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SUMMARY OF FINDINGS

BACKGROUND

KEY FINDINGS
STATUS

Since the time of the first European settlers, species not native to North America have been
brought to the continent by natural or anthropogenic pathways. Not all nonnative species that
become established in the US are considered invasive.

There are several factors that make the IRL vulnerable to species invasion in addition to those
consistent throughout Florida. The IRL has high biodiversity and many ecological niches that can
be exploited by new, opportunistic species. It straddles two climate zones, providing habitat for
both subtropical and temperate species. In addition, the disturbance associated with land
development and navigational expansion provided new ground for invasion. Lastly, the many
ports and tributaries provide opportunities for new species to be brought in through ballast water
and dispersed throughout the watershed.

Continued stakeholder involvement is needed to bridge the gap between the scientific community
and the public. Expanding the citizen science data collection programs with a standardized
protocol could help practitioners and managers efficiently inventory and target invasives.

The nonnative and invasive species datasets used for this analysis consisted of observational data
collected by scientists as well as citizens. As plants are not mobile and can easily be photographed
for identification, the data may be artificially biased toward plants. As a result, the results of this
analysis cannot be taken as a fully representative of the status and trends of invasive species in the
IRL.

There were 290 nonnative species and 126 invasive species observed and documented in the IRL
watershed, the vast majority of which are plants.

Brazilian pepper was the most pervasive of all observed invasives, followed by small leaf climbing
fern, Australian pine, and cogongrass.

Animal species, particularly reptiles, can have catastrophic impacts on native animal species
populations. Two invasive reptiles (tegu and python spp.) were observed in the IRL watershed,
and the tegu has a known breeding population in the St. Lucie basin. Efforts to understand and
control these reptiles before they become established is key to protecting native species
abundance.

The Cuban tree frog and Eurasian collared dove were the most observed invasive amphibian and
bird species reported.

TRENDS

The numbers of introduced nonnative and invasive species have increased substantially over time,
with an escalation in the number of species observed after 1976, due to increasing global
movement, awareness, and population.

The abundance and range of reptiles in the IRL is expanding and there is some urgency to get
ahead of the species invasion to discourage establishment.
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INTRODUCTION

Biological invasions, and the increasing frequency with which they are occurring, are the result of human
interventions and an increasingly diverse set of pathways through which species may be introduced into
new areas. Nonnative species of plants, animals, molds, and microbes have been introduced both
intentionally and unintentionally. Intentional pathways include being brought with European settlers to
the New World (chickens, pigeons, rats, cats, dogs, pigs, cattle, wheat, barley, etc). Other introductions
include species used in agriculture or for ornamental landscaping purposes. More recently, the exotic pet
and aquarium trades have introduced numerous species. Still other species have been introduced as game
species or as part of biological control efforts (i.e., the cane toad). Many nonnative species have been
accidentally transported in ships, either by attaching to the hull, being released in ballast water, or as
stowaways in commodities and food products being transported. They can also be accidentally introduced
by the movement of equipment and vehicles, and through contaminated food, seeds, livestock feed, and soil
(Pysek et al., 2020). The six broad mechanisms by which nonnative species are introduced into new regions
are outlined in Table 1 (Hulme et al, 2008).

Table 1. Mechanisms through which nonnative species can be introduced into new ranges.

Mechanism for Species Introduction Examples

Deliberate Release Game animals, sport fishes, pets, biological

controls
Escape from Captivity Agricultural, ornamental plants, pets
Contaminants of Commodities Weed seeds, pest insects, microbial pathogens

Marine organisms fouling ship hulls or in ballast

n Transport Vector: : .
Stowaways o ansport Vectors water, latent endophytic pathogens in plants

Anthropogenic Corridors Movement through the Suez and Panama Canals

Unaided Spread from other Invaded Areas Biological vectors, storms

Not all nonnative species introduced to a new environment become invasive species. Some nonnative
species may exist in an area for a long time without causing harm and only become invasive under the right
conditions. This phenomenon, referred to as “invasional lag”, can be caused by evolutionary changes to the
invading species (i.e., morphological, physiological, phenological, and plasticity) or changes to its
environment (Crooks, 2005). Invasional lag makes it difficult to assess the future trajectory of an
introduced species because even small, seemingly innocuous populations may become the next
problematic invasion if conditions change over time. With limited resources, it is impossible to equally
address all potentially invasive species; however, it is important for resource managers to be vigilant about
the potential for harm from the presence of nonnative and invasive species on lands being managed.

Once a nonnative species is introduced into a new environment, there are several factors that can lead to it
becoming a successful invader. One main factor is that introduced species may have no known predators or
diseases in the new environment to keep population growth under control (i.e., lionfish) (Bell et al., 2003).
Another contributing factor is the invaders’ ability to out-compete or limit competition from native species
by sequestering light, space, and nutrients, or by employing chemical means to ward off competition
(Didham et al., 2005; Michelan et al., 2018). Some of the most successful invaders in Florida (i.e., Brazilian
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pepper and Australian Pine) are allelopathic plants. Allelopathy is an evolutionary trait by which an
organism produces biochemicals that influence the germination/reproduction, growth, and survival of
other species. Both the Brazilian pepper, through its fruits, and the Australian pine, through its needles and
bark, gain competitive advantages by what is essentially a form of chemical warfare (Manrique et al., 2013;
Machado, 2007).

Based on empirical evidence and analysis, successful invasive species have one or more of the following
characteristics that allow them to displace native species and change community and ecosystem structure
(Gordon, 1998):

e Effective reproductive and dispersal mechanisms

o Competitive advantage over native species, in both natural and modified ecosystems

e Lack of controlling herbivores, predators, or pathogens

e Ability to invade vacant "niche" or disturbed habitats

e (Capacity to alter habitats by changing resource availability or disturbance regimes (or both)

Another major factor identified as contributing to invasive species success is the disturbance, degradation,
and/or pollution of native ecosystems, which is of major concern in the Indian River Lagoon. Opportunistic
invasive species take advantage of ecosystem disturbance, either natural (i.e., fire, storm damage) or
anthropogenic (i.e., land use change, pollution), to establish footholds or expand their ranges (Didham et
al,, 2005; Gurevitch & Padilla 2004). For instance, Crooks et al. (2011) found that polluted marine
environments can favor invasive species over native species.

Although disturbed environments are most susceptible to invasion, healthy and biologically diverse
ecosystems are also at risk. Levine (2000) found that small-scale native species losses in biodiverse
ecosystems can increase the risk of invasion from nonnative species. Other studies in “uncontrolled”
natural communities have also shown that biologically diverse habitats are invaded more than some
homogeneous habitats (Levine & D’Antonio, 1999; Lonsdale, 1999; Stohlgren et al., 1999). This might be
attributable to dominant native plants that are strongly established in more homogeneous habitats
(Wardle, 2003). One conclusion that can be drawn from these studies is that the relationship between
diversity and the probability of invasion cannot be easily generalized - even healthy, highly diverse
habitats are susceptible to invasive species.

Along with land use change, exploitation, pollution and climate change, invasive species are recognized as
one of the top threats to global biodiversity, altering ecosystems at local, regional, and planetary scales
(Gordon, 1998; Didham et al., 2005; Ricciardi, 2007; Butchart et al., 2010, Simberloff et al., 2013). Invasive
species are also considered a major driver of species extinction (Pimental et al., 2000; Pimental, 2009;
Gurevitch & Padilla, 2004). The thousands of already established invasive species in Florida pose a
significant threat to native ecosystems by altering the structure, composition, and quality of ecosystems. A
review of 31 invasive plant species in Florida found that 39% to 64% of them potentially altered ecosystem
properties including geomorphology, hydrology, biogeochemistry, and disturbance (Gordon,1998).

Straddling two climate zones, Florida has a wide variety of marine, estuarine, freshwater, and terrestrial
habitats that make it a fertile place for invasive species to find a niche. Matthew Thomas, Director of the
UF/IFAS Invasion Science Research Initiative established in 2022, describes Florida as the epicenter of
invasive species introductions in the United States (Rabin, 2023). With over 35 international ports of entry,
over 140 million tourists annually, active markets for nonnative animals and nursery products, and a
subtropical climate featuring extended growing seasons and minimal freezes, Florida is under constant
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pressure from new introductions and expansion of invasive species. The challenges that Florida faces
identifying and addressing introduced nonnative plant and animal species prior to their establishment as
invasive species are immense. It is therefore not surprising that there are more invasive species in Florida
than any other state in the continental US, (U.S. Congress, 1993, Corn et al,, 2002; & Hardin, 2007).

The conditions that make the state of Florida particularly susceptible to invasion also exist in the Indian
River Lagoon (IRL) watershed. The long north/south configuration of the IRL situates it on either side of
the climate boundary, where temperature and precipitation changes provide unique ecological niches, each
an opportunity for a new species to occupy and outcompete the native species. There are five open ocean
inlets to the IRL, a major cruise port at Port Canaveral that is connected the IRL via locks, and over a dozen
major tributaries that can act as introduction and dispersal pathways for nonnative species to spread. In
addition, the IRL has experienced extensive disturbance as part of human settlement, providing a ripe
landscape for plant invaders that can outcompete natives for space. With warm temperatures, numerous
niches, variable salinity, shallow water and numerous introductory pathways, the IRL provides an ideal
place for myriad nonnative species to find a niche and become invasive as they harm ecological systems
and economic values.

This chapter presents an analysis of the nonnative and invasive plant and animal species that have been
observed in the IRL watershed, provides species profile information for some of the most prevalent
invaders, and briefly touches on management recommendations to address the issues that invasive species
are causing to the environment and communities surrounding the Indian River Lagoon.

A quote from Pysek et al. (2020) - Scientists’ warning on invasive alien species

“Invasive alien species break down biogeographic realms, affect native species richness and abundance,
increase the risk of native species extinction, affect the genetic composition of native populations, change
native animal behavior, alter phylogenetic diversity across communities, and modify trophic networks.
Many invasive alien species also change ecosystem functioning and the delivery of ecosystem services by
altering nutrient and contaminant cycling, hydrology, habitat structure, and disturbance regimes.”
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METHODS

DATA COLLECTION AND SOURCES

Data for this chapter were collected from four web-based providers that collect and store data on
invasive/exotic species, all of which are categorized as nonnative at the broadest level, e.g. a species that
does not occur naturally in a specified geographic area (Table 2). The original data come from a variety of
sources including peer reviewed publications, government agencies, universities, and citizen scientists and
are presented in either point or polygon format. Data found in these datasets are often shared between
different agencies and organizations, so some duplication does occur; however, every attempt was made to
only provide data that represents the most accurate picture of invasive species found in the IRL watershed.

Table 2. Data sources used to create the IRL Invasive Species dataset.

Dataset Agency / Organization Website Link
Early Detection and Center for Invasive Species and
Distribution Mapping Ecosystem Health at the University https://www.eddmaps.org
System (EDD Maps) of Georgia
iMaplnvasives Partnership -
iMap Invasives (iMAP) developed and hosted by https://www.imapinvasives.org
NatureServe
Nonindigenous Aquatic U.S. Geological Survey (USGS) https://nas.er.usgs.gov
Species (NAS) o ’ T ’
Cooperative Land Cover Florida Natural Areas Inventory hitps: / /www.fnai.org
Map (CLC) (FNAID) : —

The greatest weakness of these datasets is the inconsistency of the observational data, many of which were
collected by citizen scientists. Without a consistent data collection method that is repeated over regular
time periods, it is impossible to compare species ranges and population trends over time and space. There
is also the potential for species to be misidentified, although more recently, a verification process was
required prior to data being included. Observational data indicate species presence, but it is impossible to
know if the species was always present, newly arrived, or whether reported sightings are common or rare.
Standardized, comprehensive data collection and verification are needed to better understand biological
invasions in the IRL. Just one of the datasets used for this analysis has an established process to assist with
this goal (EDDMap§).

University of Georgia Early Detection and Distribution Mapping System (EDD) Data

The Early Detection and Distribution Mapping System (EDDMapS) was launched in 2005 by the Center of
Invasive Species and Ecosystem Health at the University of Georgia as a tool for state Exotic Pest Plant
Councils to use for data sharing. As of July 2024, the database included more than 8.3 million observational
records that started as early as 1933. The associated website (EDDMapS.org) provides a hub for submitting
invasive species observational data through various means including phone apps and web platforms that
are verified by a peer reviewer before accepted. The site also has web-based tools for modeling species
ranges and populations, querying data, and downloading data in spatial and tabular formats. Ultimately, the

9|Page


https://www.eddmaps.org/
https://www.imapinvasives.org/
https://nas.er.usgs.gov/
https://www.fnai.org/

THE STATE OF THE INDIAN RIVER LAGOON TECHNICAL REPORT
CHAPTER 3: INVASIVE & EXOTIC SPECIES

project aims to collect more consistent data over time and to share information on invasive species freely
with scientists, educators, resource managers, policymakers and others who would use it.

Point location data were downloaded from the University of Georgia’s Early Detection and Distribution
Mapping System (EDDMapS) for the IRL watershed. Species listed as “positive” and nonnative in the
dataset were retained and those that were listed as “native” or “established” were removed because they
did not meet the IRL invasives dataset definition of a nonnative, invasive plant being harmful to ecological
Or economic services.

iMap Invasives (iMAP) Data

The iMaplInvasives Partnership began in 2007 as a collective effort of the Florida Natural Areas Inventory
(FNAI), the New York State Department of Environmental Conservation, and The Nature Conservancy to
aggregate invasive species data so forefronts of invasion could be detected. The iMap Invasives website
managed by NatureServe and the New York Natural Heritage Program involves a “consortium of
conservation programs including non-profits, universities, and state agencies working to share invasive
species information for strategic management”. Although FNAI was one of the founding contributors,
Florida is no longer listed as a partner on the site.

The accessible iMap Invasives (iMAP) data for the IRL watershed were downloaded in shapefile polygon
format from the website for all available years (1900-2006). Only the iMAP Invasives Network consortium
members have access to all available data, so the plant species downloaded from the site may not be
complete. Furthermore, inconsistencies in the species areas represented by the polygons suggested
erroneous georeferenced information. Therefore, the observational data were treated as points instead of
polygon areas in the combined IRL invasives dataset used for the analysis. All plant data tagged by iMAP
with an “invasive” classification were cross-referenced with the Florida Invasive Species Council (FISC),
2023 List of Invasive Plant Species to provide the most updated “invasive” species status.

USGS Nonindigenous Aquatic Species (NAS) Dataset

Complete point location data from the US Geological Survey’s (USGS) Nonindigenous Aquatic Species
database were downloaded for the IRL watershed. The dataset includes information on introduced
nonnative (aka nonindigenous) species from 1850 to 2023 categorized as established, eradicated,
extirpated, stocked, failed, or unknown. The source data includes scientific journal articles, books,
databases (i.e. Global Biodiversity Information Facility), government agencies, organizations, news
publications, reports, personal communications, and sources listed as “other”. Data from this database
contributed to the numbers of observations of nonnative aquatic plants and animals and confirmed
primary habitat types.

Florida Cooperative Land Cover Dataset (CLC) Data

The Florida Cooperative Land Cover Map (CLC) (v 3.7, 2023) is a product of FNAI and FWC that uses
existing information and expert review of aerial photography to map Florida’s habitats. Because most of
the data are derived from aerial photo interpretation, individual plant species and small invasive
communities less than 0.5 acres in size are difficult to identify. Spatial polygon data from this dataset were
used to map three of the most problematic invasive plants in the IRL - Brazilian pepper, Australian pine,
and Melaleuca.
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DATASET INTEGRATION

The IRL watershed invasive species dataset was created and standardized from the four datasets described
above (Table 2). As part of the data cleaning and integration process, a complete list of scientific and
common species names was standardized using the Integrated Taxonomic Information System (ITIS) to
assign current nomenclature. The point data from the NAS and EDD datasets were merged into a single
comprehensive dataset and duplicate points containing identical species and location data were removed.
The standardized species list was categorized by kingdom (plant or animal), environment (terrestrial or
aquatic) and primary habitat (freshwater, marine or terrestrial), based on where a species is most
commonly found during its lifecycle.

Of note is the Indian River Lagoon Species Inventory, a listing of all species documented to occur in the IRL.
The Species Inventory is maintained and updated by the Smithsonian Marine Station at Ft. Pierce. In
partnership with the IRLNEP, the Smithsonian Marine Station has developed a web-based database of
documented species with information accessible at irlspecies.org. According to the IRL Species Inventory,
there are 245 documented non-native species in the lagoon region. These represent 134 plant species and
111 animal species in 208 genera and 140 families. Because most data included in the Species Inventory is
not geospatial in nature, information from the species inventory is not included in the analyses below.

The numbers of nonnative and invasive species presented in this chapter are based on available data and
do not reflect the true number of nonnative and invasive species that are currently living and/or
established in the IRL watershed. Species that exist currently in the watershed may not have been observed
while others that are reported may no longer exist in the watershed because they failed to become
established or were eradicated. Furthermore, because the original datasets relied on observational data,
plant species, which are much easier to collect, report and verify, are likely over-represented compared to
animal species, which can be more difficult to observe and verify. Of particular note are reports of
nonnative and invasive fungi and insects, which are scarce throughout all available data sets.
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RESULTS

INVASIVE AND NONNATIVE SPECIES IN THE IRL WATERSHED

An assessment of the numbers of nonnative species and invasive species observed in the IRL watershed
demonstrates that not all nonnative species become established invasive species, although they have the
potential to become invasive over time. A total of 290 nonnative species and 126 invasive species were
recorded in the IRL watershed from 1900 through 2023 (Figure 1). Most of the observations were plants
(61% of nonnatives and 82% of invasives) with only twenty-two (22) species of invasive animals observed
(Figure 2). Over 80% of the nonnative and invasive species were observed in terrestrial habitats, which
may be an artifact of the observation data collection method (Figure 3).

Total Nonnative and Invasive Species in the IRL

Invasive Species
30%

Non-native
Species
70%

Figure 1. Number and percentage of nonnative and invasive species.
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Nonnative and Invasive Species Numbers by Kingdom
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Figure 2. Number of nonnative and invasive species by Kingdom.

Nonnative and Invasive Species by Habitat Type in IRL
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Figure 3. Number of nonnative and invasive species by habitat type.
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Nonnative species and invasive species were grouped into one of 14 categories and the total number of
species in each species group category are shown in Table 3. Plant species comprise the greatest number
of nonnative and invasive species documented in the IRL watershed, followed by reptiles, and fish species.

Recall that invasive species totals reflect those that have been defined as causing ecological or economic
harm and that a lag often occurs between the time of species introduction and observation of negative
impacts. There were low numbers of observed invasive and nonnative species that fell into the jellyfish,
crustacean, invertebrate, isopod, amphibian, mammal, and molluscan species groups; however, some of
these groups were underrepresented in the invasive species datasets.

Table 3: Most prevalent groups of nonnative and invasive species.

Species Group Nonnative Species Invasive Species
Plant 178 106
Reptile 31 7
Fish 26 5
Bird 29 1
Crustacean 6 0
Mammal 6 0
Mollusk 4 0
Amphibian 3 2
Worm 2 1
Jellyfish 2 0
Insect 2 0

INVASIVE SPECIES IN THE IRL WATERSHED

Invasive plants and animals within the IRL watershed can cause loss of biodiversity and native habitats, as
well as changes in water chemistry, water flow, and alterations of ecosystem processes such as vegetative
succession and prey/predator balance. Invasive aquatic weeds can reduce dissolved oxygen in the water
column, resulting in more frequent fish kills, impeded navigation, impacted recreational use, and decreased
property values (UF/IFAS, 2017). Invasive plants are ubiquitous throughout the IRL (Figure 4) with
invasive animals, somewhat less so (Figure 5). These invaders can play a major role in disrupting
ecosystem health and trophic structure. For example, the invasive sub-tropical mussel (Mytella charruana)
can out-compete native oyster (Crassotrea virginica) by colonizing preferred substrates. Once established,
the mussel is a highly effective filter feeder, outcompeting less efficient native bivalves and significantly
altering plankton abundance, which may then impact algal species distributions. (Galimany et al., 2017).
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Figure 4. Invasive plant observations with data source.
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Figure 5. Invasive animal observations in the IRL watershed.
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INVASIVE SPECIES IN THE IRL BASINS

Invasive species were not consistently observed across the IRL watershed, as discussed previously. Basin
size, population, and citizen engagement can influence the numbers of species observed in an area.
Calculating the number of observations per basin area in square miles, standardizes the observations/area
(Table 4). For example, the Central IRL basin, the second largest basin by area, had the highest number of
invasive species present, where a total of 102 different invasive species were observed; 85 of which were
plant species. The St. Lucie Estuary basin, the largest land area, had the second highest number of invasive
species with 90 recorded (75 of them plants). The basin with the lowest observed invasive species was
Mosquito Lagoon with a total of 30 invasives observed. This basin has limited public access, and is
composed primarily of water. The highest diversity of invasive species by area was observed in the
Loxahatchee River basin, with over 1 different invasive species observed for every square mile of area.

Table 4: Number of invasives species observations by category within the IRL basins.

et o Ha.lifax Mosquito = North Bfmana Central St.. South Loxal.latchee
River Lagoon IRL River L. IRL Lucie IRL River
Area (mi?) 182.4 122.7 338.7 153.0 741.1 847.4 70.3 62.4
Plant 26 20 51 32 85 75 54 66
Reptile 5 2 4 2 7 6 4 2
Fish 2 4 2 1 3 3 2 2
Amphibian 1 1 2 1 2 2 2 2
Bird 1 1 1 1 1 1 1 1
Mollusk 1 1 1 1 3 2 2 2
Worm 1 1 1 1 1 1 1 1
Totals 37 30 62 39 102 90 66 76
Total per mi? 0.20 0.24 0.18 0.25 0.14 0.11 0.94 1.22

Analysis of the total number of invasive species by primary habitat type demonstrates that there are more
terrestrial invasive species than aquatic invasive species in each of the IRL basins. This is partially because
the invasive species found in all IRL basins are plants that are more observable (Table 5).

Table 5: Number of invasive species by habitat type in the IRL basins.

Basin Freshwater Marine Terrestrial
Halifax River 7 2 28
Mosquito Lagoon 7 2 21
North IRL 13 2 49
Banana River Lagoon 7 0 32
Central IRL 15 2 86
St. Lucie 18 1 72
South IRL 6 2 59
Loxahatchee River 13 2 61
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Figure 6. Invasive plant and animal species observed in the IRL watershed.
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MosT PREVALENT INVASIVE SPECIES IN THE IRL WATERSHED

The top 20 most observed invasive species in the IRL watershed are presented in Table 6. Sixteen (16) of
the top 20 invasive species are plants representing 19,284 total observations (91%) while only four
invasive animal species were observed (1,898 observations).

Nearly all (15 out of 16) of the top ranked invasive plants are classified by the Florida Invasive Species
Council (FISC) as Category I invasives; these species disrupt native plant communities by displacing native
species, altering community structure or ecological function, or hybridize with native species. Simpleleaf
chastetree (Vitex trifolia) is the only FISC Category Il invasive species included. Category Il invasives are
those that have not yet caused the same level of change to plant communities as Category I species. Should
they continue to cause ecological harm, they would potentially be reclassified as Category I species (FISC,
2023). Invasive species observations were highest in the Central IRL and St. Lucie basins, likely because
these two basins comprise the most terrestrial habitat in the IRL watershed. Understanding which invasive
species were observed the most in each basin will aid in prioritizing future planning for invasive species
management.
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Table 6. Top 20 Most Observed Invasive Species by IRL Basin.

BREVEVE

Most Observed Species Halifax Mosquito North River Central St.Lucie South Loxahatchee
Invasive Species Group River Lagoon IRL Isignon IRL Estuary IRL River
Brazilian pepper Plant 108 209 602 2,060 4,459 960 511 344 9,253
Small-leaf climbing fern Plant 1 0 6 0 159 1,154 69 628 2,017
Australian pine Plant 1 5 55 17 1,163 14 271 43 1,569
Cogongrass Plant 5 4 34 102 921 91 2 7 1,166
‘;rgglf“ti“e black & white Reptile 0 0 8 2 9 1,131 6 0 1,156
Rosary pea Plant 3 4 26 9 347 330 107 196 1,022
Melaleuca Plant 0 1 77 22 112 456 18 121 807
Caesarweed Plant 33 0 78 157 294 13 94 669
Rose myrtle Plant 0 0 0 41 41 0 310 392
Carrotwood Plant 0 2 12 10 106 131 69 55 385
Beach naupaka Plant 0 0 1 0 51 0 268 18 338
Peruvian primrose willow Plant 7 0 39 99 112 4 50 311
Torpedograss Plant 4 0 11 150 64 47 25 305
Natalgrass Plant 2 2 12 23 70 32 16 125 282
Air-potato Plant 16 8 51 93 91 3 10 279
Strawberry guava Plant 0 0 0 28 153 18 78 279
Eurasian collared dove Bird 29 4 81 11 45 42 23 18 253
Red lionfish Fish 13 8 0 0 71 12 69 75 248
Cuban treefrog Amphibian 26 10 32 10 60 82 6 15 241
Simpleleaf chastetree Plant 0 0 1 184 15 0 10 0 210
Totals by Basin 248 257 1,126 2,463 8,156 5,190 1,530 2,212 21,182
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TRENDS IN INVASIVE SPECIES

It’s difficult to know exactly when invasive species were introduced to the IRL watershed because the dates
of first observation do not necessarily indicate when a new species was introduced. In addition, as public
awareness and understanding of invasive species has increased over time and more people started
participating in the observational research, the increasing numbers of observations could be a
manifestation of an increasing number of observers. Lastly, species that are introduced take time to
become established and may not be identified as an “invasive” problem until much later. The following
chart shows the number of new invasive species across habitat types and species groups that were
identified within the IRL watershed since the first observational record in 1874 (Figure 7).

Number of New Invasive Species Identified in IRL Between 1874 and 2023

1900 - 1950 1

1951-1975 l 6

2000 -2023

Species Group

126

0 20 40 60 80 100 120 140

Number of Species

Figure 7. Numbers of new invasive species observed in the IRL over time.

Only a single invasive species was recorded in the IRL watershed at the turn of the Century (an American
Shad). Over the next sixty-five (65) years, there were eight (8) more nonnatives observed in the IRL
watershed, although only two (2) were considered invasive (Table 7). The ability of these initial
introductions to perpetuate is evident by the timeframe of observations. For example, the American Shad
appeared only once in the year 1900 and has not been listed again. It may have been mis-identified as a
threadfin shad (Dorosoma petenense), which is now listed as an established species.
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Table 7. First observations of nonnative and invasive species in the IRL watershed.

Scientific Name Common Name Group Status Basin Year(s)

Observed

Alosa sapidissima American shad Fish Nonnative St. Lucie 1900

My riop hyllum Parrot fe.ath_er Plant Nonnative | Halifax River | 1906-2023

aquaticum watermilfoil

EIeut:heroc{acty lus Greenhouse Frog | Amphibian | Nonnative North IRL 1910-2019

planirostris

Phragmites australis Common reed Plant Nonnative St. Lucie 1929-2003

Viviparus georgianus Ba“des‘il;‘ly stery Mollusk | Unknown | Central IRL | 1940-2007

Salvinia minima Water spangles Plant Invasive South [RL 1948-2023

Dorosoma petenense Threadfin shad Fish Established South IRL 1954-2001

. : North &
Myocastor coypus Nutria Mammal Nonnative Central IRL 1963-2017
Potimirim potimirim Potimirim Crustacean | Nonnative | Halifax River | 1963-1977

As international trade increased and people traveled more freely throughout the world, the number of
invasive species increased over time. A comprehensive evaluation of species invasions found that 37% of
16,000 established invasive species worldwide were first recorded after the year 1970 (Seebens et al.,
2017). This timeframe is consistent with findings in the IRL watershed invasive species datasets. Starting in
the 1970’s, as the IRL watershed population started to grow exponentially with the growing space and
tourism industries, the number of species observations and the establishment of the designation of
“invasive” starts to become more prevalent. From 1976-2000, 53 new invasive species were cataloged in

the IRL watershed and since 2000, the number has more than doubled to 126 invasive species.

Overall, the introduction of new invasive species is expected to continue in the IRL, although the rates at
which they will occur are hard to predict. Although efforts to mitigate the impact of invasive species have
not kept pace with the introduction of new invasive species, new regulations and an emphasis on
increasing public awareness can slow down the rates of invasion (Seebens et al., 2017).

INVASIVE SPECIES PROFILES

Brazilian Pepper (Schinus terebinthifolia)

Introduced to Florida in the early 1900’s as an ornamental landscape plant, Brazilian pepper (Schinus
terebinthifolia), is the most prevalent invasive species in the state, covering more than 700,000 acres
(FW(). Brazilian pepper is also the most observed invasive species in the IRL watershed, and it was
observed in all basins, especially the Central IRL and the Banana River Lagoon basins which had a total of
4,459 and 2,060 documented observations, respectively (Figure 8).
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Brazilian pepper presents numerous ecological problems as it can quickly take over an area and
outcompete any other vegetation. Spread by birds and animals that eat the Brazilian pepper’s berries, the
plant grows rapidly into a multi-trunked, shrub-like tree that creates a dense monoculture. Furthermore,
the Brazilian pepper is allelopathic meaning its fruits and leaves alter soil chemistry to prevent other plants
from growing. This evolutionary trait can even limit the growth of nearby plants and has been shown to
have detrimental effects on the growth of both red (Rhizophora mangle) and black mangroves (Avicennia
germinans), two of the IRL’s most ecologically significant plant species (Donnelly et al., 2008). Removing
Brazilian pepper as part of large-scale land management is expensive and time-consuming. In the Florida
Everglades, where ecosystem restoration is ongoing, the state removed 24.4 hectares (60.3 acres) of
Brazilian pepper trees at a cost of $640,000 in 1989, which translates to over $61,000 per hectare
($10,667/acre) in 2023 after inflation (Doren et al. 1990).

Spatial distribution of the Brazilian pepper observational data in the IRL watershed is presented in Figure
9 and shows that the plant prefers to occupy shorelines and other low-lying areas disturbed by flooding
and drought conditions. In the effort to stabilize banks and create new habitat with living shorelines,
Brazilian peppers present an expensive access and planting challenge that must be addressed prior to
restoration.

Brazilian Pepper Observations Recorded Across IRL Basins
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Figure 8. Number of Brazilian pepper observations in each of the IRL basins.
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Figure 9. Observations of Brazilian pepper in the IRL watershed.
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Australian Pine (Casuarina equisetifolia)

Another problematic invasive plant found throughout the IRL watershed is the Australian pine (Casuarina
equisetifolia). Australian pine is not actually a conifer species, but a species of flowering plant native to
Australia, New Guinea, and Southeast Asia. This fast-growing tree was intentionally planted in the 1890’s as
a windbreak for agricultural fields, waterbodies, and other structures. It now occupies over 400,000 acres in
Florida, mostly in sandy terrain along shores, dunes, barrier islands, and spoil islands. According to the
Australian Pine Management Plan (FLEPPC, 2013) Australian pine covers 46% of the undeveloped barrier
islands along Florida’s east central coast from Indian River to Dade Counties and is predominantly in the
Central and Southern IRL watershed basins (Figure 10).

The presence of this species is troublesome for the ecological and economic wellbeing of the IRL watershed.
Much like Brazilian pepper, Australian pine grows in dense stands that can shade out competing native
vegetation. Australian pine is also allelopathic, releasing toxins that change soil chemistry, inhibiting the
growth and development of potential competitors (Zaldivar-Cruz et al., 2022). More troubling than the loss
of native vegetation coverage are the impacts that Australian Pine has on the structure of shorelines. The
tree has a shallow lateral root system that is poor at stabilizing soils, making Australian pines highly
susceptible to toppling during high wind events, which can result in economic losses during hurricanes and
expose shorelines to greater erosion (FLEPPC, 2013). For example, after experiencing high winds from
Hurricane Charley in 2004, more than 50% of the Australian pines that once covered Sanibel Island suffered
severe damage including “tip up” where trees snapped off at the roots, or split and fell, which caused road
blockages and downed power lines. Observers indicated that access to and around the island was blocked
primarily by Australian pines, which prolonged recovery efforts and impacted water and sewer service,
leading researchers to conclude that the tree should not be planted in hurricane prone areas. (Ferriter et al.
2004; Loflin 2004).
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Australian Pine Observations Recorded Across IRL Basins
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Figure 10. Number of Australian pine observations in the IRL watershed by basin.

The loss of shorelines also impacts several of Florida’s endangered reptile species that require natural
shorelines, dunes, or coastal scrub habitat for nesting, burrowing, or foraging. For example, most of the sea
turtle species that nest in Florida prefer open sandy beaches for their nesting sites. Beaches that are
invaded by Australian pine can be difficult for these species due to their dense shallow roots and fallen
Australian pines can limit beach access for sea turtles looking to lay eggs (Schmid et al., 2008). In addition,
dense canopies of Australian pine can shade out and inhibit native herbaceous ground cover that the
gopher tortoise (Gopherus polyphemus), another protected species, needs for foraging and habitat (SCCF,
2022). These issues are likely to become more problematic with continuing sea level rise and increased
storminess.

Due to their negative impacts on ecological processes and economic values, Australian pines are regulated
by the state of Florida under Rule 5B-57.004 F.A.C and Rule 5B-64.004, F.A.C, making it illegal to introduce,
import, collect, cultivate, multiply, possess, move or release the tree. The fact that Australian pines grow
quickly to a very large size (over 100 feet) and have multiple lateral branches that overtake the trunk make
these trees challenging and costly to remove (FLEPPC, 2013). Managing trees is being accomplished by
applying an appropriate, approved herbicide to the cut stump or using heavy equipment to chip trees in
place. The following map clarifies that the Australian pines in the IRL watershed are clustered along
coastlines and barrier islands and are more dominant in the southern half of the watershed (Figure 11).
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Figure 11. Observations of Australian pine in the IRL watershed.
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Melaleuca (Melaleuca quinquenervia)

Melaleuca is a plant species native to Australia that has become an invasive species in the state of Florida.
Introduced to the state in 1906 to be used as a source of timber, for landscaping, to help control mosquitos,
and to help drain and develop the Everglades, the tree now covers more than 400,000 acres throughout the
state (USDA, 2022). The ecological impacts from the Melaleuca invasion are similar to those of Brazilian
pepper and Australian pine. Like these, Melaleuca has allelopathic properties that limit the growth of
competing native species. This species has been shown to reduce biodiversity in freshwater herbaceous
marshes by 60 to 80% (Rayamajhi et al.,, 2019).

With its ability to flower multiple times a year and produce numerous seeds for wind dispersal, it is easy to see
how Melaleuca is such a successful invader. It is mostly found in disturbed areas where seeds readily take
advantage of open ground. Undisturbed ecosystems are somewhat more resistant to colonization by Melaleuca
(Ewel et al.,, 1976). Where it does establish and spread, Melaleuca poses a threat to wetland ecosystems by
changing rainfall interception and evapotranspiration rates, modifying surface water flow, and even altering
groundwater levels (Gordon, 1998). Consequently, Melaleuca invasions may lead to changes in the distribution
of native habitats and species within the IRL. The tree is found throughout the watershed (Figure 12), but
primarily in more southern portions of the IRL (Figure 13).

Melaleuca is a regulated, prohibited plant in the state of Florida and listed as a Federal Noxious Weed,
providing access to more federal support. The tree has been managed in Florida for over fifty years using
herbicidal controls, mechanical chopping, and physical removal. From 1991-1998, the South Florida WMD
spent over $13M to manage Melaleuca in and around the Florida Everglades (FLEPPC, 2019).

Meleleuca Observations Across IRL Basins
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Figure 12. Number of Melaleuca observations in each of the IRL basins.
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Figure 13. Observations of Melaleuca in the IRL watershed.
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Lionfish spp. (Pterois volitans and Pterois miles)

Lionfish, native to the Indo-Pacific, are members of the scorpionfish family and have venomous spines on
their dorsal, pelvic, and anal fins (Figure 14). Their spectacular appearance and graceful movements make
them a popular aquarium fish, and their initial introduction is believed to have been through releases of
pets. Over the past 40-years, lionfish have become well established in the tropical areas of the Atlantic
Ocean at depths of 30-100 meters (100 - 330 ft) and they are spreading to the temperate/sub-tropical
areas of the Atlantic and through the Mediterranean Sea through the Suez Canal, suggesting they can
tolerate colder temperatures (Bottacini et al, 2024). Lionfish are excellent predators, they reproduce
rapidly, and they have no known predators to control their populations, making them highly successful
invaders. With their introduction and expansion, negative impacts to native fish populations occur,
including decreased recruitment, abundance, and species richness (Finch et al, 2024).

Lionfish have been reported in six of the eight sublagoons of the IRL with the greatest number of
observations recorded in the Loxahatchee River Basin followed by the Central IRL and the South IRL
(Figure 15). The highest numbers of observations were reported between 2010 and 2014, which coincides
with a wave of lionfish awareness campaigns including lionfish harvesting events, tournaments, and
cooking competitions to find the best lionfish recipes. (Figure 16). Since 2010, over 1,000,000 lionfish
were harvested from Florida’s waters through the state’s efforts (FWC Reef Rangers website, 2024). In
2014, FWC banned the import and breeding of lionfish, although live lionfish caught in Florida can still be
sold.

Figure 14. Lionfish collected near Ft. Pierce, FL. Photo Credit: Jeffrey Hill, UF/IFAS.
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Lionfish Observations

80
75
71 69
70
E 60
2
£~}
S 50
St
9]
2 a0
o
S
S 30
%]
=
5 20 13
= . 12
10

o
OIIIIIIIIIII

Halifax Mosquito Banana NorthIRL CentralIRL St.Lucie  South IRL Loxahatchee
River River
Lagoon

IRL Basin

Figure 15. Number of red lionfish observations in the IRL basins.
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Figure 16. Lionfish observations in the IRL over time.
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THE REPTILE INVASION

One trend that is gaining momentum in the state of Florida is the growing number of invasive reptiles
(Bartlett and Bartlett, 1999; Meshaka et al, 2004, Engemann et al, 2011, Searcy et al, 2023). In 2017, Florida
was recognized as the region of the world with more established nonnative reptiles than anywhere else,
home to more than one-fourth of the nonnative reptiles worldwide (Capinha et al. 2017). Because many of
Florida’s exotic reptiles are from tropical regions of the world (iguanas, pythons, etc .), they are highly
susceptible to cold temperature stress (Engemann et al, 2011, Avery et al, 2010). However, with climate
change, fewer low temperature extremes are anticipated, enabling the potential for South Florida reptiles
to migrate and become established further north in the state. This section provides an overview of the
invading reptiles in the IRL watershed.

Black and White Argentine Tegu (Salvator merianae)

In the IRL watershed invasive species dataset, the black and white Argentine tegu (Salvator merianae,
Figure 17) emerged as one of the top five invasive species with over 1,100 sitings - n early all of which
were in the St. Lucie Estuary Basin (Table 5). Considered to be a relatively new introduction, the black and
white Argentine tegu (hereinafter, tegu) was first reported in Hillsborough and Polk Counties in 2007 and
was thought to be introduced by a reptile dealer in response to decreasing market demand (Hardin, 2007).
Tegus are the largest lizards in the New World, native to southeastern Brazil, Uruguay, eastern Paraguay,
and northern Argentia (Luxmoore et al, 1988). The Hillsborough County population was thought to
originate from Paraguay.

In their native range, tegus eat just about anything, but are particularly fond of bird and reptile eggs. They
are a burrow-using species that has been observed in the burrows of gopher tortoises, a protected species.
They likely prey on tortoise eggs and hatchlings, other reptiles, and ground-nesting bird eggs (Enge et al,
2006). Tegus are particularly hardy and can slip into a hibernation-like state for months, avoiding cold
temperatures. Their adaptability and high fecundity make them particularly successful invaders that can
present a challenge for wildlife management. As of July 28, 2021, tegus were declared a prohibited species
that are illegal to own as a personal pet or to sell commercially in Florida.
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Figure 17. Black and white Argentine tegu. Photo Credit: Nick Scobel, UF/IFAS.

Observational data indicate that tegus first arrived in the St. Lucie Estuary basin of the IRL watershed in
2014 and were later observed in the Central IRL and the Banana River Lagoon in 2017, and the South IRL in
2019. Their numbers have increased dramatically since 2019 (Figure 18) and there is now an established
breeding population recognized in St. Lucie County (Harvey et al, 2021). From the spatial distribution, it
appears that the tegu arrived in the St. Lucie estuary around the south fork of the St. Lucie River and may
have used the riverine system to travel up the estuary (Figure 19). The early observational data in Brevard
County suggest two different releases, one on the mainland and one beachside. The fact that there are few
recent sightings of tegu in Brevard County may indicate that the species has not yet become established
there but may in the future.
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Tegu Observations in the IRL Watershed Over Time
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Figure 18. Black and white Argentine tegu observations in the IRL watershed over time.
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Figure 19. Observations of black and white tegu in the IRL watershed.
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Python Species.

Although their numbers are reportedly low (~60 observations), the Burmese python (Python molurus
bivittatus), native to southern Asia, and the ball python (Python regius), native to Western and Central
Africa, have been observed in the IRL watershed,. Two species of boa constrictor, the common boa (Boa
constrictor) and the Argentine boa (Boa constrictor occidentalis), both native to South America, have also
been observed a total of approximately 20 times in the IRL watershed,

Burmese pythons have become the high-profile face of invasive snake in Florida over the past three
decades, fueled largely by images of giant snakes eating alligators, television shows featuring snake hunters
in the Everglades, and an early scientific paper which suggested that the Burmese python could invade a
substantial portion of the southern US from Virginia to California (Rodda et al, 2009), which was later
disputed by Barker and Barker (2010).

In its native environment, the Burmese python lives in wet, subtropical areas of eastern India, southeastern
Nepal, Bangladesh, Thailand, Laos, Cambodia, Vietnam and Malaysia, with its range extending north up the
coastline of China. Although it is cold limited, Burmese pythons can withstand colder temperatures than
other constrictors, using burrows and natural rock crevices to protect itself. The Everglades population of
Burmese pythons is thought to have come from lower Bangkok, Thailand, having been released into the
Everglades through the pet trade and also from catastrophic damage from Hurricane Andrew in 1992 that
resulted in an undisclosed number of pythons released from a captive breeding and holding facility (Snow
etal, 2007, Bilger, 2009, Barker and Barker, 2008). Once released, the pythons were able to outcompete
native predators. In the three or more decades since they arrived in the Florida Everglades, pythons have
had a devastating impact on native species. It is no longer legal to import Burmese pythons without a
permit and they are now listed as a Prohibited species in Florida (2021) and an Injurious species by the
USFWS (2012).

Burmese pythons are apex predators that will a wide variety of prey. They prefer large mammals like deer,
but they also consume alligators, wading birds, and other mid-sized mammals. This has resulted in the
decline of raccoons, opossums, bobcats, deer, and rabbits in Everglades National Park (Dorcas et al, 2012).
The python’s successful “drop and strangle” hunting strategy allows them to outcompete native snakes,
many of which are already listed as imperiled by FWC. With plentiful waterways for transportation, the
plethora of meso-predators and small to mid-sized prey, and a moderate climate, the IRL watershed could
provide excellent habitat for pythons to become established.

Due to the complexity of identifying large snakes in the wild, the observations of Burmese (n=29), ball
(n=25), and undetermined (n=6) python species recorded in the IRL are combined into python spp. for the
temporal observational analysis (Figure 20) and spatial analysis (Figure 21). The first recorded
observations of python spp. in the IRL watershed were in the Central IRL basin in 2004 and 2005, and in
the St. Lucie Estuary basin in 2005 (Table 8). A few years later, in 2007, another python observation was
recorded in the Central IRL and two more were recorded in the St. Lucie Estuary basin. In 2008, three
python observations were first recorded in the Halifax River, followed by one in 2010 and another in 2018.
Although there are recorded sightings, there does not yet appear to be substantial evidence to suggest that
pythons are established in the IRL watershed. FWC has an IveGot1 Exotic Species Hotline (1-888- 483-
4681), a mobile app and an online website at [veGot1.org that could be shared throughout the lagoon
watershed to help identify and survey the presence of python species and other constrictors before they
become established.
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Table 8. Python spp. observations in each IRL basin and the year first sighted.

Basin Year 1st Observed Total # Observations
Halifax 2008 5
Mosquito 2021 1
North IRL 2011 11
BRL 2020 3
CIRL 2004 17
South IRL 2016 2
St. Lucie 2005 20
Loxahatchee 2013 1
Total - 60

Considering that pythons can live 25-30 years and that individual releases can occur at any time or place, it
is difficult to know if the observations are repeated recordings of a single individual over time or
demonstrative of population growth. It is interesting that the observations within the IRL watershed
appear to be along freshwater tributaries, their preferred habitat. The early (2005) and more recent (2023)
recorded observations in the St. Lucie and the Sebastian Rivers may indicate a population that is
establishing and expanding (Figure 21).
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Figure 20. Python spp. observations in the IRL watershed over time.
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Figure 21. Observations of python spp. in the IRL watershed.
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Peter's Rock Agama (Agama picticauda)

A less aggressive, but no less pervasive new lizard along Florida’s east coast, that is steadily gaining
traction as an established nonnative species in the IRL watershed is Peter’s rock agama (Agama picticauda,
Figure 22). First observed and recorded in the St. Lucie Estuary watershed in 2003, Peter’s Rock agama
(hereinafter, agama) has over 1,200 observations recorded in the IRL watershed, with most of them in the
St. Lucie (n=726) followed by the Central IRL (n=300) and South IRL (n=137) watershed basins. Like the
tegu, the number of agama observations is increasing steadily over time (Figure 23).

Considered nonnative (but not invasive) by the FWC, agamas were first documented in Florida in 1976 and
have successfully established in Monroe, Miami-Dade, Collier, Lee, Broward, Palm Beach, Charlotte,
Sarasota, Manatee, Pinellas, Hillsborough, Polk, Martin, St. Lucie, Indian River, Brevard, Okeechobee,
Orange, Seminole, and Volusia counties (FWC, 2024).

Native to the African Savannah, the agama is a medium-sized, rock-dwelling lizard that has adapted for
south Florida urban living (Mitchell, Folt & Hall, 2021). It is a very territorial lizard and uses both
horizontal and vertical surfaces to prey on arthropods and small vertebrates (van den Burg et al, 2023).
The biggest threat it poses to the IRL watershed is the potential for it to outcompete, displace, or prey on
native small lizards, like the green anole.

Figure 22. Peter's rock agama. Photo Credit: UF/IFAS.
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Peter's Rock Agama Observations in the IRL Over Time
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Figure 23. Peter's rock agama observations in the IRL watershed over time.
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DISCUSSION

IRL INVASIVE SPECIES IMPACT

According to the IRLNEP Climate Ready Estuary Technical Report (2021), with increasing temperatures
and sea levels, the potential for invasive plant and animal species to establish in the IRL watershed
increases.

Disturbance events caused by drought, flooding, pollution, land development, storm events, and sea level
rise can and will continue to open up areas for invasives to take root. With increasing temperatures and
changes in coastal conditions, species migrations to the north are anticipated, especially those species that
are typically cold intolerant. Although pythons are well established in the Florida Everglades, their ability
to establish in the IRL watershed is uncertain, partially due to their cold sensitivity. Tegus on the other
hand, are more tolerant of cold temperatures, especially sudden extreme temperature drops. The invading
reptiles have the greatest potential to decimate species populations in the IRL watershed, including
numerous species of special concern.

Plant species make up the largest number of invasives in the IRL watershed as well as in the state of
Florida, changing foundational ecosystem structure and outcompeting native plants for resources. Three of
the most problematic invasive species in the IRL are Brazilian pepper, Australian pine (Casuarina
equisetifolia), and Melaleuca (Melaleuca quinquenervia). Because these species are harmful to native
habitats as well as to human health and welfare, they are state and federally prohibited and managed.

Spoil islands in the IRL were formed by human disturbance, providing a clean slate for species invasions
and many are covered by Australian pine and Brazilian pepper, greatly diminishing their ecological value.
These islands are one of the best habitats for nesting shorebirds and are used by native (and protected) sea
turtles as well as invertebrates and small mammals. However, invasive species have established on the
spoil islands, displacing native plants and leading to dense growth that reduces available ground space for
nesting shorebirds. Additionally, the inadequate sand-trapping capabilities of Brazilian pepper and
Australian pine roots make the islands more susceptible to erosion (Tetra Tech, 2023).

IRL INVASIVE SPECIES MANAGEMENT

Ensuring IRL health and sustained ecosystem services are contingent upon management and control of the
most problematic invasive species in the watershed. The old saying, “an ounce of prevention is worth a
pound of cure” certainly holds true for managing invasive species. [dentifying and preventing species from
becoming established is key to managing their potential impacts (Rabin, 2023).

The United States Geological Survey (USGS) estimated over 449 aquatic invasive species currently exist in
Florida and an estimated 1,400 invasive plant species have infested over one million acres (Manrique et al.,
2013), with new varieties of ornamental and agricultural species arriving regularly. The cost of controlling
invasive species is staggeringly high, so prioritizing efforts to achieve the best restoration goals is key.

Of the 290 nonnative species and 126 invasive species observed in the IRL, we focused on three of the most
problematic plant species, three reptiles invading the area, and an invasive fish. Each of these species has
unique management requirements and challenges to eradication that rely on multiple control methods.
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Population surveys and research to understand impacts to ecological function and ecosystem services can
help guide prioritization and management. Understanding a species’ distribution, disbursement, habitat,
and diet can help determine where it may establish.

Most invasive species require a multi-pronged approach to management that includes regular surveillance
of populations to identify and eliminate pioneers before they establish, addressing existing populations
with the appropriate control strategies, and preventing future dispersal. Public awareness and
participation are key to successful management of invasive species.

The lead agency for invasive species management in the State of Florida is the Florida Fish and Wildlife
Conservation Commission, which houses the Nonnative Fish and Wildlife Program and the Invasive Plant
Management Section (IPMS). Together these offices monitor and remove nonnative species, respond to
new invasions, provide technical guidance and funding for species control, and evaluate the risk of
potential invaders that have not yet arrived. FWC also regulates invasive species and coordinates
organizational and community support to eradicate them. The IPMS focuses on management efforts and
funding to control invasive plants on public conservation lands and waterways. They work with numerous
organizations to eradicate invasive species, including local, state and federal governments, resource
managers, and nonprofit organizations.

The Florida Invasive Species Council (formally the Florida Exotic Pest Plant Council) is a nonprofit
organization dedicated to reducing the impacts of invasive plants by sharing scientific, educational, and
technical information. The council of agency scientists, resource managers, and academics is responsible
for much of the scientific research used to support the regulation of problematic plant species. They also
test biological control agents to demonstrate no unintentional consequences will result. Associated
researchers evaluated the biological control of Melaleuca (Cuda et al, 2022), and Brazilian pepper (Wheeler
et al, 2023), which showed that the control agents were achieving positive results.

One example of an adaptive management approach to invasive plant management is the Indian River
County Lagoon Management Plan (IRCLMP) (TetraTech, 2023) which includes management strategies to
restore disturbed IRL habitats to a more natural state. In collaboration with the FDEP IRL Aquatic
Preserves and other partners, the plan targets Brazilian pepper, Australian pines and other invasive plants
that have colonized the IRL’s spoil islands. Cutting and removing the trees and the vigilant follow-up
required to treat seedlings and regrowth is complicated by the fact that the sites can only be accessed by
boat, making tree removal expensive and time consuming. Furthermore, the plan includes revegetating the
spoil islands with native species to kick-start recruitment and fill the ecological niches otherwise available
for invasion.

Invasive species may never be eradicated from the IRL, however, with additional research and watershed-
scale invasive species monitoring, an adaptive management approach can be effectively implemented. New
multispectral and hyper-spectral cameras, available satellite imagery, and sophisticated post-processing
tools are enabling quicker identification of plant species, faster habitat condition assessments, and more
accurate estimates of vegetative spatial coverage. As these and additional tools are further developed,
managers will gain a better understanding of the status of current invasive species and can be more
watchful for potential new invaders as they become introduced throughout the variety of Florida’s invasion
pathways.
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DATA GAPS AND RESEARCH NEEDS

e There are little or no spatial data for invasive plant species coverages in the IRL. Spatial data would
help assess the forefront of plant invasions to allow more pro-active management that reduces the
chance for establishment. There are many novel approaches to assessing landscape-scale species
composition, including the use of satellite imagery to map habitat coverages or collecting
hyperspectral imagery via a plane-mounted sensor to identify specific species.

e Annual flights to collect remote sensing imagery with a hyperspectral sensor can capture a more
holistic picture of habitat invasions over time. Methods to use existing multispectral imagery from
satellites should be investigated and implemented to locate and map targeted plant species.

e There is a need for a more comprehensive observation monitoring program for invasive animal
species to better understand species distribution and abundance. Engaging watershed residents
and visitors in observational data collection can greatly assist with this.

e Because new species are always recruiting in the watershed, sharing information on management
methods that work and do not work on an integrated platform can help resource managers address
potential invasions more effectively, building efficiency and foundational knowledge. There are
existing efforts to share information through the Florida Invasive Species Council or the EDDMapS
website that could be accessed and shared with resource managers.

e Modeling species’ ecological requirements as they relate to IRL conditions now and in the future
can aid in predicting the introduction of new nonnative species and the dispersal of existing ones.

e Public education and engagement in monitoring, reporting, and controlling specific invasive species
can be enormously helpful to both managing and preventing invasives. The lionfish invasion in the
IRL was delayed by the extensive public awareness and engagement campaign that included fishing
tournaments and restaurants in identifying and controlling it. Perhaps the next focus should be on
the invading reptiles to locate and eliminate new occupants before they establish in the area.

e More information on how invasive species impact native species and habitats, including species
interactions and trophic changes, can help guide prioritization and management.
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