1-2 annual estimates at the
end of the time series were dropped because of concerns about bias. Note that the estimate for the Southwest region is for
years in which there is not a severe red-tide. Source: Langtimm and others, U.S. Geological Survey, written commun., 2015]

Region Mean Standard Error Years
Atlantic 0.967 0.004 1983-2007
Upper St. John’s 0.975 0.004 1986-2006
Northwest 0.977 0.003 1983-2007
Southwest 0.971 0.004 1996-2007
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Figure 2.  Contour plot of the asymptotic population growth rate (A) as a function of adult

survival rate and breeding rate. The ellipses show the 95-percent confidence bounds for
the past survival and breeding rates in the four regions over the period of analysis,
1983-2007. Three ellipses are shown for the Southwest: survival rates without severe red
tide (SW-1); survival rates with red tide at the rate seen in 19962007 (SW-2); and survival
rates with constant severe red tide (SW-3). The expert panel that was consulted projected
that severe red tide will be more frequent in the future than the past, suggesting an ellipse
between SW-2 and SW-3. Atl, Atlantic region; NW, Northwest region; SW, Southwest
region; USJ, Upper St. Johns region.
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Fractions of Mortality

The fractions of mortality owing to watercraft, water-control structures, entanglement in
marine debris, cold stress, and red tide for the period 2001-09 are shown in table 2. In some cases, the
95-percent credible intervals are quite wide, especially for the Upper St. Johns and Southwest regions
because of the uncertainty induced by the carcasses for which cause of death could not be determined,
but note that this uncertainty is bounded. For example, in the Atlantic region during 2001-09, watercraft
was known to be the cause of death for 276 adult and subadult carcasses, water-control structures for 6,
marine debris for 7, cold stress for 28, red tide for 9, and other causes for 90. The cause of death could
not be determined for an additional 210 carcasses (total 626). Thus, the fraction of mortality owing to
watercraft alone must be at least 0.441 (276/626), which would be the case if none of the unknown
carcasses were due to watercraft. If the causes of death for the unknown carcasses are in the same
proportions as for the known carcasses, then the fraction of mortality owing to watercraft would be
0.663 (276/416). Finally, on the upper end, if all of the unknown carcasses resulted from watercraft,
then the fraction of mortality would be 0.776 (486/626). Thus, the fraction of adult mortality owing to
watercraft in the Atlantic region is bounded by (0.441, 0.776). The Bayesian analysis reflects these
bounds and provides some additional precision so that the 95-percent credible interval is (0.56, 0.69).
The posterior distributions for the fractions of adult mortality owing to watercraft are shown for the
Southwest and Atlantic regions (fig. 3). The proportion of deaths owing to watercraft in the Southwest
region is lower than in the Atlantic region because of the inclusion of background red-tide mortality in
the former. Note that had two other “non-red tide” years (2002, 2007) with moderate red-tide mortality
been excluded from background calculations, then the proportion of adult deaths owing to watercraft in
the Southwest region would have been similar to that in the Atlantic region.
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Table 2.  Fractions of mortality due to various causes based on Bayesian analysis of the carcass salvage data,
2001-09.

[The mean and 95-percent credible intervals (CI) from the posterior distributions are shown; the credible intervals reflect
uncertainty in the estimate of these parameters. Five of the causes are shown, while the sixth (other causes) is the
complement of their sum. Water-control structure (WCS) mortality includes entrapment and crushing in gates and locks. In
the Southwest, the fractions of mortality are for years in which there is not a severe red tide; in such years, the red-tide
fraction increases and all other fractions decrease proportionally. In the Upper St. Johns region, red tide is not observed and
is assumed to never occur, thus no credible interval is calculated (--)]

Redi c Adult Calf
eglon ause Mean 95% Cl Mean 95% Cl
Atlantic
Watercraft 0.62 (0.56, 0.69) 0.16 (0.12,0.22)
WCS 0.01 (0.00, 0.02) 0.00 (0.00, 0.01)
Marine debris 0.01 (0.00, 0.02) 0.01 (0.00, 0.02)
Cold stress 0.10 (0.06, 0.15) 0.49 (0.40, 0.58)
Red tide 0.05 (0.02, 0.10) 0.03 (0.01,0.11)
Upper St. Johns
Watercraft 0.50 (0.29, 0.78) 0.61 (0.27, 0.88)
WCS 0.05 (0.01, 0.13) 0.07 (0.00, 0.24)
Marine debris 0.05 (0.01, 0.13) 0.06 (0.00, 0.26)
Cold stress 0.31 (0.08, 0.55) 0.18 (0.03, 0.46)
Red tide 0.00 -- 0.00 --
Northwest
Watercraft 0.54 (0.38, 0.69) 0.36 (0.22,0.51)
WCS 0.01 (0.00, 0.04) 0.02 (0.00, 0.08)
Marine debris 0.03 (0.01, 0.08) 0.02 (0.00, 0.08)
Cold stress 0.23 (0.10,0.41) 0.27 (0.14, 0.46)
Red tide 0.02 (0.00, 0.06) 0.02 (0.00, 0.08)
Southwest
Watercraft 0.47 (0.43, 0.50) 0.24 (0.17,0.31)
WCS 0.03 (0.02, 0.06) 0.00 (0.00, 0.01)
Marine debris 0.01 (0.00, 0.02) 0.00 (0.00, 0.01)
Cold stress 0.08 (0.05, 0.10) 0.39 (0.33, 0.45)
Red tide 0.32 (0.28, 0.36) 0.23 (0.16, 0.30)
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A. Southwest
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B. Atlantic
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Fraction of mortality due to watercraft

Figure 3. Histograms of fraction of adult mortality resulting from watercraft,
based on data from 2001 to 2009 for the A, Southwest and B, Atlantic regions of
Florida. These histograms are posterior distributions from the Bayesian analysis
of the carcass salvage data and reflect the range of uncertainty in these
parameters. These two fractions of mortality are shown for purposes of
illustration; the credible intervals for all fractions of mortality are listed in Table 2.

Total Population Size

Under the status quo scenario, the statewide population is expected to increase slowly, nearly
doubling over 50 years, then stabilize as the population reaches a statewide carrying capacity (fig. 4). In
the average projection, little decline is seen in the long term, largely because the loss of warm-water
capacity is expected to occur before the population reaches the long-term carrying capacity. The model
for warm-water capacity assumes that the capacity stabilizes at some lower level in about 50 years, after
all the industrial plants are closed and further decreases in spring flow are halted; the mean population
size stabilizes in turn, although it takes some time for this to occur. There is considerable uncertainty in
the future projections of population size, as shown by the wide projection intervals. This uncertainty
arises from uncertainty about the underlying demographic parameters that drive this population,
uncertainty about the current and future warm-water capacity, and chance future events (stochasticity).
Nevertheless, the model predicts that it is unlikely (<2.5-percent chance) the statewide population will
fall below 4,000 individuals over the next 100 years, assuming the current threats remain at their current
levels indefinitely.
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Figure 4. Projected Florida manatee population size under the status quo scenario,
2010-2110. The bold line depicts the median population size; the shaded area represents
the 90-percent projection intervals.

Under the status quo scenario, a substantial shift in the distribution of manatees within the State
is expected with the Northwest and Upper St. Johns regions showing large projected increases, and the
Southwest and Atlantic regions showing moderate long-term decreases (fig. 5). Currently, 17.4 percent
of the statewide population is found in the Northwest and Upper St. Johns regions (based on the 2011
synoptic survey); this is expected to increase to 69.6 percent in 100 years (based on the mean
projections from the status quo scenario). In both the Northwest and Upper St. Johns regions, the warm-
water expert panel estimated that there is substantially more capacity for manatees than is currently
realized, and while this capacity is expected to decrease owing to loss of spring flow, most of that loss is
expected to occur before the manatee population increases enough to reach capacity, thus no observed
decline is expected in the median projections (fig. 5). In the Southwest and Atlantic regions, however,
the long-term capacity is not estimated to be substantially larger than the current population sizes
because substantial loss of capacity is expected through the loss of industrial effluents. Thus, the
populations are expected to increase slightly over the next several decades but then show long-term
decline with the loss of warm-water capacity (fig. 5).
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Figure 5. Projected adult population size in four regions of Florida, 2010-2110
(0 to 100 years from now), under the status quo scenario. The black line depicts
the median population size; the blue lines represent the 90-percent projection
intervals. Atl, Atlantic region; NW, Northwest region; SW, Southwest region; USJ,
Upper St. Johns region.

Regional Analysis of Quasi-Extinction

The analysis of the statewide total population, however, does not tell the whole story; a more
nuanced interpretation requires attention to the dynamics of the population on each coast of the State
and to effective (adult males and females) instead of total (including non-reproductive age adults)
population size. Two points are worth making here with regard to the measure of status we have
assumed. First, although the model might not project that the total population size will slip below, for
example, 500 animals with any sizeable probability, the probability of the effective population size
falling below the same threshold is higher. If the effective population size falls too low, a loss of genetic
diversity might result, with the consequence that the subspecies could lose some ability to adapt to
future environmental change. So, attention to effective population size (or its surrogate here, adult
population size) is warranted. (As a reminder, in this study, effective population size is equal to the adult
population size, but it is probably more appropriate to associate the effective population size with
approximately one-half of the adult population size.) Second, because the model assumes the
populations on the two coasts are independent (an assumption that is reasonable given their geographic
separation), losses on one coast are not likely to occur simultaneously with losses on the other coast.
Thus, the statewide population size can mask a substantial change in distribution of manatees. Since loss
of one of the coastal populations of Florida manatee could be interpreted to constitute extinction in a
“significant portion of its range” (ESA, 16 U.S.C. § 1532(6)), we focused on analysis of the coastal
populations.
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On the Gulf coast, there is a very low probability (0.24%) that the effective population could fall
below 500 animals within 150 years under the status quo scenario (figs. 64, 74). The major threats, as
we understand the dynamics now, are watercraft-related mortality, loss of warm-water habitat, and red
tide; removal of any one of these threats reduces the very low risk of quasi-extinction to a negligible
level. The other threats (water-control structures, entanglement with marine debris) are roughly
equivalent in magnitude to each other but have substantially less effect than the major threats.
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Figure 6. Probability of the adult (effective) population falling below a threshold within 50, 100, or 150 years, as a

function of the threshold, for the status quo scenario, on A, the Gulf coast, B, the East coast, or C, either coast of
Florida.
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Figure 7.  Probability of the adult (effective) population falling below a
threshold within 150 years, as a function of the threshold, for the status
quo and six threat scenarios, on A, the Gulf coast, or B, the East coast of
Florida. In panel A, the watercraft & warm-water loss line overlaps the
horizontal axis. In panel B, the watercraft and the watercraft & warm-water
loss lines overlap the horizontal axis. The minus sign (=) in the
Explanation indicates the corresponding threat was removed. WCS,
water-control structure.
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On the East coast, the probability that the effective population would fall below 500 within 150
years under the status quo scenario is 0.68 percent, a bit higher than on the Gulf coast, but still very low
(figs. 6B, 7B). In this case, watercraft-related mortality is the major threat to this coastal population, and
loss of warm water is a close second. Removal of the watercraft threat reduces the risk of quasi-
extinction almost entirely; long-term maintenance of warm-water habitat is almost as effective.
Although red tide may increase in occurrence on the East coast, it is not identified as a substantial threat
at this time.

To combine the two coastal populations and provide an overall measure of status, we calculated
quasi-extinction as the probability that either coastal population would fall below some particular
threshold (figs. 6C, 8; table 3). Thus, for example, the probability that the effective population size will
fall below 500 animals on either coast within 150 years under the status quo scenario is 0.92 percent
(higher than the individual coastal probabilities, as expected). Using this formula as a measure of
statewide status, the analysis shows that watercraft-related mortality is the single largest threat to the
Florida manatee population; full removal of this threat would reduce the probability of the effective
population falling below 500 on either coast in 150 years from 0.92 percent to 0.06 percent (fig. 8, table
3). Watercraft-related mortality is the greatest threat across all thresholds for quasi-extinction and all
time frames. Water-control structures, red tide, and entanglement with marine debris are weaker threats
across all time frames and thresholds. The loss of warm water is the second greatest threat at higher
quasi-extinction thresholds and longer time frames, but it is not as large a threat in the short-term (<50
years). In other words, the effect of the loss of warm water takes longer to be felt because the initiation
of the threat is delayed.
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Figure 8. Probability of the adult (effective) population falling below a threshold on either
the Gulf or the East coast of Florida within 150 years, as a function of the threshold, for the
status quo and six threat scenarios. The status quo scenario is shown with a solid, blue line.
The other scenarios consider the one-by-one removal of major threats. The line for the
simultaneous removal of the watercraft and warm-water loss threats is indistinguishable
from the horizontal axis over the range shown. The minus sign () in the Explanation
indicates the corresponding threat was removed. WCS, water-control structure.
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Table 3. Probability of the adult population falling below 100, 250, or 500 animals on either the Gulf coast or the

East coast of Florida in 50 to 150 years.

[The scenarios consider the removal of threats one at a time (except the last which removes the threats of watercraft and loss
of warm water). For example, in the absence of the threat from severe red tide, the probability is 0.64 percent that the adult
population will fall below 500 animals on either the East or Gulf coasts within 150 years, and the probability is 0.92 percent
with the threat present at its current level (status quo). Because only 5,000 replicates were run, where the estimate is 0, this
should be understood as less than 0.0002 (less than 0.02-percent probability of quasi-extinction)]

Probability
Scenario Threshold 50 years 100 years 150 years
Status quo 100 0.0000 0.0000 0.0000
—Watercraft 100 0.0000 0.0000 0.0000
—Warm-water loss 100 0.0000 0.0000 0.0000
—Red tide 100 0.0000 0.0000 0.0000
-WCS 100 0.0000 0.0000 0.0000
—Marine debris 100 0.0000 0.0000 0.0000
—Watercraft and warm-water loss 100 0.0000 0.0000 0.0000
Status quo 250 0.0000 0.0002 0.0002
—Watercraft 250 0.0000 0.0000 0.0000
—Warm-water loss 250 0.0000 0.0000 0.0000
—Red tide 250 0.0000 0.0002 0.0002
-WCS 250 0.0000 0.0002 0.0002
—Marine debris 250 0.0000 0.0000 0.0000
—Watercraft and warm-water loss 250 0.0000 0.0000 0.0000
Status quo 500 0.0004 0.0042 0.0092
—Watercraft 500 0.0000 0.0000 0.0006
—Warm-water loss 500 0.0004 0.0006 0.0010
—Red tide 500 0.0004 0.0024 0.0064
-WCS 500 0.0004 0.0042 0.0082
—Marine debris 500 0.0004 0.0040 0.0082
—Watercraft and warm-water loss 500 0.0000 0.0000 0.0000

One additional scenario is included in table 3 and the corresponding figures, the simultaneous
removal of the threats owing to watercraft and loss of warm water. By addressing both of these threats,
the estimated probability of quasi-extinction drops to less than 0.02 percent (the limit of resolution with
5,000 replicates) over 150 years for a threshold of 500 animals on either coast.

Discussion

Current Status of Manatees

The most striking result of this analysis is the substantial reduction in the estimates of quasi-
extinction relative to the results of the 2007 threats analysis (Runge and others, 2007b). For example,
the probability of the adult population on either coast falling below 250 individuals in 100 years under
the status quo scenario has decreased from 8.6 percent in the 2007 analysis to 0.02 percent in the current
analysis (table 3). This is primarily a reflection of our increased understanding of the status of the
population rather than an actual improvement in the status of the population, although there are some
elements of the latter.

The major changes to the CBM have been updates in the estimates of survival rates and warm-
water capacity. Through dedicated effort by the staff of USGS Sirenia Project, FWRI, and Mote, the
MIPS database has been extended 7 years. The separate databases are now merged into a single
database, and there is an increased ability to match carcasses from the necropsy program to individuals
in the photo-identification database. Added to this, there are now new methods being used to integrate
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photo-identification sightings during the winter, photo-identification sightings outside the winter period,
and carcass recoveries into a single analysis. The scientific basis of the Barker/RD mark-recapture
survival estimation model has been thoroughly vetted in peer reviewed publications in scientific
journals (Kendall and others, 2013; Pefialoza and others, 2014). The case studies demonstrating the
efficacy of this new approach are based on the Florida manatee and photo-identification monitoring
data. The result is that the survival rates are now more accurate and more precise than previous rates.
This is particularly true in the Southwest region where estimates of adult mean survival rate have
increased from 0.908 in the 2007 analysis to 0.971 in the current analysis (in years without a red-tide
event). As explained by Runge and others (2007a,b), the projections from the CBM are particularly
sensitive to changes in adult survival rate; increases in adult survival rate confer considerable resilience
to the manatee population. The higher adult mean survival rate and the corresponding decrease in risk of
quasi-extinction, however, are primarily a result of increases in our understanding of these rates; there is
no evidence of a positive trend in survival rates between the last analysis and this one.

The new estimates of warm-water capacity also contributed to the changes in our understanding
of the status of the Florida manatee population. In the 2007 analysis, the estimates of warm-water
capacity were based on an expert panel process that occurred during 2002—03. The expert panel that met
during 2011-12 had access to nearly a decade of additional experience observing manatees in warm-
water aggregations, as well as site-specific empirical data (Provancha and others, 2012). Further, the
process that was used to elicit estimates from the experts was more rigorous and paid greater attention to
uncertainty. The estimates of warm-water capacity are now more than twice as high in all regions (fig.
1) than they were in the previous analysis. Again, this should not be attributed to actual improvements
in winter manatee habitat, but rather a better understanding of how manatees use existing habitat and
how much of it there might be; in some areas, observed population sizes have exceeded the earlier
estimates of warm-water capacity. As noted in the 2007 analysis (Runge and others, 2007b), higher
warm-water capacity conveys a buffering effect to the population dynamics, reducing the risk of quasi-
extinction simply by allowing the population to fluctuate around a higher mean.

We also updated the initial population size and the fractions of mortality, and in these cases, the
change in assessment may indeed reflect an actual change in status. During the 2011 synoptic survey
4,834 manatees were counted (compared to 3,329 in the 2001 synoptic survey). Although there are
serious methodological issues (detection probability) that may contribute to this increase in statewide
count, it is likely that some of that increase reflects an actual increase in the population size. Such
growth of the population is consistent with other indicators of status (for example, the estimated
population growth rates; fig. 2). In the CBM, a higher initial population size will result in lower
estimates of quasi-extinction risk, all other things being equal.

We used a more recent period for the analysis of the fractions of mortality (2001-09 rather than
1986-2004), and it is evident that the causes of mortality have changed to some degree. Most notably,
death in water-control structures, which was once a substantial contributor to manatee mortality, is
normally a rare event (save in 2012, when the manatee protection system at a single lock structure
failed, resulting in six deaths).

Some may view these results and conclude that we were overly cautious in our previous analysis
because new information now indicates that the manatee population has a low probability of quasi-
extinction (table 3). We maintain that our results have always been a fair depiction of the current state of
knowledge and have appropriately incorporated and articulated the uncertainty about that state of
knowledge. The risk of quasi-extinction incorporates two kinds of uncertainty: so-called aleatory
uncertainty (the random fluctuations that affect populations) and epistemic uncertainty (our incomplete
knowledge of aspects of the population dynamics). Both of these uncertainties contribute to concerns
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about the long-term risk of a population. In this case, reduction of epistemic uncertainty has led to lower
estimates of quasi-extinction; it could have been otherwise.

Threats Analysis

The ranking of the threats remains largely the same as it was in the 2007 analysis. Statewide,
watercraft-related mortality makes the largest contribution to the risk of quasi-extinction; full removal
of this one threat would reduce the risk of quasi-extinction to near negligible levels (fig. 8, table 3). The
threat from the loss of warm water again ranks second, with a risk about as great as the risk from
watercraft. The ranking of threats on the East coast is similar to the comparable ranking in 2007
(fig. 7B). The major changes to the threats assessment are found on the Gulf coast (fig. 74), where the
effects of red tide and loss of warm water are stronger than the effect of watercraft-related mortality. In
part this is the result of the increased estimate of adult survival in the Southwest (hence, a lower
estimate for watercraft-related mortality) and the anticipated continued increase in the frequency of
severe red-tide mortality.

An understanding of the threats analysis needs to be informed by the overall interpretation of the
status of the population. Although the ranking of the threats remains roughly the same, the absolute
strength of those threats is now understood to be less because we now understand the population to be
more resilient than we had previously thought.

Caveats

In the comparison of threats, it is important to keep in mind that for the status quo scenario, it
was assumed that the various threats operate at their current levels indefinitely (except for warm-water
loss, which doesn’t happen for some years). In some cases, a better statement about status quo might
include continued trends for some threats. For instance, there is debate about whether or not watercraft-
related mortality is currently stable and how we should forecast this threat (Calleson, 2014). Since 2008,
with the economic downturn, boater registrations have decreased statewide, so one might argue
watercraft-related mortality might have decreased. But, what will happen as economic growth returns
and boating activity increases again? Likewise, trends in other threats are possible, and new threats
could arise. For example, the Indian River Lagoon—an area encompassing major foraging habitat for
manatees in the Atlantic region—experienced unprecedented losses of seagrass habitat in 2011 and
2012 from extensive algal blooms (St. Johns River Water Management District, written commun.,
2012). This analysis does not incorporate all the possible changes that could occur in the future, but it
does integrate our understanding of current and foreseeable threats in a common risk analysis
framework.

One of the most important questions that has not yet been incorporated into the CBM concerns
the implications of the severe cold in the winters of 2009—10 and 2010-11. A significant shift in the
fractions of mortality occurred during those winters, with a considerable fraction of mortality from cold
stress. If these just happened to be two severely cold winters that are otherwise compatible with the
annual variation captured in the CBM, then these winters might not change our understanding of
manatee status. However, if these winters are harbingers of a changing winter climate and such winters
are expected to occur more frequently in the future, then this might very well raise the estimates of
quasi-extinction risk. There are two scientific challenges that face us in understanding the effects of
cold. First, as of 2012, we did not yet have estimates of the effects of these winters on regional survival
rates. In the 2015 update, enough photo-identification data may be available to begin to estimate the
effect of those years on survival rates. Second, there is an important question about the mechanism by
which cold of this magnitude is affecting the population dynamics. Was the effect of these cold events
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density independent; that is, did it affect all individuals across the exposed population, or was it density-
dependent? In the latter case, the mortality may have resulted from exposure of animals that had been
forced out of the best warm-water habitat because of limited capacity. These two mechanisms will have
quite different effects on the long-term risk faced by the population. In the former case, an increase in
density-independent mortality will result in a strong increase in the risk of quasi-extinction. In the latter
case, the increased mortality is largely an indication that the population is near capacity (or at least near
capacity around the sites with high historical fidelity), and the risk of quasi-extinction will not be
strongly affected. These questions are an area of active research.

These results integrate the best scientific information that was available as of December 2012,
but several other caveats about these results reflect data gaps. (1) Calf and subadult survival rates are
based on estimates from a relatively small group of animals that overwinter in the Upper St. Johns
region; rates were extrapolated to other regions. The ratios of calf to adult mortality and subadult to
adult mortality in other regions could differ from those in the Upper St. Johns region. This is not,
however, likely to affect the results a great deal because the demographic results are relatively
insensitive to these survival rates. (2) The reproductive rate for the Southwest region was assumed to be
the same as the Atlantic region rate. An empirical estimate of reproductive rate for the whole Southwest
region has not been available in the past, but new data and analyses are emerging for use in future
updates to the CBM. (3) The predicted long-term frequency of red tide was based on expert judgment
from a small panel of experts. The model implements this frequency immediately. A trend from the
current rates to the long-term rates might better represent the dynamics of this threat. (4) There is still
considerable uncertainty about warm-water capacity, including its magnitude and the mechanism by
which it affects manatee population dynamics. We have captured that uncertainty as best we can in this
modeling work, but continued attention over time is warranted. (5) The CBM is not designed to capture
short-term dynamics, but rather to look at long-term manatee population dynamics. Thus, for example,
the long-term effect of the closing of a power plant is incorporated into the results (via loss of carrying
capacity), but we have not attempted to forecast the short-term effects of such a shutdown (such as the
mortality of animals with high fidelity to that location). (6) The CBM does not yet incorporate the
potential effects of climate change on manatee habitat or demography.

Next Steps

As noted earlier, work is ongoing in 2015 to update the CBM with the most recent data and to
explore several important questions. These updates will include the following:

e Structural changes to the population model to investigate the potential effects of severe cold
under several different hypotheses about its frequency in the future. This will help evaluate the
possible effects of the 2009—-10 and 2010-11 severely cold winters.

e Updated estimates for the cold-related mortality rates as a function of winter severity, age class,
and warm-water habitat quality.

e Sensitivity analysis of the results to the behavioral rules used to distribute manatees into warm-
water sites of different habitat quality.

e Anupdated estimate for the initial population size with the inclusion of uncertainty. Martin and
others (2015) published the first statewide estimates for population size that are based on a
survey design that included estimation of the probability of detection. This estimate (6,350; 95%
confidence interval:5,310-7,390) is higher than all previous estimates and includes an estimate
of uncertainty (the synoptic surveys have no estimate of uncertainty).

e Updated estimates of adult survival and reproductive rates, including reproductive rates
estimated from photo-identification data in the Southwest region.
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e Other updates to parameter estimates through empirical analysis or expert judgment, as
appropriate.

The CBM provides a framework for integrating the best available scientific information about
Florida manatees. New information motivates changes to the structure of the CBM and provides new
updates for the parameters; the CBM evolves to accommodate this new information. The work provided
in this report summarizes changes in the best available information from 2007 through 2012; ongoing
work will update the CBM to reflect new information through 2015.
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Back cover photograph: Florida manatee inspecting the photographer, Blue Spring State Park, 3 February 2011. Photo credit, James P. Reid,
U.S. Geological Survey.
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