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INTRODUCTION  

The Indian River Lagoon (IRL) and its watershed provide a variety of habitats supporting a diverse 
population of plants and animals. It has been documented that more than 4,000 species call the IRL home 
with more than 2,000 plant and 2,000 animal species (IRL Species Inventory, 2024). These living resources 
provide intrinsic and economic value, with estimates suggesting that the economic value of birds, fish, 
shellfish, and other groups provide $1,416 to $2,547 of value per acre for natural habitat throughout the 
watershed, depending on land cover type, with significant additional value for general recreation and 
tourism that are likely increased when the ecosystem is healthy (FEMA, 2022). In total, living resources 
may generate approximately $48.2 million in annual economic value for the IRL (ECRPC & TCRPC, 2016).  

Living resources and their habitats are subject to stressors including land use changes, urbanization, 
destruction or alteration of habitat, pollution, climate change, sea level rise, water chemistry changes, 
competition from exotic and invasive species, and others. The system stressors can cause decreased species 
populations and reduced ranges, loss of habitat, increased mortality, greater susceptibility or exposure to 
disease, changes in migration and breeding seasons, and other shifts. Ultimately, increasing anthropogenic 
pressures are likely to affect the biodiversity of the IRL ecosystem in the absence of strategic resource 
management strategies. Regular assessment of the status of living resources in the IRL (e.g., status and 
trends for certain special concern plant and animal taxa) is critical for understanding the overall ecosystem 
health and determining whether current resource management is effective in promoting a functional 
system that sustains living resources.  

The Indian River Lagoon National Estuary Program (IRLNEP) convened a conference on the Biodiversity of 
the Indian River Lagoon in 1994 to assemble and examine information on the biodiversity of the IRL and 
the proceedings have served as a reference for the past 30 years (Hanisak and De Freese, 2021). In 2020, 
the theme of the annual IRL symposium again revolved around biodiversity with the goal to assess the 
changes since the 1994 meeting as well as to include information on additional biota not considered in the 
discussions of 1994. The 2020 conference proceedings suggest that while the present day pressures may be 
more significant than decades prior, study of biodiversity in the IRL has been waning due to limited 
financial support (Hanisak and De Freese, 2021). 

This chapter focuses on bird and fish biodiversity , marine mammals, and other species of concern including 
threatened, endangered, and other vulnerable species. Extended discussion is given to some well-studied 
and characterized taxa that have suffered past declines in the IRL and are reflective of anthropogenic 
stressors and watershed changes. The data originate from a variety of sources including government 
agencies, published literature, citizen scientists, and university or conservation groups. When the available 
data allow for spatial or temporal analyses, comparisons are made across sublagoon or basins, and trends 
over time are examined. Finally, data gaps and key findings are identified along with recommendations for 
further study and suggested management priorities.



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES  

 

2 | P a g e 
 

Conditions

* Adapted from the “Narragansett Bay and Its Watershed Technical Report”

(D) = Driver
(P) = Pressure

(S) = State
(I) = Impact

(R) = Response

L
iv

in
g

 R
e

so
ur

ce
s

POLLUTION PRESSURES(P)

CLIMATE CHANGE (D)

WATER COLUMN (S)

HABITAT (S)

Stressors

POPULATION GROWTH, LAND 
USE, LAND COVER

BIOLOGICAL PRESSURES –
EXOTIC & INVASIVE SPECIES (D)

Marine Mammals

Fish Diversity

Bird Diversity

Species of Special Concern

Living Resources (S)



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES  

 

3 | P a g e 
 

KEY FINDINGS  

BIRD BIODIVERSITY  

BACKGROUND 
�x The Indian River Lagoon (IRL) and the contributing watershed contains diverse habitats that 

support a variety of birds including songbirds, shorebirds, wading birds, and migratory birds, 
among others. 

�x Birds are well studied both professionally and recreationally resulting in an abundance of 
available data for use in the examination of geographic biodiversity.  

�x The National Audubon Society’s Christmas Bird Count (CBC) and the North American Breeding 
Bird Survey (BBS) managed by the U.S. Geological Survey have been conducted in the IRL since 
1918 and 1966, respectively. These two data sources provide an abundance of data to examine 
bird richness and diversity over time in the IRL. 

KEY FINDINGS 
STATUS 

�x The IRL Species Inventory contains records of 581 bird species from 24 orders and 71 families. 
�x The Florida Ornithological Society’s list of bird species occurring statewide in Florida includes 

559 total taxa.  
�x Turner examined CBC and eBird data to find 437 species documented in the IRL, from 71 

families, representing nearly 29% of the avian families in the world (2021).  
�x Regardless of the inventory consulted, the IRL contains an incredible concentration of bird 

biodiversity that  is significant at the state, national, or global scale. 
�x Of the eight current CBC sites in the IRL, the Jonathan Dickinson State Park site, which is the most 

southern location covering a portion of the Loxahatchee basin, exhibits the highest diversity. 
�x The Cocoa CBC site, which spans portions of the Banana River Lagoon and the North IRL has 

recorded the highest number of individuals and the highest species richness of the eight sites 
over the period of record. 

TRENDS 

�x Other than the Cocoa site which has experienced declines in diversity in recent years, Bird 
Biodiversity across the eight IRL CBC sites appears relatively stable over time. 

�x The two current BBS routes adjacent to the IRL have seen declines in the total number of 
individuals counted during recent years and to a lesser degree, declines in species richness. 
Although one of the sites, located on the North IRL, may be trending towards recovery in the 
most recent survey years.  

�x Of the BBS declines identified, species that rely on open habitats including fields, pastures, and 
other uplands were the most notably absent in recent years. 
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MARINE MAMMALS  

BACKGROUND 
�x Marine mammals are long-lived, have relatively low reproductivity growth and rates, and are 

high in the food chain, making them susceptible to anthropogenic stressors and a potential 
indicator of overall ecosystem health (Fair & Becker, 2000).  

�x The two species of marine mammals found in the IRL are bottlenose dolphins and manatees, and 
examining their overall abundance, distribution, mortality rates, and associated trends can give 
insight into the overall health of the IRL. 

�x Manatees are protected by the Marine Mammal Protection Act (MMPA) of 1972, the Endangered 
Species Act (ESA) of 1973, and the Florida Manatee Sanctuary Act of 1978. 

�x Partially due to their endangered designation, manatees are considered one of the most 
researched and well-studied of all marine mammals and are one of Florida’s most iconic species. 

�x The bottlenose dolphin (Tursiops truncatus) is not endangered or threatened under the 
Endangered Species Act (ESA) but is protected under the Marine Mammal Protection Act 
(MMPA). 

�x Dolphin health and population status may be indicative of overall IRL system health with the 
potential to be a sentinel species with indications for overall ecosystem health under pressure 
from anthropogenic impacts. 

KEY FINDINGS 
STATUS 

�x The most recent estimate of manatee abundance for the east coast of Florida is 5,160 individuals 
with up to 56% of the population found to use the IRL during the colder winter months. 

�x Manatee deaths in the IRL spiked in 2021 and 2022 with 1,003 mortalities documented in the IRL 
counties, which may have represented a loss of nearly 20% of the Florida east coast manatee 
population.  

�x The best available estimate for IRL bottlenose dolphin abundance in the IRL is 1,032 individuals. 
�x Dolphins remain suspectable to unusual mortality events (UMEs), with the peak annual dolphin 

mortality documented in 2013, with the loss of 79 dolphins in the IRL. 

TRENDS 

�x While the total number of manatee deaths in the IRL counties has dropped significantly from the 
peak mortality numbers of 2021 and 2022, there has been a marked increase in manatee calf 
mortality, which could be a shift in the impacts resulting from seagrass loss from adults to young 
manatees. 

�x Although IRL dolphins have been susceptible to unusual mortality events (UMEs), researchers 
suggest that dolphin populations have been steady over the last decade. 

�x Documented dolphin strandings appear to have increased in recent years compared to earlier 
records from the 1970s and 1980s. 
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FISH BIODIVERSITY  

BACKGROUND 
�x The Indian River Lagoon has a high diversity of fish species that depend on the lagoon’s 

resources during one or more of their life stages. The estimated number of fish species that 
spend at least a portion of their life  in the IRL varies from 400 to 685 species. 

�x The IRL system provides essential fish habitat including seagrass beds, salt marshes, mangrove 
swamps, and oyster reefs that provide food resources and protection. The loss or degradation of 
these essential habitats is detrimental to fish populations and can reduce fish biodiversity. 

�x Anthropogenic disturbances have degraded and impaired the IRL through urbanization, 
pollution, channelization, and other stressors. 

�x Other threats facing IRL fish populations include invasive species and climate change. Increasing 
water temperatures, one of the main threats to fish species caused by climate change, can alter 
the environment enough to cause range shifts in species distributions, disrupt important trophic 
links, and cause a decline in the functional diversity of fish communities. In addition, climate 
change can increase the risk of invasion from non-native species.               

KEY FINDINGS 
STATUS 

�x Fish populations in 2023 appear to be at the lowest levels recorded since 1998.  
�x The average size of fish captured in the fisheries independent monitoring program has not 

changed significantly since 1998. 
�x Fish species richness (i.e., number of species) in 2023 was higher than the average species 

richness observed from 1998 through 2023. 
�x Fish Biodiversity, based on the Shannon Diversity Index, was also above the period of record 

average in 2023.    

TRENDS 

�x Analysis of the FWC fisheries independent monitoring data indicates that overall, fish 
populations in the Indian River Lagoon have been declining since 1998. However, not all species 
have shown declines in population numbers.  

�x Fish species richness and diversity analyses indicate that an increasing trend in both metrics has 
been present over the period of record from 1998 through 2023. 

�x Fish species evenness, a measure of the relative proportions of each species in a community, has 
not changed notably since 1998, although year to year fluctuations were observed. 
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OTHER SPECIES OF CONCERN  

BACKGROUND 
The Indian River Lagoon watershed provides habitat for numerous wildlife and plant taxa that have 
historically or recently suffered range-wide, regional, or local population declines due to various 
stressors. Some of these taxa are protected under federal or state rules, while some others are 
recognized as vulnerable without formal protections. Due to regulatory oversight and local restoration 
efforts, many vulnerable species have shown incredible resiliency and recovery within the IRL. However, 
some other taxa remain vulnerable or imperiled by persistent or emerging threats such as HABs and sea 
level rise.  

KEY FINDINGS 
STATUS 

�x Approximately 65 animal and plant taxa found within the IRL watershed are listed, proposed for 
listing, or under formal review for potential listing under state or federal endangered and 
threatened species rules.  

�x An additional 28 bird taxa within the IRL watershed are listed by the USFWS as regional Birds of 
Conservation Concern. In addition to these, an additional 43 animal and plant taxa in the IRL are 
considered Species of Greatest Conservation Need in the Marine Ecosystem or Intertidal Habitat 
by the FWC, bringing the total number of state or federally recognized imperiled taxa in the IRL 
to a minimum of 136.  

�x A total of 12 animal and 14 plant taxa are currently classified as ‘endangered’, a classification that 
denotes taxa most likely to become extinct in the near future. 

�x A total of 33 animal and 4 plant taxa are currently classified as ‘threatened’, a classification that 
denotes taxa likely to become endangered in the near future.  

TRENDS 

Overall Listed Species 
�x Since initial listing, several taxa have been delisted (or proposed for delisting) from federal or 

state rules following significant recovery, including bald eagle, brown pelican, peregrine falcon, 
and wood stork. 

�x The total number of listed species has grown from 6 in 1967 to 65 in 2023. The growth of the list 
is due to accumulation of scientific evidence as well as increased severity of certain stressors.  

Birds  
�x Special concern colonial shorebirds such as least tern and black skimmer continue to 

predominantly use rooftops for nesting in the IRL. Over 1,000 breeding least terns have been 
documented across approximately 20 rooftops per year in recent years. In multiple recent years, 
the number of rooftop-nesting black skimmers has topped 100 across approximately 6 rooftops 
per year. The adaptive use of rooftops by these taxa may provide resilience against sea level rise, 
a long-term threat to shorebird habitat.  

�x The IRL likely contains at least 166 bald eagle nesting pairs across approximately 250 tracked 
nest sites, which is a major improvement from numbers seen throughout the 20th century.  

�x In recent years, an average of 729 adult pelicans have been counted nesting or roosting on 
natural and spoil islands throughout the IRL. These numbers have grown consistently and new 
colony groups have established on various spoil islands.  

�x State-listed wading birds such as reddish egret and spoonbill have been increasingly sighted in 
recent years, with spoonbill nesting resuming in the IRL in 2011 after a 50-year absence and 
persisting every year since. Spoil islands throughout the IRL are being intensely used by breeding 
wading birds.  
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Fish 
�x Smalltooth sawfish has returned to the IRL, with an increasing number of verified sightings. 

Captured and environmental DNA (e-DNA) studies have also indicated that the IRL is providing a 
nursery for juvenile sawfish.  

�x Fish taxa that are seagrass-dependent may have declined in recent years. The dwarf seahorse 
likely suffered significant declines after continual HABs, and population regrowth may have been 
limited due to seagrass decline.  

Reptiles  
�x In recent years, American crocodile has increasingly used the IRL as a northward expansion 

corridor. Crocodiles have been regularly found as far north as Pineda Causeway near Satellite 
Beach and Melbourne Beach.  

�x Atlantic salt marsh snake, an endemic subspecies, continues to be limited to a narrow range in 
Volusia County. Recent salt marsh restoration projects likely have increased available habitat, but 
these gains may be threatened in the long term by sea level rise and the northward expansion of 
mangroves.  

�x Green sea turtle has returned to prominence in the IRL, recovering from a period of historic 
overfishing. Since the 1990s, the taxon has overtaken loggerhead sea turtle as the most common 
sea turtle within the lagoon.  

�x Fibropapalomatosis, a disease affecting green sea turtle, has rapidly increased in prevalence 
since first being documented in 1982. Expression of the disease can be linked to degraded water 
quality.  

Plants 
�x Some coastal dune taxa, such as sea lavender, continue to remain critically imperiled due to 

coastal development.  
�x Historically limited to the central and southern IRL, mangroves have been progressively 

expanding north since the 1990s due to a decrease in the frequency and intensity of winter 
freezes. Encroaching mangroves often displace salt marsh habitat.  

Others 
�x While there are no reliable data to estimate the current population of horseshoe crabs in the IRL, 

some recent observations have suggested a declining trend that may be related to continual 
HABs and loss or degradation of sandy beach habitat.  
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SUBCHAPTER – BIRD BIODIVERSITY  

 
Credit: Mike Ring/IRNLEP 

Bird Biodiversity  can be an important indicator of ecosystem health. For example, wading birds have been 
noted as a useful gauge for wetland and estuarine ecosystem health because their life and reproductive 
cycles are adapted to a natural, fluctuating hydrologic regime, and they may respond adversely to 
deviations (Schikorr & Swain, 1995). There have been debatable claims that the IRL is the most biodiverse 
estuary in the United States (or by some claims, the world), with some of those claims specific to Bird 
Biodiversity (Turner, 2021). Regardless of the rank among estuaries in the state, the country, or the world, 
the IRL indisputably supports a diverse population of birds. 

All native birds are protected under the federal Migratory Bird Treaty Act of 1918 (MBTA) whether they 
migrate or remain in a local area throughout the entire year (16 U.S.C. 703-712). The MBTA prohibits the 
killing, capturing, selling, trading, and transport of native birds without the prior authorization  by the 
United States Fish and Wildlife Service (USFWS). However, for decades, agricultural use and development 
pressure have presented a challenge for bird conservation in Florida, especially in coastal regions. More 
recently, water quality degradation and climate change have emerged as additional factors threatening bird 
populations. The IRL specifically was identified as one of the most important priority areas for wading bird 
nesting protections in Florida by the FWC in the 1990s. Out of ten sites identified across the state for 
immediate management actions, six were located in the IRL (Sewell et al., 1995).  
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DATA SOURCES AND METHODS 

The primary sources of data examined herein to represent Bird Biodiversity  in the IRL were the Christmas 
Bird Count (CBC), overseen by the National Audubon Society (NAS), the Smithsonian Marine Station and 
the Indian River Lagoon National Estuary Program’s Indian River Lagoon Species Inventory, and the North 
American Breeding Bird Survey (BBS) (Table 1).  

Table 1. Sources and datasets analyzed to describe Bird Biodiversity  in the IRL. 

Source/  
Agency 

Dataset 
Living 

Resource 
Full  Spatial 
Coverage 

Spatial Coverage 
Presented  

Period of 
Record 

NAS 
Christmas Bird 

Counts 
Bird 

Biodiversity 
US-Wide IRL 1918-2023 

SMS/IRLNEP 
IRL Species 
Inventory 

Bird 
Biodiversity 

IRL IRL Various* 

USGS BBS 
Bird 

Biodiversity 
US-Wide IRL 1966-2022 

* Not a systematic survey; compilation of multiple sources such as museum records, university collections, and 
crowd-sourced observations. Some records are based on specimens collected in 19th century. 

The CBC has been conducted to count wintering birds across North America since 1900. It is the longest 
running and most widespread bird survey regularly conducted in the Western Hemisphere (Dunn et al. 
2005, Soyken et al., 2016, Meehan, 2019). The counts take place each year within 15-mile diameter ‘circles’ 
on a single day between December 14 and January 5, which is timed around fall migration. Recent counts 
have been estimated to include 80,000 volunteers at more than 2,600 locations (NAS, 2022). During the 
most recent fully vetted survey in 2022-2023, counts were conducted in 83 Circles across Florida (NAS, 
2024), eight of which occurred within the IRL basins. The South Brevard County site ranked among the top 
Florida sites for both the number of species and individuals that year (Pranty & Anderson, 2024). While 17 
unique circles have been surveyed within the IRL at varying frequencies since 1910 (Turner, 2021), this 
analysis is limited to the eight IRL Circles that are currently monitored (Table 2). Most of these 15-mile 
Circles overlap more than one IRL basin (Figure 1 and Table 3). 

Table 2. Currently monitored CBC sites in the IRL. 

Bird Circle Name Abbreviation  
Center 

Latitude  
Center 

Longitude  
First Year 
Conducted 

First Year of 
Continuous 

Surveys 
Daytona Beach FLDB 29.262926 -81.117333 1996 1996 
Ponce Inlet  FLPI 29.062305 -81.007257 1987 1987 
Cocoa FLCO 28.362227 -80.702556 1933 1952 
Merritt Island N.W.R.  FLMI 28.617082 -80.681486 1937 1970** 
South Brevard County  FLSB 27.848610 -80.550000 1997 1997 
Fort Pierce  FLFP 27.417733 -80.382759 1918 1995* 
Stuart  FLST 27.212107 -80.26236 1959 1959 
Jonathan Dickinson S.P. FLJD 26.992117 -80.146892 1997 1997 

*Fort Pierce has been monitoring most years since 1957, with the exceptions of 1972, 1992-1994 and 2023. The 2023 count  
was not completed due to weather conditions (Ellen Lynch, personal communication, August 11, 2024). 
** Merritt Island N.W.R. was not monitored in 1995 
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Figure 1. Location of the eight  currently monitored CBC sites within the IRL  basins. 
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Table 3. CBC circle acreage within the IRL basins. 

 CBC 
Circle 

Acres 
% in 
Basin 

Halifax 
River  

Mosquito 
Lagoon 

BLR 
North 

IRL 
Central 

IRL 
St. 

Lucie 
South 
IRL 

Loxah-
atchee 

Outside 
IRL 

Daytona 
Beach 

Acres 12440        100596 
% 11%        89% 

Ponce 
Inlet  

Acres 82477 9852  454     20252 
% 73% 9%  0%     18% 

Cocoa 
Acres   38966 32714     41355 

%   34% 29%     37% 
Merritt 
Island  

Acres  15113 15358 62254     20311 
%  13% 14% 55%     18% 

South 
Brevard  

Acres     106462    6574 
%     94%    6% 

Fort 
Pierce 

Acres     24556 69640 15605  3235 
%     22% 62% 14%  3% 

Stuart  
Acres      84036 16449  12550 

%      74% 15%  11% 

   JDSP 
Acres      6592 3721 39328 63394 

%      6% 3% 35% 56% 
 

CBC data were downloaded from the CBC database through the NAS Christmas Bird Count website (NAS, 
2024) for the POR at the eight locations. Entries that did not include identification down to species level 
were removed from the dataset as they were frequently noted during years where individuals of the same 
family and genus were identified to species, thus would result in an overestimation of diversity.  

Shannon Diversity Index 
The Shannon Diversity Index (SDI) value (H) was calculated for each site for each available year (Equation  
1). The SDI is a common tool to measure biodiversity to identify priority areas for protection, conservation, 
and management planning where a species is weighted by its relative abundance without a focus on rare or 
dominant species (Callaghan et al., 2022). As the SDI increases, the diversity of species within the 
community increases. As H approaches zero the species diversity within the community decreases, and 
when H=0, the community is made up of only a single species. Survey results were also summarized by 
total individuals and species richness (total species) and compared across years and locations.  

Equation 1. Shannon Diversity Index.  

(�t ) =  
Í �L �Üln �L�Ü

�™

�Ü�@�5

 

s = number of species 

p = the proportion (n/N)  where: 
n = number of individuals of one particular species 

N = total number of individuals across all species 
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In addition to the CBC data, a bird species list was exported from the Smithsonian Marine Station and the 
Indian River Lagoon National Estuary Program’s Indian River Lagon Species Inventory at 
https://irlspecies.org/ . This inventory is a compilation of a variety of sources such as university records 
and crowd-sourced data from various applications. The advanced search function was used to export all 
species from class Aves in electronic spreadsheet format. The resulting export includes a species list for 
birds within the IRL basin, but does not include location, date, source, or any other specific information 
about the data. The IRL Species Inventory database was queried for all taxa within the class Aves, and the 
results were exported to electronic spreadsheet format. The resulting taxa were compiled by family and 
matched with family descriptions from Gill et al. (2024). 

The North American Breeding Bird Survey (BBS) data for the IRL basin was also examined. The BBS is a 
volunteer bird survey program initiated by the USFWS in 1966 now managed by the U.S. Geological Survey 
(USGS) to monitor trends in bird distribution and abundance (Delany et al., 2014). The routes are driven 
along secondary roads and fifty , three-minute bird surveys are conducted every half mile during the 
summer at the peak of breeding season (Delany et al., 2014). The data are available for download from the 
USGS Eastern Ecological Science Center BBS website (USGS, 2024). There are five active routes that begin 
within the IRL basin and several additional inactive and active routes that begin outside the IRL but 
intersect the watershed. The data examined included all birds sighted including non-breeders and 
migratory birds. The five active sites are summarized in Table 4 and shown in Figure 2. 

Table 4. USGS BBS active sites in the IRL. 

Route 
Number  

Route Name Latitude  Longitude  
First Survey 

Year 

# 
Surveys 
in POR*  

IRL Basin 

25 Scottsmoor 28.748119 -80.871231 1968 40 North IRL 
175 Vero Beach 27.861075 -80.448998 1997 24 Central IRL 
74 St. Lucie 27.236443 -80.547156 1987 28 St. Lucie 

131 Indiantown 2 27.040791 -80.368467 2018 48 St. Lucie 
919 Dupuis W. E. A. 26.99413 -80.573767 1994 24 St. Lucie 

*Not all sites were surveyed each year.  

 
The North American Breeding Bird Survey (BBS) data for the IRL area were downloaded from the BBS 
website (USGS, 2024). The species lists were compared against those from the CBC and the IRL Species 
Inventory, and the number of breeding and migrant species were summarized for each year and each route. 
While five active survey sites were included in the BBS data, only the two sites immediately adjacent to the 
IRL were examined by year, which are 25-Scottsmoor and 175-Vero Beach. 
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Figure 2. BBS sites within the IRL basins. 
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RESULTS 

The IRL Species Inventory contains 581 bird species from 24 orders and 71 families. A list of the 71 families 
with descriptions matched from Gill et al. (2024) and number of species from each family can be found in 
Appendix A . The most represented families in the inventory (by number of species) are Parulidae 
(warblers; 57 species), Anatidae (ducks, geese, and swans; 48 species), Scolopacidae (sandpipers and 
snipes; 38 species), and Laridae (gulls, terns, and skimmers; 37 species). Of wading birds, the largest 
families in the IRL are Ardeidae (herons and bitterns; 24 species) and Threskiornithidae (ibises and 
spoonbills; 6 species). 

Christmas Bird Count  
The CBC circles collectively cover a large proportion  of the IRL (Figure 1 and Table 3). Annual results for 
total number of individuals and number of species documented at each CBC site are shown in Figure 3 and 
Figure 4. Notably, counts of individuals at the Cocoa CBC circle are routinely affected by extreme high 
counts (between 200,000 to 1.2 million individual s) of wintering lesser scaup (Aythya affinis), which 
accounted for 74% to 95% of all individual birds counted during years when large migratory groups settle 
in the IRL. The numbers of lesser scaup are frequently high (often greater than 50,000 at the Cocoa site), 
indicating that the IRL is a consistently utilized wintering ground. For better visualization, the outliers 
associated with lesser scaup were removed from the depiction in Figure 4, but the data points are included 
in all other data summaries and analyses.  

The highest number of species ever captured during a CBC count in any given year is 211 at the Cocoa site, 
which occurred twice in both 1972 and 1973 (Table 5). Jonathan Dickinson State Park (JDSP) had both the 
lowest number of total individuals and lowest number of species documented. However, it should be noted 
that JDSP includes a higher proportion of upland scrub and flatwoods habitats, which are less conducive to 
shorebirds and wintering waterfowl but critical for  a large diversity of resident, solitary birds. For example, 
JDSP includes one of the largest contiguous habitats for the Florida scrub-jay in eastern Florida.  
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*For visualization, outliers associated with lesser scaup are not depicted for the Cocoa site 
in years when scaup sightings were greater than 250,000 

 

 
Jonathan Dickinson State Park provides vital habita t for imperiled bird species like the Florida Scrub  Jay. 

Credit: Vince Lamb/IRLNEP 

 
 

Figure 3. Box and whisker plots for total number of birds cou nted annually at CBC sites in the IRL. 
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Figure 4. Box and whisker plots for total number of species  counted annually at CBC sites in the IRL. 

Table 5. Summary of the CBC results for the IRL sites for the POR. 

Result Location  Min  Max Mean Total  # CBC Events 

Total Bird  
Count  

Daytona 7,644 20,266 13,296 372,294 28 
Ponce Inlet 11,997 157,557 48,913 1,809,789 37 

Cocoa 1,373 1,261,962 153,061 11,326,512 74 
Merritt Island  5,456 210,198 71,956 4,173,449 58 

S. Brevard County 13,884 63,874 30,578 825,619 27 
Fort Pierce 2,761 255,929 28,938 1,852,044 64 

Stuart 2,180 59,325 20,319 1,320,723 65 
Jonathan Dickinson S.P.  5,222   19,926   9,680   261,363  27 

Species  
Richness  

Daytona 97 132 113 3,173 28 
Ponce Inlet 107 141 125 4,619 37 

Cocoa 57 211 171 12,663 74 
Merritt Island  98 174 151 8,740 58 

S. Brevard County 137 161 150 4,061 27 
Fort Pierce 54 159 126 8,063 64 

Stuart 72 150 124 8,085 65 
Jonathan Dickinson S.P. 99 137 113 3,054 27 

SDI was calculated for each year of the POR for the eight sites, and results are summarized in Table 6 and 
Figure 5 through Figure 12. The JDSP site had the highest mean, minimum, and maximum SDI of the sites 
for the POR and had the highest diversity in 18 of the 26 years that the CBC survey was conducted at all 
eight sites. While Fort Pierce was the least diverse site with low diversity during some of the early years 
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(1961 at 0.20 and 1970 at 0.75), the average over the POR is within the range of the other sites. While the 
diversity at most sites looks to be relatively stable over the past several decades, the Cocoa site appears to 
be trending towards lower diversity over time and has had the lowest diversity values of all sites since 
2011, except 2015 when both Merritt Island and Ponce Inlet had lower diversity index values. The area 
covered by the Cocoa CBC circle can be seen in Figure 13. 

Table 6. Summary of Shannon Diversity Index results for the IRL CBC sites. 

Summary 
Statistic 

Daytona 
Beach 

Ponce 
Inlet  

Cocoa Merritt 
Island  

S Brevard 
County 

Fort 
Pierce 

Stuart  Jonathan 
Dickinson  

Mean 3.05 2.54 2.48 2.92 3.03 2.95 3.16 3.60 
Minimum 2.36 1.31 0.30 1.72 1.35 0.20 2.07 2.65 
Maximum 3.64 3.65 3.62 3.89 3.83 3.76 3.77 4.01 
Count (N) 28 37 73 58 27 64 65 27 

 

 

Figure 5. Shannon Diversity Index for the CBC at Daytona over time. 
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Figure 6. Shannon Diversity Index for the CBC at Ponce Inlet over time. 

 

Figure 7. Shannon Diversity Index for the CBC at Merritt Island over time.  
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Figure 8. Shannon Diversity Index for the CBC at Cocoa over time. 

 

Figure 9. Shannon Diversity Index for the CBC at South Brevard County over time. 
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Figure 10. Shannon Diversity Index for the CBC at Fort Pierce over time. 

 

Figure 11. Shannon Diversity Index for the CBC at Stuart over time. 
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Figure 12. Shannon Diversity Index for the CBC at Jonathan Dickinson State Park over time. 
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Figure 13. Location and area covered by the Cocoa CBC circle. 
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A closer examination of the CBC counts at Cocoa indicates a decreasing trend in the total number of species 
identified annually at the site (Figure 14). In contrast, the total number of individuals has dramatically 
increased during many annual counts since the mid-2000s, the vast majority of which are from a single 
species, the lesser scaup. The lesser scaup does not occur in mass each year during the CBC, but 
intermittently. The decline in the number of other species at this site appears to be relatively consistent, 
beginning well before the influx of lesser scaups. 

 
Figure 14. Cocoa CBC total Lesser Scaup, total of other species, and total number of species identified. 

 

 
Lesser Scaup (Aythya affinis ) 
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North American Breeding Bird Survey  
The USGS BBS data resulted in far fewer total species documented than the CBC. Notably, the BBS counts 
take place during the summer to capture breeding birds as opposed to the CBC counts that occur over the 
winter to capture migratory birds. The total number of bird species captured during the POR for all BBS 
events are presented in Table 7. A combined list of all 133 breeding birds found at the six sites over the 
POR can be found in Appendix B . 

Table 7. Species richness recorded at the IRL BBS sites over the POR. 

Route Number  Route Name 
Species 

Richness 

Breeding 
Species 

Richness 

No. Surveys 
in POR* 

 (N) 
IRL Basin 

25 Scottsmoor 140 119 41 North IRL 
175 Vero Beach 86 77 28 Central IRL 
74 St. Lucie 77 76 28 St. Lucie 

131 Indiantown 2 54 53 48 St. Lucie 
919 Dupuis W. E. A. 81 80 24 St. Lucie 

**Not all sites were surveyed each year.  

Three BBS sites in the St. Lucie basin are located inland and far from the IRL (Figure 2), so they were not 
further examined. The two active sites immediately adjacent to the IRL (25–Scottsmoor and 175–Vero 
Beach) were further examined over the period of record. Table 8 presents POR summary statistics for 
these two sites, with times series of species richness and total individuals shown in Figure 15 and Figure 
16. There have consistently been more species recorded at the Scottsmoor site than the Vero Beach site, 
with a POR mean of 60 and 35 individuals, respectively. The species richness at the Vero Beach site has 
declined in recent years, with no more than 30 species recorded in any one event since 2013. The number 
of individuals recorded at Vero Beach has also declined in recent years beginning in 2003, when it dropped 
year-over-year from a record high of 2,084 down to 313. Since that time, the average number of individuals 
counted annually has been 381, compared to the POR mean of 548 per year. While the Scottsmoor site also 
saw declines in the number of individuals beginning in 2003, the most recent four years (2019-2022) 
experienced an increase with an average of 1,012 individuals. This number is close to the POR mean of 
1,146. During the same time period there was also a slight temporary decline in species richness at the 
Scottsmoor site. 

Table 8. BBS result summary for sites adjacent to the IRL. 

Summary 
Statistic  

25 Scottsmoor 
Species Richness 

25 Scottsmoor 
Individuals  

175 Vero Beach 
Species Richness 

125 Vero Beach 
Individuals  

# Surveys (N) 41 41 28 28 
Max 71 2,401 51 2,084 
Min  45 357 26 275 
Mean 60 1,146 35 548 
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Figure 15. BBS survey number of species over the POR for IRL adjacent sites. 

 

Figure 16. BBS survey number of individuals over the POR for IRL adjacent sites. 

0

10

20

30

40

50

60

70

80
19

66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

N
um

be
r 

of
  B

ird
s 

S
pe

ci
es

BBS Species Richness over the POR

25 Scottsmoor 175 Vero Beach

0

500

1000

1500

2000

2500

3000

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

N
um

be
r 

of
 In

di
vi

du
al

 B
ird

s

BBS Number of Individuals over the POR

25 - Scottsmoor 175 Vero Beach



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

26 | P a g e 

A closer examination of the declines in species richness at the two sites was conducted by selecting species 
that were commonly found during the period of high species richness but rarely present during the period 
of decline. For the 175-Vero Beach site, the period of decline was identified as 2013 to present and the 
species identified frequently at this site (>25% of the survey years), but rarely present since 2013 are in 
Table 9. Most of these species are reliant on open habitats including fields, pastures, and other uplands. 
The recent declines in agricultural land within the IRL documented in the Chapter on Population, Land 
Use/ Land Cover included an 18.1% decline (33,093 acres) of agricultural land in the Central IRL, where the 
175-Vero Beach site is located. The Central IRL basin had the largest percent decline in agricultural land of 
the entire IRL. The loss of agricultural land and other uplands to development may be impacting Bird 
Biodiversity at this site, and within the IRL as a whole, leading to a loss of species that depend on these 
lands.  

Table 9. Species present during the BBS at Vero Beach identified as notably absent in recent years.  

Year 
Northern 
Flicker  

Brown 
Thrasher  

Common 
Night -
hawk  

Eastern 
Towhee 

House 
Sparrow  

Magnificent 
Frigatebird  

Purple 
Martin  

White -
eyed 
Vireo  

Eurasian 
Collared -

Dove 

Rock 
Pigeon 

1993  P - P P - P P P - - 
1994  P P P P P - P P - - 
1995  P P P P P P P P P P 
1997  P P P P P P P - P - 
1998  P P P P P P P P P P 
1999  - P P P P P P - P P 
2000  - P - - - - P - - - 
2001  - P P - P P P P P P 
2002  - - P - P P P P P P 
2003  P - P - - - P P - - 
2004  P - P P - - P - - - 
2005  - - - - - - P - - - 
2006  - - - - - - P - - - 
2007  - - - P - - P - P - 
2008  - - - - - P - - P P 
2009  - - - - - - P - P - 
2010  - - - - - - - P P - 
2011  - - - - - - - - - - 
2012  - - P - - - - - - - 
2013  - - - - - - - - - - 
2014  - - - - - - - - - - 
2015  - - - - - - - - - - 
2016  - - - - - - - - - P 
2017  - - - - - - - - - - 
2018  - - - - - - - - - - 
2019  - - - - - - - - - - 
2021  - - - - - - - - - - 
2022  - - - - - - - - P - 

(P) = present during the survey; (-) = not present during the survey 
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The same analysis conducted for the 25-Scottmoor site (which had a noted period of decline in species 
richness beginning in 2003), results in a similar conclusion that many species reliant on open habitats 
including fields, pastures, and other uplands are less frequently identified at this site in recent years. 
However, in contrast to the 175-Vero Beach site, some wetland dependent species have also experienced 
declines in annual sightings including the wood stork, least tern, American coot, and wood duck (Table 
10). This correlates with the Population, Land Use/ Land Cover chapter finding that over the entire period 
of record, the North IRL basin (where the Scottsmoor site is located) experienced the highest reduction in 
wetland acreage of the IRL basins, at approximately 2,800 acres (5%) with most of this loss occurring 
between 1999 and 2004 (4%).  
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Table 10. Species present during the BBS at Scottsmoor with decreasing frequency in recent years.  

Year 
Eastern 

Meadow-
lark  

Wood 
Stork  

Least 
Tern  

Red-
tailed 
Hawk  

American 
Coot 

Painted 
Bunting  

Barred 
Owl 

Eastern 
Kingbird  

Wood 
Duck 

Indigo 
Bunting  

1968  P - P - - - - P - P 
1969  P - P P P - - P P - 
1970  P P P - P - - P - - 
1971  P P P P P - - - P - 
1972  P - P - P - - - - - 
1973  P P P P P P - - P P 
1977  - P P P - P - P - P 
1986  - P P P - P P - - P 
1987  P - - P P P P P - P 
1988  P - P P P P - P P P 
1989  - P P P P P P - P P 
1990  P P P P P P P P - P 
1992  - - P P - P P P - P 
1993  P P P P - P - P - P 
1994  - P P P - P P P - P 
1995  P - P P P P P - P P 
1996  - P P P P P - - P P 
1997  - P P P P P - - - - 
1998  - P P P - P P - P P 
1999  - - - P - P - - - - 
2000  P P P P - P - - - P 
2001  - - - P - P - - - P 
2002  - P P P - P P - - P 
2003  - - P P - P - - - P 
2004  - - - - P - P P - P 
2005  - - - P P P - P - P 
2006  - - - - - - - - P - 
2007  - - - - - - - - - - 
2008  - - - - - - - - - - 
2009  - - - - - - - - - - 
2010  - P - - - - P - - - 
2011  - - - - - - - - - - 
2012  - - - - - - - - - - 
2013  - - - - - - - - - - 
2014  - - - - - - - - - P 
2015  - - - - - P - - P - 
2016  - - - - - - - - - - 
2018  - - P - - - - - - - 
2019  - - - - - - P - P - 
2021  - - - - P - - - - - 
2022  - - P P - - P - P - 

 (P) = present during the survey; (-) = not present during the survey 
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SUBCHAPTER : FISH BIODIVERSITY  

Credit: NOAA 

DATA SOURCES AND METHODS 

Fisheries-Independent Monitoring (FIM) data were obtained from Florida’s Fish and Wildlife Conservation 
Commission (FWC) through their Fish and Wildlife Research Institute’s (FWRI) Marine Fisheries Research 
division for the Period of Record (POR) from 1998 through 2023. The FIM data were initially divided into 
two subsets - the Indian River Lagoon (IRM) and Tequesta (TQM) sampling regions, covering an area from 
the Loxahatchee River to the North IRL and Banana River Lagoon. The IRM dataset covered areas of the IRL 
north of the Merrill P. Barber bridge in Vero Beach while the TQM dataset covered areas south of the 
bridge. Both datasets included sample events from within the IRL and four of its major tributaries, which 
include Turkey Creek, St. Sebastian River, St. Lucie River, and the Loxahatchee River (Figure 17).   

There were three types of gear used to collect the FIM data, distinguished by mesh size and use: 

�x 21.3-m Center-bag Seine with 3.1 mm mesh size used in the IRL (Gear 20),  
�x 21.3-m Center-bag Seine with 3.1 mm mesh size used in tributaries  (Gear 23),  
�x 183-m Center-bag Seine with both  37.5mm stretch mesh and 18.8mm bar mesh (Gear 160).  

The 21.3m seine net is primarily used to target juvenile fish, while the larger 183m seine net mainly targets 
sub-adult and adult fish.   

One dataset included informational records of the sampling events (date, gear type, locations, etc.) with 
individual records of each sampling event by each species (or family) captured during the event. This was 
linked, through a reference number, to the second dataset with species length data corresponding to each 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

30 | P a g e 

individual sampling event, which contained one or more lengths per species per event. The FIM length data 
were averaged by species and sampling event (gear set) and joined to the final dataset used for analyses.



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

31 | P a g e 

 

Figure 17. Fisheries-Independent Monitoring  (FIM) Sampling Grid  
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No data were available for the Mosquito Lagoon or the Halifax River as regular sampling was not conducted 
in these regions. After initial analysis of the dataset and consultation with FWC, data for the northern 
portion of the North IRL (FIM zones A and B located north of Highway 528 in Cocoa, FL), were not included 
in the analyses because sampling efforts in these zones were discontinued after 2019. In addition, sampling 
in these two zones was limited to the months of November and December in 17 of the 24 years, while other 
regions of the lagoon were sampled monthly or bi-monthly. There was no riverine sampling data for the 
year 2022, which stands out as an anomaly in some of the graphs and tables.   

The georeferenced data were incorporated into a Geographic Information System (GIS) database where all 
data within the IRL boundary were extracted and assigned to one of the six IRL lagoons. Sampling event 
point data shown as occurring on land in GIS were allocated to the IRL lagoon based on the grid number 
assigned in the database by FWC using their FIM statewide grid. In cases where the grids were divided 
between the IRL lagoon and the St. Lucie Estuary the gear type was used as an additional qualifier, with 
gear 23 (riverine) assigned to the estuary and gear types 20 and 160 assigned to the South IRL lagoon.  

Commercial  Fisheries  
Commercial fisheries landings data were obtained from FWC Commercial Fisheries Division for the years 
1998 through 2023. The data included all landings of fish and invertebrate species by the Florida County 
where the landings took place. Fish landings data for each of the six IRL coastal counties –Brevard, Indian 
River, Martin, Palm Beach, St. Lucie, and Volusia – were included in the analyses. The data was analyzed for 
all landed species by combining the county landings data into a single dataset. In addition, the data for fish 
species only, was also combined for all IRL counties. Total tons of fish landed, for both total commercial 
fisheries landings and fish only landings, were then summed into yearly landings totals. 

Total Catch and Effort Analysis  
Sampling effort was calculated by summing the number of gear sets (i.e., sampling events) each year by 
gear type for the IRL and the six lagoons. The FIM program has used many different gear types over the 
years, however, only the 21.3m and 183m center-bag seine have been used consistently within the IRL and 
are the only gear types considered in the analyses.  

Total catch was calculated by summing the number of species caught in each sampling event, which were 
then summed by year for the whole IRL and for each of the lagoons where sampling occurred. The number 
of each species captured during sampling events was calculated by FWC FWRI scientists using the 
following method. In the case where total catch numbers for a particular species are too high to count in 
the field, the total catch of that species is reduced by half as many times as needed until a countable 
number is reached and a then multiplied by the number of times the catch was halved to estimate a total 
for that species. For example, if a gear set resulted in the collection of 1,000 anchovies, which would not be 
unusual, the estimated one thousand anchovies could be divided four time and counted to reach a 
countable number of anchovies (~ 63), that is then doubled four time to get the actual estimated count.  

The amount of sampling effort as defined by the number of gear sets is important to capture the diversity 
and abundance of fish species. Because some of the lagoon regions are sampled more than others the 
diversity indexes and abundance numbers may not truly reflect the communities within the less sampled 
regions as accurately as those with higher sampling effort. 
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Diversity Analysis  
Overall fish biodiversity  in the IRL was assessed by calculating the number of different species captured 
each year using the three gear types and all gear sets. In some instances, specimens were identified to the 
family or genus level in the dataset. In instances where the FWC FIM data only identified a specimen to the 
family or genus level, they were included as an individual species due to the multiple number of species 
each family and genera generally represent. This may represent a slight overestimation of fish species in 
the IRL.  

Because sampling effort can change from year to year depending on factors like funding or weather, a 
species by effort index was calculated by dividing the number of species caught per year by the number of 
gear sets. This standard index helps visualize how changes in effort influence the number of individuals 
captured each year, providing a metric that can be explored when comparing results spatially and 
temporally.  

In addition to using the overall number of species captured each year (species abundance), the Shannon 
Diversity Index (SDI) was used to estimate community species diversity with in the IRL and the lagoons 
following the same procedure conducted to estimate bird biodiversity (See Equation 1). The Shannon 
Equitability Index (SEI), which is a measure of the population evenness of a community’s species, was also 
calculated (Equation 2). The SEI ranges from 0 to 1, with 1 indicating that species are present in equal 
numbers within the community  and low values indicated a skew towards certain species that are more 
abundant in the sampling results. The presence of large numbers of anchovies for example, would skew the 
SEI toward a lower number.  The SEI equation, denoted by E, uses the SDI results and is calculated using 
the following formula: 

Equation 2. Shannon Equitability Index.  

EH = H/ln(S)  

H = the Shannon Diversity Index 

S = Total number of unique species 

Focal Species Analysis  
Eight focal species were chosen for individual species analysis based on discussions with FWC scientists. 
These species represent key indicators due to their roles as forage species, key recreational fishery species, 
top predators, or habitat health indicators. The list also includes one emerging, non-native species. 
Specifically, the species included for individual review are: 

1. Common Snook (Centropomus undecimalis) – Top Predator, Recreational Fish 
2. Gray Snapper (Lutjanus griseus) – Recreational Fish 
3. Gulf Pipefish (Syngnathus scovelli) – Seagrass-Dependent Species 
4. Pinfish (Lagodon rhomboides) – Forage Species, Prey Species 
5. Red Drum (Sciaenops ocellatus) - Recreational Fish 
6. Sheepshead (Archosargus probatocephalus) – FWC Focal Species, Forage Species 
7. Mayan Cichlid (Mayaheros urophthalmus) – Emerging, Non-Native Species 
8. Opossum Pipefish (Microphis lineatus) – Habitat Indicator, Historic Species of Concern 

These eight species were analyzed for each of the six IRL lagoons by total catch by gear type over each year 
of the POR. In addition to the total number caught by lagoon, the mean size of each species, based on the 
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length measurements collected through the FIM program, were analyzed to determine if the size classes 
captured over time are changing. 

Each species was also analyzed using the Optimized Hot Spot Analysis tool in ArcGIS Pro. This tool 
identifies statistically significant spatial clusters and classifies them into hot spots (areas of high incidence) 
and cold spots (areas of low incidence) depending on how the points are clustered and the values assigned 
to them, in this case the field analyzed was based on the number of fish caught at each point. The outputs, 
which are presented in the results sections, identify where greatest numbers of each species were captured 
over the POR. The results do not reflect a time component, meaning that hot spots in fish populations can 
move spatially through time, and the hot spots identified here represent the areas where the most fish of 
each species were captured, by both gear types, between 1998 and 2023. Results shown in the smaller 
tributaries  (i.e., Turkey Creek) primarily represent juvenile fish (where use of the 21.3m seine is the main 
sampling method), while the results in the IRL proper can signify both adults and juveniles. Hot spot 
analyses were not done for the Mayan Cichlid or the Opossum Pipefish due to the limited number of fish 
captured over the POR.  

RESULTS 

Sampling Effort  
Since 1998, the FWC FIM sampling program conducted a total of 23,550 gear sets in the IRL and its 
tributaries using the three gear types (Figure 18). A total of 10,127 gear sets were taken with the 183m 
center-bag seine in the IRL and tributaries including the St. Lucie River and Loxahatchee River. The 21.3m 
center-bag seine gear was set 8,633 times in the IRL and 4,790 times within the  riverine portions of Turkey 
Creek, St. Lucie River, and Loxahatchee River. Out of the 23,550 gear sets from 1998 through 2023 only 196 
gear sets did not capture any fish. 

An average of 906 gear sets were completed annually in the IRL from 1998-2023, including 390 using the 
183m seine and 516 using the 21.3m seine in the IRL (332) or its tributaries (184). Before 2016, riverine 
sampling was only conducted in the Central IRL and thereafter regular riverine sampling started in the St. 
Lucie and Loxahatchee Rivers. In 2022, no riverine sampling was recorded anywhere in the IRL, but it 
resumed the following year in 2023.  



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

35 | P a g e 

 

Figure 18. Total FWC FIM sampling effort (gear sets) by gear type and year. 

 

Sampling gear sets and type of gear varied by region and year (Table 11). Both the Banana River Lagoon 
and the North IRL are sampled regularly using both the 21.3m seine and the 183m seine. In the North IRL, 
the 21.3m seine is used for both lagoon and riverine sampling. The majority of gear sets in the South IRL 
were using the 183m seine. A lack of sampling with the smaller mesh size 21.3m seine results in under 
reporting of juvenile and small species of fish in this lagoon. Riverine sampling using the 21.3 m seine was 
limited to the Central IRL, St. Lucie Estuary, and Loxahatchee River lagoons. Overall, the Loxahatchee River 
has the most limited sampling effort of all the lagoon regions averaging 17 sets/yr with all gear types, while 
the Central IRL includes the most comprehensive sampling with more riverine sampling events added since 
2016.  

A graphic depiction of the lagoon gear sets over time is presented in (Figure 19). 

Table 11. Annual mean, minimum, and maximum gear sets by gear type and lagoon. 

IRL Sublagoon 

21.3m Seine 
(Lagoon)  

21.3m Seine 
(Riverine)  

183m Seine 
(Vessel Set) 

Mean Min  Max Mean Min  Max Mean Min  Max 

Banana River Lagoon 95 72 98 0 0 0 119 100 120 

North IRL  93 70 104 0 0 0 38 34 45 

Central IRL 144 114 154 119 0 217 97 83 107 

South IRL 0 0 0 0 0 2 62 47 83 

St. Lucie Estuary 0 0 0 55 0 216 66 40 97 

Loxahatchee River  0 0 0 10 0 42 7 3 11 

Total IRL 332 256 339 184 0 377 390 313 431 
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Figure 19. Annual gear sets by gear type and lagoon. 
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Total Catch  
Since 1998, a total of 11,302,546 fish were captured in the IRL, by all gear types, based on the total catch 
numbers provided in the FIM dataset. On average, a total of 434,713 fish were captured each year 
throughout the IRL over the last 26 years; however, there has been considerable variation from year to 
year, ranging from a minimum of 302,332 in 2023 to a maximum of 751,163 in 2009 (Figure 20). Although 
the year 2022 had the lowest number of fish caught (209,087), no data were available for the 
tributary/riverine sampling, so this year does not represent fish abundance within the riverine portion of 
the three main tributaries. An examination of total catch numbers and number of gear sets indicates that 
although they relate, the number of gear sets does not always reflect the number of fish caught.  
 

 
Figure 20. Total number of fish caught by basin and year wit h sampling effort for all gear types.  

The largest portion of the total catch each year comes from the Central IRL, where sampling effort is also 
the greatest, with mean annual totals of just over 260,000 fish (Table 12). While the lowest numbers 
caught were in the South IRL (10,578 fish/yr) and Loxahatchee River (3,870 fish/yr) where the sampling 
effort is considerably less. Even with consistent effort, the numbers of fish caught per year can vary 
significantly, which is apparent when comparing the minimum and maximum number of fish caught during 
an individual year of sampling. 
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Table 12. Annual mean, minimum and maximum number of fish a nd mean gear sets by lagoon. 

IRL Sublagoon 
Fish Caught Mean 

Gear Sets/yr  Mean/yr  Minimum  Maximum  

Banana River Lagoon 53,984 19,050 116,740 214 

North IRL  92,444 31,098 199,800 132 

Central IRL 260,174 118,340 590,263 360 

South IRL 10,578 4,686 15,572 62 

St. Lucie Estuary 13,664 1,502 60,876 121 

Loxahatchee River  3,870 635 13,269 17 

IRL Wide 434,713 209,087 751,163 906 

 

Yearly catch total, normalized by number of gear sets, is presented in Figure 21. From 1998 to 2023 the 
mean number of fish caught per gear set was 482 fish in the IRL, with a maximum of 884 fish/gear set in 
the year 2000 and the minimum number was similar in 2022 and 2023 (300 fish/set). There does appear 
to be an overall decline in the total number of fish caught / gear set over the POR, although the number of 
gear sets has remained relatively constant or increased over time.  

 
Figure 21. Mean fish caught per gear set for all gears combined by year, 1998-2023. 

In recent years, there have been additional numbers of gear sets that have not resulted in increases in the 
numbers of total catch. The peaks in mean number of fish caught using the 21.3 m seine (Figure 22) likely 
represent isolated instances where the gear intercepts high numbers of juvenile fish or large schools of 
smaller fish.  

0

100

200

300

400

500

600

700

800

900

1000

1995 2000 2005 2010 2015 2020 2025

N
um

be
r 

of
 F

is
h

Mean Number of Fish per Gear Set 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

39 | P a g e 

 
Figure 22. Mean number of fish caught per gear set by gear type and year. 

While the number of fish caught has varied significantly from year to year, the mean size (i.e., length) of fish 
captured using both the 21.3m seine and the 183m seine has remained relatively constant (Figure 23).Fish 
caught in the 21.3m seine, which targets juveniles, average just over 2 inches in standard length while the 
average size of fish caught in the 183m seine, targeting sub-adult and adult fish, is 8.3 inches.  

 
Figure 23. Mean length (in) of fish caught by gear type and year. 
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Species Diversity  

Species Richness  
Fish species richness, a measure of the number of unique species captured by all gear types over time, 
ranged from a low of 141 species in 1998 to a high of 216 species in 2017 with  an average of 181 fish 
species caught from 1998 to 2023(Figure 24). Species richness has been highly variable over the POR but 
maintained an increasing trend over time that can be partially explained by the increased number of gear 
sets, especially the initiation  of the St. Lucie Estuary and Loxahatchee riverine sampling in 2016 

 
Figure 24. Species richness in the IRL by year. 

Measured species richness in the St. Lucie and Loxahatchee River increased when riverine sampling was 
initiated in those areas in 2016 (Figure 25). The other lagoons, which have been sampled with relatively 
consistent levels of effort, have shown relatively stable species richness. The Central IRL, which has the 
most comprehensive sampling with all gear sets, has the highest measured species richness (n= 147) 
(Table 13). The lagoon with the least sampling, Loxahatchee River, also has the lowest reported annual 
species richness (60). 
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Figure 25. Species richness by lagoon and year. 

Table 13. Annual mean, minimum and maximum number of species and mean gear sets by lagoon. 

IRL Lagoon 
Species Caught Mean 

Gear Sets/yr  Mean/yr  Minimum  Maximum  

Banana River Lagoon 69 58 81 214 

North IRL  71 51 81 132 

Central IRL 147 93 179 360 

South IRL 76 64 84 62 

St. Lucie Estuary 73 13 130 121 

Loxahatchee River  60 37 101 17 

IRL Wide 179 131 216 906 

 

Shannon  Diversity Index  
Fish community diversity as measured by the Shannon Diversity Index (SDI) demonstrates tremendous 
annual variation with no evident trend over time suggesting that fish species diversity in the IRL has 
remained consistent (Figure 26). From 1998 to 2023 the SDI averaged 1.90, with a minimum value of 1.30 
in 2009 and a maximum value of 2.42 in 2010. The lagoons with higher SDI values include Banana River 
Lagoon, South IRL, Loxahatchee River, and St. Lucie Estuary (Figure 27). Central IRL and North IRL have 
lower SDI values but appear to show no trend over time.  
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Figure 26. Shannon Diversity Index in the IRL by year. 
 

 

 

Figure 27. Shannon Diversity Index in the IRL lagoons by year.  
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Shannon  Equitability Index  
The Shannon Equitability Index (SEI) is a measure of how similar the abundances of different fish species 
are in the IRL. Overall, the SEI values in the IRL have remained stable over time with a standard deviation 
of 0.06 over the POR (Figure 28). The lowest SET value (0.25) in 2009 indicated a skew in fish populations 
toward certain species and the high of 0.47 in 2005 indicated a more even distribution of species numbers 
was present. The 2009 dramatic decline in species equitability may have been driven by sub-freezing 
temperatures in the Winter of 2008-2009 selecting our species that were cold intolerant. Low SEI values 
(e.g., <0.5) can also be due to the prevalence of large numbers of small, low trophic species during certain 
times of the year. Notably, bay anchovies can make up as much as 60% of the total catch, which would 
greatly reduce the SEI value for that sampling event.  
 

 

Figure 28. Shannon Equitability Index in the IRL. 

The Banana River Lagoon (0.56), the South IRL (0.51), and the St. Lucie Estuary (0.49) lagoons had the 
highest mean SEI over the POR, suggesting that the diversity of fish in those areas have similar population 
numbers. The North IRL (0.25) and the Central IRL (0.32) have the lowest SEI values, suggesting that fish 
populations are skewed toward certain species (Figure 29).  

 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1995 2000 2005 2010 2015 2020 2025

S
E

I

Shannon Equitability Index in the IRL by Year



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

44 | P a g e 

 

Figure 29. Shannon Equitability Index in the IRL lagoons. 
 

Fisheries  

Commercial Fisher ies 
���•���t�r�t�u�á���…�‘�•�•�‡�”�…�‹�ƒ�Ž���Ð�‹�•�Š���Ž�ƒ�•�†�‹�•�‰�•��delivered into the six IRL coastal counties totaled 3,574 tons , making up 
approximately 79% of the total commercial landings (4,496 tons)�á���™�Š�‹�…�Š���‹�•�…�Ž�—�†�‡�•���Ð�‹�•�Š�á���•�Š�‡�Ž�Ž�Ð�‹�•�Š���ƒ�•�†���‘�–�Š�‡�”��
invertebrate species (Figure 30, Figure 31). Since 1998, annual commercial landings have averaged 7,124 
tons/year �™�Š�‹�Ž�‡���–�Š�‡���Ð�‹�•�Š���Ž�ƒ�•�†�‹�•�‰�•���ƒ�˜�‡�”�ƒ�‰�‡�†���w�á�t�v�{���–�‘�•�•/year (~74% of the total landings). Over the POR, 
commercial landings within the six IRL coastal counties have steadily declined with the most recent landing 
in 2023 (4,496 tons) 56% lower than the largest annual commercial landings which occurred in 2020 
(10,198 tons)�ä�������Š�‡���…�‘�•�•�‡�”�…�‹�ƒ�Ž���Ð�‹�•�Š��landings were roughly half in 2023 (3,575 tons) of the maximum 
annual landings in 1998 (6,897 tons).  

���‡�…�ƒ�—�•�‡���Ž�ƒ�•�†�‹�•�‰���†�ƒ�–�ƒ���ƒ�”�‡���•�‘�–���•�’�ƒ�–�‹�ƒ�Ž�Ž�›���‡�š�’�Ž�‹�…�‹�–���„�‡�…�ƒ�—�•�‡���–�Š�‡�›���”�‡�’�”�‡�•�‡�•�–���–�Š�‡���Ž�‘�…�ƒ�–�‹�‘�•���™�Š�‡�”�‡���„�‘�ƒ�–�•���‘�ˆ�Ð�Ž�‘�ƒ�†���–�Š�‡�‹�”��
commercial harvest, they do not indicate the location where the �Ð�‹�•�Š��were harvested. Many of the 
�…�‘�•�•�‡�”�…�‹�ƒ�Ž���Ð�‹�•�Š���•�ƒ�›���„�‡���ˆ�”�‘�• the Atlantic Ocean; however, they may spend a portion of their life cycle 
within the IRL. The trophic linkages between the IRL and Atlantic Ocean �Ð�‹�•�Š�‡�”�‹�‡�•���ƒ�”�‡���Š�‹�‰�Š�á���ƒ�•�†���•�ƒ�•�›��
marine species have larval and juvenile stages that are dependent on estuarine environments. Any decline 
in �Œ�—�˜�‡�•�‹�Ž�‡���Ð�‹�•�Š���•�’�‡�…�‹�‡�•���‹�•���–�Š�‡�����������‹�•���Ž�‹�•�‡�Ž�›���–�‘���Š�ƒ�˜�‡���ƒn impact on commercial and recreational �Ð�‹�•�Š�‡�”�‹�‡�•.    
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Figure 30. Total Commercial Fishery Landings (All Species), 1998-2023 
 

 
Figure 31. Total Commercial Fish Landing, 1998-2023 
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Recreational Fish eries  

Common Snook (Centropomus undecimalis) 
The common snook is a top predatory fish that is highly sought after by recreational fishers. It was found 
throughout the FIM sampling area, with some population hot spots in proximity to ocean inlets (Figure 
32). Found in estuaries and freshwater systems, snook are known to spawn in coastal areas and return to 
the ocean as adults. They are highly susceptible to cold temperatures and significant declines in snook 
abundance have been recorded after a cold snap in Southwest Florida (Adams et al 2012).  

From 1998 through 2023, the largest numbers of adult snook were captured in the Central IRL, South IRL, 
and Loxahatchee River., a total of 39,764 snook were caught across all gear types. Over half (21,820) were 
adults or sub-adults with an average length of 18 inches that were caught with the 183m seine. The 
remainder were sub-adult / juvenile snook with an average length under five inches were captured using 
the 21.3m seine mostly within the IRL’s tributaries.  

The mean number of common snook caught per set tends to be low, with the highest catch rate being 21 
fish per set in the Loxahatchee River in 1998. Over the entire POR, the average catch rate is less than 5 
across the Central IRL, South IRL, and Loxahatchee River. Based on the FIM data, common snook 
populations in the IRL are concentrated in the Central and South IRL, with few adults or juveniles captured 
in the two northernmost lagoons since 1998.  

Over the POR, the number of adult fish caught per set has been declining, with decreasing trends indicated 
in each of the lagoons for both gear types (Figure 33). The decrease does not appear to be related to 
changes in sampling effort.  

 
Adult common snook (top) and juvenile (bottom). Juv enile and subadult snook often use freshwater and 

brackish tributaries as nurseries before entering t he main lagoon to continue their adult life cycle.  
Credit: Zachary Randall/Florida Museum  
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Figure 32. Common Snook hot spot analysis using capture locations, 1998-2023 
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Figure 33. Common snook -number of fish caught and number of gear sets by lagoon. 
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Red Drum (Sciaenops ocellatus) 
Red drum, also known as redfish, is another population recreational sportfish and a commercial fish found 
in the IRL, where they spawn and live to adulthood.  A total of 25,682 red drum were captured in the IRL 
sampling area from 1998-2023, most of which (65%) were juveniles with an average length under 2.5 
inches captured in the Central IR. Of these, 82% were captured in the IRL while 18% were captured in the 
tributaries, like Turkey Creek and the Sebastian River (Figure 34). A total of 8.750 adult fish were caught 
at an average size of 15 inches, which represents 34% of the total catch in the IRL.  

Over the POR, red drum have been captured in all sampled areas but most prevalently in the Central IRL (5 
fish/set) and Banana River Lagoon (2 fish/set), while few were caught in the St. Lucie Estuary and the 
Loxahatchee River (< 0.25 fish/set). The mean number of fish caught in all lagoons by all gear types was 
under 4 fish/set, with the highest catch per set occurring in the Banana River Lagoon in 2014, when a mean 
of 3.72 fish/set was recorded.  

Catch rates of red drum appear to have remained relatively consistent over time in the Banana River 
Lagoon and the North IRL, but have declined in the Central IRL and South IRL (Figure 35). Catches are 
mainly concentrated in the northern parts of the IRL; however, lower overall sampling effort in the 
southern portions of the IRL with the 21.3m seine (in the IRL and not the tributaries) may under-represent 
the population of that region. 

 
Adult red drum (top) and juvenile (bottom).  

Credit: Zachary Randall/Florida Museum  
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Figure 34. Red drum  hot spot analysis using capture locations, 1998 -2023 
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Figure 35. Red drum - number of fish caught and number of gear sets by lagoon.  
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Gray Snapper (Lutjanus griseus) 
Gray snapper or mangrove snapper are important commercial and recreational fish that were found 
throughout the sampling area but with greater numbers collected in the Central IRL, South IRL and the 
Loxahatchee River (Figure 36). Over the POR, 9,112 individuals were captured in the FIM program, with 
the large majority (76%) caught using the 183m seine. The average adult length is just under seven inches. 
A total of 2,227 fish were captured with the 21.3m seine. Of these, 60% were caught in the IRL and 40% 
were captured in the tributaries, with an average size under five inches in length. 

Most gray snapper were captured in the Loxahatchee River, which averaged seven fish per set prior to 
2016. After 2016, almost no sub-adult or adult Gray Snapper were caught in the Loxahatchee River. Very 
few adult Gray Snapper were captured with the 183m seine in the Banana River Lagoon and the North IRL. 
In the Central and South IRL, less than 1.5 fish per set were recorded over the POR.  

Populations of sub-adult and adult Gray Snapper appear to be declining in most regions of the lagoon 
except the Central IRL and North IRL, where catches are relatively stable (Figure 37). Overall, the 
population center may be shifting northward over time.     

 
Adult gray snapper (top) and juvenile (bottom).  

Credit: Zachary Randall/Florida Museum  
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Figure 36. Gray snapper  hot spot analysis using capture locations, 1998 -2023 
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Figure 37. Gray snapper - number of fish caught and number of gear sets by lagoon. 
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Forage Fishes  
Forage fish represent a core component of the IRL’s trophic system. These species are either primary or 
secondary consumers, are often abundant, and are generally the lowest trophic level fish. Forage fish are 
prey for mid- or high-trophic level fish, which in turn are often consumed by wildlife at the top of the food 
chain, including dolphins, sharks, and humans.  

Bay Anchovy (Anchoa mitchilli) is the species with the highest catch numbers in the IRL, representing over 
60% of the total catch (6,823,550 fish) over the POR. No other species is comparable in terms of abundance 
in the IRL. Pinfish are the second most represented species, making up 5.6% of the total catch, followed by 
the Mojarra species, Irish Pompano and Rainwater Killifish, which make up 5%, 3.9% and 3.4%, of the total 
catch, respectively. Other taxonomic groups that represent over 1% of the total catch from 1998 through 
2023 include Menhadens, Mullet, Spot, Silversides, Perch, and Sardines. 

 

The Bay Anchovy is one of the most abundant fish in the IRL. It provides a major food source for mid -level trophic 
species. Credit: Zachary Randall/Florida Museum 
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Pinfish ( Lagodon rhomboides ) 
Pinfish are common throughout the IRL (Figure 38)and were the second most abundant species (behind 
bay anchovy) captured in the IRL by the FIM program and represent 5.5% (628,885 fish) of the total catch 
over the POR investigated. They are primarily caught in the IRL using the 183m seine, making up 84% of 
the total catch. They are also caught in the IRL with the 21.3 seine (87,969) and within the tributaries, but 
at lower numbers (8,079), with the majority captured in Turkey Creek (Central IRL). Overall, the highest 
numbers are caught in the Central IRL (45%), followed by the Banana River Lagoon (33%). The average 
size, which is about 4.6 inches when caught in the 183m seine and under 3 inches in the 21.3m seine, 
appears to be slightly declining over the POR.  

Pinfish have been captured in all of the lagoons. St. Lucie Estuary contributes the lowest catch rate, with 
less than one fish caught on average per gear set. The highest catch rates occur in the Loxahatchee River, 
which averaged 137 fish per gear set, followed by the Central IRL (77 fish/set), Banana River (65 fish/set), 
and the North IRL (45 fish\ set). Similar to the results found for the other focal species, Pinfish appears to 
be declining in the IRL with regression trends indicating declining numbers in all of the lagoons where 
sampling takes place, with a pronounced, precipitous decline after 2013 (Figure 39).    

Sampling effort does not appear to be influencing the number of fish caught, which has declined 
significantly while effort has remained relatively consistent, particularly with the 183m seine, which is the 
primary gear capturing this species in the IRL. The only lagoon that has shown an increase recently in 
Pinfish captures is the South IRL in 2023, which went from 1 fish/set in 2022 to over 83 fish/set in 2023.   

 
Adult pinfish.  

Credit: Zachary Randall/Florida Museum  
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Figure 38. Pinfish hot spot analysis using capture locations, 1998 -2023 
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Figure 39. Pinfish - number of fish caught and number of gear sets by la goon. 
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Other Focal Species  

Gulf Pipefish ( Syngnathus scovelli ) 
Gulf pipefish is a highly seagrass-dependent species. The majority of the Gulf pipefish that were recorded in 
the FIM database were captured in the Banana River Lagoon, North IRL, and the Central IRL (Figure 40). 
Out of the 11,419 total fish captured over the POR, 11,195 were captured in the IRL proper with a 21.3m 
seine, at an average size of under 2.8 inches. The total catch is comparable among the three northern 
lagoons, with 30% of the fish captured in the North IRL and 35% each captured in both the Central IRL and 
Banana River Lagoon. Only 220 fish were captured in the three tributaries, 180 of which were caught in 
Turkey Creek (Central IRL) using the 21.3m seine, and a total of three captured in the Central IRL using the 
183m seine. The lack of Gulf Pipefish in the South IRL is the result of the absence of sampling with the finer 
meshed 21.3m seine, which is the primary gear type used to catch this smaller fish species, and their 
absence in this region is not indicative of their true population in the South IRL.  

The population of Gulf Pipefish in the IRL appears to be declining based on the available data, with 
decreasing trends indicated over time in all regions of the lagoon where they have been captured over the 
POR (Figure 41). Mean number of fish per set in each of these regions have declined overall with FIM 
captures, on average, close to zero fish per set in 2022. However, all three lagoons showed an increase in 
the number of fish captured in 2023, which could indicate that the population within the IRL is beginning to 
increase, possibly due to an increase in seagrass coverage. 

Although the population in the IRL appears to be currently low, Gulf Pipefish are usually associated with 
areas of dense submersed vegetation, which could limit the ability of the sampling program to capture 
them in some regions of the lagoon and its tributaries. In addition, there are likely populations in the 
northern portion of the North IRL and within the Mosquito Lagoon that are not currently sampled by FWC.  
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Figure 40. Gulf pipefish  hot spot analysis capture locations, 1998 -2023 

No Gulf Pipefish were 

captured in the South IRL due 

to a lack of sampling with the 

21.3m seine, which primarily 

targets juveniles and small 

fish (i.e., pipefish) . Lack of data 

does not mean they are not 
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Figure 41. Gulf pipefish - number of fish caught and number of gear sets by lagoon. 
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Sheepshead ( Archosargus probatocephalus ) 
From 1998 through 2023, a total of 46,086 Sheepshead were captured in the FIM sampling program across 
all gear types. Adults and sub-adults caught in the 183m seine made up over 86% of the total catch. The 
average size of fish caught in the 183m seine was just under 9.2 inches, while those caught in the 21.3 seine 
averaged 3.8 inches over the POR. While the size of juvenile fish captured using the 21.3m seine has 
remained constant over time, the size of the sub-adult and adult fish caught in the 183m seine has shown a 
slight decline from 1998 to 2023.  

Sheepshead have been caught consistently in the six lagoon regions, which indicates that the population 
spans the IRL from north to south (Figure 42). Mean fish per set numbers range from 2.3 fish/set in the 
North IRL to 4.7 fish/set in the St. Lucie Estuary for fish caught in the 183m seine over the POR. These 
numbers have peaked during different years in each of the lagoons, which suggests that sheepshead 
schools tend to move around the IRL, possibly in search of food or other optimal conditions. The juvenile 
population tends to be centered within Turkey Creek and the Central IRL, where 85% of all juvenile fish are 
captured.  

Sheepshead populations appear to be declining in the Central IRL, South IRL, St. Lucie Estuary, and the 
Loxahatchee River (Figure 43). Catch rates in the Banana River Lagoon and the North IRL have remained 
relatively consistent. Large fluctuations in the number of Sheepshead caught annually have occurred in 
most of the lagoon regions over the POR, which may be due in part to the species’ high mobility.  

 
Adult sheepshead (top) and juvenile (bottom).  

Credit: Zachary Randall/Florida Museum  



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

63 | P a g e 

 

Figure 42. Sheepshead hot spot analysis using capture locations, 1998 -2023 
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Figure 43. Sheepshead - number of fish caught and number of gear sets by lagoon. 
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Mayan Cichlid ( Mayaheros urophthalmus ) 
The Mayan Cichlid is a tropical species native to Central America that was first discovered in Florida waters 
in 1983. They are primarily found in lower saline and fresh water but can tolerate a wide range of salinities. 
It is considered a non-native species. Although they have been present in the southern regions of the IRL, 
including the St. Lucie Canal, for some time, only 20 fish were captured in the IRL through the FIM sampling 
program prior to 2015. Since 2015, a total of 937 Mayan Cichlids have been captured, primarily through 
riverine sampling in Turkey Creek (439 fish) and the St. Lucie Estuary (483 fish) using the 21.3m seine.  

In Turkey Creek (Central IRL), where riverine sampling has been conducted since 1999, Mayan Cichlid was 
first caught in 2008. From 2008 through 2015 a total of 37 fish were captured, 19 of which were caught in 
2015. In 2016, riverine sampling was initiated in St. Lucie Estuary and Loxahatchee River. Since 2016, a 
total of 908 Mayan Cichlid have been captured, with 420 in Turkey Creek, 483 in St. Lucie Estuary, and only 
5 in Loxahatchee River.  

Mayan Cichlid has likely been expanding northward in recent years to reach the north parts of the IRL 
(Figure 44). The first Mayan Cichlid in Banana River Lagoon was captured in 2016, with two additional fish 
captured in 2023. Since then, three have also been captured in the North IRL using the larger seine gear. 
The northward migration may be directly related to climate change and warmer water temperatures. 

Opossum Pipefish ( Microphis lineatus ) 
Opossum Pipefish is a species native to the western Atlantic that has been historically considered as a 
Species of Concern by the National Marine Fisheries Service (NMFS). Opossum Pipefish can tolerate a wide 
range of salinities and can also be found in freshwater habitats as juveniles. They are primarily associated 
with dense vegetation, which they use for cover and ambush. Since sampling began in 1998, only one fish 
was captured in the IRL proper using the 21.3 seine, and none have been captured in the larger 183m seine. 
Most captures are from the major tributaries (Figure 45). 

Only a total of 247 fish have been captured during FIM sampling in the riverine portions of the IRL 
watershed using the 21.3m seine. Opossum Pipefish have been caught in 21 of the 24 years during which 
sampling has taken place in Turkey Creek (Central IRL), from 1999 through 2023, with a total of 217 fish 
recorded. Another 111 were captured in the St. Lucie Estuary between 2016 and 2023, with the highest 
number of fish (46) captured in 2016. Overall, the mean number of fish per set ranged from 0 to 0.21 
throughout all the IRL tributaries, with the greatest numbers captured over the last seven years of 
sampling coming from the St. Lucie Estuary. In the Central IRL, which has the longest dataset, there has 
been a slight downward trend in the number of fish captured since 1999. Notably, catch rates may be 
influenced by difficulty of deploying seines in their preferred habitats; however, their decline in the Central 
IRL may be linked to water quality changes and habitat loss or degradation.  

Hot spot analyses were not completed for the Mayan Cichlid or the Opossum Pipefish due to the low 
number of fish captured over the POR. A map of capture locations, color-coded by lagoon region, is 
provided instead to indicate where these species have been observed through sampling conducted by the 
FIM program. 
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Figure 44. Mayan Cichlid capture locations, 1998 -2023 
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Figure 45. Opossum pipefish  capture locations, 1998 -2023 
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SUBCHAPTER : MARINE MAMMALS  

 
Florida Manatee (Trichechus manatus latirostris)  

Credit: Bob Bonde/USGS 

Marine mammals include three Orders: Carnivora (suborder Pinnepedia), which includes sea otters, seals, 
sea lions, and walruses; Cetacea, which includes whales, dolphins, and porpoises; and Sirenia, which 
includes manatees and dugongs. Marine mammals are defined by the Marine Mammal Protection Act 
(MMPA) of 1972 as “any mammal which (A) is morphologically adapted to the marine environment 
(including sea otters and members of the orders Sirenia, Pinnipedia and Cetacea), or (B) primarily inhabits 
the marine environment (such as the polar bear)” (U.S. Code § 1362). Marine mammals are long-lived, have 
relatively low reproductivity growth and rates, and are high in the food chain, making them susceptible to 
anthropogenic stressors and a potential indicator of overall ecosystem health (Fair & Becker, 2000). The 
two species of marine mammals found in the IRL are bottlenose dolphins and manatees, and examining 
their overall abundance, distribution, mortality rates, and associated trends gives insight into the overall 
health of the IRL. While river otters are often found in the IRL, they are not morphologically adapted to the 
marine environment and therefore not included in this discussion of marine mammals in the IRL. Stress 
sources to marine mammals have been identified as direct impacts from human activities (fishery 
interactions, marine debris, boat strikes) as well as indirect anthropogenic impacts such as pollution 
(metals, pesticides or nutrient enrichment fueled algal blooms), loss of food resources or habitat impacts, 
and climate change impacts to surface water temperatures (Fair & Becker, 2000). Extreme stress can cause 
unusual mortality events (UMEs), several of which have been documented in IRL dolphins and manatees.  

Overview of Florida Manatee  
The Florida Manatee (Trichechus manatus latirostris) was designated Florida’s state marine mammal in 
1975 and is among the state’s most iconic native animals. The Florida manatee (referred to as simply 
manatee hereafter) can be found in coastal areas, estuaries, and tidal creeks as well as freshwater sprin gs 
and rivers. Some migrate seasonally, traveling hundreds of miles at up to 20 miles per day, while others 
remain in a single area throughout the year. Manatees typically return to the same winter sites each year 
seeking refuge from colder waters. While most remain within peninsular Florida nearshore areas, some 
individuals have been found as far north as North Carolina and west to Louisiana with occasional sightings 
from Massachusetts to Texas as well as the Bahamas and Cuba (FWC, 2016).  
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Manatees are protected by the MMPA of 1972, the Endangered Species Act (ESA) of 1973, and the Florida 
Manatee Sanctuary Act of 1978. Manatees were first federally listed as endangered in March of 1967. They 
were first listed as threatened on Florida's imperiled species list in 1974 and reclassified to endangered in 
1979 (FWC, 2007). In 1999, the Florida Fish and Wildlife Conservation Commission (FWC) developed a 
standardized method for evaluating the inclusion of a species on the state imperiled list; subsequently, a 
2001 petition was filed to the FWC to reclassify the manatee. Final action on the petition was not made 
until 2005 due to delays from additional reviews and public input considerations into the listing process. 
Following the revised listing rule process, a biological review panel was organized to examine the best 
available scientific information regarding the potential risk of manatee extinction. The panel consisted of 
biologists from the FWC, the United States Fish and Wildlife Service (USFWS), academia, and the private 
sector. This panel determined that the manatee met the designation of a threatened species, a downgrade 
from the previous listing. The threatened designation is described as having a very high risk of extinction. 
The FWC accepted this finding in June 2006 (FWC, 2007).  

Federally, the Florida manatee was also downgraded from ‘endangered’ to ‘threatened’ by the USFWS in 
2017. This decision was based on the review of scientific and commercial information indicating that while 
some threats to manatees remained (future habitat loss and degradation, boat strikes, and loss of winter 
warm water refuges), conservation and recovery efforts had reduced or eliminated other threats (DOI, 
2017).  However, following a recent petition, USFWS determined that there was substantial evidence that 
may warrant reversion of the listing status back to ‘endangered’. Consequently, an in-depth status review is 
currently underway (USFWS, 2023a). 

The Florida Manatee Sanctuary Act of 1978 (Act) declares the entire State of Florida to be a manatee 
“refuge and sanctuary”. The protections under the Act are not dependent upon the manatee’s status as 
either a state or a federally listed species. The Act authorizes the FWC to grant or deny permits for the 
possession of manatees for scientific or propagational purposes and deems it unlawful for any person by 
any means, without a permit, to intentionally or negligently “annoy, molest, harass, or disturb or attempt to 
molest, harass, or disturb any manatee.” This prohibition includes any attempt to hurt, pursue, capture, 
feed or possess any manatee or part of any manatee and is a criminal offense punishable as a second-
degree misdemeanor. The Act authorizes FWC to regulate the operation and speed of motorboat traffic 
where manatee sightings are frequent and where the best available scientific and other relevant 
information, including observations, “supports the conclusions that manatees inhabit these areas on a 
regular basis.” (§370.12(2)(n), F.S., FWC, 2007). The act also includes regulation of areas around power 
plants or other warm-water sources that attract manatees, the creation of safe havens undisturbed by 
human activity, the protection of habitat including seagrass beds from impacts due to boating or other 
human activities, and the declaration and regulation of manatee protection zones with limits to boat 
speeds. The Florida Manatee Sanctuary Act is implemented by rule Chapter 68C-22 of the Florida 
Administrative Code which specifies boating speed regulations by county zones, with each rule addressing 
regulations in a specific county and sometimes includes regulations in portions of geographically close 
counties (FWC, 2007). Manatee protection zones in the IRL are shown in Figure 46. 
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Figure 46. Manatee protection zones in the IRL. 
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Partially due to their early designation as endangered, manatees are considered one of the most researched 
and well-studied of all marine mammals. Extensive information on the biology, life history, and 
conservation of the species can be found in several places including the Final Biological Status Review of 
the Florida Manatee (Haubold et al. 2006), the Florida Manatee Recovery Plan, 3rd revision (USFWS 2001), 
as well as literature and general texts on manatees (FWC, 2007).  Manatees, like many large mammals, are 
long-lived with an average life span of around 60 years. They reach reproductive maturity at age four to 
seven and have one calf about every three years. Calves remain parentally dependent through the second 
year (FWC, 2007).  Manatees are opportunistic generalist herbivores that feed on a variety of submerged, 
floating, and emergent marine and freshwater vegetation, with seagrass being a staple in coastal areas such 
as the IRL (USFWS, 2001). 

Manatees face threats from many drivers including human alteration of habitats such as dredging of canals 
and bays, the addition of control structures and dams on rivers and canals, the introduction of non-native 
plants, seagrass losses, and the loss of artificial warm water discharges (USFWS, 2001, FWC, 2007). These 
threats have impacted the distribution and seasonal abundance of manatees throughout Florida and recent 
mortality events due to lack of foraging opportunities specifically in the IRL have made headlines 
throughout the U.S. One of the most significant threats to manatees in Florida has previously been 
identified as collisions with vessels and prior to recent events, boat strikes accounted for 20 to 25% of 
known manatee death annually (USFWS, 2001, Bassett et al., 2020). Natural events, such as cold weather 
and red tide also pose a threat to Florida manatees as do anthropogenically driven harmful algal blooms 
(HABs). 

Overview of Bottlenose Dolphin  
The common bottlenose dolphin (Tursiops truncatus) is found throughout the world both offshore and in 
coastal temperate or tropical waters, such as the IRL. The common bottlenose dolphin (referred to as 
bottlenose dolphin or simply dolphin hereafter) is not endangered or threatened under the Endangered 
Species Act (ESA) but is protected under the Marine Mammal Protection Act (MMPA). They are long-lived 
top-level predators that may be exposed to and accumulate persistent pollutants that could in turn increase 
their disease susceptibility (Fair & Becker, 2000). They are also susceptible to direct impacts from human 
activity such as boat strikes or fishing gear entanglement (Bechdel et al., 2009; Stolen et al., 2012). IRL 
dolphin populations have experienced unexplained significant die-off events declared as UMEs by the 
National Oceanic and Atmospheric Administration (NOAA) National Marine Fisheries Service (NMFS).  

Under the MMPA, bottlenose dolphin populations are assessed in geographic units referred to as “stocks”. A 
stock is defined as “group of marine mammals of the same species or smaller taxa in a common spatial 
arrangement, that interbreed when mature” (16 U.S. Code 1361 § 3). NOAA considers the IRL dolphin stock 
as a non-strategic stock meaning:  

1. The level of direct human-caused mortality does not exceed the potential biological removal level 
(defined as the maximum number of animals, not including natural mortalities, that may be 
removed from the stock while allowing that stock to reach or maintain its optimum sustainable 
population), 

2. Populations are not found to be declining and they are not likely to be listed as a threatened or 
endangered species in the foreseeable future, and 

3. They are not currently listed as threatened or endangered species under the ESA or designated as 
depleted under the MMPA (NOAA, 2023b). 
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Due to their site fidelity, estuarine dolphin populations are particularly susceptible to observable impacts 
from human disturbance including variation in nutrient and salinity patterns (Greller, et al., 2021). It is 
important to track and analyze bottlenose dolphin populations and health as it may be indicative of the 
overall health of the IRL system (Stolen et al., 2007).   

DATA SOURCES AND METHODS 

The data sources used to evaluate marine mammals in the IRL were primarily from government agencies 
(FWC and NOAA) as well as the literature. These sources are summarized in Table 14 and further 
described in the following sections. 

Table 14. Sources and datasets analyzed to describe marine mammals in the IRL. 

Source/  
Agency Dataset 

Living 
Resource 

Initial Spatial 
Coverage 

Smallest Spatial 
Coverage 
Presented  

Period of 
Record 

FWC Synoptic Survey Manatees Statewide IRL basin 1991-2019 

FWC 
Statewide 

Abundance 
Manatees Statewide Florida east coast 2011-2012 

FWC Statewide 
Abundance 

Manatees Statewide Florida east coast 2015-2016 

FWC Statewide 
Abundance 

Manatees Statewide Florida east coast 2021-2022 

NOAA UME Manatees US-wide Florida Atlantic 
Coast 

1991-2024 

FWC Mortality  Manatees Statewide IRL basin 1974-2021 
FWC Mortality  Manatees Statewide IRL County 2022-2023 
FWC Rescue Manatees Statewide IRL basin 2008-2023 

FWC Protection Zones Manatees Statewide IRL basin Current 
(2023) 

NOAA Stock Abundance Dolphins IRL IRL 2002-2017 
NOAA UME Dolphins US-wide IRL 1991-2024 

Literature  Abundance Dolphins IRL IRL 2002-2017 
NOAA Mortality & Injury  Dolphins IRL IRL 2006-2020 

Literature  Mortality & Injury  Dolphins IRL  IRL  1997-2005 
 

Manatee Abundance 
The FWC conducts synoptic aerial surveys of manatees to obtain a general count of manatees statewide. 
‘Synoptic’ surveys involve instantaneous, total counts over broad areas that cover all known wintering 
habitats (FWC, 2024). The surveys were conducted from 1991 through 2019 annually during the winter. 
The surveys are conducted during the coldest weather of the year, ideally following a prolonged period of 
cold weather during low wind and sunny conditions with flight dates for the POR ranging from January 5th 
to March 6th. Weather influences manatee behavior; therefore, the surveys are not appropriate for 
assessing long-term population trends at these sites (FWC, 2024). While comprehensive, these counts only 
represent a minimum number of manatees known to congregate in the designated survey areas and are not 
intended to provide a whole population or abundance estimate.  Manatees that are not present in the 
survey area at the time of flight, or that are present but were not detected are not counted (Hostetler et al., 
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2018).  While these data cannot be used to assess long-term population trends, they can demonstrate the 
minimum number of manatees that use warm water refuges each year. Two manatee winter aggregation 
sites have been identified in the IRL 1) the former Reliant Energy Indian River Power Plant (now Orange 
County Utilities) and 2) the Florida Power & Light Company Canaveral Power Plant (FFWS, 2001). Spatial 
data results from these surveys were downloaded from the FWC GIS & Mapping Data Downloads (FWC, 
2023). Annual surveys were not conducted in 2008, 2012, 2013, or 2020 because the warmer than average 
weather in Florida during those years was anticipated to impact the results. The survey was also not 
conducted in 2021 due to safety precautions related to the COVID-19 pandemic (FWC, 2024). The FWC 
Synoptic Survey routes shown in Figure 47 do not cover the Halifax River (ever) and only occasionally 
cover the southern portion of the Mosquito Lagoon (Table 15). Route data were only available for 2004 
through 2019, although synoptic surveys began in 1991. 

While FWC’s annual synoptic survey data are not appropriate for assessing long-term population trends, 
they can be used to determine the minimum number of manatees visiting the surveyed area each year. The 
synoptic survey data for the POR (1991-2019) were obtained as a spatial dataset. Using ArcGIS Pro 
geoprocessing tools, the data were clipped to the IRL boundaries and spatially joined to the IRL basins. The 
ESRI ‘Optimized Hotspot’ Spatial Statistics tool was run using the total counts for each survey point to 
return significant clusters of high values (90% or higher confidence). The data were exported into 
electronic spreadsheet format for further analysis. Results were compared to the three statewide 
abundance survey results that were retrieved from the literature or FWC reports. 



THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT 
CHAPTER 7: LIVING RESOURCES 

74 | P a g e 

 
Figure 47. FWC Synoptic Survey Routes in the IRL from 2004-2019. 
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Table 15. FWC Synoptic Survey miles flown by IRL basin. 

Survey 
Year 

Halifax  
(mi.)  

Mosquito 
Lagoon 
(mi.)  

Banana 
River 

Lagoon 
(mi.)  

North 
IRL 

(mi.)  

Central 
IRL 

(mi.)  

St. 
Lucie 
(mi.)  

South IRL 
(mi.)  

Loxahatchee 
River   
(mi.)  

2004   -     -     149   13   51   135   211,828   35  
2005   -     -     348   4   62   126   232,745   32  
2006   -     -     99   137   120   89   216,616   29  
2007   -     -     712   110   110   145   252,793   15  
2008   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a  
2009   -     -    - -  53   146   277,763   16  
2010   -     -     358   11   43   140   299,943   38  
2011   -     34   171   255   245   166   267,440   65  
2012   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a  
2013   n/a   n/a   n/a   n/a   n/a   n/a   n/a   n/a  
2014   -     -     347   172   141   141   226,947   29  
2015   -     35   356   246   149   139   235,139   27  
2016   -     14   357   127   164   163   427,705   73  
2017   -     -     147   159   103   82   -     -    
2018   -     46   162   145   82   -     -     -    
2019   -     45   563   175   91   -     203,527   41  
TOTAL  -     175   3,769   1,556   1,412   1,473   2,852,446   400  

 

Utilizing fixed-wing aircraft, the FWC began conducting statewide abundance surveys in 2011 through a 
random sampling and a double observer approach method. Three surveys have been completed since 
initiating this program: 2011-2012, 2015-2016, and 2021-2022 (FWC, 2024b). The first aerial survey was 
conducted from February 28 to March 22, 2011, on the west coast of Florida and from March 5 to March 13, 
2012, on the east coast (Martin et al., 2015). The second survey was flown from December 1 to December 9, 
2015, on the west coast and December 5 to December 12, 2016, on the east coast (Hostetler, et al. 2018). 
The third survey was conducted from December 1 to December 15, 2021, on the west coast and from 
November 30 to December 6, 2022, on the east coast (Gowan et al., 2023). The results of each survey were 
analyzed by FWC and the United States Geological Survey (USGS) using statistical modeling approaches to 
estimate abundance. The results of these studies were retrieved from the resulting reports published by 
the FWC or available literature. 
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Manatee Mortality and Injury  
The National Marine Fisheries Service (NMFS) tracks UMEs under MMPA requirements, however, UME 
investigations for Florida manatees are typically undertaken by the FWC with assistance from the USFWS. 
UME data were retrieved from the NOAA NMFS Active and Closed Unusual Mortality Event website (NOAA, 
2024b). 

The FWC tracks and investigates manatee mortality. Statewide data is available for download from FWC’s 
online Manatee Report Application (FWC, 2024d). Data were retrieved for the entire period of record 
(POR) from April 3, 1974 through December 31, 2021 for the seven IRL counties. The database includes the 
coordinates for the location where the manatee carcass was recovered. Manatee deaths are broken down 
into nine categories based on visible observations, historical, and microbiological findings (FWC, 2024c): 

1. Watercraft – Propeller wounds, impact, and/or crushing 
2. Crushed/Drowned in Flood Gate or Canal Lock – Crushing or asphyxiation caused by gates or locks 
3. Other Human-Related – Vandalism, poaching, entrapment in pipes or culverts, entanglement or 

ingestion of fishing gear or debris 
4. Perinatal – Manatees less than 5 feet in length that did not die due to human-related causes 
5. Cold Stress – Acute or prolonged cold weather exposure 
6. Other Natural – Disease, birth complication, natural accident, or natural catastrophe (red tide 

blooms) 
7. Undetermined; Too Decomposed – Could not be determined due to advanced decomposition 
8. Undetermined; Other – Necropsy findings were inconclusive 
9. Verified/Not Necropsied – A verified death, but a necropsy was not performed 

The FWC Manatee Report Application data was downloaded and added to an ArcGIS Pro project using the 
latitude and longitude values provided for each record. The geospatial analyses completed were consistent 
with those for manatee population data. Manatee mortality specific to watercraft incidents was also filtered 
and analyzed using the ESRI Optimized Hotspot Spatial Statistics tool. The individual datapoints were 
mapped with the Manatee Protection Zones and the nearest distance from the carcass recovery point to a 
manatee protection zone was calculated using the ESRI Near analysis tool. 

Because the spatial data were only current through 2021, additional mortality reports from FWC with 
county-level statistics were used to complete the summaries for 2022, 2023 and 2024. Reports for 2022 to 
2024 were listed as “preliminary” and only identified the county in which the carcass was retrieved and not 
the specific location within the county (FWC, 2024c) The data were filtered by county and the data for the 
seven IRL counties (Volusia, Brevard, Indian River, St. Lucie, Martin, Okeechobee, and Palm Beach) were 
summarized. It should be noted that some of these manatees may have been retrieved from within the 
county but outside of the IRL watershed; therefore, the results may be an overestimate of the actual 
mortality that occurred within the IRL, particularly for Palm Beach County for which most of the county 
coastline is outside of the IRL basin boundary.  

The FWC also responds to calls from the public reporting injured or distressed manatees, coordinates 
rescues, and if necessary, arranges transport to rehabilitation facilities and provides reports by county 
annually. Manatee rescue data are available in pdf format for 2008 to 2023 (FWC, 2024f). At the time of 
retrieval, 2023 data was identified as “preliminary”. The manatee rescue data were processed in a 
comparable manner to the county-level mortality data. The cause for need of rescue is categorized into 
eleven groups: 
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1. Watercraft 
2. Entanglement; crab trap 
3. Entanglement; monofilament 
4. Entanglement; other 
5. Entrapment; human structure 
6. Human; other 
7. Mother of rescued calf 
8. Calf of rescued mother 
9. Calf by itself 
10. Natural 
11. Undetermined 

For the data summaries and analyses, these categories were further grouped into three or four more 
general categories (Table 16). Because the rescue data do not specify the cause for the ‘Mother of rescued 
calf’, ‘Calf of rescued mother’, or ‘Calf by itself’ categories, all related instances were generalized to be due 
to non-natural causes for the purposes of these analyses. Data were also further examined specific to 
watercraft related rescue. 

Table 16. FWC Manatee Rescue data groupings. 

FWC Cause for Rescue Category Generalized Category Further Generalized Category 
Watercraft Watercraft Non-natural 
Entanglement; crab trap Other Human Non-natural 
Entanglement; monofilament Other Human Non-natural 
Entanglement; other Other Human Non-natural 
Entrapment; human structure Other Human Non-natural 
Human; other Other Human Non-natural 
Mother of rescued calf Other Human Non-natural 
Calf of rescued mother Other Human Non-natural 
Calf by itself Other Human Non-natural 
Natural Natural Natural 
Undetermined Undetermined Undetermined 

Manatee Protection Zones are available from the FWC GIS & Mapping Data Downloads (FWC, 2023). The 
spatial data analyzed herein were most recently updated on November 22, 2023. The FWC summary notes 
for the data file states that “this GIS data set represents the state of Florida manatee protection areas as 
described in the Florida Administrative Code (FAC) Chapter 68C-22 and spatially represent the manatee 
protection areas for general reference only. In the event of conflict between this data set and the zones as 
described in the FAC, the descriptions in the FAC shall prevail. The state of Florida manatee protection 
zones may differ from manatee protections zones created by City or County authorities and/or the U.S. Fish 
and Wildlife Service” (FWC, 2023). 

Bottlenose Dolphin Abundance 
Available population data are summarized by the NOAA NMFS in annual stock assessment reports. The 
1994 amendments of the MMPA require NOAA and the United States Fish and Wildlife Service (USFWS) to 
generate stock assessment reports for all marine mammal stocks within the U.S. Exclusive Economic Zone 
(NOAA, 2023). These regional stock assessment reports are published yearly, but revisions are only made 
to an individual species/stock when updated information is available. For example, the IRL bottlenose 
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dolphin reports were most recently revised in 2022, 2015, 2013, and 2009 (NOAA, 2023; NOAA 2016; 
NOAA 2014; NOAA 2009). The IRL bottlenose dolphin stock range extends north to Ponce de Leon Inlet and 
south to Jupiter Inlet and includes all estuarine waters in between including Mosquito Lagoon, North IRL, 
Banana River Lagoon, and South IRL. Most studies use these four distinct regions, dividing the North and 
South IRL at the Eau Gallie Causeway (Durden et al., 2021).  Using a variety of methods such as photo 
identification, radio telemetry, and genetics, multiple studies suggest this area supports a distinct stock of 
bottlenose dolphins which may include three distinct groups that are long-term residents of the IRL 
(Mazzoil et al., 2005; Mazzoil, et al., 2008; NOAA, 2023).   

The most recent and best available abundance estimates for IRL bottlenose dolphins are from 2016 to 2017 
mark-recapture photo identification boat-based surveys completed by Durden et al (2021) (NOAA, 2023; 
Kot and Roberts, 2023). One hundred and thirty-five surveys were conducted along predetermined contour 
and transect lines throughout the IRL following a robust design method and model assumptions for 
recapture, survival, and temporary immigration/emigration (Durden et al., 2021).  

Aerial surveys are also used to estimate the abundance and distribution of marine mammals. Line-transect 
surveys were conducted to assess bottlenose dolphins in the IRL from 2002 to 2011, which provided the 
first abundance estimates for the IRL in over thirty years. Forty-five transects were flown twice monthly 
(2002 to 2004), monthly (2005 to 2007), or seasonally (three winter and four summer flights, 2008 to 
2011). Density and abundance were estimated using multiple covariate distance sampling methods applied 
to clusters of dolphins sighted (Durden et al., 2011; Durden et al., 2017). Data were retrieved from the 
available literature and NOAA stock assessment reports and summarized by IRL lagoon.  

Bottlenose Dolphin Mortality  and Injury 
The NMFS tracks UMEs under the MMPA requirements. Investigating and understanding marine mammal 
UMEs is important because they can provide important insights into environmental issues which have 
human health implications (NOAA, 2024). NMFS collects marine mammal stranding data through the 
Marine Mammal Health and Stranding Response Program’s National Stranding Database (NSD) for which 
public access is not currently available (NOAA, 2024b). Data requests to NOAA remained unfulfilled at the 
time of writing, so other sources that summarize previous NSD exports were used for this chapter including 
Stolen et al. (2007) for data from 1977 to 2005 and NOAA stock assessment reports for data from 2006 to 
2020. 

A working group on marine mammal UMEs was established in 1991 by NOAA. There are seven criteria for 
declaring a UME by the working group and meeting one or more conditions results in the naming of an event 
a UME (NOAA, 2024): 

1. A marked increase in the magnitude or a marked change in the nature of morbidity, mortality, or 
strandings when compared with prior records. 

2. A temporal change in morbidity, mortality, or strandings is occurring. 
3. A spatial change in morbidity, mortality, or strandings is occurring. 
4. The species, age, or sex composition of the affected animals is different than that of animals that are 

normally affected. 
5. Affected animals exhibit similar or unusual pathologic findings, behavior patterns, clinical signs, or 

general physical condition (e.g., blubber thickness). 
6. Potentially significant morbidity, mortality, or stranding is observed in species, stocks, or populations 

that are particularly vulnerable (e.g., listed as depleted, threatened, or endangered or declining).  
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7. Morbidity is observed concurrent with or as part of an unexplained continual decline of a marine 
mammal population, stock, or species. 

Because criteria 1, 2, and 3 refer to “change”, it is necessary to understand baseline dolphin mortality in the 
IRL. Stolen et al., developed a historical synthesis of dolphin stranding data in the IRL based on records 
from 1977 to 2005 by selecting data from NOAA’s National Stranding Public Access Database (NSD) for IRL 
reported strandings (2007). The database includes information on every stranded marine mammal in the 
United States that a member of the National Stranding Network has responded to and includes 
approximate age, sex, date, location, condition, and other information. Stolen et al. examined the data for 
seasonal patterns, scored for the presence of human interaction, and pooled and compared over a five-year 
period (2007). Data from 2006 to 2024 were requested from NOAA for comparison to the 1977 to 2005 
study period of record but were not received, so summary data from NOAA stock reports were used as the 
best available data at this time (2009, 2014, 2016, 2023). These data included only the year, county, and 
presence of human interaction and did not include the additional sex and age data used by Stolen et al. 
(2007).   

RESULTS 

Manatee Abundance 
Manatee occurrence based on the 1991 to 2019 synoptic survey data are presented in Figure 48. Winter 
manatee counts, not surprisingly, are concentrated in the North IRL near the two known manatee winter 
aggregation power plant sites. These areas can be seen in the North IRL (NRL) Power Plant inset in Figure 
49 with the former Reliant Energy Indian River Power Plant (now Orange County Utilities) seen to the 
north and the Florida Power & Light Company Canaveral Power Plant to the south. These locations in the 
North IRL are important warm water sources for manatees in the winter with  74% of manatees identified 
during synoptic surveys in the IRL being within the North IRL and 62% specifically in the Florida Power & 
Light Company Canaveral Power Plant area (Figure 49). Most manatees identified during synoptic surveys 
in the IRL are adults with less than 4% (824 of the 23,345 total) identified as calves. 
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Figure 48. FWC Synoptic Survey Results by IRL basin (FWC Synoptic Survey 1991-2019). 
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Figure 49. Hotspot map of FWC Synoptic Survey results for the IRL (1991-2019). 
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The annual results of the synoptic surveys are in Figure 50. For the years that more than one survey (n) 
was conducted (1991, 1995, 1996, 1997, 2000 [n=2] and 1999, 2003 [n=3]) the mean total number of 
manatees counted for each flight was utilized. No flights were conducted in 1993 or 1994 statewide, and no 
flights were conducted for the IRL in years 2008, 2012, or 2013. This data does not represent an estimate 
of manatee abundance in the IRL and should not be used to estimate population trends over time but can 
be viewed as the minimum number of manatees present each year in the IRL. Totals ranged from a low of 
118 manatees in 1995 to a high of 2,259 manatees in 2017 with an overall average of 799 manatees per 
survey year. From 2015 to 2018, manatee counts were well above the average and overall, the number of 
manatees identified in the IRL during the winter months increased during the latter years of the POR. 

 
Figure 50. Minimum number of manatees in the IRL by year (FWC Synoptic Surveys, 1991-2019). 

Statewide manatee abundance surveys have been conducted three times by the FWC (2011-2012, 2015-
2016, and 2021-2022). Although the results from those surveys cannot be spatially parsed down to the IRL 
boundaries, they can provide perspective to the synoptic survey results. The statewide results are in Table 
17 and the synoptic survey results for the IRL (which represent the minimum number of manatees in the 
IRL for the survey year) as a percentage of the total estimated abundance for manatees on the east coast of 
Florida are in Figure 51. The percentages were calculated using 3,560 (the 2011/2012 east coast 
abundance estimate) to represent the Florida east coast manatee abundance for 2014 and all years prior, 
and 4,000 (the 2015/2016 east coast abundance estimate) to represent years 2015-2019. The percentage 
of synoptic survey manatees identified in the IRL compared to the east coast abundance estimate ranges 
from a low of 3% (1995) to a high of 56% (2017) with an average over the POR of 21%, suggesting the IRL 
is an important warm water winter refuge site for east coast manatees. While there may appear to be an 
increasing trend in the percentage of manatees that use the IRL during the winter months, the synoptic 
survey results cannot be used to confidently determine trends over time due to the variability in survey 
methods, unknown numbers of missed manatees, and the impact of variable weather. 
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Table 17. FWC statewide manatee survey results. 

 Total  West Coast East Coast 
Survey Period  Estimate Range Estimate Range Estimate Range 
2011 - 2012  6350 (5310-7390) 2790 (2160-3540) 3560 (2850-4410) 
2015 -2016  8810 (7520-10280) 4810 (3820-6010) 4000 (3240-4910) 
2021 - 2022  9790 (8350-11730) 4630 (3960-5420) 5160 (3940-6980) 

 

 
Figure 51. FWC Manatee Synoptic Survey results for the IRL as a percentage of the total estimated abundance for  
manatees on the east coast of Florida.  

 

Manatee Mortality and Injury  
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Figure 52. Manatee mortality hotspots in the IRL (FWC Manatee Report Application data, 1974 -2021). 
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Figure 53. Documented manatee mortality in the IRL by basin (FWC Manatee Mortality data). 

Carcass retrieval data are categorized by the county where the carcass was retrieved, so the totals 
presented herein may be overestimated since some county boundaries extend beyond the IRL watershed. 
The data are presented nonetheless for general comparison and estimation purposes in Figure 54. In 2022, 
manatee mortality data in the seven IRL counties was similar to 2021 IRL basin specific numbers with 449 
manatee carcasses retrieved. In 2023, the number decreased significantly, closer to pre-“superbloom” 
levels at 114 (Table 18).  
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Figure 54. Total IRL manatee mortality estimates in the IRL for 1974 – 2023. 

Table 18. Manatee mortalities documented in IRL counties fr om 2021 to 2024. 

IRL County Manatee 
Mortalities 2021  

Manatee 
Mortalities 2022  

Manatee 
Mortalities 2023  

Manatee 
Mortalities 2024*  

Brevard  358 346 57 60 
Indian River  25 21 8 5 
Martin  41 14 6 10 
Okeechobee 2 2 2 3 
Palm Beach 36 13 6 3 
St. Lucie 16 18 35 2 
Volusia  76 35 57 47 
TOTAL 554 449 114 130 

*2024 data is only through 7/19/2024 

Manatee mortality in the IRL is typically highest during the colder months (January to March) with an 
average mortality count of 582 per month during the cold months (Figure 55). From April to July, monthly 
mortality is near the mean, with a decrease from August to October and a return to the mean by December.  
Manatees are limited in their ability to thermoregulate in cold waters, making them susceptible to cold-
related stress and mortality (FWC, 2007). 
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Figure 55. Monthly total documented manatee mortalities in t he IRL from 1974 – 2021. 

Manatee Unusual Mortality Events  
Unusual mortality events (UMEs) for manatees in Florida have been documented since the first declared 
event in 1996. From 1996 to 2007, six UMEs were declared, but all were in the Gulf of Mexico/west coast of 
Florida. In southwest Florida, mass mortality events are often associated with brevetoxins resulting from 
Karenia brevis blooms (red tide), however, these blooms are not common on the Atlantic coast of Florida 
(Landsberg et al., 2009). In 2010, the first UME was declared that included the Atlantic Coast of Florida and 
since that time, UMEs along Florida’s east coast have become a more common occurrence (Table 19).  In 
2010 and 2011, UMEs resulted from extreme cold weather that impacted manatees across the state 
(Hardey et al., 2019). A 2013 UME, specific to the IRL, followed a dramatic reduction in seagrass coverage 
resulting from the intense algae superbloom of 2011, which also may have been a factor in the 2011 UME. 
Declining seagrass coverage due to various algal blooms has been a major factor in manatee mortality since 
that time. Dietary shifts from seagrass to the predominantly available Rhodophyta (“red algae”) which 
likely led to a novel bacterial infection contributed to the 2013 UME (Landsberg et al., 2022). An ongoing 
UME first declared in March 2021, has been occurring in the IRL since December of 2020 due to 
malnutrition from lack of forage due to the loss of seagrass in the IRL (USFWS, 2023b). 
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Table 19. Manatee Unusual Mortality Events impacting the IRL.  

Year 
Location  Mortality 

Total  
Cause 

2010  Atlantic Ocean, Gulf of Mexico, Florida ~529 Ecological factors 
2011 Atlantic Ocean, Gulf of Mexico, Florida 143 Ecological factors 
2013 Indian River Lagoon, Florida-east coast 111 Infectious disease secondary to 

ecological factors  
2021 Atlantic Ocean, Florida Still 

ongoing 
Malnutrition  secondary to 

ecological factors  
Source: (NOAA, 2024b) 

As discussed in Chapter 6 Habitats, in the 1940s there were approximately 72,987 acres of seagrass within 
the IRL and by 2021 the areal extent of seagrass was only 19,821 acres, resulting in a loss of 53,166 acres in 
nearly 80 years. The North IRL, which was found to be a warm weather refuge hotspot in the winter 
(Figure 49), may be particularly important for winter foraging and the seagrass extent in this lagoon has 
experienced tremendous loss since 1943. The areal extent of seagrass in the North IRL ranged from 21,710 
acres in 1943 to only 66 acres in 2021. These recent declines in seagrass across the IRL were noted 
beginning during the 2011 survey year, corresponding to the recent UMEs. 

FWC performs postmortem examination of recovered manatee carcasses and places the cause of death into 
nine categories based on gross, histological, and microbiological findings (FWC, 2024c). Investigation of the 
current UME (ongoing since December 2020) is still underway. Due to the number of manatee mortalities 
since that time, the FWC is no longer performing necropsies on every manatee and documents those 
manatees as “Verified; Not Necropsied”. For this reason, 2022 and 2023 causes of mortality are presented 
separately than previous years. Additionally, there was a marked increase in 2021 in number of carcasses 
that were “verified, not recovered” (likely due to the high number of mortalities that year) (Figure 56). The 
“verified, not recovered” manatees from 1974 through 2019 totaled only 76 individuals for the entire 45-
year period, at an average of less than 2 per year. At the beginning of the current UME in 2020, 92 
individuals fell into that category in a single year with an additional 275 in 2021. The most common 
manatee mortality type in the IRL (prior to the current UME) is due to non-human related causes in young 
manatees less than five feet in total length, categorized as “perinatal”. This represents 24% or 27% of 
manatee deaths depending on the end year of the POR (i.e., through 2020 or 2021). Undetermined cause of 
death (typically noted when the carcass was found in a decomposed state) is the second most common at 
17% or 19%, followed by watercraft related mortality at 16% or 18%, natural causes at 13% or 12%, and 
cold stress at 11% or 12%.  
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Figure 56. Recorded causes of manatee mortality in the IRL , including the current UME (top) and excluding the 
current UME (bottom) . 

Adult manatee mortality caused by starvation and/or malnutrition is categorized by the FWC as “Natural”.  
In 2022 and 2023, 290 manatee carcasses in the IRL counties were classified as “Verified; Not Necropsied”, 
representing 52% of all manatee carcasses documented. Those identified as dying from natural causes 
jumped to 22%, meaning up to 74% of all adult manatee mortalities in the IRL counties during those two 
years may have been due to starvation. The next leading cause of mortality was due to watercraft related 
causes at 11% equal to 61 mortalities (Figure 57). As previously discussed, the 2023 manatee mortality 
counts dropped significantly as the number of adult manatees potentially impacted by lack of forage 
(“natural” plus “not necropsied”) decreased from 381 in 2022 to 33 in 2023. The most recent 2024 
preliminary data available (through July 19, 2024) also indicate continuation of the decreasing trend, with 
only 21 of 130 (16%) mortalities in the IRL counties categorized as natural or ‘verified; not necropsied’. 
Although the total number for 2024 is already outpacing 2023 totals, adult starvation-related mortality  
appears to remain well below the peak numbers of 2021 and 2022 (Table 20). The perinatal manatee 
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mortality, however, increased substantially to 71 so far in 2024, which is higher than any previous year on 
record and a sharp increase from the previous years of the UME of 20 in 2021, 13 in 2022, and 18 in 2023 
(Figure 58). The mortality of any individual manatee less than five feet in total length not attributed to 
human causes is placed in this category, so any number in this category could have been due to 
malnutrition or starvation due to lack of forage for calves or their mothers. This data reveals that the 
impacts of the current UME may still be continuing through 2024 with a shift in affect from adults to young 
manatees. 

 

Figure 57. Cause of manatee mortality in the IRL counties in 2022 and 2023 (FWC Manatee Mortality Statistics) . 

Table 20. Manatee mortality cause determined by FWC in IRL counties.. 

Cause 2021  2022  2023  2024*  

Watercraft  27 30 31 21 
Flood Gate/Canal Lock 1 1 1 3 
Other Human  1 6 12 1 
Perinatal  27 13 18 71 
Cold Stress 5 4 4 1 
Natural  99 105 19 10 
Undetermined  11 14 15 12 
Not Necropsied  383 276 14 11 
TOTAL 554 449 114 130 

*2024 data is only through 7/19/2024 
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Figure 58. Perinatal m anatee mortality in the IRL  
(FWC Manatee Report Application data, 1974-2021 Mortality Statistics by County 2022 -2024) . 

 

 
Emaciated manatee carcass. The body is flattened. 

Credit: FWC 
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Non-lethal manatee rescues for the seven IRL counties are presented in Figure 59. While there is no 
significant trend over the POR in manatee rescues in the IRL counties, the highest numbers of natural 
causes for rescues occur during the two UMEs due to unusually cold winters (2010 and 2011) and during 
the current UME due to lack of foraging (2022-2023). 

 
Figure 59. Manatee rescues in the IRL counties from 2008-2023 by cause of injury  
(FWC Annual Rescue Summaries). 

Watercraft Impacts  
Of the 1,303 rescues that occurred in the seven IRL counties from 2008 to 2023, 65% (357) were from 
human-related incidents, 21% (115) were specific to watercraft impacts, while 35% (187) were from 
natural or undetermined causes (Figure 60). The primary focus of early manatee conservation efforts was 
to reduce or eliminate human-caused manatee mortality and designated manatee protection zones 
including boat speed regulations is an ongoing effort to limit human-caused manatee injury or mortalities  
(FWC, 2007). 
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Figure 60. Manatee need for rescue cause in the seven IRL countries 2008 -2023  

Manatee rescue records are only tracked by county and not the exact location the rescue occurred; 
therefore, rescues due to watercraft impact comparisons to the locations of manatee protection zones 
could not be completed. However, the 1974 to 2021 mortality data are available as a spatial dataset that 
includes watercraft related mortalities, so those data were used to explore watercraft related events that 
impact manatees. A hotspot analysis highlights the Banana River Lagoon as the area where the highest 
number of watercraft related manatee mortalities occurred with a few of the in the associated aeras of the 
North IRL as seen in the Banana River Lagoon (BRL) Watercraft Mortality inset (Figure 61). The Banana 
River Lagoon has the smallest regulated manatee protection area, with only 31% of the total area covered 
by manatee protection zones (Table 21). The vast majority (71%) of carcasses retrieved that were 
identified as watercraft related mortalities were found within a manatee protection zone. An additional 
108 (or 15%) were retrieved within 100 feet of a manatee protection zone (Table 22). This indicates that 
perhaps better enforcement and education on the existing manatee protection zones is more important for 
protecting manatees than expanding the current protection zones. 
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Figure 61. Manatee watercraft related mortality hotpots 1974  – 2021. 
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Table 21. Percentage of water covered by a manatee protection zone by lagoon. 

Lagoon % of water area covered by a protection zone  
Halifax  River  96% 
Mosquito Lagoon  56% 
North  IRL 40% 
Banana River  Lagoon 31% 
Central  IRL 56% 
South IRL 50% 
St. Lucie 52% 
Loxahatchee River  93% 

 

Table 22. Carcass retrieval location of watercraft related manatee mortality distance from a manatee protectio n 
zone. 

Carcass retrieval location 
distance from a protection 

zone (ft)  
# of Carcasses % of total Carcasses 

0 512 71% 
�¶���s�r�r 108 15% 

�¶���s�á�r�r�r 70 10% 
> 1,000 28 4% 

 

The seasonal occurrence of watercraft related mortalities differs than overall mortalities. While total 
mortality is highest during the winter months when manatees are most susceptible to cold stress (Figure 
55), mortality caused by watercraft impact is highest in the summer months, when more boaters are on the 
water (Figure 62). Because the North IRL (with its power plant discharges) is a hotspot for winter manatee 
abundance, North IRL watercraft related mortalities were examined to compare to overall seasonal 
occurrence. The summer month of August still had the highest occurrence of watercraft related mortalities, 
but the winter months in the North IRL were closer to or above the average monthly mortality figures 
(Figure 63). 
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Figure 62. Monthly watercraft related mortality in the IRL f rom 1974 – 2021. 

 
Figure 63. Monthly watercraft related mortality in the North  IRL from 1974 – 2021. 
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Credit: D. Gilbert/IRLNEP 

Bottlenose Dolphin Abundance 
As of 2017, there was an estimated 1,032 individual bottlenose dolphins in the IRL (Durden et al., 2021). 
The greatest number was found to be in the South IRL, followed by the Banana River Lagoon, and the North 
IRL, with the lowest abundance found in the Mosquito Lagoon (2021). NOAA considers this the best 
available abundance estimate for the IRL (NOAA, 2023). 

Seasonal abundance estimate results from aerial surveys are presented below, with Table 23 and Figure 
64 displaying winter populations and Table 24 and Figure 65 displaying summer population estimates.  
Winter abundance estimates are consistently higher than summer abundance estimates. The highest 
abundance estimates occur during extreme cold winter events (Durden et al., 2017). Overall, the highest 
abundance estimates occur in the South IRL (4,938), followed by the Mosquito Lagoon and North IRL 
(3,838 and 3,767, respectively) (Durden et al., 2011; Durden et al., 2017). These estimates fall in the same 
range as the 2017 photo identification efforts completed by Durden at al. (2021). 
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Table 23. Estimated winter population counts of Bottlenose Dolphin by sublagoon. 

Year Mosquito 
Lagoon 

North IRL  Banana River  South IRL TOTAL 

2002  604 217 125 370 1,316 
2003  183 238 78 230 729 
2005  203 314 198 313 1,028 
2007  284 309 120 494 1,207 
2008  315 268 212 439 1,234 
2009  464 230 231 1022 1,947 
2010  506 438 316 455 1,715 
2017  153 260 369 421 1,203 
TOTAL 2,712 2,274 1,649 3,744 10,379 

 

Table 24. Estimated summer population counts of Bottlenose Dolphin by sublagoon. 

Year 
Mosquito 
Lagoon 

North IRL  Banana River  South IRL 
TOTAL 

2002  53 142 113 89 397 
2003  97 144 66 55 362 
2005  77 201 167 84 529 
2007  146 341 239 160 886 
2008  82 163 92 146 483 
2009  334 147 143 267 891 
2010  132 306 148 170 756 
2017  205 49 341 223 818 
TOTAL 1,126 1,493 1,309 1,194 5,122 
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Figure 64. Estimated winter population counts of Bottlenose Dolphin by sublagoon. 

 

 
Figure 65. Estimated summer population counts of Bottlenose Dolphin by sublagoon. 
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According to NOAA, there are insufficient data to determine population trends of bottlenose dolphins in the 
IRL due to differences in survey methods over time (2023). Durden et al., however, suggest that although 
the methods differ, results have been consistent and suggest populations have been stable over at least the 
last decade (2021). 

Bottlenose Dolphin Mortality  and Injury 
 

Dolphin Unusual Mortality Events  
Since 1991, 72 UMEs have been declared for marine mammal species around the United States ranging 
from manatees, whales, seals, and dolphins. UMEs impacting the IRL dolphin population are summarized in 
Table 25. From July 1, 2013, to March 1, 2015, the most significant UME for bottlenose dolphins on record 
was declared from New York down through the Brevard County southern border with a total of 1,650 
dolphins stranded including approximately 69 live dolphins. During this period, the Florida east coast from 
the northern state line to Brevard County experienced the second-highest state mortality rate with nearly 
300 of the 1,650 total strandings. Based on necropsy and diagnostics the cause of mortality was declared 
cetacean morbillivirus (NOAA, 2024b). During the same timeframe from January 9, 2013, to December 31, 
2013, a UME specific to IRL bottlenose dolphins was declared with 79 strandings due to ecological factors, 
which is the highest UME on record for the IRL dolphin population (Durden et al, 2017). Prior to that, in 
2008, a UME was declared in the IRL impacting 48 dolphins from undetermined causes (although, 
according to NOAA, infectious disease was suspected to be a possible cause [2014]).  In 2001, 30 mortalities 
were recorded also from undetermined causes (NOAA, 2024b). Although the 2001 UME cause was not 
officially determined, there was evidence that saxitoxin, a biotoxin produced by Pyrodinium bahamense, 
was a factor in this event (NOAA, 2009).  

Table 25. Unusual Mortality Events Impacting the IRL. (NOAA, 2024b). 

Year Location  Mortality Total  Cause 
2001  IRL 30 Undetermined 
2008 IRL 48 Undetermined 
2013-2015  Atlantic Coast 300 (in FL) Infectious Disease 
2013 IRL 79 Ecological factors 
TOTAL 457 (157 specific to the IRL) 

 

Stolen et al. examined available IRL dolphin stranding data from 1977 to 2005 (2007). Most stranded 
dolphins were found to be in a state of decomposition with fresh dead and live dolphins documented less 
frequently. The data showed a seasonal stranding pattern with more strandings documented in spring and 
summer, possibly due to calving season and increased nutritional needs (Stolen et. al., 2007). The sex ratio 
of stranded dolphins was 1.3 males per female. These findings align with previous studies by Stolen and 
Barlow using stranding data from 1978 to 1997 which found relatively high mortality rates among 
dolphins less than five years old and a 1.6 male per female ratio. Using life table and mortality curve 
statistical methods, the overall mortality rate for the IRL dolphin population was estimated at 9.8% per 
year (Stolen and Barlow, 2003). 

Strandings grouped into five-year periods are presented in Table 26 and Figure 66, and a breakdown by 
age and season for the entire 1977 to 2005 period is presented in Table 27 and Figure 67. From 1979 to 
1991 the mean number of strandings per year when grouped into five-year periods remained consistent at 
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an average of approximately 20 per year. More recent periods have experienced an increase in stranding 
numbers reaching a high mean of 58 strandings from 2011-2013. Data were not available from NOAA stock 
reports for 2014 or 2015, so this average is only from three years and includes the highest annual strandings 
reported of 99 during the year 2013. The 2013 strandings coincide with the previously described cetacean 
morbillivirus outbreak and concurrent ‘ecological factors’ in the IRL.  

Table 26. Dolphin strandings per 5 -year period in the IRL from 1977  to 2020 (1977 to 2005 from Stolen et al. 
and; 2006 to 2020 from NOAA Stock Reports). 

Time Period  Years Mean 
1977 –1981  5 18.6  
1982 –1986  5 19.8  
1987 –1991  5 21.8  
1992 –1996  5 31.2  
1997 –2001  5 46.6  
2002 –2005  4 36.0  
2006 -2010  5 45.0 
2011 -2013*  3 57.7 
2016 -2020  5 37.4 
*2014 and 2015 data were not available 

     

 
Figure 66. Mean number of dolphin strandings from 1977-2020 
(1977 to 2005 from Stolen et al. and ; 2006 to 2022 from NOAA Stock Reports). 
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Table 27. Dolphin strandings by season and age class in the IRL from 1977-2004. 

Age Class Fall  Spring Summer Winter  TOTAL 
Adult  47 81 101 48 277 
Calf 38 62 75 22 197 
Juvenile 59 67 88 73 287 
Unknown  6 28 30 9 73 
TOTAL 150 238 294 152 834 
Source: (Stolen et al., 2007) 

 
Figure 67. Number of dolphin strandings by season and age class in the IRL from 1977-2004. 

Human interaction was documented in 10.2% of stranded dolphins from 1977 to 2005 (Stolen et al., 2007). 
This increased to 21.2% of the 585 strandings documented from 2006 to 2020 according to NOAA stock 
reports (Figure 68). Of those, 54.1% were attributed to the ingestion or entanglement in recreational 
fishing gear and 23.5% were attributed to commercial fishing interactions (e.g., crab traps and hook and 
line interactions). Ingestion of fishing gear has been found to be more prevalent than entanglement, but 
ingestion is often not found to be fatal (Stolen et al., 2012). Other human interactions included boat strikes 
or mutilation. Specifically, vessel-based human impacts to dolphins in the IRL are considered an important 
management consideration for local governments, with one study finding that 6% of IRL dolphins exhibit 
injuries related to vessel impacts (Bechdel et al., 2009). The highest prevalence at 10% was found off the 
coast of St. Lucie and Martin Counties, which also had the highest number of registered boaters per km2 of 
available habitat (Stolen et al., 2012).  
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Figure 68. Human interactions documented in IRL dolphin stra ndings (2006 -2020). 
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SUBCHAPTER : OTHER SPECIES OF CONCERN  

 
Credit: Patricia Corapi/IRLNEP  

This sub-chapter discusses additional plant and animal taxa classified as Threatened or Endangered under 
the federal Endangered Species Act or Florida state rule, often referred to as “listed” species. This chapter 
also spotlights some other well-known and characterized taxa that are vulnerable to anthropogenic 
stressors and watershed changes. Because of the link between stressors and species declines, the status of 
various listed and vulnerable species in the IRL may provide insight to the current functional health of the 
ecosystem and to the efficacy of management efforts. 

OVERVIEW OF VULNERABLE TAXA  

Federally -listed Species  
The federal list of endangered and threatened taxa is maintained by the U.S. Fish and Wildlife Service 
(USFWS) for terrestrial and freshwater aquatic plant and animal species, and by the National Marine 
Fisheries Service (NMFS) for estuarine and marine plant and animal species.  Maintenance of the list is a 
requirement of the Endangered Species Act (ESA), codified in 16 USC 1531-1544 and enacted Dec 28, 1973. 
The ESA replaced two prior rules, the Endangered Species Preservation Act of 1966 and Endangered 
Species Conservation Act of 1969 (16 USC 668aa – 6688cc-6, repealed). The first federally listed species 
were recognized in 1967 under the 1966 rule, and the list has carried forward and been updated under 
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each superseding rule. The current list is kept in the Code of Federal Regulations (CFR) through the U.S. 
Office of the Federal Register (OFR). Specifically, the current list of endangered and threatened animals is 
found in 50 CFR 17.11, and the current list of endangered and threatened plants is found in 50 CFR 17.12.  

Listed species have undergone rigorous and publicly noticed scientific review process to determine that 
they meet the definition of “endangered”, which refers to species in danger of extinction throughout all or a 
significant portion of their range, or “threatened”, which refers to species that are likely to become 
endangered in the foreseeable future throughout all or a significant portion of their range (U.S. Fish and 
Wildlife Service, 2016).  Listing can be based on scientific evidence demonstrating any one or more of the 
following factors: 

•  The present or threatened destruction, modification, or curtailment of its habitat or range;  
•  Overutilization for commercial, recreational, scientific, or educational purposes;  
•  Disease or predation;  
•  The inadequacy of existing regulatory mechanisms;  
• Other natural or manmade factors affecting its survival. 
 

At approximately five-year intervals following the original listing date of each species, the USFWS or NMFS 
conducts a Biological Status Review (BSR) to compile the most recent literature and data regarding changes 
to the factors listed above that may warrant changes to that species inclusion on the respective list. Each 
BSR is published in the Federal Register and includes a recommendation for any changes to the species 
listing status.  

State -listed Species  

Animals  
The state list of endangered and threatened animals is administered by the Florida Fish and Wildlife 
Conservation Commission (FWC) pursuant to the Florida Endangered and Threatened Species Act of 1977 
(Florida Statute [F.S.] 379.2291). The state list incorporates by rule all animal species listed under the ESA 
and occurring in Florida, as well as any additional animal species that the FWC deems necessary according 
to their own determination . The current list is kept in the Florida Administrative Code (F.A.C.) through the 
Florida Administrative Register (FAR). Specifically, the current list of endangered and threatened animals 
is found in Rule 68A-27.003, F.A.C. 

To determine whether vulnerable species may warrant further review for listing, FWC uses a ratings scale 
based on measurable population metrics as described in Millsap et al. (1990). Taxa that warrant further 
review are further evaluated against the five listing criteria in 68A-27.001(3), F.A.C., which are adopted 
from the International Union for Conservation of Nature (IUCN) Red List Categories and Criteria (IUCN 
Standards and Petitions Committee, 2024). A species may be listed based on meeting any one, or a 
combination, of the criteria. The five criteria (abbreviated) are: 

�x Decreasing population trend (generally �·30% loss over 10 years or 3 generations) 
�x Small geographic range (e.g., entire range is less than 20,000 square kilometers or less than 11 

locations) 
�x Population size is estimated to be fewer than 10,000 individuals with continuing decline 
�x Population is very small (e.g., <1,000) or restricted (5 or fewer locations) irrespective of decline 
�x ���”�‘�„�ƒ�„�‹�Ž�‹�–�›���‘�ˆ���‡�š�–�‹�•�…�–�‹�‘�•���‹�•���·�s�r�¨���™�‹�–�Š�‹�•���s�r�r���›�‡�ƒ�”�• 
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In 2019, the FWC finalized the ‘State Wildlife Action Plan’ (SWAP) (FWC, 2019a), which updated the 
previous 2012 Action Plan. The 2019 SWAP included creation of a list of Species of Greatest Conservation 
Need (SGCN), which includes 690 animal taxa in Florida that are imperiled or at risk of becoming imperiled 
in the future. The SWAP further divides Florida’s natural land cover into Terrestrial, Freshwater, and 
Marine ecosystems, which are subdivided into different Habitat Categories. The IRL is depicted in the 
SWAP as a Marine ecosystem with the ‘Intertidal’ and ‘Soft Bottom’ Habitat Categories.  

The 2019 SWAP includes a specific list of SGCN that utilize the Marine ecosystem. This list includes taxa 
that spend their entire life cycle in water as well as those that live in uplands or marine-adjacent wetlands 
but may rely on access to estuarine or marine resources for breeding, sheltering, or foraging. In total, the 
2019 Action Plan lists 133 SGCN as utilizing the Intertidal and/or Soft Bottom Marine categories.   

Plants  
The state list of endangered and threatened plants is maintained separately from the list of wildlife and is 
administered by the Florida Department of Agriculture and Consumer Services (FDACS) pursuant to the 
Preservation of Native Flora of Florida statute (581.185-187, F.S.). The current list of endangered and 
threatened plants is published in Chapter 5B-40, F.A.C. The list is curated based on recommendations from 
the Florida Endangered Plant Advisory Council (EPAC), a group of seven members from state universities 
and state plant and forestry societies and associations.  

At the time of this report, the SWAP only contains animal species. However, the FWC has published a draft 
addendum to the SWAP to add 596 plant species to the SGCN list. The addendum is expected to be finalized 
in 2024.  

Birds of Conservation Concern  
A 1988 U.S. Congressional amendment to the Fish and Wildlife Conservation Act of 1956 (16 U.S.C. 2901-
2912) directed the USFWS to identify bird species that would likely become candidates for listing under the 
ESA without additional conservation actions. In response, the USFWS has developed and updated a Birds of 
Conservation Concern (BCC) list in 1990, 1995, 2002, 2008, and 2021. The most current list (2021) 
primarily adopts the methodology of the Partners in Flight (PIF) Science Committee (Panjabi, et al., 2021). 
Similar to the procedures for reviewing species for inclusion on the federal and state endangered and 
threatened lists, The PIF methodology utilizes multiple measurable vulnerability factors, including: 

�x Population Size 
�x Breeding and Non-breeding Distributions 
�x Breeding and Non-breeding Threats 
�x Population Trend 

Each factor is scored from 1-5, with 5 representing the most vulnerable condition (i.e., most in danger of 
extinction). When vulnerable bird species are added to the ESA list, they are removed from the BCC list. 
Conversely, species that are delisted under the ESA may return to the BCC list.  Between 2008 and 2021, 
nine BCC species were moved to coverage under the ESA, while three species delisted from the ESA list 
were returned to the BCC list. 

The BCC list is divided into 37 terrestrial and 7 marine Bird Conservation Regions (BCR). To be considered 
as a listed taxon within a BCR, a taxon must meet the PIF criteria and must occur within the BCR regularly 
at a manageable level. Regular occurrence means that the relative abundance of a taxon within a BCR must 
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be at minimum 1% of the relative abundance in the BCR of which it is most abundant. The data used to 
calculate abundance include the CBC and eBird data available from the Cornell Lab of Ornithology.  

The IRL is located within the ‘Peninsular Florida’ terrestrial BCR (No. 31) and is adjacent to the ‘Southeast 
U.S. Continental Shelf’ marine BCR (No. M19). For purposes of this report, both of these BCRs were utilized 
to compile a list of BCC birds in the IRL.  

The list of BCC birds in the IRL was further refined in accordance with Turner (2021), who parsed the 
Christmas Bird Count (CBC) and eBird records to develop a verified list of birds that occur in the IRL. Those 
taxa that occur in the Turner list and within BCR 31 and/or M19 in the 2021 BCC list are portrayed 
hereafter.  

Bald Eagles  
Due to recovery following the banning of DDT and the implementation of development-related guidelines, 
bald eagles were removed from the ESA list in 2007. However, they remain protected under the separate 
Bald Eagle Protection Act of 1940, codified in 16 U.S.C. 668-668d.  

Eagle nests are monitored by Audubon Florida’s EagleWatch program. The EagleWatch program works 
directly with the FWC to record the location and status of bald eagle nest locations.  

DATA SOURCES AND METHODS 

Occurrence Data  
Several authoritative resources were consulted to reduce the statewide or regional lists obtained above to 
a list of just those species that occur in the IRL watershed or associated counties. 

Atlas of Florida Plants  
The Atlas of Florida Plants is a database compiling over 80,000 county-associated plant records derived 
from preserved herbarium specimens at public universities and research institutes across Florida 
(Wunderlin, Hansen, Franck, & Essig, 2024). The database is maintained by the University of South Florida 
with agency funding from the FDEP, the WMDs, the FWC, and the FDOT. All occurrences in the Atlas are 
considered vouchered and were used to parse the statewide special concern plant lists to those species that 
occur in IRL counties.  

Florida Shorebird Database  
The Florida Shorebird Database (FSD) is managed by the FWC; however, the monitoring protocol is 
implemented by various entities throughout the state in regional partnerships between agencies, 
nonprofits, county and local governments, and individuals known as the Florida Shorebird Alliance (FSA). 
The FSA is a voluntary program not intended to fulfill any legislation or statute. However, the data collected 
by the FSA are used to support regulatory decisions and to inform planning and policy. FSA data are used to 
assess the imperiled status of the listed birds and contributed to the development of the new ‘Imperiled 
Beach-nesting Bird Species Conservation Measures and Permitting Guidelines’, which took effect on 
September 30, 2023 and are now used to evaluate the potential effects of proposed development projects 
on listed shorebirds (FWC, 2022).  

Shorebird nesting data are collected by the FSA utilizing unique datasheets depending on the type of 
nesting. Depending on the species, shorebirds may nest solitarily, within ground colonies, or on rooftops. 
Number of adults, eggs, and nestlings are recorded on the datasheets for all nesting types. Persistent colony 
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and rooftop locations are assigned unique IDs and Site Names in the FSD with the associated number of 
adult birds estimated annually, allowing some year-to-year comparisons. Species that only nest solitarily, 
or other birds observed away from a colony, are documented separately in the database.   

Each datasheet, for all nesting types, also records sources of disturbance (e.g., domestic animals, wildlife, 
human activity, etc.). If many nests fail or offspring die between visits during the same monitoring period, 
the datasheet records the cause of loss (if known). The causes of loss of included in the FSD for each 
colonial location, as well as some tracked solitary nest locations.  

When the revised methodology was implemented in 2011, the level of monitoring effort for colonies and 
rooftops steadily increased over a multi-year period. By 2013, the monitoring effort in the IRL was 
relatively stable and consistent statewide (FWC, 2019b). Consequently, this sub-chapter reviews general 
trends for ground and rooftop colonies in the IRL from 2013 through 2023.   

FNAI Natural Heritage Database  
The most comprehensive and authoritative statewide database for vouchered distribution of vulnerable 
species in Florida is the Natural Heritage Database maintained by the Florida Natural Areas Inventory 
(FNAI). The database includes more than 30,000 documented occurrences of rare plants and animals and 
can be queried to produce a list of likely occurrence based on a county or geographic area (Florida Natural 
Areas Inventory, 2024). While the database is not publicly available, it is used to generate published, 
derivative products including a web screening tool called the “Biodiversity Matrix”, as well as field guides 
and ‘tracking lists’ of vulnerable species occurrences by county. For the purpose of this report, the 
derivative products were consulted, and vulnerable species that occur within any of the IRL counties were 
assumed to occur within the IRL.  
 

IRL Species Inventory  
In addition to the FNAI database, the IRLNEP and the Smithsonian Marine Station have collaborated to 
produce the ‘Indian River Lagoon Species Inventory”, which contains over 400,000 occurrence records 
from numerous sources including research collections, vouchered observations, and crowdsourced data 
(IRLNEP & SMS, n.d.). Many of the records in the Species Inventory are sourced from the Integrated 
Digitized Biocollections (iDigBio) database, which depicts the collection location of specimens held by 
universities and research institutions (Integrated Digitized Biocollections, n.d.). The Species Inventory also 
includes unvouchered records submitted from the public. Using the vouchered occurrences only, the 
Species Inventory curates a series of ‘Special Status Species Checklists’, which indicate imperiled species 
that regularly occur in the IRL based on reliable records. 
 

USFWS Environmental Conservation Online System  
To assist researchers, regulators, and the public with identifying and tracking federally-listed plant and 
animal taxa, the USFWS has developed a tool known as the Environmental Conservation Online System 
(ECOS). ECOS contains a searchable, electronic database of all federally listed plants and animals. The ECOS 
includes a ‘Data Explorer’ feature that allows the user to query the species database based on numerous 
attributes including current range by County, listing status, date listed, and numerous other information. 
The ECOS also includes BSRs, other Federal Register publications, delisting information, range maps, and 
critical habitat documents, if applicable, for each listed species (USFWS, n.d.). Range maps are updated 
regularly using the latest distribution information (Moskwik, et al., September 2019). 
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Literature  
For certain taxonomic groups, a number of prominent literature sources have compiled comprehensive lists 
of taxa known to utilize the IRL (Table 28). A source for birds is Avian Biodiversity of the Indian River Lagoon 
System, Florida (Turner, 2021), which derives a list of birds occurring in the IRL from curated eBird and CBC 
data. A source for fishes is Fishes of the Indian River Lagoon and Adjacent Waters, Florida (Gilmore, Jr., 
Donohoe, Cooke, & Herrema, 1981), which is based on research collections and categorizes occurrence in the 
IRL by type of habitat utilized and abundance category. For the purposes of this report, fish taxa that only 
occur in the ‘Neritic’, ‘Shelf’, ‘Offshore Reef’, and/or ‘Surf Zone’ habitats adjacent to the IRL were not 
considered.  

Table 28. Special status taxa listing and occurrence sources. 

*Derivative products (biodiversity matrix, field guides, and tracking list, https://www.fnai.org/speci es-
communities/tracking -main) 

Sea Turtles  

Sea Turtle Nesting  
Sea Turtle Nesting monitoring activities throughout the State of Florida are coordinated by the FWC in 
partnership with many local partners. Statewide nesting surveys began in 1989 with 222 kilometers (km) 
of beach surveyed across the state (Witherington, 2009). Nesting survey efforts increased to include 1,331 
km of beaches by 2014 (Foley, 2019). According to FWC nesting survey data, as of 2023 the area that is 
surveyed from Volusia County to Palm Beach County includes 373.5 km of nesting beaches (Table 29).  

Table 29. Sea turtle nesting survey length for counties wit hin the IRL, 2023. 

County Survey Length (km)  
Volusia  79.8 
Brevard  115.2 
Indian River  36 
St. Lucie 34.5 
Martin  35.3 
Palm Beach 72.7 
TOTAL 373.5 

Source: FWC 

Taxonomic 
Group 

Taxon List Source(s)  Taxon Occurrence Source(s)  

All Taxa 
FWC 2019 SWAP 

Rule 68A-27.003, F.A.C. 
50 CFR 17 

FNAI Natural Heritage Database* 
IRL Species Inventory Checklists (vouchered) 

USFWS ECOS 

Birds  USFWS 2021 BCC List 
Florida Shorebird Database 

Turner (2021) 

Fishes (see “All Taxa”) Gilmore, et al. (1981) 

Plants FWC 2024 SWAP Addendum (Draft) 
Ch. 5B-40, F.A.C. 

Atlas of Florida Plants 
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Under a cooperative agreement with USFWS, the FWC designates highly trained sea turtle nesting survey 
permit holders for each stretch of beach where nesting is known to occur throughout the state. Nesting 
data are collected by permit holders and reported to FWC.  

The sea turtle nesting data included in this analysis contains information on nesting quantities for each 
species by county from 1991-2023. Nesting survey data for Palm Beach County were only available for 
2019-2023. The data do not contain a spatial component. Nesting quantities were examined for temporal 
trends along beaches that are adjacent to the IRL watershed. It is important to note that although only 
portions of Volusia and Palm Beach counties are within the IRL watershed, nesting data from those entire 
counties were included in this analysis since the lack of spatial information prevented the parsing of nest 
data to a geographic area of interest.  

Sea Turtle Strandings  
The Sea Turtle Stranding and Salvage Network (STSSN), coordinated by NMFS and comprised of several 
state and local partners, reports and documents sea turtle strandings within coastal waters of the United 
States. In partnership with NMFS, the FWC coordinates the Florida Sea Turtle Stranding and Salvage 
Network (FLSTSSN), which includes strandings that occur in the IRL. Sea turtle strandings are often 
reported to the FLSTSSN through hotline phone call reports by members of the public. When reports of 
stranded turtles are received, a FLSTSSN member is dispatched to report and document the stranding and 
collect information such as species, carapace length and width, location, condition of the animal (live or 
dead). Live animals are often transported to a rehabilitation facility. The information documented by the 
FLSTSSN is reported to FWC, who keeps a database of stranding events. 

Sea turtle stranding data contain spatial and quantitative components with a period-of-record length of 
forty -one years and six months (1980-June 2022). Utilizing ArcGIS Pro, the strandings were clipped to the 
water boundary of the IRL subbasins. A 50-meter buffer was included to retain points along the shoreline 
boundary of the IRL. Any points within the Atlantic Ocean, on the ocean-facing beach, or oceanward of the 
locks at Port Canaveral were removed. Each stranding was associated with a subbasin utilizing the spatial 
join geoprocessing tool in ArcGIS Pro. The sea turtle stranding data were then analyzed in Microsoft excel 
to investigate temporal trends, including prevalence of FP, in sea turtle strandings within the IRL.  

RESULTS 

Listed Species Summary  
At the time of this report, the IRL watershed provides habitat for sixty-five (65) federal- or state-listed taxa 
and twenty-eight (28) non-listed birds on the regional BCC lists (Table 30). The listed taxa include twelve 
(12) animals that are classified as ‘endangered’ under the ESA, or for which the USFWS has submitted a 
proposed rule classifying them as endangered.  An additional thirty -three (33) animal taxa are listed as 
‘threatened’ under the ESA or under State rule. Two (2) animal taxa in the IRL watershed are currently on 
the USFWS review backlog for potential rule development. The IRL watershed also contains fourteen (14) 
endangered plants and four (4) threatened plants.  

Table 30. Current and proposed taxa on federal and state endan gered and threatened species lists. 

Taxonomic Group  Endangered 
Federally -
designated 
Threatened  

State-
designated 
Threatened  

Under 
Review TOTAL 
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Birds  2 7 12 0 21 
Butterflies  0 0 0 1 1 
Fishes 4 4 0 0 8 
Mammals  3 2 0 0 5 
Plants and Fungi 14 0 4 0 18 
Reptiles  3 6 2 1 12 
TOTAL 26 19 18 2 65 

 

 
Figure 69. Listed taxa in the IRL over time. 

Since the first species were listed in 1967, the total number of listed species in the IRL watershed has 
grown at a steady rate from six (6) species in 1967 to the present total of 65, vastly outpacing the rate of 
species recovery and delisting (Figure 69). Some of the increase can be attributed to the worsening of 
stressors such as habitat loss, invasive species, pathogens, and pollution over this period. Some of the 
increase is also likely administrative, as regulatory agencies have limited resources available to review 
literature, compile proposed rules, and respond to public comments regarding the listing of new species.  

The statewide SGCN list (including the 2024 Draft Addendum) includes hundreds of additional plant and 
animal taxa not currently included under the federal or state rules. These species may be vulnerable to 
extinction but so far have lacked attention and/or lack the necessary population data required for a formal 
evaluation. Thirty-nine (39) IRL animal taxa included for the ‘Marine Ecosystem’ in the 2019 SWAP and 
four (4) IRL plant taxa included for the ‘Intertidal’ habitat in the 2024 draft SWAP addendum are not 
currently listed under the ESA, state rule, or on the BCC list. When combined with the 28 birds included on 
the regional BCC lists, a total of seventy-one (71) non-listed taxa that occur in the IRL have been recognized 
by regulatory agencies as concerning. Consequently, it could be concluded that under half of the special 
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concern species in the IRL currently have regulatory protection (Figure 70). Continued conservation, 
restoration, and other regulatory efforts will likely be required to prevent imperiled species in the IRL 
system from further declining in response to current and future stressors.  If stressors continue, or worsen, 
within and outside of the IRL system, the total number of listed species in the IRL will likely continue to 
grow.  

 
The following sub-sections provide additional detail and discussion for each taxonomic group. Specific 
attention is provided to taxa that may act as vital signs of the IRL, including those that regularly utilize the 
IRL for a significant portion of their life cycle, those for which populations are regularly assessed, and/or 
those for which recent scientific evidence demonstrates a change in vulnerability to extinction.  

 

Figure 70. Summary of listed and non-listed special concern taxa in the IRL. 

Birds  
The IRL provides habitat to approximately sixty-eight (68) bird taxa that are listed under the ESA, state 
rule, the regional BCC lists, or the SGCN Marine Ecosystem list (Table 31). Included are two (2) endangered 
species, seven (7) federally designated threatened species, twelve (12) state-designated threatened 
species, twenty-eight (28) non-listed Birds of Conservation Concern, and nineteen (19) non-listed Species 
of Greatest Conservation Need for the Marine Ecosystem. Another taxon, bald eagle, is protected under 
separate federal legislation. 

30%

15%

19%

36%

Federally Listed, 43

State Listed (other than Federally-
listed species), 22

Non-Listed BCC, 28

Non-Listed and Non-BCC SGCN
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Many vulnerable birds in the IRL, like Magnificent Frigatebird (above), are not protected under the fe deral or 

state endangered and threatened species rules but are recognized as Birds of Conservation Concern or Species of 
Greatest Conservation Need. 

Credit: Mark Vance, Creative Commons Attribution 2.0, https://flic.kr/p/akafii  
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Table 31. List of Special Status Bird Taxa in the IRL. 

BIRDS  

Scientific Name  Common Name 
Federal 
Status 

State 
Status 

Other 
Status* 

Accipitriformes (Osprey, Eagle, Vultures, Kites, Hawks) 

Elanoides forficatus Swallow-tailed Kite     BCC 

Haliaeetus leucocephalus Bald Eagle     BGEPA 

Rostrhamus sociabilis Everglade Snail Kite E FE   

Anseriformes (Waterfowl) 

Anas fulvigula Mottled Duck     SGCN 

Aythya affinis Lesser Scaup     SGCN 

Apodiformes (Swifts) 

Chaetura pelagica Chimney Swift     BCC 

Charadriiformes (Shorebirds, Gulls, Terns, Skimmer) 

Anous stolidus Brown Noddy     SGCN 

Arenaria interpres Ruddy Turnstone     BCC 

Calidris alpina Dunlin     BCC 

Calidris canutus rufa Red Knot (rufa) T FT   

Calidris melanotos Pectoral Sandpiper     BCC 

Calidris pusilla Semipalmated Sandpiper     BCC 

Charadrius melodus Piping Plover T FT   

Charadrius nivosus Snowy Plover   ST   

Charadrius wilsonia Wilson's Plover     BCC 

Gelochelidon nilotica Gull-billed Tern     BCC 

Haematopus palliatus American Oystercatcher   ST   

Limnodromus griseus Short-billed Dowitcher     BCC 

Limosa Fedoa Marbled Godwit     BCC 

Numenius americanus Long-billed Curlew     SGCN 

Numenius phaeopus Whimbrel      BCC 

Onychoprion fuscatus Sooty Tern     SGCN 

Pluvialis squatarola Black-bellied Plover     SGCN 

Rynchops niger Black Skimmer   ST   

Sterna dougallii Roseate Tern T FT   

Sternula antillarum Least Tern   ST   

Tringa flavipes Lesser Yellowlegs     BCC 

Tringa semipalmata Willet      BCC 

Ciconiiformes (Storks) 

Mycteria americana Wood Stork T FT   
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BIRDS  (continued)  

Scientific Name  Common Name 
Federal 
Status 

State 
Status 

Other 
Status* 

Columbiformes (Pigeons, Doves) 

Patagioenas leucocephala White-crowned Pigeon   ST   

Falconiformes (Caracara, Falcons) 

Caracara cheriway Crested Caracara T FT   

Falco peregrinus Peregrine Falcon     SGCN 

Falco sparverius paulus Southeastern American Kestrel   ST   

Gruiformes (Rails, Limpkin, Cranes) 

Antigone canadensis pratensis Florida Sandhill Crane   ST   

Coturnicops noveboracensis Yellow Rail     BCC 

Laterallus jamaicensis Black Rail T FT   

Rallus elegans King Rail     BCC 

Rallus longirostris insularum Mangrove Clapper Rail     SGCN 

Passeriformes (Passerines) 

Ammodramus henslowii Henslow's Sparrow     BCC 

Ammospiza caudacuta Saltmarsh Sparrow     BCC 

Ammospiza maritima macgillivraii Macgillivray's Seaside Sparrow     SGCN 

Ammospiza nelsoni Nelson's Sparrow     SGCN 

Aphelocoma coerulescens Florida Scrub-Jay T FT   

Passerina ciris Painted Bunting     BCC 

Peucaea aestivalis Bachman's Sparrow     BCC 

Setophaga discolor discolor Prairie Warbler     BCC 

Setophaga discolor paludicola Florida Prairie Warbler     SGCN 

Setophaga petechia gundlachi Cuban Yellow Warbler     SGCN 

Vireo altiloquus Black-whiskered Vireo     SGCN 

Pelecaniformes (Pelicans, Bitterns, Herons, Egrets, Ibis, Spoonbill) 

Ardea herodias occidentalis Great White Heron     BCC 

Butorides virescens Green Heron     SGCN 

Egretta caerulea Little Blue Heron   ST   

Egretta rufescens Reddish Egret   ST   

Egretta thula Snowy Egret     SGCN 

Egretta tricolor Tricolored Heron   ST   

Eudocimus albus White Ibis     SGCN 

Ixobrychus exilis Least Bittern     SGCN 

Pelecanus occidentalis Brown Pelican     SGCN 

Platalea ajaja Roseate Spoonbill   ST   
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BIRDS  (continued)  

Scientific Name  Common Name 
Federal 
Status 

State 
Status 

Other 
Status* 

Piciformes (Woodpeckers) 

Dryobates borealis Red-cockaded Woodpecker E FE   

Melanerpes erythrocephalus Red-headed Woodpecker     BCC 

Procellariiformes (Petrels) 

Calonectris diomedea Cory's Shearwater     BCC 

Oceanodroma castro Band-Rumped Storm Petrel     BCC 

Pterodroma hasitata Black-Capped Petrel     BCC 

Puffinus lherminieri Audubon's Shearwater     BCC 

Puffinus puffinus Manx Shearwater     BCC 

Strigiformes (Owls) 

Asio flammeus Short-eared Owl     SGCN 

Athene cunicularia floridana Florida Burrowing Owl   ST   

Suliformes (Frigatebird, Boobies) 

Fregata magnificens Magnificent Frigatebird     BCC 

TOTAL BIRDS 69 

*Reported for taxa not listed as threatened or enda ngered. SGCN status only reported for those taxa that 
are not BCC. 

E = Endangered 
T = Threatened 
FE = Federally-designated Endangered 
FT = Federally-designated Threatened  

ST = State-designated Threatened  
BCC = Bird of Conservation Concern 
BGEPA = Bald and Golden Eagle Protection Act 
SGCN = Species of Greatest Conservation Need 

 

 

Colonial Shorebirds and Seabirds  
According to the Florida Shorebird Database, the two most comprehensively tracked and most commonly 
documented focal species throughout the IRL are least tern and black skimmer, which are both listed as 
State-designated threatened species. Both typically nest in colony groups, which may be located on the 
ground or on rooftops. A solitary nesting species, Wilson’s plover, is commonly documented in the vicinity 
but primarily nests outside of the IRL watershed in the Canaveral National Seashore. Further discussion 
highlights least tern and black skimmer.  

 

Ground Colonies 
According to the FSD, approximately 46 unique shorebird ground colony sites have been documented 
throughout the IRL, which can be grouped into approximately 20 unique locales. The sites are distributed 
throughout the IRL and primarily occur on shorelines and spoil islands. In the St. Lucie basin, shorebirds 
also nest inland within Stormwater Treatment Areas (STA).  Shorebird colonies are mobile and do not 
always establish at the same site in successive years. In most years, ground nesting shorebirds are 
concentrated at 2-5 sites throughout the IRL (Figure 71). The selection of the sites vary from year to year.   
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*Least tern accounts for 98% of observations. Depicted adult bird counts are not intended to represent 
absolute abundance and do not include roving birds counted away from the colony. Values in 2020 and 
2021 may be underestimates due to the COVID-19 pandemic. 

 
 

 

Figure 71. Ground-nesting shorebird time series for  the IRL. 

Least tern accounts for 98% of documented birds in IRL colonial sites. Black skimmer nesting in the IRL is 
mostly confined to rooftops. One exception includes a black skimmer colony that has periodically used Lori 
Wilson Park in Cocoa Beach, Brevard County.  

In most years, some of the ground colonies throughout the IRL experience significant loss, which occur 
when the colony abandons the site without producing offspring, or if more than 25% of the nests fail or 
chicks die between site visits. The most common causes of loss are predation and overwash, with human 
activity also being a commonly documented factor (Figure 72). Commonly observed predators that disturb 
colony sites include raccoons, coyotes, and crows. Types of human disturbance contributing to loss include 
human intrusion of the site (pedestrian or vehicular) as well as intrusion of colony sites by domestic 
animals (e.g., unleashed dogs).  

Overwash occurs when a colony site is inundated by storm surge, boat wakes, extreme high tide, or 
flooding from major rainfall events. Colony sites on spoil islands can be especially susceptible to overwash. 
Significant overwash can often lead to total loss or abandonment of a colony’s nesting attempt.  The climate 
change stressor, which increases sea level and severity and frequency of storms, may pose an increasing 
risk to shorebird colony sites by intensifying or increasing the frequency of overwash.  
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Figure 72. Causes of loss for IRL ground-nesting shorebird colonies, 2013 -2023. 

Rooftop Colonies 
According to the FSD, a total of seventy-nine (79) unique rooftops have been utilized by shorebird colonies 
since 2011. As with ground nesting colonies, most rooftops site cycle in and out of use over time. One 
notable exception is a grocery store rooftop in Melbourne, Brevard County which has been used every year 
since 2013, averaging 146 breeding adults each year through 2023.  Since 2013, the number of rooftops 
used by least terns per year has ranged from 14 to 29, averaging approximately 20 (Figure 73). The 
number of rooftops used by black skimmer has ranged from 3 to 8, averaging approximately 6 (Figure 74). 
Black skimmers are typically found nesting alongside least tern.   

Least tern nesting in the IRL is skewed towards rooftops; according to the data in the FSD, approximately 
60-75% of the least tern nesting in the IRL may occur on them. Rooftops are desirable to least tern in the 
IRL because they are widely available near the coast and resemble natural habitats with large, flat open 
areas and gravels/pebbles that can be easily maneuvered to create nests. In occasional years, rooftop 
counts decrease when some colonies defer rooftops in favor of spoil islands or other ground sites. 
Examples include 2018, 2022, and 2023. However, the overall number of breeding adult least tern 
associated with tracked colonies has remained relatively consistent since 2013 at over 1,200 adults 
(Figure 75). The top five most utilized nesting locations (cumulative breeding adults 2013-2023) are all 
rooftops in the Banana River and Central IRL basins (Figure 77). Since they offer protection from natural 
predators, overwash, and other factors, use of rooftops represent an adaptation that may help least tern 
persist despite stressors in the watershed.  

As previously mentioned, black skimmer nesting in the IRL occurs almost exclusively on rooftops in most 
years, apart from odd years when a colony nests on a shoreline (e.g., Lori Wilson Park in Cocoa Beach). The 
recent history of the IRL includes a peak of 179 colony-associated adults in 2018 and a recorded low of 35 
in 2020 (Figure 76). The top five nesting locations (cumulative breeding adults 2013-2023) are located on 
rooftops in the Banana River and St. Lucie basins (Figure 78). Since 2020, numbers have steadily increased 
for three consecutive years with colony nesting exclusively occurring on rooftops.  
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Figure 73. Number of rooftops in the IRL utilized by Least Tern, 2013-2023. 

 

Figure 74. Number of rooftops in the IRL utilized by Black Skimmer, 2013-2023. 
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Figure 75. Least Tern colony type distribution in the IRL, 2013-2023. 

 

Figure 76. Black Skimmer colony type distribution in the IRL, 2013-2023. 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

A
du

lt 
B

ird
s

Ground Rooftop

0

20

40

60

80

100

120

140

160

180

200

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

A
du

lt 
B

ird
s

Ground Rooftop

* Depicted non-rooftop counts are not intended to be conclusive and may be underestimated because they do 
not include roving birds or temporary undocumented ground colonies.  

2013 -2023 Average Total (Tracked Colonies) = 1,444 Adult s* 

2013 -2023 Average Total (Tracked Colonies) = 1 00 Adults  * 

* Depicted non-rooftop counts are not intended to be conclusive and may be underestimated because they do 
not include roving birds or temporary undocumented ground colonies.  
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Figure 77. Least Tern colonies in the IRL. 
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Figure 78. Black Skimmer colonies in the IRL. 
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Figure 79. Piping Plover critical wintering habitat in the IRL . 
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Piping Plover  

Critical wintering habitat for piping plover (federally-listed threatened) was designated by the USFWS in 
2001. The IRL contains two occurrences of critical habitat: approximately 45 acres of Unit FL-33 (St. Lucie 
Inlet) at St. Lucie Inlet Preserve State Park in the South IRL basin and approximately 4.7 acres of Unit FL-34 
(Ponce de Leon Inlet) at Smyrna Dunes Park in the north Mosquito Lagoon basin (Figure 79).  

Use of the IRL by piping plover is exclusively by wintering (non-breeding) birds. According to the most 
recent USFWS Biological Status Review (U.S. Fish and Wildlife Service, March 2020), most piping plover 
return to the same wintering sites year after year. Loss and modification of wintering habitat is a significant 
threat to the species overall. Development and stabilization (e.g., armoring or vegetation) of shorelines is 
responsible for the majority of the historic wintering habitat loss.  Accelerating sea level rise also threatens 
to displace piping plover. Sea level rise could cause the loss (from flooding, storms, erosion, etc.) of over 
half of the piping plover specialized wintering and breeding habitat, increasing the long-term extinction 
risk (Galbraith, DesRochers, Brown, & Reed, 2014). The extinction risk is elevated if piping plover is unable 
to adapt to habitats farther inland, which tend to be developed.  

The 2020 BSR concluded that no listing changes were needed for piping plover since threats continued to 
be significant. In the IRL, both occurrences of piping plover critical habitat are located in protected, publicly 
owned lands where future alteration of the shoreline by humans is unlikely. However, human disturbance 
of piping plover wintering sites is a contributor in their decline (U.S. Fish and Wildlife Service, March 
2020). Impacts from unleashed dogs is one of the leading forms of human disturbance, such that the 2020 
BSR included recommendations for public education and enforcement of leash laws.  

Bald Eagle  
Bald eagle is one of the success stories of the ESA. Prior to listing under the ESA in 1967, bald eagles were 
under severe decline due to effects of DDT, which was first mass applied for agriculture starting in 1945 
until it was banned in 1972. Even prior to 1945, eagle decline was occurring due to hunting of eagles and 
clearing of pine forest. Following the ESA protections, the nationwide eagle population increased from a 
critical low of 417 nationwide breeding pairs in the 1960s to an estimated 73,499 occupied nest locations 
by 2019 (U.S. Fish and Wildlife Service, December 2020). The recovery can be largely attributed to the 
banning of the insecticide DDT, which causes nesting failure when accumulated in predatory birds. The 
recovery has also been assisted by prohibition of eagle hunting and the regulatory oversight of 
development activities that occur in close proximity to known nesting sites. Due to the recovery trend, bald 
eagle was downlisted from endangered to threatened in 1995 and removed from the ESA list entirely in 
2007. Due to its prominence as a national symbol, bald eagle continues to be specially monitored and 
regulated in accordance with the Bald Eagle Protection Act of 1940 (subsequently modified to include 
golden eagles, which do not occur in Florida).  

Howell (1937) provided early accounts of bald eagle nesting in the IRL prior to widespread use of DDT.  
The accounts note that over 100 bald eagle nests were present in Merritt Island during biological surveys 
between 1886 and 1888, but the numbers declined to approximately thirty -six (36) nest locations and 
eighteen (18) breeding pairs between by 1935 largely due to clearing of pine habitat and conversion of 
land for agriculture and development.  

In Florida, FWC works with Audubon Florida’s EagleWatch program to monitor and map nesting bald 
eagles. The IRL contains 250 known nesting sites that have been used by bald eagles since modern 
reporting began (Figure 80). Of these, 135 sites are regularly monitored by EagleWatch personnel. The 
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remaining 115 sites are unmonitored due to location within private property or other factors. In addition 
to the EagleWatch data, NASA conducts periodic helicopter surveys for eagle nests throughout Kennedy 
Space Center, which may detect additional nests not included in the EagleWatch database. 

Of the 135 EagleWatch sites, nesting success was determinable at 122 sites based on the most recent data 
obtained in 2024. A total of 58 sites (48%) resulted in successful production of offspring in the most recent 
nesting attempt, while an additional 23 sites (19%) were occupied by eagles during the nesting season but 
did not produce offspring. The remaining nest sites are destroyed or inactive and likely represent 
abandoned or alternate nest sites. If these proportions are consistent for the unmonitored sites, then it 
could be inferred that the IRL contains at least 166 bald eagle breeding pairs.  

Specifically for Merritt Island (including the National Wildlife Refuge, Kennedy Space Center, and all 
surrounding land on the island between County Road 404 and the Haulover Canal bridge south of Shiloh), 
there are currently a total of forty-eight (48) nest locations tracked by EagleWatch, of which thirty -five (35) 
are monitored and nineteen (19) are known to be occupied. Applying that proportion for unmonitored 
sites, it could be inferred that Merrit Island currently provides nesting habitat for at least twenty-six (26) 
breeding pairs. According to the most recent NASA surveys, Kennedy Space Center alone currently contains 
approximately 33 potentially active nests (Cawley, 2023). NASA’s nest records from the early 1990s were 
less than a third of these numbers.  

The current state of eagle nesting on Merrit Island appears to be a major improvement from the status 
throughout the 20th century. While the numbers may not be as high as observed in the 1880s prior to major 
development of the region, the population of bald eagles on Merrit Island and in the greater IRL appears to 
be healthy and is higher today than before the advent of DDT. Habitat preservation throughout the IRL and 
the institution of bald eagle development regulations appear to have been effective in maintaining and 
increasing the population over time.  

 
Bald eagles nesting in 2023 off Kennedy Parkway in NASA’s Kennedy Space Center on Merritt Island, Brevard 

County. This nest location has been utilized by eagles almost every year since 1975. 
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Credit: NASA/Ben Smegelsky 

 
Figure 80. Bald Eagle nests in the IRL. 
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Brown Pelican  
Similar to bald eagle, brown pelican suffered severe declines in the mid-20th century due to the effects of 
DDT but showed incredible recovery following institution of ESA protections and the 1972 ban of the 
chemical.  Brown pelican was initially listed as endangered in 1970, was downlisted to threatened in 1985, 
and was completely removed from the ESA list in 2009. Today, hundreds of pelicans nest in the IRL across 
several productive colonies that are regularly monitored by the FSA. 

According to data in the FSD, an average of 729 adult pelicans have been counted annually across nine 
locales in the IRL from 2013 through 2023 (Figure 81). The locales consist of islands (both natural and 
artificial spoil) throughout the IRL system (Figure 82).  The nesting productivity appears to have been 
increasing during this period, both in terms of total nests and total fledglings. 

 
Figure 81. Brown Pelican nesting in the IRL, 2013-2023. 

Prior to 2020, brown pelican primarily utilized two locales in the IRL: a series of small islands in Halifax 
River near the Dunlawton Avenue bridge and another series of islands within Indian River near the North 
Causeway bridge, both located in Volusia County. In 2018, the number of adults at these locales peaked 
after several years of growth. Subsequently, many brown pelicans shifted to using other islands throughout 
the IRL, including significant use of spoil islands located in Banana River Aquatic Preserve. The colony in 
Halifax River continues to be the most utilized and has contained at least 200 breeding adults every year 
since 2013 (Figure 83).   
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Figure 82. Brown Pelican colonies in the IRL. 
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Figure 83. Pelican Colony locales in the IRL, 2013-2023. 

 
Brown pelicans roosting  on a mangrove  island  alongside multiple other species.  Several such islands throughout 

the IRL have been declared ‘Critical Wildlife Area s’ by the FWC. 
Credit: Lisa Ludlum/IRLNEP
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State -Listed Wading Birds  
The IRL has long provided an important refugia and breeding ground for state-listed threatened wading 
birds (little blue heron, tricolored heron, reddish egret, roseate spoonbill), including both permanent and 
temporary residents.  Temporary residents include those from the nearby Everglades system or the upper 
St. Johns marshes that move to the IRL when conditions in the former are dry. Mosquito impoundments 
have served as a significant foraging habitat for these traveling birds, which prefer the open water 
provided by impoundments over vegetated marshes (Schikorr & Swain, 1995) (Stolen, Breininger, & Smith, 
2002).  Most nesting wading birds in the IRL construct their nests atop spoil islands created from historic 
dredging of the Intercoastal Waterway (ICW) (FDEP, 2016). By the 1980s and 1990s, these spoil islands 
were so intensely used by wading birds that they contributed six of the state’s top ten sites for management 
priority (Sewell, Joiner, Robson, & Weise, 1995). Between 1976 and 1993, it was not uncommon for these 
spoil islands to host hundreds or thousands of breeding pairs. Based on statewide colony surveys and 
assessments conducted from 1986 to 1993 (Sewell, Joiner, Robson, & Weise, 1995), the IRL and adjacent St. 
Johns marshes together may have served as nesting ground for approximately 24,000 breeding pairs, or a 
quarter of the state’s breeding population at the adoption time of the Comprehensive Everglades 
Restoration Plan (CERP).   

Since adoption of the CERP and following significant progress in Everglades restoration efforts, wading 
bird nesting numbers in South Florida outside of the IRL have increased. While the South Florida 
systemwide 10-year average is slightly under 50,000 nests, recent years (2018 and 2021) have contained 
over 100,000 nests in the Everglades and surrounding areas (Cook & Baranski, March 2023). These 
numbers are comparable to large nesting events from the 1940s prior to some of the worst drainage 
alterations. It could be inferred that as a result of comprehensive restoration, some wading bird species are 
becoming less dependent on the IRL.  However, the IRL and its spoil islands likely still provide an important 
nesting and foraging ground especially during dry seasons and years.  

One state-listed wading bird, reddish egret, depends on coastal wetland habitats like the IRL. The FWC has 
designated a Core Foraging Area (CFA) for this species, which includes coastal wetlands within 15 miles of 
known breeding sites (Florida Fish and Wildlife Conservation Commission, April 2019). The IRL currently 
contains over 50,000 acres of reddish egret CFA (Figure 84).  IRL population estimates for the period of 
1987 through 2012 averaged approximately 10 nesting pairs, including 34 pairs in 1998 (Wilson, Wheeler, 
Green, & Palacios, October 2012). In 2016, a total of 43 nests were counted on spoil islands throughout the 
IRL according to data obtained from FWC.  In 2018, 17 nests were counted on an island in the Pelican 
Island National Wildlife Refuge (NWR). In recent years, solitary reddish egret nests continue to be found on 
new spoil islands throughout the IRL.  

Another state-listed wading bird, roseate spoonbill, has also been increasing throughout the IRL and 
adjacent land. One rookery, Stick Marsh, located in the upper St. Johns’s marshes just outside of the IRL 
watershed, has expanded to over 200 spoonbill nests. Within the IRL, spoonbill nests are now found on 
numerous spoil islands including Bird Island (MC-2), a site in Martin County where 2 to 6 nests have been 
found each year since 2011 after a 50-year absence from the county. Overall, approximately 18 spoonbill 
nests per year have been counted throughout IRL spoil islands from 2016 through 2022, with a peak of 36 
in 2018. 

The increase in IRL wading birds may be related to spillover benefits from the CERP and other restoration 
initiatives, as well as careful management, effective permitting requirements, and establishment of Critical 
Wildlife Area (CWA) designations over certain rookery sites to prevent human disturbance during nesting. 
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However, the gains may be threatened in the long term by worsening storms, accelerating sea level rise, 
and compounding erosion (from natural waves and boat wake), which threaten to damage or shrink the 
spoil islands upon which the nesting birds depend. To counteract these factors, breakwaters are being 
constructed around some of the most productive islands (Florida Department of Environmental Protection, 
Florida Coastal Office, November 2016). Similar adaptive strategies may become critical in the future to 
maintain the IRL’s population of imperiled wading birds.  

 

 
Top: Multiple bird species, including roseate spoonbil l, nest at the MC-2 spoil island in Martin County. The island 

was declared a Critical Wildlife Area by the FWC in 2014. 
Bottom: A constructed breakwater is visible to the north of the island. The breakwater was constructed to 

protect the island from wave - and wake-driven erosion.  
Credits: FWC, https://myfwc.com/conservation/terrestrial/cwa/bi rd -island/  
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Figure 84. Reddish egret nesting sites and core foraging areas in the I RL. 
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Wood Stork  
Wood stork was listed as endangered under the ESA in 1984, with a recovery plan implemented in 1987. 
By 2007, the population had significantly improved (USFWS, 2023c), and the species was officially 
downlisted to threatened in 2014. By 2023, the population had increased further such that the USFWS 
proposed completely removing the species from the endangered and threatened animal list. One of the 
major contributors to the species past decline was hydrologic alteration to the Everglades system, 
including Corkscrew Swamp in southwest Florida. However, in recent years wood stork has adapted to 
become less dependent on the Everglades and Corkscrew Swamp and has shifted its population center 
north and towards coastal salt marshes and artificial wetlands (including created or restored wetlands and 
stormwater management areas). New wood stork colonies have established throughout peninsular Florida 
as well as along the Georgia and South Carolina coasts.  

Since 2015, four (4) wood stork nesting colonies have been active throughout the IRL. Three of these 
colony sites are on islands, and one site is within the Bluefield Ranch Preserve in St. Lucie County near the 
west edge of the watershed (Figure 85). These colonies collectively averaged 453 nests until the Bluefield 
colony site was abandoned in 2017. The Bluefield site represented approximately half of the wood storks 
nesting in the IRL. Birds that previously used the Bluefield site may have re-established in other regions 
outside the IRL, such as the Upper St. Johns marshes or the Everglades. The spoil islands throughout the 
IRL continue to provide nesting habitat for over 200 wood stork breeding pairs. Among the three current 
colony islands (Pelican Island, Grange Island/BC-49, and Bird Island/MC-2), any one may support over 100 
wood stork nests, with the dominant island often alternating from year to year. 

The USFWS assigns each colony a foraging buffer distance that is used in review of development 
applications to determine whether a proposed project might substantially reduce the amount of foraging 
habitat for that colony. The active colony in Brevard County (BC-49) is assigned a foraging distance of 15 
miles while the colonies in the southern IRL are assigned foraging distances of 18.6 miles. Together, the 
combined buffers cover approximately 74% of the IRL. Wetlands and surface waters in these areas 
(especially areas of open water at depths of 1 to 15 inches) are commonly used by foraging wood storks. 

 
Wood storks nesting on spoil island BC-49 in Brevard County. This island was declared a Critical Wildlife Area by 

the FWC in 2016. 
Credit: FWC, https://myfwc.com/conservation/terrestrial/cwa/bc49 /  
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Figure 85. Wood Stork colonies and core foraging areas in the IRL. 
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Fish  
The IRL provides habitat to approximately twenty-five (25) fish taxa that are listed under the ESA, state 
rule, or the SGCN Marine Ecosystem list (Table 32). Included are four (4) endangered species, four (4) 
federally-designated threatened species (including one with a proposed rule), and seventeen (17) non-
listed Species of Greatest Conservation Need for the Marine Ecosystem.  

 
Numerous vulnerable fish taxa, like the dwarf seaho rse (above), are not currently listed under the 
federal or state endangered and threatened species rules but are recognized as Species of Greatest 

Conservation Need. 
Credit: NOAA Fisheries 

Fish survival and population viability can be directly affected by water quality conditions and seagrass 
abundance in the IRL. Certain species, such as the dwarf seahorse, depend on healthy seagrass beds as a 
vital refugium. According to a 2019 population projection conducted by the NMFS, changes in seagrass 
density and occurrence of harmful algae blooms (HABs) are the two major controlling factors in the 
northern IRL (Carlson, Horn, Smith, & Bethea, June 2019). The study determined that the northern IRL 
population was increasing from 1992 through 2006 until a severe HAB caused a population crash. 
Starting in 2007, significant HABs occurred in 60% of years for the next decade (including the 2011 
‘superbloom’), and a concurrent decline in seagrass coverage has likely prevented the population from 
recovering. Starting from a circa-2016 population of approximately 111,019 male dwarf seahorse in the 
northern IRL, the study projected future trends under five scenarios. In the worst-case scenarios 
(seagrass 10-year decline of 50% and annual probability of HABs increasing to 80%), dwarf seahorse 
was extirpated from the system within a decade. If seagrass coverage and HAB frequency are kept 
stable or improve, then the current population would likely be maintained or recover.  
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Table 32. Special status fish taxa found in IRL. 

FISH 

Scientific Name  Common Name Federal 
Status 

State 
Status 

Other 
Status 

Acipenseriformes (Sturgeons) 

Acipenser brevirostrum Shortnose Sturgeon E FE   

Acipenser oxyrinchus desotoi Gulf of Mexico Sturgeon T FT   

Acipenser oxyrinchus oxyrinchus Atlantic Sturgeon E FE   

Cyprinodontiformes (Pupfish, Killifish, Live-bearers) 

Rivulus marmoratus Mangrove Rivulus     SGCN 

Elasmobranchs (Sharks, Rays) 

Carcharhinus plumbeus Sandbar Shark     SGCN 

Manta birostris Giant Manta Ray T FT   

Narcine bancroftii Caribbean Electric Ray     SGCN 

Pristis pectinata Smalltooth Sawfish E FE   

Pristis pristis Largetooth Sawfish E FE   

Sphyrna lewini Scalloped Hammerhead PT     

Sphyrna mokarran Great Hammerhead     SGCN 

Lepisotiformes (Gars) 

Atractosteus spatula Alligator Gar     SGCN 

Perciformes (Perch-like Fishes) 

Awaous banana River Goby     SGCN 

Cephalopholis fulva Coney     SGCN 

Centropomus parallelus Smallscale Fat Snook     SGCN 

Ctenogobius pseudofasciatus Slashcheek Goby     SGCN 

Ctenogobius stigmaturus Spottail Goby     SGCN 

Epinephelus itajara Goliath Grouper     SGCN 

Epinephelus nigritus Warsaw Grouper     SGCN 

Epinephelus striatus Nassau Grouper T FT   

Scarus guacamaia Rainbow Parrotfish     SGCN 

Scarus taeniopterus Princess Parrotfish     SGCN 

Sygnathiformes (Pipefishes, Seahorses) 

Hippocampus erectus Lined Seahorse     SGCN 

Hippocampus zosterae Dwarf Seahorse     SGCN 

Syngnathus fuscus Northern Pipefish     SGCN 

TOTAL FISH 25 

E = Endangered 
T = Threatened 
PT = Proposed Threatened 
FE = Federally-designated Endangered 

FT = Federally-designated Threatened  
ST = State-designated Threatened  
SGCN = Species of Greatest Conservation Need 
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Other species have suffered severe declines from historic overfishing and fishing net entanglement. 
According to records from the 1880s and 1890s, sawfish were abundant in the IRL before the 20th century 
(National Marine Fisheries Service, 2018). Museum collections and published literature document 
numerous records of sawfish in the IRL, and a commercial fisher reported harvesting 300 sawfish from the 
IRL in one season in the late 19th century.  However, occurrence records are far more limited after 1907, 
suggesting that the population suffered a severe, drastic decline following settlement of the IRL watershed 
at the beginning of the 20th century. By 1981, sawfish may have been extirpated from the IRL mostly due to 
accidental captures in fishing nets. It was added to the federal list of endangered species in 2003, making it 
the first marine fish on the list.  

In recent years, the FWC and local research institutes have received numerous reports of smalltooth 
sawfish being discovered in the IRL by recreational fishers (Galoustian, 2020). These reports have been 
verified by FWC and university researchers, with over a dozen verified occurrences in the St. Lucie River, 
including numerous juvenile fish. In 2018 and 2019, a team of researchers analyzed 30 water samples 
collected from the IRL for presence of sawfish DNA (Lehman, et al., 2022). The samples were all collected in 
waters less than 3 meters deep in order to target the habitats where juveniles are known to occur. A total of 
five samples tested positive, further suggesting the presence of a juvenile smalltooth sawfish nursery in the 
IRL. While the data are currently too limited to determine current population sizes or trends, it is likely that 
increased fishing regulation and public education have been impactful in the return of sawfish to the IRL.  

 
Juvenile smalltooth sawfish can be found around sof t sand or mud in shallow coastal waters, such as th ose found 

in the IRL. In recent years, sawfish have returned to the IRL after decades of absence due to unintentional 
overfishing.  

Credit: NOAA Fisheries 
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Mammals  
The IRL provides habitat to six (6) mammal taxa that are listed under the ESA, state rule, or the SGCN 
Marine Ecosystem list (Table 33). Included are three (3) endangered species (including one with a 
proposed rule), two (2) federally-designated threatened species and one (1) non-listed Species of Greatest 
Conservation Need for the Marine Ecosystem. In addition, bottlenose dolphin is listed under the Marine 
Mammal Protection Act.  

Table 33. Special Concern Mammals in the IRL. 

MAMMALS  

Scientific Name Common Name Federal 
Status 

State 
Status 

Other 
Status 

Chiroptera (Bats) 
Eumops floridanus Florida Bonneted Bat E FE   

Perimyotis subflavus Tricolored Bat PE     

Rodentia (Rodents) 
Neofiber alleni Round-tailed Muskrat     SGCN 

Peromyscus polionotus niveiventris Southeastern Beach Mouse T FT   

Carnivora (Carnivores) 
Puma concolor coryi Florida Panther E FE   

Sirenia (Manatees) 
Trichechus manatus latirostris West Indian Manatee T FT   

Cetacea (Whales, Dolphins) 
Tursiops truncatus Bottlenose Dolphin     MMPA 

TOTAL MAMMALS 7 

E = Endangered 
T = Threatened 
FE = Federally-designated Endangered 
FT = Federally-designated Threatened  

PE = Proposed Endangered 
MMPA = Marine Mammal Protection Act 
SGCN = Species of Greatest Conservation Need 

Florida Panther is a famous large mammal that is regularly found in the south part of the IRL watershed. 
The IRL is outside of the “Panther Focus Area” established by the USFWS and does not currently represent 
a core part of the range. However, telemetry data, verified sightings, and other data show that panthers 
regularly reach the IRL, predominantly in Indian River County and southern Brevard County (Figure 86). 
These panthers mostly reach the IRL through wildlife corridors that connect the Kissimmee Chain of Lakes 
and Lake Okeechobee to the Upper St. John’s marshes. Panthers in the IRL tend to find refuge in St. 
Sebastian River State Park. Based on telemetry data, northward travel in the IRL typically stops at the city 
limits of Palm Bay, where panthers leave the IRL watershed to move into the Upper St. John’s River Marsh 
Wildlife Management Area. From this point, panthers mostly remain within the St. John’s River wildlife 
corridor and are mostly blocked from re-entering the IRL watershed by Interstate 95.  
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Figure 86. Florida Panther occurrence in the IRL and surrounding area.  
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The native habitats in St. Sebastian River State Park provide a temporary r efuge for panthers reaching the IRL 

through the St. John’s River Marsh corridor.  
Credit: Florida Park Service 

The IRL also provides habitat for two imperiled bat species that utilize a wide variety of forested habitat 
and have suffered decline in Florida due to development-related habitat loss. Florida bonneted bat is 
particularly rare, with the total population size likely fewer than 1,000 individuals (U.S. Fish and Wildlife 
Service, 2013). Within the IRL, most of the Florida bonneted bat range is in Martin County south of the St. 
Lucie Inlet. Critical habitat for Florida bonneted bat was established in March 2024, and none of those 
areas intersect the IRL (U.S. Fish and Wildlife Service, 2024). Tricolored bat was recently proposed for 
listing rangewide due to spread of White-Nose Syndrome (a fungal disease) in hibernating populations 
outside of Florida. While tricolored bat populations in the IRL are not affected by White-Nose Syndrome, 
they are still considered vulnerable due to habitat loss (USFWS, 2022b). 

 
Florida bonneted bat is listed as endangered by the  USFWS with a range extending into the southern IRL. 

Credit: FWC 
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The IRL is home to the endemic southeastern beach mouse, which once occupied 224 miles of Florida’s 
eastern shoreline but is currently limited to 50 miles of coastline (22% of former range) in Volusia and 
Brevard counties, including within three military properties and Volusia County’s Smyrna Dunes Park (U.S. 
Fish and Wildlife Service, Southeast Region, October 2019). The mouse is typically found in upland dune 
habitats along the Atlantic ocean. The mouse has also been found in former citrus groves in the vicinity of 
Pelican Island National Wildlife Refuge. The primary cause of the taxon’s decline was coastal development, 
which resulted in habitat loss and fragmentation. Fragmentation and alteration of suitable habitats 
continue to be the primary threats to the taxon’s survival. A former population at Sebastian Inlet State Park 
was lost due to predation by feral cats.  

Following a 2019 BSR, the USFWS determined there should be no changes to the taxon’s current status as 
threatened. All of the remaining populations of southeastern beach mouse are on government-owned lands 
with management plans that seek to promote suitable habitat. Therefore, further development-related 
declines are unlikely. Major ongoing and future threats to these protected populations include predation by 
feral cats, and erosion and submergence of coastal habitat due to sea level rise.  

 
The southeastern beach mouse is found in a range of only 50 miles of coastline, including at three mil itary 

installations.  
Credit: NASA/Carlton Hall  

Reptiles  
The IRL provides habitat to approximately thirteen (13) reptile taxa that are listed under the ESA, state 
rule, or the SGCN Marine Ecosystem list (Table 34). Included are two (2) crocodilians, four (4) snakes, and 
seven (7) turtles.  
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Table 34. Special concern reptile taxa in the IRL. 

REPTILES 

Scientific Name  Common Name Federal 
Status 

State 
Status 

Other 
Status 

Crocodilia (Alligators and Crocodiles) 

Alligator mississippiensis American Alligator T(S/A) FT(S/A)   

Crocodylus acutus American Crocodile T FT   

Squamata (Snakes) 
Crotalus adamanteus Eastern Diamondback Rattlesnake UR    

Drymarchon couperi Eastern Indigo Snake T FT   

Nerodia clarkii taeniata Atlantic Saltmarsh Watersnake T FT   

Pituophis melanoleucus mugitus Florida Pine Snake   ST   

Testudines (Turtles) 
Caretta caretta Loggerhead Sea Turtle T FT   

Chelonia mydas Green Sea Turtle T FT   

Dermochelys coriacea Leatherback Sea Turtle E FE   

Eretmochelys imbricata Hawksbill Sea Turtle E FE   

Gopherus polyphemus Gopher Tortoise   ST   

Lepidochelys kempii Kemp's Ridley Sea Turtle E FE   

Malaclemys terrapin tequesta Eastern Florida Diamondback Terrapin     SGCN 

TOTAL REPTILES 13 

E = Endangered 
T = Threatened 
FE = Federally-designated Endangered 
FT = Federally-designated Threatened  

S/A = Similarity of Appearance  
UR = Under Review 
SGCN = Species of Greatest Conservation Need 

 

American alligator is another ESA success story. The species was initially listed as endangered in 1967 due 
to the increase of widespread alligator hunting. Following the listing, hunting of alligators was prohibited 
and the population rapidly increased. In 1979, American alligator was reclassified to threatened in Florida, 
reflecting partial recovery. In 1985, the species was reclassified to ‘threated due to similarity of 
appearance’ in Florida, reflecting complete recovery (U.S. Fish and Wildlife Service, 1987). The only reason 
American alligator remains on the ESA list is because it closely resembles American crocodile, a de facto 
threatened species, such that regulation of alligator hunting remains necessary to protect American 
crocodile. Today, American alligator is common throughout the IRL watershed in freshwater or brackish 
streams, ponds, lakes, and wetlands.  

Recently limited in range to South Florida and previously almost extirpated from the U.S., American 
crocodile has recently been increasing in range up the Florida east coast. Following numerous confirmed 
sightings in the vicinity of Satellite Beach and Melbourne Beach in Brevard County, USFWS has updated the 
known species range along the east coast to include the IRL up to Pineda Causeway (Florida Highway 404) 
(Moskwik, et al., September 2019). Currently, there are no known nesting areas within the IRL. However, 
nesting in the IRL is possible if the overall population continues to increase and expand in range. According 
to the most recent BSR conducted by the USFWS in 2022, the number of nests south of the IRL (in Miami-
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Dade County) have been rapidly increasing (U.S. Fish and Widlife Service, September 2022). Total nesting 
in Florida has increased from 11 nests in 1977 to 189 known nests in 2021. According to the BSR, the 
expansion of American crocodile into Brevard County may represent a return of American crocodile to its 
full historic range and may even possibly indicate a northward expansion even further than its distribution 
in the 1800s. Since American crocodile is not a cold-tolerant species, the northward expansion may be a 
response to climate change and increasing ambient winter temperatures (U.S. Fish and Widlife Service, 
September 2022).  

Future threats to American crocodile include loss of coastal nesting habitat due to sea level rise, and 
predation of eggs, hatchlings, juvenile, and sub-adult crocodiles by invasive species such as Burmese 
python and Argentine black and white tegu (U.S. Fish and Widlife Service, September 2022).  However, 
American crocodile appears to be adapting to increasing development and urbanization, with increasing 
accounts from developed areas (e.g., urban canals and ponds).  The 2022 BSR concluded that delisting is 
not yet appropriate since population numbers are still vulnerable, nesting range still appears to be limited, 
and because sea level rise has recently emerged as a long-term threat. However, the BSR acknowledged 
that the population has been stable or increasing with the IRL providing a route for northward expansion. 
If this trend continues, the travel corridor and habitat provided by the IRL may allow the taxon to expand 
its range to the point where listing is no longer necessary. 

 
American crocodile has recently been expanding its range northward through the corridor provided by th e IRL. 

Credit: USFWS 
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Atlantic salt marsh snake is endemic to the IRL and currently can only found in coastal marshes of Volusia 
County (USFWS, 2019a). This taxon is a subspecies of salt marsh snake that is closely related to another 
subspecies, the mangrove salt marsh snake. The most recent BSR mentions an increasing dominance of 
mangroves in coastal habitats of Brevard and Volusia counties, part of a long-term trend of mangrove range 
expanding north as the climate warms (USFWS, 2019a). Consequently, the mangrove subspecies may begin 
to prevail in some of the former range of the Atlantic subspecies.  

Historic decline of Atlantic salt marsh snake was mostly due to conversion of salt marsh to development 
and mosquito impoundments. However, in recent years the amount of salt marsh habitat has remained 
stable or even increasing due to regulatory oversight and restoration projects conducted in Volusia County. 
One recent example is the Flagler County Wetland Restoration Project, which included over 625 acres of 
restoration of dragline-impacted wetlands in Volusia County (SJRWMD, 2021). This project and others have 
resulted in improved, suitable Atlantic salt marsh snake habitat and could be vital for the expansion and 
survival of the taxon.   

The most recent BSR concluded that there is currently no change in vulnerability status for Atlantic salt 
marsh snake since the population appears to be critically small and limited to a minimal geographic area. 
Additionally, long-term effects of climate change and sea level rise may displace Atlantic salt marsh snake 
due to submergence of salt marsh habitats and encroachment of mangroves. Continued regulatory 
oversight and salt marsh restoration and monitoring will be crucial for conservation of this taxon.  

 
Salt marsh restoration projects like the Flagler Co unty Wetland Restoration Project (above left) will likely be 

critical for conserving Atlantic salt marsh snake i n the face of climate change. 
Credits: SJRWMD (left), USFWS (right) 
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Sea Turtles  
Five sea turtle species have been documented in the IRL, including Green, Loggerhead, Kemps ridley, 
Hawksbill and Leatherback, with juvenile Green and Loggerhead being most abundant (Ehrhart, 1983). 
Marine turtle remains have been found at archaeological sites throughout the IRL, suggesting that Native 
and early Americans utilized sea turtles for food (Ehrhart et al., 2007). The IRL was once home to a 
significant sea turtle fishery with a reported 1,600 green sea turtle landings in 1878 and 2,500 in 1886 
(Ehrhart, 1983). Overfishing and the “Great Freeze of 1894-95” ultimately led to a drastic reduction in the 
IRL green sea turtle population (Wilcox, 1896). The state of Florida banned hunting of sea turtles in 1909 
and enacted full protection of marine turtles in 1971, which allowed the turtle population the opportunity 
to recover (Ehrhart, 1983; Osborn, 2016). Much effort has since been spent to better understand sea turtle 
populations, migratory patterns, habitat, and the IRL’s role in marine turtles’ life cycle.  

The IRL serves as an important nursery and foraging area for juvenile green and loggerhead sea turtle 
(USFWS, 1991; USFWS, 2008). It is widely accepted that after emerging from the nest, hatching sea turtles 
spend several years in pelagic (oceanic) habitats before returning to nearshore habitats (including the IRL), 
where they spend several years as juveniles (Ehrhart, 1983; Ehrhart et al., 2007; Zug and Glor, 1998).  

Loggerhead sea turtle is known to primarily feed on crabs, barnacles, and mollusks, while green turtles are 
primarily herbivorous  (USFWS, 2008; Jones and Seminoff, 2013). Several diet studies conducted on green 
sea turtles within the IRL indicate a shift over time in foraging behaviors from predominantly seagrass 
(Mendonca, 1981) to drift macroalgae (Halloway-Adkins, 2001; Long et al., 2021). This diet shift is 
consistent with loss of seagrass that has occurred in the IRL over the last several decades. Green sea turtles 
are known to be generalist herbivores, and their ability to adapt their diet may allow for resilience during 
periods of seagrass decline. However, it is yet unclear if the shift in foraging diet consumed by juvenile 
turtles in the IRL will affect health or growth, or if there will be any long-term impacts to survival. 

Sea Turtle Nesting 
The beaches along the Atlantic Ocean directly east of the IRL are home to the highest aggregation of 
loggerhead sea turtle nesting and second highest aggregation of green sea turtle nesting in the Western 
Atlantic (USFWS, 2008; USFWS, 2023d). Although nesting activity is dominated by loggerhead and green, 
leatherback sea turtle also nests on beaches along the Florida east coast.  Genetic research has found that 
some hatchlings from these beaches occupy the IRL for a portion of their lifecycle before returning to the 
adjacent beaches to nest as adults (Reece et al., 2006; Ehrhart et al., 2007). Based on genetic data, IRL 
juvenile sea turtles have also been linked to other beaches in Florida, Mexico and Costa Rica (Reece et al., 
2006; Ehrhart et al., 2007). Nesting mothers are also known to frequent the IRL during inter -nesting 
periods, highlighting the importance of the IRL throughout sea turtles’ different life stages. 

Following institution of protections under the ESA, sea turtle nesting surveys have become an important 
indicator of population and reproductive health. A decline in loggerhead nesting occurred between 1998 
and 2007 (Figure 87), which may be linked to adult population declines throughout their global range 
(Witherington et a., 2009). During the period that loggerhead nesting was decreasing, Ehrhart (2007) 
found a 358% increase in green sea turtle nesting in southeast Florida. Following 2007, loggerhead nesting 
activity within the region has steadily increased, but this may not necessarily correlate with population 
recovery (Ceriani et al., 2019). Nevertheless, green and loggerhead sea turtle both had a record-breaking 
year in 2023 with 73,744 and 109,611 nests deposited, respectively, across all six counties (Figure 88 and 
Figure 89). Leatherback sea turtle, a less frequent nesting species in the vicinity of the IRL, deposited 1,498 
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nests laid in 2023. Nesting totals in recent years for leatherback sea turtles are also among the highest 
recorded (Figure 90).   

 

 
Figure 87. Loggerhead Sea Turtle nesting totals by county . 
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Figure 88. Green Sea Turtle nesting totals by county . 

 
Figure 89. Leatherback Sea Turtle nesting totals by county . 
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Figure 90. Sea turtle nesting totals for all counties within  the IRL (Volusia, Brevard, Indian River, St. Lucie, 
Martin, Palm Beach). 

Sea Turtle Strandings 
Sea turtles within the IRL watershed are subject to anthropogenic stressors such as vessel strikes, 
entanglement, and disease driven by water quality decline. Fibropapillomatosis (FP) is a virus affecting 
over 50% juvenile green sea turtles in the IRL (Ehrnhart et al. 2007). FP often causes the development of 
tumors that can affect sea turtles’ ability to see and swim properly (Jacobson, 1989). Although the disease 
has been documented worldwide, the population of green sea turtles within the IRL is experiencing FP at 
higher rates than other populations in Florida (Hirama et al., 2007). Vessel strikes also impact sea turtles, 
often resulting in severe injury or death, in navigable water areas such as channels and inlet (Foley, 2019).  

More than four decades of sea turtle stranding data obtained from the STSSN provide evidence of five sea 
turtle species that are occasionally found stranded along the IRL. Green sea turtle and loggerhead sea turtle 
account for the majority of the recorded strandings (Table 35). Green sea turtles accounted for the most 
strandings in all decades except the 1980s, when loggerhead strandings were more common. Over the last 
several decades, the number of strandings has increased from 240 strandings in the 1980s to 1,671 in the 
2010s.  

Table 35. Total sea turtle strandings in the IRL by decade. 

 1980’s 1990’s 2000’s 2010’s 2020 -2021  TOTAL 
Loggerhead 171 298 336 431 84 1,320 
Green 56 337 569 1,209 428 2,599 
Kemps Ridley  3 3 2 3 1 12 
Hawksbill  0 4 5 5 0 14 
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Leatherback  2 3 2 14 4 25 
Unknown  8 18 23 9 1 59 
TOTAL 240 663 937 1,671 518 4,029 

In 2017, there was a sharp decline in reported strandings with only a total of 20 strandings reported in the 
IRL by the FLSTSSN (Figure 91). Although the exact driver of this decline is unclear, several noteworthy 
events occurred in 2016 and 2017 that may have contributed to fewer sea turtles being present in the IRL, 
leading to fewer turtle strandings in the area due to their absence. A HAB occurred in 2016, resulting in low 
dissolved oxygen and significant fish kills across the IRL. 245 sea turtle strandings were reported in the IRL 
in 2016, the second highest year on record with 2021 being the highest (280 strandings). It is possible that 
the 2016 HAB drove sea turtles out of the IRL or caused them to become stranded leaving less turtles in the 
IRL in 2017. Two major hurricanes also impacted Florida within this timeframe: Matthew (2016) and Irma 
(2017). Sea turtles may move to deeper water or widen their home ranges during and after hurricanes 
(Lamont et al., 2021), which may have been the case for some IRL sea turtles during this time, leaving fewer 
sea turtles in the area to become stranded. It is also possible that due to these same reasons, fewer people 
were utilizing the waterways of the IRL, resulting in fewer stranding reports to the FLSTSSN.  It is 
important to note that 2017 was, at the time, the most active green sea turtle nesting year on record 
(Figure 88), which has been surpassed since.  

 

 

Figure 91. Count of sea turtle strandings in the IRL by species. 

Some of the rise in documented strandings may be due to heightened public awareness and increased 
reporting to the STSSN. The STSSN was established in 1980 by NMFS and has since grown to a diverse 
network of partners that have educated the public on the importance of reporting sightings of stranded or 
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injured sea turtles. It is also possible that more strandings in the IRL are caused by an increase in boating 
activity (Foley et al., 2019). There has been an increase in boat registrations in Florida, indicating that more 
boaters are on the waterways where sea turtles are known to occur (Table 36). The areas surrounding five 
IRL inlets are hotspots for sea turtle strandings (Figure 92). Vessels and sea turtles alike utilize these inlets 
to enter or exit the IRL to the Atlantic Ocean. The larger number of both turtles and boats, along with 
increased vessel speeds and fishing activity in these areas may be contributing to higher occurrence of 
strandings caused by boat strike and fishing gear entanglement. According to Foley et al. (2019), vessel 
collisions are responsible for up to 30% of loggerheads and green sea turtle mortality. The same study also 
analyzed vessel registration throughout the state of Florida and found a positive correlation between vessel 
registration and the occurrence of vessel strike injuries in sea turtles throughout the state of Florida. 

Table 36. Total number of vessel registrations in counties within the IRL , 2019-2023. 

County 2019  2020  2021  2022  2023  
Volusia  28,813 30,149 29,420 28,703 28,259 
Brevard  33,942 34,689 35,396 35,918 36,220 
Indian River  11,345 11,280 10,856 10,637 11,045 
St. Lucie 13,323 14,105 15,199 15,404 14,975 
Martin  18,710 17,865 16,739 17,000 18,168 
Palm Beach 36,358 37,322 38,302 38,750 38,060 
TOTAL 142,491 145,410 145,912 146,412 146,727 
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Figure 92. Sea turtle stranding hotspots in the IRL. 
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Disease 
Fibropapalomatosis (FP) is a viral infection that, in the IRL, primarily affects juvenile green sea turtles 
(Hirama and Ernhard, 2007). FP was first documented in the IRL sometime between 1982 (Jacobson, 1989; 
FWC Stranding data) and 1984 (Hirama and Ehrnhart, 2017). Documentation of the presence or absence of 
FP has been included on stranding reports since. Almost forty years of data indicate that the number of sea 
turtles becoming stranded with FP tumors present is increasing (Figure 93 ). Between 1980 and 2022, 927 
green sea turtles, 11 loggerhead sea turtles and 1 unknown turtle were stranded with FP tumors present 
(Table 37). FP tumors were found on 37% of stranded green sea turtles. Research published by Ehrhart, et 
al. in 2007 on sea turtle populations of the Central IRL found 52.8% (n= 2,211) of juvenile green turtles 
captured had tumors caused by FP. 

 

 

Figure 93. Total number of IRL stranded sea turtles with FP tumors present . 

Table 37. Occurrence of FP tumors in IRL strandings by species, 1980-2022. 

 FP Present FP Not Present TOTAL 
Loggerhead 11 1,238 1,249 
Green 927 1,591 2,518 
Leatherback  0 10 10 
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Total  939 2,917 3,856 
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The stranding data provide evidence that the occurrence of FP in stranded sea turtles in the IRL is 
increasing. Although FP may not always be the direct cause of stranding, this pre-existing health condition 
may change turtle behavior, such as spending more time at the surface, leading to increased exposure to 
other stranding stressors like boat strike and entanglement (Foley et al., 2019). Population studies utilizing 
net catch methods indicate that nearly 50% of IRL juvenile green turtles are FP positive (Ehrhart et al., 
2007).  

Several studies have investigated the potential correlation between IRL water quality and the expression of 
FP tumors. It has been shown in several species, including sea turtles, that disease expression can be 
induced by environmental factors (Sposato et al., 2021). Green turtles in the IRL are experiencing FP tumor 
prevalence at a higher rate than nearby pelagic populations that carry the disease with no signs of tumors 
(Hirama and Ehrhart, 2007; Sposato et al, 2021). The prevalence of disease expression in the IRL 
population has been linked to high nutrient and pollutant concentrations, which elevate stress response 
and suppress immune function (Mannes et al., 2022). Since tumors that can impair vision and swimming 
(Jacobson et al., 1989), the increased disease susceptibility may be cause for concern.  

Despite the remaining stressors and threats, sea turtles of the IRL have remained resilient in adapting to 
the cascading effects of water quality conditions. It appears to be clear that sea turtle populations are 
benefiting from bans on hunting, regulatory protection under the ESA, and possibly a reduction in 
frequency of cold snap events (Wilcox, 1896; Ehrhart, 1983). Water quality improvements may be 
instrumental in managing the population’s future risk to major disease.   

 
Green sea turtles with FP tumors. Source: Brevard Zoo. 

 

Plants  
The IRL provides habitat to approximately twenty-two (22) plant and fungus taxa that are listed under the 
ESA, state rule, or the SGCN Intertidal Habitat list (Table 38). Included are fourteen (14) endangered 
species, four (4) threatened species, and four (4) non-listed Species of Greatest Conservation Need for the 
Intertidal Habitat. The IRL also includes three (3) species covered under Florida’s state legislation for 
protection of mangroves.  

Taxa like sea lavender and numerous others naturally occur in coastal dune habitats and have continued to 
decline along the IRL and coastal Florida due to coastal development. Previously listing sea lavender as 
threatened, the Florida EPAC changed the status to endangered to 1998 and currently ranks the taxon’s 
degree of threat as ‘very’ threatened. The EPAC has estimated that there are 3,000 to 10,000 total plants 
remaining in Florida at 21 to 100 different locations (Florida Endangered Plant Advisory Council, 2021). 
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Only 2-5 populations are within protected sites. Florida’s state-level regulation generally does not require 
development activities to avoid listed plants. Consequently, persistence of vulnerable plants in Florida 
often requires land preservation and attention from public land managers.  Some imperiled coastal taxa, 
including sea lavender, are also cultivated at native plant nurseries. Incorporation of these species into 
coastal restoration projects may also promote their longevity in the IRL.  

 
Sea lavender is one of numerous coastal endangered and threatened plants that have continued to declin e due 

to coastal development. 
Credit: Public domain/Matthew Beziat  
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Table 38. Special Concern Plants in the IRL. 

PLANTS AND FUNGI  

Scientific Name  Common Name Federal 
Status 

State 
Status 

Other 
Status 

Angiosperms (Flowering Plants) 

Argusia gnaphalodes Sea Lavender   E   

Asimina tetramera Four-petal Pawpaw E    

Avicennia germinans Black Mangrove     MTPA 

Cereus eriophorus var. fragrans Fragrant Prickly-apple E    

Conradina grandiflora Largeflower False Rosemary   T   

Cucurbita okeechobeensis ssp. okeechobeensis Okeechobee Gourd E    

Deeringothamnus rugelii Rugel's Pawpaw E    

Dicerandra immaculata var. immaculata Lakela's Mint E    

Encyclia boothiana Dollar Orchid     SGCN 

Encyclia cochleata Florida Clamshell Orchid     SGCN 

Helianthus debilis West Coast Dune Sunflower     SGCN 

Jacquemontia reclinata Beach Jacquemontia E    

Laguncularia racemosa White Mangrove     MTPA 

Opuntia stricta Erect Pricklypear   T   

Peperomia humilis Low Peperomia   E   

Polygala lewtonii Lewton's Polygala E    

Polygala smallii Tiny Polygala E    

Rhizophora mangle Red Mangrove     MTPA 

Tillandsia balbisiana Northern Needleleaf   T   

Tillandsia fasciculata Cardinal Airplant   E   

Tillandsia flexuosa Twisted or Banded Air-plant     SGCN 

Tillandsia utriculata Giant Airplant   E   

Warea carteri Carter's Mustard E    

Ferns 

Acrostichum aureum Golden Leather Fern   T   

Fungi 

Cladonia perforata Florida Perforate Cladonia E FE   

TOTAL PLANTS AND FUNGI 25 

E = Endangered 
T = Threatened 
 

SGCN = Species of Greatest Conservation Need 
               (Intertidal Habitat)  
MTPA = Mangrove Trimming and Preservation Act  
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Mangroves  
While none of the mangrove species in the IRL are vulnerable to extinction, the distribution of mangroves 
was reduced by as much as 75-90% in the 1950s through the 1970s due to development or to 
impoundment and ditching for mosquito control (Brockmeyer, et al., 2022). Due to the rapid loss of 
mangroves and because of their crucial roles as wildlife habitat and shoreline erosion control, in 1984 
Florida enacted legislation regulating the trimming and alteration of mangroves. This regulation applies to 
activities not already covered under the state’s environmental permitting program, which was also 
instituted in 1984 to regulate development-related impacts to wetlands (including mangroves).   

Historically, mangroves dominated the southern and central IRL, while salt marsh was more prevalent in 
the northern IRL. The latitudinal transition to salt marsh habitat was due to a freeze line. Freeze events 
limit long -term succession of coastal wetlands to mangrove communities, with freeze events having been 
historically documented to limit expansion of scattered mangroves in the Merritt Island area through 
periodic mortality and damage (Provancha, Schmalzer, & Hall, 1986). However, the freeze line has been 
moving north and frequency of extreme cold events has been decreasing, likely as a result of climate change 
(Cavanaugh, Kellner, Forde, & Gruner, 2014). This has resulted in a northward expansion of mangroves 
since the 1990s (Giri & Long, 2014). Within the northern IRL, mangroves have been recently displacing salt 
marsh habitat and expanding onto oyster reefs (Cavanaugh, Dangremond, Doughty, & Williams, 2019) 
(McClenachan, Witt, & Walters, 2021).  The expansion of mangroves may provide beneficial, increased 
resiliency against erosion and storms, as well as additional bird rookery substrate and refugia for some 
mangrove-dependent species. However, the displacement of salt marsh may adversely affect some taxa 
(e.g., Atlantic salt marsh snake) that are dependent on non-forested habitat.  

 
A young black mangrove damaged by freeze in a salt marsh habitat. The intensity and frequency of freez e events 

are decreasing, allowing mangroves to expand north in the IRL. 
Credit: USGS/Michael J. Osland 
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Other Taxa  
 

Table 39. Special Concern Invertebrates in the IRL. 

INVERTEBRATES  

Scientific Name Common Name Federal 
Status 

State 
Status 

Other 
Status 

Xiphosura (Horseshoe Crab) 

Limulus polyphemus Horseshoe Crab     SGCN 

Lepidoptera (Butterflies and Moths) 

Danaus plexippus Monarch Butterfly UR     

TOTAL INVERTEBRATES 2 

UR =Under Review 
SGCN = Species of Greatest Conservation Need (Intertidal Habitat)  

 

Horseshoe Crab  
Although they are much less common in Florida compared to the Middle and North Atlantic U.S. coast, 
horseshoe crabs have been a component of the IRL ecosystem for millennia. Current and historic 
population data are limited, and past stock assessments for Florida have been based on commercial landing 
data or trawl surveys that did not target horseshoe crabs (Heres, Crowley, Barry, & Brockmann, 2021). 
Volunteer data collected along shorelines since 2002 have indicated that the IRL may contain one of the 
most significant populations of breeding horseshoe crabs in the state (Florida Horseshoe Crab Watch, 
2024). However, the level of annual volunteer effort in this program is widely variable, and population 
trends are difficult to discern.  

In the Delaware Bay area, horseshoe crab eggs are one of the most important food sources for migratory 
shorebirds like red knot, which times its migration to correspond with horseshoe crab spawning. While 
wintering red knot in Florida are likely less dependent on horseshoe crab eggs, they may provide a 
significant food source if present in high amounts (Gerhart, 2007). Adult horseshoe crabs are a preferred 
food source for loggerhead sea turtle (Botton & Ropes, 1987).  

Spawning season in the IRL peaks in April, May, and August (Ehlinger & Tankersley, 2007). Each adult 
female spawns multiple times per season and may lay an estimated 88,000 eggs per year (Shuster, 1982). 
Their blood contains a coagulant that clots around bacterial toxins, even in trace amounts. For this reason, 
a significant number of horseshoe crabs are harvested for the biomedical industry for testing sterility of 
medical equipment, vaccines, and almost all injectable medicine. Biomedical harvest involves extracting 
blood from live individuals at coastal facilities, following by live release. Biomedical harvest is currently 
limited to the U.S. Mid-Atlantic or North Atlantic and does not currently occur in Florida (Smith, et al., 
2017).  

Range-wide, humans contribute the largest source of horseshoe crab mortality, primarily due to 
overfishing. Between the 1850s and 1920s, annual harvest was one to four million individuals per year 
along the U.S. Atlantic coast, with the product used for fertilizer, livestock feed, and fish bait. Major 
horseshoe crab fisheries are found off Rhode Island, New Jersey, Delaware, Maryland, and Virginia. Florida 
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is not a major fishery. Commercial landing data indicate that horseshoe crabs are commercially harvested 
in small numbers along the Florida east coast (Atlantic Coastal Cooperative Statistics Program, 2017). 
Recent (2007-2022) reported commercial numbers for east Florida range up to 4,615 pounds per year, or 
approximately 1,154 individuals in peak years. Most years have significantly less or no harvest reported. 
Average bait harvest landings from 2008 through 2012 were only 209 individuals (Smith, et al., 2017). The 
current quota for bait harvest in Florida is 9,455 per year, which represents less than 1% of the combined 
quota for the U.S. Atlantic Coast states (Smith, et al., 2017). Due to their wide range and the limited nature 
of population data, horseshoe crab has never been listed and is still eligible for harvest in Florida. However, 
the taxon is currently on the SGCN list under the 2019 FWC SWAP.  

It could be inferred that overfishing and landward development are not currently major stressors to 
horseshoe crabs in the IRL, since fishing is minor and because horseshoe crabs are not affected by human 
activity as long as a sandy/beach habitat is present at the coastline (Jackson & Nordstrom, 2009).  Prior 
study has suggested that eutrophication also has no direct effect on horseshoe crab abundance, 
distribution, or food source (Carmichael, Rutecki, Annett, Gaines, & Valiela, 2004). Regardless of nutrient 
loading, horseshoe crabs appear to rely on the same food sources, which include benthic infauna and 
epifauna such as clams, mussels, small arthropods, and marine worms. Horseshoe crab is also an ecological 
generalist and can survive within a wide variety of environmental conditions, including hypoxia (Shuster, 
1982). However, horseshoe crabs are affected by HABs. Following a HAB in the IRL in 1999, approximately 
100,000 adult horseshoe crabs died in the north Indian River and southern Mosquito Lagoon (Scheidt & 
Lowers, 2001).  

Results of seine net surveys performed in the IRL multiple times per month from 1997 through 2013 were 
used to update horseshoe crab stock assessments for the Florida Atlantic coast (Sweka, et al., 2013), and 
were analyzed by Smith et al. (2017) to estimate whether the population was significantly declining. The 
data indicated a negative trend in the Florida Atlantic population; however, variability was so high that a 
significant inference could not be made. If the negative trend was assumed to be real, then the regional 
population could be reduced by 55% over 40 years, which coincides with the three-generation 
reproductive timeframe often considered in listing decisions.   

While population estimates and trends in the IRL are still poorly understood, several signs and factors that 
may suggest horseshoe crab is declining locally: 

1) Sea turtle research capture efforts in the 1990s experienced a marked decrease in bycatch of 
horseshoe crabs compared to 1979 (Provancha J. , 1997) 

2) Spawning habitat has declined over the last several decades due to loss of sandy shoreline to 
coastal armoring (Ehlinger & Tankersley, 2007). 

3) HAB-related mortality events have continually occurred in the IRL at a rate and magnitude that may 
challenge the ability of horseshoe crab populations to recover through reproduction. 

Within the IRL, cooling intakes at two major power plants may have collectively trapped between 92,218 
and 173,662 horseshoe crabs annually based on studies in 1975 and 1980 (Applied Biology, Inc., Ray L. 
Lyerly & Associates, 1980). Since that study, engineering controls (e.g., deterrent fencing) have been 
installed at the plant(s) to prevent entrapment. These controls may be critical for limiting reductions in 
local populations (Ehlinger & Tankersley, 2007). 

Horseshoe crabs prefer sandy beach habitats for constructing nests. Horseshoe crab eggs are laid 10-20 cm 
below the sediment surface at the high water line, and the eggs and larvae are adapted to survive in low 
oxygen (hypoxic) conditions. However, eggs and larvae cannot survive total anoxia, which may occur 
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within mucks and layers of decaying algae. The buildup of muck along shorelines may substantially 
degrade spawning habitat and deter nesting (Botton, Loveland, & Jacobsen, 1988). In addition, a substantial 
length of the IRL shoreline has been altered by hard stabilization (e.g., riprap, bulkheads, seawall, etc.). 
Hardened shorelines are typically unsuitable for horseshoe crab nesting. Collectively, the alterations and 
degradation to IRL shorelines have reduced the available spawning area, which may slow population 
growth and possibly inhibit population recovery following HABs. 

 
Horseshoe crabs are a prominent member of the IRL ecosystem, but qualitative evidence suggests that numbers 

may be in decline due to factors such as shoreline alteration, muck accumulation, and harmful alga l blooms. 
Credit: L. Thompson/IRLNEP 
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DISCUSSION  

BIRD BIODIVERSITY  

The IRL Species Inventory contains records of 581 bird species from 24 orders and 71 families, which is 
more than the 559 total taxa included in the current Florida Ornithological Society’s list of bird species 
occurring statewide in Florida (Florida Ornithological Society, 2024). In comparison, Turner (2021) 
examined CBC and eBird data (through 2019 and July 2020, respectively) to find 437 species documented 
in the IRL, also from 71 families, representing nearly 29% of the avian families in the world. Regardless of 
the inventory consulted, it is clear that the IRL contains an incredible concentration of bird biodiversity 
that would be significant at the state, national, or global scale.  

Birds are well studied both professionally and recreationally with an abundance of field guides and mobile 
applications available for identification and real-time documentation. With the abundance of data available, 
birds allow for an excellent study of geographic diversity comparisons (Turner, 2021). Examination of the 
available Christmas Bird Count data from the IRL found diversity ranges based on the Shannon Diversity 
Index from a mean of 2.48 to 3.16 depending on location. While the diversity at most of the CBC sites in the 
IRL appears to be relatively stable over time, the Cocoa site appears to be trending down over time. 
Declines were also noted at the two USGS BBS sites adjacent to the IRL. The number of species at the Vero 
Beach site experienced noticeable declines beginning in 2013 and declines in the number of individuals 
beginning even earlier, in 2003. While the Scottsmoor site also saw declines in the number of individuals 
(and to a lesser degree, species richness) beginning in 2003, the most recent four years experienced an 
increase with an average closer to the POR mean.  

Examination of the species less frequently identified in recent years, show those that rely on open habitats 
including fields, pastures, and other uplands are most impacted. The loss of agricultural land to 
development within the IRL may be threatening Bird Biodiversity , specifically important breeding bird 
habitat losses could continue to impact biodiversity in the IRL. Future study and management strategies 
should be developed to mitigate or offset the loss of critical habitat impacts. The purple martin, for 
example, nest in colonies and a single development could cause the loss of an entire colony. Among 
strategies to consider is the installation of houses for the species not able to simply shift to rooftops for 
colonizing, such as the purple martin. 

FISH BIODIVERSITY  

The FWC FIM program is one of the most comprehensive fish monitoring programs in the world and 
provides a valuable tool for assessing how fish populations may be responding to ecosystem stressors.  

The total catch has fluctuated considerably between 1998 and 2023, even as the sampling effort increased. 
The maximum number of fish caught in a year of sampling was 751,163 in 2009, while the lowest number 
of fish captured was 302,332 in 2023. The total catch and mean fish/set numbers show a decreasing trend 
over time in the IRL, even though effort has trended upwards. The decline in total catch could be the direct 
result of the decline in water quality and essential fish habitat (e.g., seagrass), as well as shifting 
distribution patterns caused by climate change (Buisson et al., 2013; Troast et al., 2020). 
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The most abundant species caught in the IRL by the FIM program is the Bay Anchovy, which constitutes 
over 60% of the total catch over the POR, followed by the Pinfish (5.6%), Mojarra species (5%), Irish 
Pompano (3.9%), and the Rainwater Killifish (3.4%). These results are consistent with other recent 
findings (Troast et al., 2020). The relative abundance of IRL species has been changing over the last two 
decades with species like the Bay Anchovy and the Pinfish showing increasing populations in the IRL while 
other species have shown declines in their relative abundance. Although the relative abundance of fish 
species is changing, the average size of fish captured in the FIM program has not changed significantly since 
1998. 

Measures of Fish Biodiversity (richness and evenness) have remained relatively stable over time, with a 
possible slight increasing trend for richness and slight decreasing trend for evenness. Troast et al. (2020) 
also found that both species richness showed an increasing trend in the IRL when data from different 
regions of the IRL was combined. Species evenness (SEI) showed a minor decline over the POR in the IRL. 
This implies that the proportions of some common, habitat generalist and/or low trophic species are 
increasing relative to more uncommon, habitat specialist, and/or higher trophic species, which may be 
decreasing. This aligns with other findings that Bay Anchovy is increasing in relative abundance in the IRL 
(Tremain & Adams, 1995; Lewis et al., 2020) (Troast et al., 2020).  

Several of the focal species showed decreasing trends in the number of fish caught during FIM sampling. 
These include the Common Snook, Gray Snapper, Gulf Pipefish, Pinfish, and Sheepshead all of which have 
experienced a reduction in the mean number of fish caught per gear set over the POR. Some of the declines 
have been precipitous, and several of the declines appear to start around 2013.  

MARINE MAMMALS  

The Florida east coast manatee population is susceptible to degraded water quality conditions that can fuel 
algal blooms, impacting seagrass coverage and leading to a lack of food availability during the cold months 
when manatees are most at risk. Warm water refuges, which include both natural springs and industrial 
discharge sites, are important in preventing cold related manatee mortalities . Because manatees often 
return to the same warm water refuge each year, seagrass loss in the IRL can significantly impact Florida 
east coast and statewide manatee population numbers. 

Manatee mortality in the IRL climbed sharply following algal blooms and seagrass losses in the IRL, and a 
UME officially declared in December of 2020 is still ongoing. At the peak of the event in 2021 and 2022, 
over 1,000 manatee deaths were documented in the seven IRL counties, which may have accounted for a 
loss of nearly 20% of the 5,160 estimated manatees on the Florida east coast and over 10% of the 
estimated 9,790 manatees statewide during this two-year period. The 114 manatee mortalities 
documented in 2023 represent a significant drop from the previous years and may signal that conditions in 
the IRL are rebounding. However, the 2024 manatee mortality rate ( through July) is outpacing 2023. The 
deaths in 2024 have been mainly attributed to manatee calves, rather than adults as seen in previous years 
of the UME.  

Investigation of the current UME (ongoing since December 2020) is still underway, and due to the number 
of manatee mortalities since that time, the FWC is no longer recovering or performing necropsies on every 
carcass. Further, when full necropsies are performed and cause of death is determined to be starvation, the 
mortality  is categorized as “natural” alongside all other natural causes of mortality. While some level of 
starvation mortality may occur naturally , recent episodes of mass starvation may be wholly attributable to 
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anthropogenic impacts, such as excess nutrient pollution, therefore, documenting starvation mortalities in 
a separate category may be warranted. Although the FWC also documents red-tide related mortalities as 
“natural”, they have also tracked red-tide related mortalities separately since 1996 in Red Tide Manatee 
Mortality Reports (FWC, 2024c). This enables red-tide related mortalities to be distinguished from other 
naturally occurring deaths. Given the severity of the current UME and the human influence involved, 
additional effort to fully examine carcasses and the separate categorization of starvation mortalities on the 
east coast of Florida should be taken into consideration for future monitoring. 

Human activity directly resulting in manatee mortality or injury has long been a top concern in Florida as 
evident by the early passage of the Florida Manatee Sanctuary Act of 1978. By far, the most predominant 
human impact resulting in mortality  is due to boating incidents, which result in up to 18% of manatee 
mortalities in the IRL compared to only 2% from other human impacts. Since most watercraft-related 
injuries occur within existing protection zones, improved education and enforcement may prove more 
impactful than increasing the area of manatee protection zones. 

Dolphins are long-lived, long-term residents of the IRL that serve as a sentinels for overall ecosystem 
health. Changes in dolphin populations may reflect anthropogenic stressors such as reduced water quality, 
biotoxins, emerging contaminants, and human disturbance through commercial and recreational fishing 
and boating (Wells et al., 2004; Stolen et al., 2007; Schaefer et al., 2011; Fair et al., 2010; Bossart et al., 
2017). While population measurement methods have been variable, it is generally evident that the IRL 
population has remained stable since at least 2010 (Durden et al. 2021). Because IRL dolphins have been 
susceptible to mass and unusual mortality events, continued monitoring is important. Environmental 
toxicity (e.g., viruses, HABs, etc.), fishery-related incidents, and other future anthropogenic impacts will 
likely continue to threaten the IRL dolphin population (Durden et al., 2017, Durden et al., 2021). Since most 
dolphin strandings documented have been due to unknown causes, it is difficult to ascertain whether 
human impacts are the primary cause of dolphin mortality in the IRL, and continued evaluations will aid in 
the management and protection of this important stock. 

OTHER SPECIES OF CONCERN  

The number of total listed species in the IRL has grown steadily since the 1960s. The growth of the lists 
may in part be a function of time as new evidence accumulates to support formal listing decisions. The 
growth of the list is also influenced by factors such as habitat loss from development and sea level rise.  

Nevertheless, many of the listed species have shown positive responses to management and restoration 
efforts. Bald eagle, brown pelican, peregrine falcon, and wood stork have all been removed from the ESA or 
proposed for removal and are currently thriving throughout the IRL. Colonial shorebird species like least 
tern and black skimmer have adapted to coastal development by successfully nesting on rooftops. State-
listed wading birds have been proliferating throughout the lagoon, with the dredge spoil islands continuing 
to provide some of the most concentrated nesting and roosting hotspots in the state. Establishment of 
Critical Wildlife Area designations over these spoil islands has provided key protection and has correlated 
with the increase or return of locally rare species like reddish egret and roseate spoonbill.  

Listed species like smalltooth sawfish and green sea turtle that historically disappeared from the IRL due to 
bycatch appear to have returned, possibly as a result of fishing regulations. Green sea turtle, which is able 
to adapt to a diet of algae or other sources when seagrass declines, has resumed its role as the dominant 
sea turtle in the IRL. American crocodile is also re-emerging throughout the IRL and appears to be 
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returning to the full extent of its historic range. Numerous other habitat ‘generalists’ appear to be 
recovering or stable, likely thanks in part to development regulations and recovery measures that have 
been in place since the 1970s. 

Ecological ‘specialists’, which are taxa that require specific habitat types or parameters to survive, may 
continue to face more risk. For example, Atlantic salt marsh snake, a species endemic to the IRL, is wholly 
dependent on salt marsh habitat. Should salt marsh habitat be lost due to mangrove encroachment or sea 
level rise, the taxon could be lost to extinction. Fish like dwarf seahorse are fully dependent on beds of 
seagrass, which they utilize over their entire life history. Sudden, severe losses of seagrass may cause 
population crashes that are worsened when combined with other factors such as HABs.  Several plant 
species, such as sea lavender, are specially adapted to coastal dune habitats found directly along the IRL 
waterway, and historic development pressure for those areas has caused them to become endangered.  

Loss of shoreline habitat (due to shoreline stabilization and sea level rise), combined with pollution events, 
HABs and other factors, may be driving a decline in some species like horseshoe crab and may continue to 
imperil  the long-term persistence of other species including nesting shorebirds. Degraded water quality 
has also been linked to increased susceptibility of sea turtles to diseases such as fibropapalomatosis. While 
wildlife management and recovery efforts should be celebrated for their demonstrable effects in the IRL, 
continued focus on habitat conservation and conservation, water quality improvement, and improving 
ecological resiliency to sea level rise will likely be necessary to protect taxa that remain vulnerable in the 
long term.  

DATA GAPS AND RESEARCH NEEDS 

BIRD BIODIVERSITY  

�x More investigation into the apparent declines in Bird Biodiversity  at the Cocoa CBC site as well as 
the species richness and totals at the BBS sites may be warranted to determine which species are 
no longer utilizing these sites and identify  factors, such as habitat loss, that may be attributing to 
the changes.  

�x eBird is an open science, large-scale database that has become increasingly popular during recent 
years and multiple studies have been conducted to determine recommended methods for using this 
data source for biodiversity studies for birds. eBird data for the IRL could be examined and 
methods developed to use the data to track biodiversity across time and space in the IRL. 

FISH BIODIVERSITY  

�x Although the FWC FIM program is one of the most robust sampling programs in the world, 
equalizing effort across the entire lagoon and the addition of regular nighttime sampling could 
improve the data available for analysis. 

�x Integration of the FIM database with water quality sampling data (i.e., chlorophyll and dissolved 
oxygen) conducted by the local water management districts would provide a comprehensive 
database for fish biodiversity  and population analyses. 

�x Collaboration with scientists should be a made a priority of the FIM program in order fully take 
advantage of the data resources provided by the program. 
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MARINE MAMMALS  

�x Reinstating the FWC winter synoptic manatee surveys will allow for improved understanding of the 
importance of the IRL as a warm water refuge and impacts of the current UME (and others that may 
occur in the future). 

�x Manatee mortality related to starvation is currently categorized as “natural”. Increasing efforts to 
examine carcasses to the extent required to identify starvation as the primary cause (and categorize 
it as such), will greatly improve the understanding of impact of water quality driven seagrass loss 
impacting manatee populations.  

�x Boating-related mortality and injury events are common in the IRL and improved boater awareness 
and education along with increased enforcement are important in manatee protection. 

�x Dolphin abundance survey and estimation efforts have varied over the years and the data is only 
generally available in the literature. Publicly funded efforts to track dolphin abundance in the IRL 
would greatly increase the knowledge on dolphin populations in the IRL. 

�x The NMFS’ National Stranding Database (NSD) is not available for public query and data 
downloading without assistance from NMFS staff. Making this data more accessible could assist 
with management and conservation efforts of IRL dolphins as well as marine mammals across the 
country. 

OTHER SPECIES OF CONCERN  

�x Population dynamics of horseshoe crabs in the IRL (and statewide) are still poorly understood. 
Commercial landing data, trawling surveys, and volunteer data to date are not sufficient for 
population estimates or accurate trend analyses. Dedicated surveys and population modeling are 
recommended to determine the species local vulnerability.  

�x The Comprehensive Everglades Restoration Plan (CERP) appears to have resulted in measurable 
benefits in increasing the population of wading birds in South Florida, including adjacent to the IRL. 
While the IRL may have functioned as a refuge for wading birds during the pre-CERP hydrologically 
stressed period, recent improvements in the Everglades system may have lessened the dependency 
of some birds on the IRL. Additional research could examine the interconnectivity between the 
Everglades and the IRL over time, how improvements related to the CERP may have altered wading 
bird distribution in south and eastern Florida, and to what degree the IRL may still serve as a refuge 
in times of drought (under current and future climate scenarios).  

�x Spoil islands throughout the IRL are vital rookery and nesting habitats, supporting the grand 
majority of nesting efforts by species such as pelicans, reddish egrets, roseate spoonbill, and wood 
stork. Thousands of breeding birds currently use spoil islands in the IRL for nesting, and they are 
some of the most significant nesting and roosting hotspots in the state. However, storms, boat 
wake, and sea level rise threaten the long-term existence of these islands. The ecological 
significance of these islands should be emphasized in regional management plans and effort 
expended to protect or restore them through breakwaters or artificial reefs. Further, creation of 
new spoil islands should be promoted by resource managers and regulators and as a meaningful 
form of environmental enhancement and potentially viewed as an ideal form of disposal for dredge 
material.   

�x Recent observations and sampling results have suggested that smalltooth sawfish is successfully 
reproducing within the IRL after decades of extirpation. However, the IRL is not recognized by the 
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FWC or NMFS as critical habitat or as part of the federal consultation area. Additional sampling and 
population measurements should continue to locate critical nursery grounds throughout the IRL 
and to potentially inform regulatory guidance, if warranted. 

�x Recent observations have indicated that American crocodile is expanding northward from coastal 
Broward County through the IRL. However, nesting still appears to be restricted to Miami-Dade and 
Broward County. Continued monitoring and tracking of American crocodile should continue to 
determine the degree of the expansion and to determine whether the IRL is a viable breeding 
habitat now or in the near future.  

�x Salt marsh habitat in the IRL appears to be rapidly declining due to the encroachment of mangroves 
as the climate warms. Additional study should more fully examine the potential impacts to 
vulnerable species that are depend on salt marsh in the IRL, and examine management strategies, if 
any, that may promote their long-term viability.  

�x Some vulnerable plants, such as sea lavender, are currently successfully cultivated in Florida 
nurseries and available for bulk purchase for restoration. Future coastal restoration projects could 
examine potential incorporation of these plants to increase their population size and protect their 
long-term viability in the wild.  
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APPENDIX  A   

LIST OF BIRD FAMILIES FROM THE IRL SPECIES INVENTORY (2024)  

Family  # Species Family Description*  
Accipitridae 22 Kites, Hawks, Eagles 
Alaudidae 1 Larks 
Alcedinidae 3 Kingfishers 
Alcidae 7 Auks 
Anatidae 48 Ducks, Geese, Swans 
Anhingidae 3 Anhingas, Darters 
Anseranatidae 1 Magpie Goose 
Apodidae 1 Swifts 
Aramidae 2 Limpkin  
Ardeidae 24 Herons, Bitterns 
Bombycillidae 1 Waxwings 
Caprimulgidae 5 Nightjars 
Cardinalidae 13 Cardinals & Allies 
Cathartidae 3 New World Vultures 
Charadriidae 13 Plovers 
Ciconiidae 2 Storks 
Columbidae 9 Pigeons, Doves 
Corvidae 7 Crows, Jays 
Cuculidae 4 Cuckoos 
Diomedeidae 1 Albatrosses 
Emberizidae 10 Buntings 
Falconidae 9 Caracaras, Falcons 
Fregatidae 1 Frigatebirds 
Fringillidae 4 Finches, Euphonias 
Gaviidae 2 Loons 
Gruidae 4 Cranes 
Haematopodidae 1 Oystercatchers 
Hirundinidae 9 Swallows, Martins 
Hydrobatidae 2 Northern Storm Petrels 
Icteridae 17 Oropendolas, Orioles, Blackbirds 
Laniidae 2 Shrikes 
Laridae 37 Gulls, Terns, Skimmers 
Mimidae 7 Mockingbirds, Thrashers 
Motacillidae 2 Wagtails, Pipits 
Muscicapidae 1 Chats, Old World Flycatchers 
Numididae 1 Guineafowl 
Odontophoridae 2 New World Quail 
Pandionidae 2 Ospreys 
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Family  # Species Family Description*  
Paridae 2 Tits, Chickadees 
Parulidae 57 New World Warblers 
Passerellidae 28 New World Sparrows, Bush Tanagers 
Passeridae 2 Old World Sparrows, Snowfinches 
Pelecanidae 5 Pelicans 
Phaethontidae 3 Tropicbirds 
Phalacrocoracidae 3 Cormorants, Shags 
Phasianidae 4 Pheasants & Allies 
Phoenicopteridae 1 Flamingos 
Picidae 16 Woodpeckers 
Podicipedidae 5 Grebes 
Polioptilidae 2 Gnatcatchers 
Procellariidae 9 Petrels, Shearwaters, Diving Petrels 
Psittacidae 4 African & New World Parrots 
Rallidae 20 Rails, Crakes, Coots 
Recurvirostridae 3 Stilts, Avocets 
Regulidae 3 Goldcrests, Kinglets 
Scolopacidae 38 Sandpipers, Snipes 
Sittidae 3 Nuthatches 
Spheniscidae 1 Penguins 
Spindalidae 1 Spindalises 
Stercorariidae 3 Skuas 
Strigidae 9 Owls 
Sturnidae 2 Starlings, Rhabdornises 
Sulidae 3 Gannets, Boobies 
Thraupidae 1 Tanagers and allies 
Threskiornithidae 6 Ibises, Spoonbills 
Trochilidae 5 Hummingbirds 
Troglodytidae 9 Wrens 
Turdidae 18 Thrushes 
Tyrannidae 17 Tyrant Flycatchers 
Tytonidae 3 Barn Owls 
Vireonidae 12 Vireos, Greenlets, Shrike-babblers 
TOTAL Species from 71 families  581 

*(Gill et al., 2024) 
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APPENDIX B 

LIST OF BREEDING BIRDS WITHIN THE IRL IDENTIFIED DURING BBS COUNTS 

Acadian Flycatcher 
Common Ground 
Dove 

Least Tern Royal Tern 

American Coot Common Nighthawk Limpkin  
Ruby-throated 
Hummingbird 

American Crow Common Yellowthroat Little Blue Heron Sandhill Crane (FL sub) 
American Kestrel Cooper's Hawk Loggerhead Shrike Smooth-billed Ani 
Anhinga Crested Caracara Magnificent Frigatebird Snail Kite 

Bachman's Sparrow 
Double-crested 
Cormorant 

Mallard Snowy Egret 

Bald Eagle Downy Woodpecker Monk Parakeet Summer Tanager 
Barn Owl Eastern Bluebird Mottled Duck Swallow-tailed Kite 
Barn Swallow Eastern Kingbird Mourning Dove Tricolored Heron 
Barred Owl Eastern Meadowlark Muscovy Duck Tufted Titmouse 
Belted Kingfisher Eastern Screech-Owl Northern Bobwhite Turkey Vulture 
Black Skimmer Eastern Towhee Northern Cardinal White Ibis 

Black-whiskered Vireo 
Eurasian Collared-
Dove 

Northern Mockingbird White-eyed Vireo 

Black Vulture European Starling Northern Parula White-tailed Kite 
Black-bellied Whistling-
Duck Fish Crow 

Northern Rough-winged 
Swallow White-winged Dove 

Black-crowned Night-
Heron Florida Scrub-Jay Orchard Oriole Wild Turkey 

Black-necked Stilt Forster's Tern Osprey Willet  
Blue Grosbeak Glossy Ibis Painted Bunting Wilson's Plover 
Blue Jay Gray Catbird Pied-billed Grebe Wood Duck 
Blue-gray Gnatcatcher Gray Kingbird Pileated Woodpecker Wood Stork 
Blue-winged Teal Great Blue Heron Pine Warbler Yellow-billed Cuckoo 

Boat-tailed Grackle 
Great Crested 
Flycatcher 

Prairie Warbler Yellow-breasted Chat 

Brown Pelican Great Egret Purple Gallinule 
Yellow-crowned Night-
Heron 

Brown Thrasher Great Horned Owl Purple Martin 
(Yellow-shafted Flicker) 
Northern Flicker 

Brown-headed Cowbird Green Heron Red-bellied Woodpecker Yellow-throated Vireo  

Canada Goose Gull-billed Tern 
Red-cockaded 
Woodpecker 

Yellow-throated Warbler 

Carolina Chickadee Hairy Woodpecker Red-eyed Vireo  
Carolina Wren Herring Gull Red-headed Woodpecker  
Caspian Tern House Finch Red-shouldered Hawk  
Cattle Egret House Sparrow Red-tailed Hawk  
Chimney Swift Indigo Bunting Red-winged Blackbird  
Chuck-will's- widow Killdeer Reddish Egret  
Clapper Rail King Rail Ring-billed Gull  
Common Gallinule Laughing Gull Rock Pigeon  
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Common Grackle Least Bittern Roseate Spoonbill  
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