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The Charlotte Harbor National Estuary Program is a partnership of citizens, elected officials, 

resource managers and commercial and recreational resource users working to improve the water 

quality and ecological integrity of the greater Charlotte Harbor watershed. A cooperative 

decision-making process is used within the program to address diverse resource management 

concerns in the 4,400 square mile study area.  Many of these partners also financially support the 

Program, which, in turn, affords the Program opportunities to fund projects such as this.  The 
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and the Southwest Florida Regional Planning Council.
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Disclaimer: The material and descriptions compiled for this document (and appendices) are not 

U.S. Environmental Protection Agency, Southwest Florida Regional Planning 

Council, or Charlotte Harbor National Estuary Program guidance, policy, nor a rulemaking 

effort, but are provided for informational and discussion purposes only. This document is not 

intended, nor can it be relied upon, to create any rights enforceable by any party in litigation with 

the United States. 

 

Reference herein to any specific commercial products, non-profit organization, process, or 

service by trade name, trademark, manufacturer, or otherwise, does not constitute or imply its 

endorsement, recommendation, or favoring by the United States Government. The views and 

opinions of authors expressed herein do not necessarily state or reflect those of the United States 

Government, Environmental Protection Agency, Southwest Florida Regional Planning Council 

or the Charlotte Harbor National Estuary Program and shall not be used for advertising or 

product endorsement purposes. 

 

The documents on this website contain links, for example ((Embedded image moved to file: 

pic01212.gif)), to information created and maintained by other public and private organizations. 

Please be aware that the authors do not control or guarantee the accuracy, relevance, timeliness, 

or completeness of this outside information. Further, the inclusion of links to a particular item(s) 

is not intended to reflect their importance, nor is it intended to endorse any view expressed or 

products or services offered by the author of the reference or the organization operating the 

service on which the reference is maintained. 

 

If you have any questions or comments on the content, navigation, maintenance, etc., of these 

pages, please contact: 

 

James W. Beever III 

Southwest Florida Regional Planning Council 

1926 Victoria Avenue 

Fort Myers, FL 33901 

 

Contact Name and Telephone Number: 

Jim Beever 

(239- 338-2550, ext 224) 

jbeever@swfrpc.org 
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Executive Summary  
 

The City of Punta Gorda is currently experiencing climate change.  The natural setting of 

the City coupled with extensive infrastructure investment in the areas closest to the coast 

have placed the City at the forefront of geographic areas that will be among the first to 

suffer the negative effects of a changing climate.  Severe tropical storms and hurricanes 

with increased wind speeds and storm surges have already severely damaged the 

community. Significant losses of mature mangrove forest, water quality degradation, and 

barrier island geomorphic changes have already occurred in the adjacent Charlotte 

Harbor.  Longer, more severe dry season droughts coupled with shorter duration wet 

seasons consisting of higher volume precipitation will generate a pattern of drought and 

flood impacting both natural and man-made ecosystems.  Even in the lowest impact 

future climate change scenario predictions, the future for the City  will include increased 

climate instability; wetter wet seasons; drier dry seasons; more extreme hot and cold 

events; increased coastal erosion; continuous sea-level rise; shifts in fauna and flora with 

reductions in temperate species and expansions of tropical invasive exotics; increasing 

occurrence of tropical diseases in plants, wildlife and humans; destabilization of aquatic 

food webs including increased harmful algae blooms; increasing strains upon and costs in 

infrastructure; and increased uncertainty concerning variable risk assessment with 

uncertain actuarial futures. In the course of the project we identified 246 climate change 

management adaptations that could be utilized to address the various vulnerabilities 

identified for the City 

 

Currently the City of Punta Gorda is among the most progressive municipalities in the 

United States with regard to planning for climate change. It has already adopted 

comprehensive plan language to address the impacts of sea level rise, and seek strategies 

to combat its effects on the shoreline of the City.  

 

This report identifies the alternative adaptations that could be undertaken to address the 

identified climate change vulnerabilities for the City of Punta Gorda. These adaptations 

are presented in the order of prioritized agreement from the public meetings. Only the 

highest agreement adaptation in each vulnerability area is fully developed for potential 

implementation.  One of the utilities of this approach is that it provides a variety of 

adaptation options, which the City could select for implementation, adaptive 

management, and subsequent monitoring.  

 

During public workshops the citizens of the City of Punta Gorda Identified 54 

vulnerabilities that combined into 8 major areas of climate change vulnerability for the 

city including, in order of priority:  

1. Fish and Wildlife Habitat Degradation; 

2. Inadequate Water Supply;  

3. Flooding;  

4. Unchecked or Unmanaged Growth;  

5. Water Quality Degradation;  

6. Education and Economy and Lack of Funds;  

7. Fire;  
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8. Availability of Insurance.  

 

The City of Punta Gorda has already undertaken a variety of affirmation adaptation 

actions that will assist in reducing the impacts form climate change and increasing 

resiliency to climate change effects. These include elevation of structure and 

improvements of drainage systems as part of the Cityôs recovery from the impacts of 

Hurricane Charley; relocation of the public works facility to a location of lower hazard 

from natural disasters and coastal flooding, adoption of a Transfer of Development 

Rights program to protect historical and natural resource areas, and a completed Local 

Mitigation Strategy for natural disasters. 

  

The 2010 City of Punta Gorda Strategic Plan Focus Area Objectives includes several 

affirmative adaptations that will address some of the issues of Avoidance, Minimization, 

Mitigation and Adaptation for Climate Change. These include: 

 Enhance energy independence of city-owned property, including more use of 

solar and other forms of power to eventually take the city ñoff the gridò.  

 Enhance green initiatives to include adoption of green building ordinance 

modeled after Charlotte County, participation in Green Futures Expo & Energy 

Options Conference and publicizing programs in City departments.  

 Achieve progress of annexations along US 41 corridor, Jones Loop Rd. (pending 

successful voluntary annexation of the Great Loop), US 17 corridor and other 

areas as deemed appropriate during the year.  

 Undertake through design and/or completion of ongoing infrastructure 

improvements including the Public Works/Utilities Cooper Street Campus; 

Downtown Flooding Improvements; San Rocco/Madrid Blvd. Drainage 

Improvements; Carmalita Street, West of Cooper Street, Drainage & Streetscape 

Improvements; Multi Use Recreational Trail Phase 1 (Monaco to Aqui Esta); 

Multi Use Recreational Trail Phase 2 (Aqui Esta to Airport and Monaco to 

Taylor) ï Design; Hendrickson Dam Spillway Replacement; East Side 

Wastewater Improvements; Reverse Osmosis Plant - Design  

 Develop a bike path program that meets the requirements of Bicycle Friendly 

Community and prepare an application for the City to apply for that designation.  

 Utilize pavers in parking areas.  

 Consider expanding wastewater treatment capacity by having residential lawns, 

irrigated parks, golf courses etc. served by gray water.  

 

 A total of 104 acceptable and 34 unacceptable recommended adaptations were identified 

during the public workshops and prioritized by agreement.   

 

The top agreed upon adaptations for each area of vulnerability include: 

 Seagrass protection and restoration 

 Xeriscaping and native plant landscaping. 

 Explicitly indicating in the comprehensive plan which areas will retain natural 

shorelines. 

 Constraining locations for certain high risk infrastructure. 

 Restrict fertilizer use. 
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 Promote green building alternatives through education, taxing incentives, 

green lending. 

 Drought preparedness planning.  

 

These are the recommended first adaptations for development of implementation plans by 

the City of Punta Gorda. 

 

 

 

Introduction  
 

 

Southwest Florida is one of the most vulnerable areas in the world to the consequences of 

climate change, especially sea level rise and increased hurricane activity and severity. 

Regardless of the underlying causes of climate change, global glacial melting and 

expansion of warming oceans are causing sea level rise, although its extent or rate cannot 

as yet be predicted with certainty. 

 

On November 19, 2007, the Charlotte Harbor National Estuary Program (CHNEP) Policy 

Committee added a climate change adaptation component to its Comprehensive 

Conservation and Management Plan (CCMP), later adopted on March 24, 2008. This set 

the stage for the Environmental Protection Administration (EPA) Region 4 to fund 

CHNEP and, its host agency, the Southwest Florida Regional Planning Council 

(SWFRPC) to conduct a vulnerability assessment concerning CHNEPôs seven-county 

study area.  

 

EPA Headquarters then named Charlotte Harbor one of six Climate Ready Estuary (CRE) 

pilot programs. CHNEP and SWFRPC planned to partner with a city to develop an 

adaptation plan through a project entitled Development of a Climate Change Adaptation 

Plan for a Southwest Florida City.   

 

On December 17, 2008, the Punta Gorda City Council voted unanimously to participate 

in the CHNEP CRE pilot program. This progressive municipality had already included 

climate change planning in their Comprehensive Plan. The objective and policy are listed 

below. Additional resources associated with the City of Punta Gorda included a citizen 

stakeholder group, Team Punta Gorda (http://www.teampuntagorda.com/). Team Punta 

Gorda was initially formed as a grass-roots organization working on recovery following 

Hurricane Charley. 

http://www.teampuntagorda.com/
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City of Punta Gorda Comprehensive Plan Climate Change Objective and Policy: 

 

Objective 2.4.2: Address the impacts of sea level rise, and seek strategies to combat its 

effects on the shoreline of the City. 

 

Policy 2.4.2.1: The City will work with the SWFRPC to determine potential sea level rise 

impacts on the Coastal Planning Area. 

 

Measurement: Completion and implementation of developed coastal studies or 

development of model scenarios. 
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Elements of an Adaptation Plan 

 
Successful adaptation to climate change in estuaries requires plans that respond to both 

the unique vulnerabilities and the priorities of the places they protect.  Plans need to be 

flexible, to respond to changing conditions and information and to have realistic 

assessments of the degree of risk and cost that can be sustained.  This document identifies 

the key elements of climate change adaptation planning for the City of Punta Gorda, and 

provides some of the information and resources that the City and the CHNEP can use in 

climate change adaptation.  Each City must select the best order and process to develop 

their adaptation plan.  

 

There are two critical elements that an EPA approved adaptation plan must include for 

CRE recognition: 

Á Description of specific implementation actions 

Á Monitoring and evaluation of results 

 

In order to be recognized as ñClimate Ready,ò the EPA expects that, at a minimum, these 

two elements are prepared and approved by the CHNEP management conference and 

EPA, as well as other appropriate reviewing organizations, such as state or local 

oversight programs. 

 

In addition, there are several other components that support the preparation of these two 

critical elements.  While not required, EPA has recommended completion of these 

additional components as reasonable prerequisites for the two critical elements.  The 

development of these may depend on the specific estuaryôs vulnerability and the extent to 

which these elements are either already in place or completed.  These other recommended 

components include: 

Á An assessment of vulnerability; 

Á A summary of considerations used to set priorities and select actions; and 

Á Communication with stakeholders and decision makers. 

 

An adaptation plan can be a stand-alone document or be incorporated as an additional or 

new element in an existing management plan, such as the CCMP.  Regardless of where 

the adaptation plan is housed, some of the key considerations include: 

Á How the plan affects existing management goals; 

Á Additional climate change-induced goals and objectives beyond the existing 

management goals; 

Á Management actions associated with achieving those goals and objectives; and 

Á Steps required for implementation (including the associated tools and resources 

that can be deployed). 

 

Finally, any climate strategy or plan needs to be seen as a ñliving documentò - one that 

allows for relatively easy revisiting and updating in response to changing conditions and 

lessons learned from monitoring and evaluation of results.  Initial plans can be updated 

and enhanced as information changes regarding vulnerability, uncertainty, management 

priorities, technology, adaptation methods and costs 
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The Current Climate of Southwest Florida and the City of Punta Gorda 
 

The climate of southwest Florida is subtropical or tropical savanna (Hela 1952).  This 

results in alternating wet season flooding and severe drought. There is an average of 

approximately 135 cm (53 inches) of annual rain (Bradley 1972).  The dry season runs 

from November to April and the wet season from June to September (Riebsame et al. 

1974).  Typically, from 18 to 23% of annual rainfall occurs in dry season and 60 to 72% 

of the rainfall occurs in wet season (Drew and Schomer 1984).  Seasonal wetlands, such 

as hydric pine flatwoods and wet prairies, usually become saturated and attain standing 

water in the middle to late wet season.  It is interesting to note that the distribution of 

large, landscape scale hydric pine flatwoods in southern Collier and southern Lee 

Counties corresponds with areas of higher rainfall isoplethes of 60+ inches annually 

(Bamberg 1980).   

Rainfall in the wet season follows a bimodal pattern, with the first peak in May or June 

and the second in September or October.  It is of note that this pattern corresponds with 

peak flowering periods for the understory components of the freshwater wetland plant 

community. Thunderstorms are more frequent (over 100 annually) in the Fort Myers area, 

in the center of the southwest Florida, than at any other location along the eastern Gulf 

coast (Jordan 1973).  Seventy-five percent of the thunderstorms occur in the summer 

(Jordan 1973, Duever et al. 1979).  The short duration, high intensity thundershowers are 

the result of cyclic land-sea breeze convection in a diurnal pattern peaking during late 

afternoon or early evening.  Thunderstorm rainfall can be very local, resulting in 

differences of up to five inches per month between areas less than five miles apart 

(Duever et al. 1979).  Individual cloud volumes during thunderstorms in south Florida 

can range from 200 to 2,000 acre-feet (Woodley 1970).   

The wind patterns of south Florida are determined by interaction of prevailing easterly 

tradewinds, local diurnal convective patterns in the summer, and continental cold fronts 

in the winter.  Summer wind patterns are dominated by a daily wind shift that peaks 

between noon and 2:00 P.M., with an onshore sea breeze during the day and an offshore 

land breeze at night.  Winter dry season cold fronts occur approximately once a week 

(Bamberg 1980).  On a seasonal basis, the highest average wind speeds occur in late 

winter and early spring, and the lowest speeds occur in the summer.  Localized strong 

winds of short duration are generated by summer thundershowers, extreme cold fronts, 

and tropical storms (Bradley 1972).  On a typical day, wind speed is lowest at night, 

increasing through the day to the afternoon, and decreasing again in the evening 

(Gutfreund 1978). 

Temperature in southwest Florida is primarily controlled by latitude and maritime 

influences (Bradley 1972).  The mean annual temperature is 74 degrees Fahrenheit, the 

average January temperature is 64 to 65 degrees Fahrenheit, and the average August 

temperature is 82 degrees Fahrenheit.  Southwest Florida is one of only two areas in the 

southeastern United States where air temperatures exceed 90 degrees Fahrenheit more 

than 120 days of the year.  Typically, there is a one degree Fahrenheit difference between 

Charlotte County and Collier County.  More inland areas display a greater daily range in 

temperature than coastal habitats.   
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In winter, sharp drops in temperature occur following cold fronts containing cool, dry 

arctic air from Canada.  Cooling begins after sunset and reaches the lowest temperatures 

at dawn.  Temperature gradients of about six to 15 degrees F can occur between coastal 

and inland areas a few miles apart.  A similar gradient of about six to 10 degrees F occurs 

between high, dry land (xeric pine flatwoods) and adjacent moist lowlands (hydric pine 

flatwoods).  On calm, cold, clear nights, frost may form in moist inland areas.  A severe 

freeze occurs approximately once every 20 years (Bamberg 1980). According to the 

Federal Emergency Management Agency, since 1953 alone, disaster declarations were 

made in Florida six times for freezing conditions (Federal Emergency Management 

Agency (FEMA) 2009).  

 

The mean annual relative humidity averages approximately 75% with the highest (80-

90%) in early morning and lowest (50-70%) in the afternoon.  Seasonal differences are 

not great: mean relative humidity tends to be lowest in April (71%) and highest in 

summer and fall (80%). 

 

Evapotranspiration refers to the sum of evaporation and plant transpiration into the 

atmosphere. Evapotranspiration from the saturated soils of wetlands is an important 

control of sea breeze intensity and the formation of convective thunderstorms.  Because 

evapotranspiration is a cooling phenomenon, land-to-water gradients are reduced, 

convective processes are reduced, and recently rained-upon areas receive less rainfall.  

The effect is a natural feedback mechanism that results in a more even spatial distribution 

of seasonal rainfall (Bamberg 1980).  This can also ameliorate the tendency towards 

formation of tornadoes over hot convective dry lands. Evapotranspiration estimates for 

southwest Florida range from 30 to 48 inches per year (Drew and Schomer 1984). 

 

South Florida is subject to more hurricanes than any other area of equal size in the United 

States (Drew and Schomer 1984).  The area is subject to both Atlantic and Caribbean 

hurricanes.  Of the 38 hurricanes that passed over southwest Florida from 1901 to 1971, 

30 occurred in August to October (Jordan 1973).  Tropical storms strike once every three 

years in southern Collier County and once every five years in the northern extents of the 

Southwest Florida area (Bamberg 1980). 

 

The three primary climatic effects of hurricanes are high wind, storm surge, and heavy 

rain.  Wind force increases by the square of the wind speed such that a 93 mph wind 

exerts four times as much force as a 47 mph wind.  When hurricane winds attain 249 

mph, as in the 1935 Labor Day hurricane, the effects on forested ecosystems, including 

tree fall, substrate disturbance, and propagule (cone) distribution, can be considerable 

(Drew and Schomer 1984).  

The Punta Gorda area receives an average annual rainfall of fifty-four inches, with 

approximately sixty percent falling during the summer months of June through 

September in a typical wet season/dry season cycle. Rainfall in the winter months is 

generally associated with cold fronts moving across the region and is characterized by 

low intensity, higher duration events. The summer rainfall patterns consist of short 

duration, intensive convective storms typically occurring in the late afternoon. It is this 
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type of rainfall event that causes the highest volumes of stormwater runoff with the 

potential of spot flooding and damaging effects to Charlotte Harbor. 
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Geography, Topography and General Land Use 
 

The City of Punta Gorda is located in southwest Florida at the south shore of the 

confluence of the mouth of the Peace River in Charlotte County (Figure 1).  

 

Figure 1: The City of Punta Gorda in Relation to the State of Florida 

 

This places the City of Punta Gorda in the middle of the Charlotte Harbor National 

Estuary Program study area (Figure 2).  
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Figure 2: The City of Punta Gorda in Relation to the CHNEP Boundary 

 
The City is very low-lying with significant areas of wetlands and open lands principally 

on the east shore of Charlotte Harbor and along Alligator Creek (Figures 3 and 4). The 
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topography of the City of Punta Gorda, identified in Figure 3, and its environs is 

generally flat with elevations ranging from sea level to approximately fifteen feet above 

sea level. Three vegetative major zones can be distinguished:  

 

 The coastal wetlands are predominantly tidal mud flats, mangroves, and marsh 

grass areas with elevations from zero to five feet above mean sea level. 

 

 The transitional zone connects the coastal area with the inland prairie area. This 

zone varies in elevation from approximately five to 15 feet above sea level. Most 

human development has occurred in this transitional zone because it provides the 

most topographical relief with the better drained land. The relict coastal shore 

ridges of the transitional zone generally formed the location of the earliest 

transportation links including the railroad, Tamiami Trail (US 41), and US 17. 

 

 The inland prairie is normally drained by overland sheet flow due to a lack of 

natural stream beds. The flood condition of the prairie during heavy rainfall 

restricts development; however, this condition enhances recharge of the 

underground aquifers. The inland prairies are dominated by a combination of 

mesic and hydric pine flatwoods, wet prairies and freshwater marshes. 
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Figure 3: USGS TOPO Map of the City of Punta Gorda 

 
In the course of this study the City expanded its area by including through annexation 

former coastal outparcels completing the Charlotte Harbor shoreline. This boundary 

difference is shown between figures 3 and 4. 
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Figure 4: Aerial Photograph of the City of Punta Gorda 
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Figure 5: Existing Land Use of the City of Punta Gorda 

 
Prior to the recent boundary change the City of Punta Gorda was 43.5 %, 11.7% Vacant 

Land and subsequently 44.8% developed. 
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Table 1 - Generalized Existing Land Uses in the City of Punta Gorda  

Land Use  Acres  Square Miles  Percentage of Total 

Land Us es  

Residential  2,246.96  3.51  24.9%  

Commercial  325.83  0.51  3.6%  

Industrial  55.60  0.09  0.6%  

Agricultural  0.00  0.00  0.0%  

Recreational  434.74  0.68  4.8%  

Conservation  3,924.36  6.13  43.5%  

Educational  96.61  0.15  1.1%  

Public Bui ldings & 

Grounds  

78.05  0.12  0.9%  

Institutional  88.86  0.14  1.0%  

Vacant Land  1,056.91  1.65  11.7%  

Right of Ways Land  711.82  1.11  7.9%  

Right of Ways Water*  6,297.81  9.84   

Historic Resources**  99.21  0.16  1.1%  

Total Land Uses  9,019. 74  14.09  100.0%  

Source: 2007 City Punta Gorda & Charlotte County GIS *Right of Ways Water includes all navigable water 

bodies used for transportation purposes and are not added into the totals for land area. ** Historic Resources 

are individually assig ned to another generalized land use category and are not added into the totals for land 

area.  
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Figure 6:- The City of Punta Gordaôs Existing Land Uses in Percent of Total Land Uses Expressed 

as a Pie Chart 
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City  of Punta Gorda Vulnerability  Assessment 

 
 

The vulnerability of a city is a function both of the cityôs sensitivity to changes in climate 

as well as its adaptive capacity to adjust to changes in climate (either reactively or 

proactively through planning decisions).  To assess its vulnerability, the city should 

describe the specific effects from climate change that are likely to affect key management 

goals.  Climate change impacts will vary regionally, as will the approach taken to identify 

the most significant vulnerabilities.  There are many different approaches to completing 

an assessment, from simple back-of-the-envelope approaches based on effects that are 

already occurring, to more sophisticated approaches that examine the links between 

multiple effects using predictive modeling or other tools to help project changes.  

Although a general understanding of vulnerability may be enough of a basis to inform 

adaptation actions in coastal areas, most cities may need and develop city-specific 

information that better characterizes the spatial distribution, intensity, and frequency of 

projected impacts.  A more detailed and descriptive assessment may also be necessary to 

better inform stakeholders and to prioritize and gain support for actions.  Additionally, 

the time frame for effects will vary according to the selected planning horizon for the 

city.  Regardless, a vulnerability assessment could include: a description of the approach 

used, a summary of the most significant effects, the timeframe for the predicted effects, 

and any considerations for uncertainties or other factors needed to set priorities. 

 

Risk Analysis 
 

Natural hazards are a threat the people and property of Charlotte County face on a daily 

basis, and most analyses project that these hazards are likely to increase in intensity 

and/or frequency with climate change.  The level of risk differs by hazard type, time of 

year, and location of the person or piece of property. Risk analysis is an essential first 

step in helping the people of Punta Gorda prepare to face these risks. This risk analysis 

includes four main components: hazard identification, profiling hazard events, asset 

inventory, and estimation of potential loss. 

An important step in the risk analysis process is to identify those hazards that are most 

likely to impact the City of Punta Gorda. While there is a long list of natural hazards that 

have the potential of occurring in Punta Gorda, the majority of these hazards have a low 

probability of occurring. Thus, the hazards that have been identified for analysis in this 

plan because of their potential to impact the county include (in no particular order): 

flooding, coastal storms, wildfire, tornadoes, thunderstorms and high wind events, coastal 

erosion, drought, winter storms and freezes, and exotic pests and diseases.  

Profiling hazard events describes the causes and characteristics of each hazard, how the 

hazard has impacted City of Punta Gorda in the past, and what part of Punta Gorda has 

been vulnerable to each specific hazard. A profile of each hazard that is covered in this 

plan is located in the section on each individual hazard. For a full description of the 

history of hazard events, please see the appropriate hazard chapter and Appendix B. 
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The asset inventory is a way to assess vulnerability from each hazard by looking at the 

types and numbers of existing buildings, infrastructure, and critical facilities located in 

each identified hazard area. In order to assign a monetary value for each structure, the 

structureôs replacement value, content value, and functional use value were determined. 

Appendix A explains the methodology used to determine these values. 

ñReplacement valueò is the current cost of returning a physical asset to its pre-damaged 

condition. It reflects present day cost of labor and materials to construct a building of 

particular size, type, and quality. For this analysis, value of the building, as listed in the 

property appraiserôs records, was used. In instances when the building value was not 

available, the total value of the property was used. 

 

 
Summary of Priority Considerations 
 
 
Planning typically requires some narrowing of the scope to focus efforts on managing 

risk where most needed.  Determining the greatest needs for a particular city will likely 

entail both quantitative and qualitative analyses of risk and vulnerability, as well as 

discussion and agreement among key estuary managers, stakeholders, and collaborators.  

Quantitative and qualitative climate change risk and vulnerability assessments need to be 

balanced with the cityôs management goals and objectives.  In many cases, climate 

change will not necessitate creation of new management goals or initiatives, but rather 

consideration of how existing programs will be able to address or be impacted by a 

changing climate.  A summary of this information in an adaptation plan should describe 

the approach taken, decisions on priorities and any uncertainties or other considerations 

that may affect the selection of specific activities. 

Key considerations in assessing management priorities and risk include: 

1. Timing of projected impacts (e.g., short-term, mid-term, long-term) relative to the 

timing of management decisions and actions; 

2. Severity of projected impacts (e.g., catastrophic, severe, major, minor, 

insignificant), and geographic scale (i.e., localized vs. city-wide); 

3. Probability of the occurrence of different impacts; 

4. Economic or social significance/value of economic, social or environmental assets 

(i.e., what is being protected); and 

5. Capacity of the community to undertake the action compared to the scale of the 

impacts, which could include: 

a. Costs associated with implementing adaptation actions (e.g., budget 

availability, funding opportunities); 

b. Information availability, including ongoing monitoring and research (e.g., 

LIDAR, GIS, mapping, indicators); 

c. Availability of adaptation options suitable for addressing risks; 

d. Timing and time horizon (e.g., decision frequency, planning horizon, 

implementation period); 
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e. Linkage to other decisions (i.e., will adaptation actions impact other 

decisions within the city or externally); 

f. Regulatory, operational, political, and legal constraints; 

g. Public awareness, support, and concern about the issue; and 

h. Ability to act under uncertainty (of either the likely impacts or the 

effectiveness of the actions). 

 

 

 

Communication with Stakeholders and Decision Makers 
 
 
Adaptation actions will require consent from the citizens who live, work, and play in the 

city, as well as decision makers who will have to provide approval, funding, or both in 

carrying out the selected actions.  National Estuary Programs (NEPs) are very 

experienced with appropriate communication tools for their locales, and should be able to 

readily incorporate climate adaptation planning into ongoing information and education 

programs.  However, in many places communication for climate adaptation may demand 

either a different approach or new expertise for the NEPs.  In particular, some NEPs will 

be trying to develop alternatives to prevent future negative outcomes that are either 

uncertain or unimagined.  Rather than returning to historic conditions of water quality or 

ecosystem health, citizens and officials may have to anticipate conditions that, as yet, 

have not manifested in the system.   

A ñmulti-modalò communication strategy may be necessary to address some of these 

unfamiliar concerns and to provide specific information on the actions that will be 

necessary in the watershed. 

Adaptation planning must be a cooperative effort involving all stakeholders: citizens; 

construction, business, real estate, and agricultural interests; retirees; families; emergency 

services; city and county government and more. The effort should be done in cooperation 

with the city and/or county government, preferably as a part of the comprehensive plan 

update and other existing planning processes. This enables the resulting adaptation plan 

to take on the authority necessary to make sure recommended actions are eventually 

implemented and an ongoing process for adaptive planning is put in place.  

Comprehensive plan amendments, land development regulations and community 

initiatives should result, informed by the people on the ground, and approved by decision 

makers. 

Communication efforts should stress the transparency of the process and the 

accountability of the entity leading the effort, whether it is the NEP, RPC, local 

government or a citizen group. The planning effort should involve as much of the public 

as possible, increasing responsiveness of the plan to local citizenry and resulting in public 

buy-in. 

In the city of Punta Gorda, city staff was approached initially by CHNEP and SWFRPC 

staff to gauge interest in developing a climate change adaptation plan.  Fortunately, this 

progressive municipality had already included climate change planning in their 

comprehensive plan, so there was agreement on the need for such planning and that the 
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CHNEP/SWFRPC team was to take the lead in the effort with the full support of city 

staff. On December 17, 2008, the Punta Gorda City Council voted unanimously to 

participate. Team Punta Gorda was suggested as a community partner to help with 

outreach and organization.   

 

A series of three public meetings was decided upon, the first one to be held on April 9, 

2009, followed by other meetings on June 2, 2009 and September 6, 2009. Since this 

effort was supported by the grant from EPA, fundraising for meeting space and other 

aspects was not a factor, but may be in other situations, something to be taken into 

consideration.  Outreach, using CHNEPôs press contacts, resulted in newspaper articles 

and interviews on local television news that helped publicize the first meeting.  Also, the 

CHNEP and SWFRPC websites featured the event prominently, email ñblastsò were sent 

out to regular subscribers of CHNEP E-news, and postcards were mailed to CHNEP 

supporters living in the Punta Gorda area. CHNEP hosted online registration for the 

meeting, but phone registration was also available and walk-ins were accepted.  

 

Meeting space was donated by the Punta Gorda Isles Civic Association and the SWFRPC 

underwrote the refreshments. Contacts in the city staff as well as Team Punta Gorda 

advised that morning meetings would draw the most participants, so the meeting on April 

9 was scheduled to run from 9:00 a.m. to 12:00 p.m.  Thirty eight people attended, which, 

according to local expertise, was a good turnout.  The participants included residents, 

people who work in the city, city staff, and seasonal visitors. Some represented 

specialized groups, like recreational fishermen. The attendees were asked to fill out a 

questionnaire when they came in which provided demographic information as well as the 

respondentôs opinions and observations about climate, wildlife and storms in Punta 

Gorda.  The survey and raw result data can be found in the Appendix.   

 

The results of the survey showed that most of the participants live in Punta Gorda year-

round and have been in Florida an average of 22 years.  Most were from the 33950 ZIP 

code, indicating that they live in or near the downtown area.  Most of the people who 

work, work in that same ZIP code.  Most respondents thought that winters in Florida are 

becoming drier and cooler and that summers are becoming drier and warmer. Of those 

with an opinion, respondents generally thought that fishing in Charlotte Harbor is 

declining, that water quality in the Harbor is declining, that water quality in the canals of 

Punta Gorda is declining, and that the presence of wildlife in Punta Gorda is decreasing.  

It should be noted that a significant number of respondents were not sure about changes 

in those conditions. Most people did not feel that storms are getting more severe or 

frequent, but a majority felt that they expected weather to get worse in the future.  A 

significant number felt weather would stay the same. Almost all respondents reported 

damage to their property from Hurricane Charley in 2004, ranging from roof and 

structural damage to loss of vegetation and landscaping.  Most people had responded to 

that damage by fixing and/or upgrading roofs, windows, and garage doors, purchasing 

generators and shutters, and adapting their landscaping to absorb more rainfall and be less 

vulnerable to high winds.  Many people listed other improvements they would like to 

make, but, for most, cost is the limiting factor.  

Respondents also listed things local, state and federal government could do differently to 

be better prepared for storms, droughts and floods in the future.  Those suggestions 
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Photograph 1: Left: Each person selecting the best cards for their hand. Right: The group 

selecting the top 3-5 vulnerabilities. 

included ñintelligent growthò, physically raising the elevations of certain roads (Aqui 

Esta and Olympia), improved water resource planning, public education, improved 

evacuation routes, irrigation restrictions, improved wetland protections, better forecasting 

and improved communications. 

 

Three presentations were given before the participants were broken up into small groups 

for discussion.  The first presentation was given by Dr. Lisa Beever of the CHNEP, 

giving the background of the project and the CHNEPôs role.  The second presentation 

was given by Joan LeBeau of the City of Punta Gorda, reviewing the cityôs concern with 

climate change, especially sea level rise, in the wake of the devastation from Hurricane 

Charley in 2004.  The final presentation was by Jim Beever of the SWFRPC, who gave a 

primer on climate in southwest Florida and the implications of climate change for the 

area. These presentations are contained in the Appendix. 

 

With all this background, the participants were divided up into several small groups of no 

more than eight, lead by a CHNEP or SWFRPC facilitator. Dr. Beever introduced the 

small group activity, which involved  

 

 The Vulnerability Game, 

 The Adaptation Game, and 

 The Acceptability Game. 

 

The Vulnerability Game was designed after a frame game called Group Scoop, originally 

Group Grope.  Group Scoop and the concept of frame games were designed by Dr. 

Sivasailam ñThiagiò Thiagarajan. A frame game is a tested training game where one can 

insert their own content.  For the Vulnerability Game, participants were allowed to form 

their own groups and were given as many index cards as they could use. They were asked 

to individually brainstorm climate change vulnerabilities that they and City of Punta 

Gorda faced. Each idea was put on a separate card. After 10 minutes, the cards were 

collected, shuffled, and three to five cards dealt to each participant.  

 

Remaining cards were put in the middle.  
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Photograph 2:  Group members adding alternative 

adaptation strategies to the envelopes. 

Each participant had to pick and discard vulnerabilities so that they had the three to five 

most serious vulnerabilities in their hand. The remaining cards were removed. Then, the 

participants shared their cards with each other and, as a group, selected the most 

important three to five vulnerabilities. Group Grope has been used in other venues by 

CHNEP to replace scribing ideas on an easel pad. The game is quicker because 

individuals are concurrently writing ideas. Other benefits include greater ownership of 

ideas, ability to quickly consolidate high ranked ideas, and inability for participants to be 

passive. 

 

The Adaptation Game was 

based on another frame game 

called Envelopes. The top 

three to five vulnerabilities 

from the previous game were 

written on separate 8ò x 10ò 

envelopes. The envelopes 

were distributed among the 

group members. Each 

participant brainstormed 

alternative possible 

adaptations on individual 

index cards and placed the 

cards in the envelope. After a 

couple minutes, group 

members traded envelopes. 

Each member was able to 

contribute adaptation ideas to 

their envelopes. Group 

members were also 

encouraged to include 

ideas that they may not 

necessarily agree with, 

so that they might have 

the opportunity to reject 

them. 

 

The Acceptability 

Game was conducted 

with the participants 

reassembled in the 

main room. During the 

break, staff reviewed 

the envelopes and 

similar vulnerabilities 

from different groups 

were collapsed. As each 

vulnerability (from the Photograph 3: General consensus to address one of the 

vulnerabilities. 
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envelopes) was called out, participants showed a thumbs up, thumbs down, or thumbs 

sideways to show the level of their agreement for addressing the vulnerability in the 

adaptation plan. The intent of the game was to gain a sense of agreement for each of the 

adaptation measures.  However, the method took longer than the time allocated. Staff 

offered to develop a survey instrument from the Adaptation Game to be posted on the 

CHNEP website.  

 

A second public workshop was held on June 2, 2009. It was scheduled to ñreview various 

adaptation strategy scenarios developed with input from earlier workshop and on-line 

questionnairesô. The agenda featured one major activity- a board game. The purpose of 

the game was to identify general support or lack of support for adaptation options. The 

adaptation options presented had been identified by participants of the first public 

workshop and were identified from the literature. ñThe Adaptation Gameò is an original 

creation for this public workshop.  

 

The game board was created in ArcGIS from aerial imagery and provided additional 

information such as storm surge zones and critical facilities. All areas considered for 

annexation, as well as existing city facilities outside of the city limits, are shown.  The 

board included an inset for an enlargement of downtown. The board included two 

ñparking lots,ò one for city-wide adaptations and one for adaptations the participant 

recommends against. The board was 34 x 44 inches in size (See Figure 7). 
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Figure 7:  The Adaptation Game board helped participants recommend locations where possible adaptations should take place.  
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Photograph 4: Two participants playing the Adaptation Game at the Unchecked or 

Unmanaged Growth table. 

 

The game pieces were ñEcoFriendly White Return Address Labelsò printed from a word 

processing file. Adaptation options from the first workshop were grouped by the major 

vulnerabilities identified at the first workshop. Potential adaptations identified by 

participants had a white background and additional adaptations identified in the literature 

had a yellow background. This was done so that the participants would know the source 

of the adaptation and show that we predominately used their earlier work. The font for 

each adaptation was adjusted in size so each would be as large as possible. The original 

lists were made available to the participants over the break so that they could familiarize 

themselves with the list of adaptations and make initial selections. These sheets were 

easier to read because of the consistent font size and became a useful tool for the 

participants. 

 

Six tables were set up with a game board, duplicate sheets of game labels, and a tabletop 

name tent identifying which vulnerability or group of related vulnerabilities that table 

represented. Each table had a separate set of game labels that were related to the 

vulnerability or group of related vulnerabilities. Participants were allowed to go to the 

table of their choosing and spend as much time at any individual table that they chose. 

Most participants were able to visit all the tables in the time available. This strategy 

allowed adequate room for the participants and allowed for easy sorting of the chosen 

adaptations. 

 

 

 

Participants were asked to place adaptations from the sheets onto the map where the 

adaptation should take place. If they wanted the adaptation to apply city-wide, they 



 Adaptation Plan Page 41 
 

would ñparkò the label in the city-wide box. If they didnôt like an adaptation, they 

ñparkedò the label in the box named ñAdaptations I Recommend Against.ò By counting 

the number of times any particular adaptation was chosen, relative support for that 

adaptation could be determined. Likewise, undesirable adaptations were documented.  

 

Place based adaptation recommendations are found on the following map.
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Figure 8: Placed Based Adaptation Suggestions for the City of Punta Gorda
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Description of Specific Implementation Actions 
 
 

Introduction 
 
This report identifies the alternative adaptations that could be undertaken to address the 

identified climate change vulnerabilities for the City of Punta Gorda. These adaptations 

are presented in the order of prioritized agreement form the public meetings. Only the 

highest agreement adaptation in each vulnerability area is fully developed for potential 

implementation.  One of the utilities of this approach is that it provides a variety of 

adaptation options, which the City could select for implementation.  

 

The Florida Oceans and Coastal Council (FOCC) predicts that Florida, including 

southwest Florida, will respond to the adverse effects of climate change in three ways 

(FOCC 2009): 

 

1. Some effects will be tolerated, meaning that no reasonable options will be 

found. For example, Florida may have to accept the loss of its coral reefs. 

 

2. Some effects will be mitigated, meaning that strategies and actions will 

compensate for some of the adverse effects. For example, federal, state, regional 

or local governments may set aside additional coastal lands so that tidal 

wetlands can migrate inland as sea level rises, preserving these essential coastal 

habitats in the pattern with ecotones that should occur naturally. 

 

3. Some effects will require adaptations, meaning that our way of life, 

infrastructure, and/or economy will have to change in order to maintain the 

same quality of life to which Floridians are accustomed. For example, buildings 

may need to be designed to new standards or located farther from vulnerable 

shorelines. 

 

To prevent or minimize the negative impacts and to profit from the potential benefits of 

climate change, citizens and policymakers in the Gulf Coast region can and should take 

action now. There are four basic strategies ï avoidance, mitigation, minimization, 

mitigation, and adaptation - that can reduce the region's vulnerability to the impacts of 

climate change and yield significant ecological, economic, and health benefits, even in 

the absence of major climate disruption. They should be considered a prudent and 

responsible approach to ensuring environmental stewardship of the region's invaluable 

ecological resources. Because much of the region is held in private land ownership, 

strategies for dealing with both climatic and human stresses on ecosystems must involve 

private landowners as well as governmental agencies and other sectors of society. 

 

The easiest way to avoid the negative consequences of climate change is to not place 

resources or infrastructure in a location or position to be impacted. This avoidance can 

take the form of not building in floodplains, setting aside coastal areas to remain in 
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natural shorelines and vegetation, placing critical facilities and shelters in locations away 

form and above storm surge. 

 

The primary goal of mitigation is to reduce the magnitude of climate stresses on society 

and ecosystems. Reducing greenhouse gas emissions, for instance, can be seen as a type 

of "insurance policy" that aims at directly reducing the risks of global warming. 

Investment in the region's substantial renewable energy resources (e.g., solar, wind, and 

biomass) could provide incentives for new technology development and economic 

diversification while reducing air pollutants and greenhouse gases. 

 

The third strategy is to reduce human disturbances and destruction of ecosystems. 

Employing "best practices" in land and resource use can minimize ecologically harmful 

side effects while continuing to provide significant, and often increased, economic 

benefits. For example, progressive zoning initiatives that integrate different land uses 

over a smaller area can protect natural resources and open space from suburban sprawl. 

Wise land-use practices can also help manage coastal areas, and best management 

practices in agriculture and aquaculture can achieve goals such as water conservation and 

reduced farm runoff. 

 

Finally, residents, planners, land managers, and policymakers can act now to minimize 

the potential impacts of global climate change and better prepare the region to deal with 

an uncertain future through adaptation. One of the best ways to deal with uncertainty is 

to adopt learning-oriented, flexible approaches that include monitoring, periodic review, 

and adjustment of previous decisions in light of new information - a strategy known as 

adaptive management. The principal targets for adaptation include water resource 

management, agriculture and forestry, land and biodiversity conservation, and 

preparation of coastal communities to respond to sea level rise and severe coastal storms 

such as hurricanes. 

 

In addition, much must be done in the Gulf Coast region to raise awareness and 

understanding of global climate change. This can begin by educating people of all ages 

about the cultural and ecological heritage at stake. But it must also involve educating 

them about the fundamentals of ecology and climate, and what drives them to change. 

Many Gulf residents' livelihoods are inextricably linked to its natural resources, and 

visitors from around the world come to the Gulf to enjoy and learn about its ecological 

heritage. Raising people's concern and understanding of climate change would help to 

mobilize public support for climate protection (Twilley et al.1991). 

 

There are five generic objectives of adaptation to climate variability and change: (Klein 

and Tol 1997) 

 

1. Increasing robustness of infrastructure designs and long-term investments ï e.g., by 

extending the range of temperature or precipitation a system can withstand without 

failure and changing the tolerance of loss or failure; 
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2. Increasing the flexibility of vulnerable managed systems ï e.g., by allowing mid-term 

adjustments (including changes of activities or location) and/or reducing economic 

lifetimes (including increasing depreciation); 

 

3. Enhancing the adaptability of vulnerable natural systems ï e.g., by reducing other 

(non-climatic) stresses and removing barriers to migration (including establishing eco-

corridors); 

 

4. Reversing trends that increase vulnerability (also termed ñmaladaptationò) ï e.g., by 

introducing setback lines for development in vulnerable areas, such as floodplains and 

coastal zones; and 

 

5. Improving societal awareness and preparedness ï e.g., by informing the public of the 

risks and possible consequences of climate change and setting up early-warning systems. 

 

Given uncertainties and the long time frame of climate change impacts (Willows and 

Connell, 2003); two general types of adaptation options discussed here may often be the 

most appropriate and most readily funded: 

 

Å No-regrets: These are options that are justified by current climate conditions, and are 

further justified when climate change is considered. For example, reducing water 

pollution could improve potable water supplies. The pollution reductions may be even 

more valuable should climate change reduce water supplies or degrade water quality. The 

same can be said for introducing market reforms. However, an irrigation scheme for a 

drought-prone area may become more attractive when periods of drought, as a result of 

climate change, occur more often or become more severe. 

 

Å Low-regrets: Low regrets changes are those made because of climate change, but at a 

minimal cost. Thus, there is ñlow regretò if the investment proves not to be needed under 

future climate conditions. For example, incorporating risks of climate change in design of 

infrastructure may offer improved protection against current extreme climate events, as 

well as potential future events under climate change, while increasing costs only 

marginally (hence the ñlowò regret). 
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Specific Adaptations by Group 
 

In the following discussion the identified adaptations are grouped by similar actions. 

During public workshops the citizens of the City of Punta Gorda Identified 54 

vulnerabilities that combined into 8 major areas of climate change vulnerability for the 

city including, in order of priority:  

 

1. Fish and Wildlife Habitat Degradation; 

2. Inadequate Water Supply;  

3. Flooding;  

4. Unchecked or Unmanaged Growth;  

5. Water Quality Degradation;  

6. Education and Economy and Lack of Funds;  

7. Fire;  

8. Availability of Insurance.  

 

 
This section of the report identifies the crucial areas where adaptation planning and 

implementation will be needed to avoid, minimize and mitigate the anticipated effects to 

the natural and man-altered areas of southwest Florida. Some effects, such as air 

temperature and water temperature, will be experienced throughout the City of Punta 

Gorda and the southwest Florida region. Other effects such as sea level rise and habitat 

shifts will occur in specific geographic and clinal locations. 

 

In the course the vulnerability assessment and regional adaptation planning project, we 

identified 246 climate change adaptations (Beever et al. 2009) that could be utilized to 

address the various vulnerabilities identified for the region. 
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Prioriti zed Vulnerabilities and Adaptations for the City of 

Punta Gorda 
 
 

Vulnerability 1:  Fish and Wildlife Habitat Degradation 
 

The range of potential impacts on species and ecosystems in the City of Punta Gorda 

include the following: 

 

Negative effects on calcifying organisms (oysters, clams and other animals that 

incorporate calcium in their body or shell) 
 

Increased atmospheric concentrations of carbon dioxide are expected to contribute to 

increased acidity (lower pH) of sea water. Marine organisms with calcium carbonate 

shells or skeletons, such as clams, and plankton at the base of the food chain can be 

adversely affected by decreases in pH and carbonate saturation state (IPPC 2007b; Bates 

2007). A higher carbonate saturation state favors the precipitation of calcium carbonate, a 

mineral, while a lower state supports its dissolution into the water. Carbonate-depositing 

organisms will have to expend more energy to maintain shell construction and structural 

integrity in a lower pH environment (Peterson et al. 2007; SCCP 2008; FOCC 2009; 

USEPA CRE 2008). 

 

With decreases in the pH of seawater, some marine plants may show increases in 

production until a particular threshold is met, and then will show a decline (FOCC 2009). 

Some marine organisms will not be able to tolerate decreases in pH (FOCC 2009). It is 

probable that the die-offs of sponges, seagrasses, and other important components of 

coastal and marine ecosystems from increased sea surface temperatures will become 

more frequent (FOCC 2009; USEPA CRE 2008). Ocean acidification may lead to shifts 

in marine ecosystem structure and dynamics that can alter the biological production and 

export from the ocean surface of organic carbon and calcium carbonate (Royal Society 

2005). Important fisheries habitats, such as oyster bars, will markedly decline or 

disappear (Kleypas et al.2006; Ishimatsu et. al. 2005). 

 

The geographic range of some marine species will shift northward as sea-surface 

temperatures continue to rise. The species composition of Floridaôs native marine and 

estuarine communities will change, perhaps drastically. With further rises in water and 

atmospheric temperatures, conditions will probably become more favorable for certain 

exotic plant and animal species to invade Floridaôs coastal waters (FOCC 2009). As 

marine species shift northward with overall warmer ocean temperatures, this shift may 

have either negative or positive impacts. Some species may be able to survive farther 

north than in current ranges, but interactions among communities with new species 

compositions cannot be predicted. Moreover, reproduction in some fishes decreases in 

warmer temperatures, potentially resulting in population decreases (Straile and Stenseth 

2007). 

 

Increased numbers and altered ranges of jellyfish are expected with some invasion of 



 Adaptation Plan Page 48 
 

exotic jellyfish species, and with increased predation on local prey species. Some highly 

vulnerable prey species may be significantly affected (Perry and Yeager 2006; FOCC 

2009; USEPA CRE 2008). 

 

Algal blooms 

 

Harmful blooms are caused by microscopic algae in the water column that can produce 

biological toxins, such as those generated by red tide in coastal marine waters; blue-green 

algae in estuarine waters; or larger species of marine and estuarine algae that grow on the 

bottom, which can smother corals and other native plants and animals. Environmental 

factors, including light, temperature, and nutrient availability, set the upper limit to the 

buildup of biomass in marine algae (Smyda 1997). The algae that cause harmful blooms 

in coastal marine and estuarine waters are favored over other algal species when water 

temperature is high and becomes thermally stratified (Paerl and Huisman 2008; Peperzak 

2005; Van Dolah 2000; FOCC 2009; Twilley et al. 1991; Coastal States Organization 

Climate Change Work Group 2007; Holman 2008; USEPA Office of Policy, Planning 

and Evaluation 1997; USEPA CRE 2008). The increased occurrence, intensity, and 

toxicity of harmful algal blooms may result in the disruption of coastal marine and 

estuarine food webs, more frequent fish kills, and adverse impacts to people in or near an 

affected coastal area (Smyda 1997; Paerl and Huisman 2008; Van Dolah 2000). Harmful 

algal blooms have been reported throughout Floridaôs coastal marine and estuarine waters 

(Carder and Steward 1985). 

 

 

 Photograph 5:  Red Tide Algae Bloom. 

Source: FWC 2009 
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Increases in global surface temperatures will lead to a reduction in water quality due to 

increased growth of nuisance algae and lower oxygen levels (USEPA CRE 2008; 

Rubinoff et al. 2008; Holman 2008; USNOAA 2008).   

 

If climate change systematically increases nutrient availability and this alters the amount 

of available light and the stability of the water column, there may be substantive changes 

in the productivity, composition, and biomass of marine algae, including harmful species 

(Smetacek and Cloern 2008). In contrast, permanent reductions of freshwater flows in 

rivers from both human activities and climate change could substantially reduce 

biological productivity in estuaries (FOCC 2009; Twilley et al. 1991).  

 

 
 
Figure 9: Intensity and location of red tides in Charlotte Harbor and nearshore areas 1994-2003.  
Source indicated on key. 
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Negative effects on seagrass  

 

Sea level rise is expected to cause migration of seagrass beds landward with subsequent 

depletion of existing beds at the deeper waterward edges due to less penetration of 

sunlight. This coupled with increased turbidity from erosion and breakup of coastlines, 

increased storm season runoff, and human activities, will likely lead to die-off at deeper 

edges. Where natural shoreline exists, seagrass beds are expected to migrate into 

appropriate depths. Where opportunities for landward migration of the shallow subtidal 

zone is blocked by human bulkheads or other barriers, the seagrass beds will be reduced 

and then disappear if the water depths at the sea wall barriers exceeds the light extinction 

coefficient for the seagrasses (USCCSP 2008; USEPA CRE 2008). 

 

 

Figure 10: 2004-2006 Seagrass Extent in Upper Charlotte Harbor.  

Source Corbett et al. 2006; Kaufman/SWFWMD 2007 

 
 
Hypoxia, stratification and nutrients 
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Climate-related changes in freshwater runoff to coastal marine systems, coupled with 

changes in stratification (or layering) patterns linked to warming and altered salinity, will 

change the quantity and availability of nutrients in estuarine systems (Boyd and Doney 

2002). Changes in the absolute and relative availability of nutrients will lead to changes 

in microscopic plants (phytoplankton) and microbial activity in the marine food web 

(Arrigo 2005). Induced changes may result in food webs that are less efficient in 

transferring energy to higher levels, thus affecting the productivity of economically 

important fish and other plant and animal life (Arrigo 2005). 

 

Increased runoff in some areas, coupled with human population increases in Florida, will 

lead to the increased transport of nutrients to coastal waters, contributing to hypoxia 

(IPPC 2007b) and leading to adverse impacts on bottom-feeding fish and sessile (attached 

to the bottom) organisms (IPPC 2007b). Locations that have experienced hypoxia may 

experience longer hypoxic episodes or more frequent recurrence of hypoxia (Osterman et 

al. 2007). Increased density stratification within estuaries could also occur with increased 

precipitation and runoff. New locations with hypoxia may develop in coastal areas where 

they previously have not appeared (Osterman et al. 2007).  
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Figure 11: Historic occurrence of hypoxia, July through October.  
Source: Heyl 1997 
 

 

As sea-surface temperatures continue to rise, die-offs of marine fauna incapable of 

moving to cooler water are likely to become more frequent. Other factors, such as low 

levels of dissolved oxygen, the addition of nutrients and other land-based sources of 

pollution, and harmful algal blooms, will exacerbate these die-offs. The conditions that 

have contributed to fish diseases and various die-offs in the Florida Keys may move to 

more northern latitudes. As sea surface temperatures continue to increase, the impacts 

may begin to affect more northerly coastal and marine environments that have thus far 

escaped these problems (FOCC 2009). 

 

Marine thermal stratification will change dissolved oxygen levels at different water 

depths. This will result in changes to zonation for animal and plant life and increase the 

probability of fish and other marine life kills (Coastal States Organization Climate 

Change Work Group 2007; Holman 2008; FOCC 2009; USEPA CRE 2008) 

 

Changes to coastal wetlands 

 

Although southwest Florida tide ranges are relatively small, tidal effects extend far inland 

because much of the state is so flat and low in relative elevation. Because sea level 

change has been relatively constant and slow for a long time, tidal wetlands such as 

mangrove forests and salt marshes have been able to grow into expansive habitats for 

estuarine and marine life. However, these tidal wetlands are sensitive to the rate of sea 

level rise and can perish if that rate exceeds their capacity to adapt. With rising sea levels, 

sandbars and shoals, estuarine beaches, salt flats, and coastal forests will be altered, and 

changes in freshwater inflow from tidal rivers will affect salinity regimes in estuaries as 

well as patterns of animal use. Major redistributions of mainland and barrier island 

sediments may have compensatory or larger benefits for wetland, seagrass, or fish and 

wildlife communities, but these processes cannot be forecast with existing models. 

 

Sea level change is an important long-term influence on all mangroves and salt marshes 

(Gilman et al. 2008). Based on available evidence, of all the climate change outcomes, 

relative sea level rise may be the greatest threat to mangroves. Most mangrove sediment 

surface elevations are not keeping pace with sea level rise, although longer term studies 

from a larger number of regions are needed. Rising sea level will have the greatest impact 

on mangroves experiencing net lowering in sediment elevation, where there is limited 

area for landward migration.  

 

Depending on the rate and extent of local sea level change, mangrove and salt marsh 

systems will respond differently (Titus and Richman 2005, 1987, Wanless et al.1994). If 

rates of sea level rise are slow, some mangrove salt marsh vegetation will migrate upward 

and inland and grow without much change in composition. If rates are too high, the salt 
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marsh may be overgrown by other species, particularly mangroves, or converted to open 

bodies of water. If there is no accretion of inorganic sediment or peat, the seaward 

portions of the salt marsh become flooded so that marsh grass drowns and marsh soils 

erode; portions of the high marsh become low marsh; and adjacent upland areas are 

flooded at spring tide, becoming high marsh. Sea level rise in southwest Florida has been 

relatively constant for the past 3,200 years at around 0.4 mm/yr, (0.02 in/yr) but is now 

thought to be rising at rates of 3 to 4 mm/yr (0.12 to 0.16 in.) based on tide measurements 

from Key West (Wanless et al.1994). If sea level rise continues at this present rate, many 

of Floridaôs coastal mangrove and salt marshes will be impacted. 

 

Don Cahoon (Cahoon et al. 1999) of the USGS has stated that if wetlands plant 

communities are unable to keep vertical pace with sea level rise they will likely be unable 

to keep pace with lateral migration upslope. This can occur because on some soil types 

when saltwater inundates formerly unsubmerged uplands sulfate reduction reactions can 

cause the land to sink up to six inches in micro-tidal areas that shift from nontidal 

wetlands directly to open subtidal waters (Titus, Pers. Comm. 2009). This would be 

mediated by fetch and wave action as well as by the emergent vegetation that is present, 

since both red mangrove (Rhizophora mangle) and saltmarsh cordgrass (Spartina 

alterniflora) can colonize low energy intertidal zones. 

 

Estuarine circulation, salinity, and faunal use patterns are already changing with changes 

in climate and sea level (Peterson et al. 2008). Many tidal wetlands are keeping pace with 

sea level changes (Estevez 1988). Some are accreting vertically, migrating up-slope, or 

both (Williams et al. 1999; Raabe et al. 2004; Desantis et al. 2007). The rate of sea level 

rise will be critical for tidal wetlands. 

 

Extirpation of cooler water temperate fishes that seasonally visit the Charlotte Harbor 

estuaries and alteration of reproductive rates and maturation in invertebrate species 

leading to declining populations can be expected from increases in global surface water 

temperatures (USEPA CRE 2008; Rubinoff et al. 2008; Holman 2008; USNOAA 2008). 

 

There will be changes associated with inundation of coastal wetlands and marshes 

including altered tidal ranges, tidal asymmetry leading to changes in tidal mixing, 

changes in sediment transport, migration of estuarine salinity gradients inland, migration 

inland of marsh species zonation, altered diversity of foundation dominant plant species, 

structural and functional habitat changes, and less sunlight available to submerged marsh 

plants (USEPA CRE 2008 ;USNOAA 2008; Titus 1998; Bollman 2007; Volk 2008a).  

 

Higher maximum temperatures, with more hot days and heat waves over nearly all land 

areas will negatively affect wetlands and freshwater bodies. There will be increased heat 

stress in fishes and wildlife, and increased animal mortality from heat stress.  With 

increasing temperature, many invasive tropical species are likely to extend their ranges 

northward. Native plants and animals, already stressed and greatly reduced in their 

ranges, could be put at further risk by warmer temperatures and reduced availability of 

freshwater (Twilley et al. 2001; USEPA CRE 2008). 

 

In many areas tidal saltwater and connected freshwater wetlands will become open water 



 Adaptation Plan Page 54 
 

as water depths exceed the depths tolerated by emergent and submergent vegetation 

(USCCSP 2008; USNOAA 2008; USEPA CRE 2008). 

 

Changes in precipitation will affect different wetlands differently with regional increases 

or decreases depending on the type and landscape position. Local extirpations of fish, 

amphibians, or water-dispersed plants are expected due to drought conditions that isolate 

and dry down tributaries and connected wetlands (USEPA CRE 2008; Holman 2008; 

FOCC 2009). 
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Figure 12: Wetlands and Uplands of Significance to Wetland Dependent Species 

Source: FWC 2006 
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Coastal and wetland up-gradient translocation 

 

As rising sea temperatures causes a five to 10% increase in hurricane wind speeds, storm 

events will result in increased beach erosion and losses of mangroves, marshes, and other 

wildlife habitats (USCCSP 2008; USNOAA 2008; USEPA CRE 2008).  With sea level 

rise there will be an increased inundation of low marsh dominated by Spartina and 

Juncus. Subsequently there will be a migration up-gradient and inland  of low marsh 

habitat into the high marsh areas with a resultant expansion of low marsh and a depletion 

of high marsh if high marsh does not have adjacent native upland to migrate into 

(USCCSP 2008; USEPA CRE 2008). More frequent or longer lasting droughts and 

reduced freshwater inflows could increase the incidence of extreme salt concentrations in 

coastal ecosystems, resulting in a decline of valuable habitats such as the mangroves and 

seagrasses (Twilley et al.  2001). 

 

Shoreline nourishment, or the addition of sand to an eroded shore, may be utilized as a 

mitigation factor to protect shorelines and human infrastructure. However, it disturbs 

indigenous biota living on and in the beach, and disrupts species that use the shoreline for 

nesting, nursing, and breeding. Wetlands elsewhere are perishing as estuarine and coastal 

forests and swamps are retreating and being replaced by marsh vegetation (Williams et al. 

1999; Raabe et al. 2004; Desantis et al. 2007). Open estuarine waters, some brackish 

marshes, and mangroves in south Florida estuaries are expanding (Glick and Clough 

2006; Hine and Belknap 1986). Even at constant rates of sea level rise, some tidal 

wetlands will eventually be ñpinched outò where their upslope migration is prevented by 

upland defenses such as seawalls (Estevez 1988; Schleupner 2008). 
 

Native and non-native marine and estuarine species range shifts and disease 

Floridaôs native marine and estuarine systems will change species composition, perhaps 

drastically, as climate changes (Williams and Jackson 2007, Fields et al. 1993). The 

impacts on living communities may stem from changing maximum and minimum water 

temperatures, rather than from changing annual means.  

 

The spread of invasive species may involve a gradual pushing out of native species of 

plants and animals (Holman 2008; FOCC 2009; USEPA CRE 2008). By giving 

introduced species an earlier start, and increasing the magnitude of their growth and 

recruitment compared with natives, global warming may facilitate a shift to dominance 

by non-native species, accelerating the homogenization of global animal and plant life 

(Stachowicz et al. 2002).  

 

The frequency and intensity of extreme climate events are likely to have a major impact 

on future fisheries production in both inland and marine systems (IPCC 2007b; Brander 

2007). Non-native, larger-bodied bivalves, a group of mollusks that includes oysters and 

clams, will be the most successful invaders, while native, large-bodied bivalves may be 

more sensitive to environmental changes. Consequently, the native species may either 

shift their ranges or become locally extirpated as climate shifts (Kaustuv et al. 2001).  
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Changes to phenology of anadromous fishes and other estuarine fishes will follow 

changes in fresh flows, tide levels, and timing of river flows (Peterson et al. 2007; 

USEPA CRE 2008). The cycle of spawning, eggs, early larval stages, nursery escape to 

vegetated wetlands, juvenile movement into seagrass beds, and adult entry to deeper 

waters or specialized habitats can be disrupted by the patterns of distribution and volumes 

of freshwater flows into the estuary. 

 

And, as sea level rise alters hydrology, water quality and habitats in wetlands with 

migration of estuarine salinity gradients, there will be reduced production of low-salinity 

mangroves with impacts on wood storks, roseate spoonbills and crocodiles and shifts 

from estuarine to marine character (USEPA CRE 2008; Holman 2008; Ogden et al. 

1999). 

 

The effects of disease in marine organisms are likely to become more severe, since 

warmer temperatures generally favor the development of pathogens relative to their hosts 

(Harvell et al. 2002). Non-native, tropical invasive species could overwhelm Floridaôs 

native temperate marine and estuarine systems (Bibby et al. 2007). Projections of future 

conditions portend further impacts on the distribution and abundance of fishes that are 

sensitive to relatively small temperature changes. Some species may not persist. Other, 

currently rare species may become dominant (Straile and Stenseth 2007). 

 

Lower-diversity wetlands will replace high-diversity wetlands in the tidal freshwater 

reaches of coastal rivers (Van Arman et al. 2005). Major spatial shifts in wetland 

communities, including invasions of exotic species, will occur (Dahdouh-Guebas et al. 

2005). More lowland coastal forests will be lost during the next one to three centuries as 

tidal wetlands expand across low-lying coastal areas (Castaneda and Putz 2007). Most 

tidal wetlands in areas with low freshwater and sediment supplies will ñdrownò where sea 

level rise outpaces their ability to accrete vertically (Nyman et al. 1993).  More than half 

of the salt marsh, shoals, and mudflats critical to birds and fishes foraging in Florida 

estuaries could be lost during the 21
st
 century (Glick and Clough 2006). Recreational and 

commercial fish species that depend on shallow water or intertidal and subtidal plant 

communities will be at risk (Glick and Clough 2006). The loss of tidal wetlands will 

result in dangerous losses of the coastal systems that buffer storm impacts (Badola and 

Hussain 2005). 

 

The coastal systems most vulnerable to sea level rise include freshwater marshes and 

forested wetlands in subsiding delta regions, mangroves in limestone areas, coastal 

marshes with human-altered patterns and areas with extensive human development 

(Twilley et al.  2001). 

 

Changes to up-gradient wetland and upland habitats 

Climate change is predicted to be one of the greatest drivers of ecological change in the 

coming century. Increases in temperature over the last century have clearly been linked to 

shifts in species distributions (Parmesan 2006). Given the magnitude of projected future 

climatic changes, Lawler et al. (2009) expects even larger range shifts over the next 100 

years. These changes will, in turn, alter ecological communities and the functioning of 

ecosystems. Despite the seriousness of predicted climate change, the uncertainty in 
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climate-change projections makes it difficult for conservation managers and planners to 

proactively respond to climate stresses. To address one aspect of this uncertainty, Lawler 

et al. (2009) identified predictions of faunal change for which a high level of consensus 

was exhibited by different climate models. Specifically, they assessed the potential 

effects of 30 coupled atmosphere-ocean general circulational model (AOGCM) future-

climate simulations on the geographic ranges of 2,954 species of birds, mammals and 

amphibians in the Western Hemisphere. Eighty percent of the climate projections based 

on a relatively low greenhouse gas emissions scenario result in the local loss of at least 

10% of the vertebrate fauna over much of North America. The largest changes in fauna 

are not predicted for Florida.  

 

Upland plant communities along tidal rivers and estuaries will be replaced by low-lying, 

flood-prone lands. Increased saline flooding will strip adjacent upland soils of their 

organic content (Williams et al 1999; Raabe et al. 2007).  

 

Increased air temperatures affecting wetland hydrology will alter salinity gradients. 

Subsequently there will be altered species distributions associated with salinity and the 

timing, depth, and duration of inundation. Species interactions will be altered and 

metabolic activity decreased with drought.  Many species will experience increased risk 

of disease and parasitism. Changes in drought and salinity will open niches for invasive 

species (USEPA CRE 2008; Holman 2008; FOCC 2009, Peterson et al. 2007; Lee 

County Visitor and Convention Bureau 2008).  

 

Changes in soil moisture could shift forest dynamics and composition. For instance, 

natural pine forests can tolerate lower soil moisture than oak-pine forests (Twilley et al.  

2001). 
 

Shifts in behavior phenology of perching birds, seabirds, and farmland birds have been 

observed and are expected to continue. Perching birds will  breed earlier in the calendar 

year. Seabird populations are expected to decline due to reduction in needed prey items at 

the right locations at the right time of the year. Farmland birds are expected to decline 

due to reduced food items being available at breeding time. This disjuncture between the 

breeding season and vital food or other resources availability is termed ñmismatchingò 
(Eaton et al. 2008; USEPA CRE 2008). 

  

Open grassland and forest areas in south Florida could become more vulnerable to 

damaging invasion by exotic species such as Chinese tallow, Melaleuca and Casuarina 

trees (Twill ey et al. 2001). 

  

Climate change will affect the phenology of pest and beneficial insects by altering 

reproductive cycles, feeding and predation, and mismatching with host plants and 

pollinators (Backlund et al. 2008). For example, moth phenology will be shifted to earlier 

dates. This will affect birds and other animals that depend upon the moths for food, the 

host plant vegetation that moth larvae feed on, and the plants that depend upon the moths 

for pollination (Eaton et al. 2008; USEPA CRE 2008). There will be both positive and 

negative outcomes depending upon the phenological sequence and nature of the 

participants. In any case significant change could be expected.  
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Air temperature increases will affect soil temperatures in uplands and other areas where 

reptiles nest. The increased soil temperatures may affect nesting lizards, changing 

hatchling gender determination, fitness, and hatch date, which may expose hatchlings to 

different prey availability and predation potentials (Telemeco 2009). Climate changes 

will affect amphibian populations' ranges, health, and phenology (Backlund et al. 2008; 

FOCC 2009; USEPA CRE 2008). .Increased air temperatures will also affect animal 

health, resulting in reduced feeding; reduced reproduction; reduced milk production (in 

mammals) for offspring; and increased pathogens and parasites (Backlund et al. 2008). 

 

Increased air temperatures and reductions in freeze events will result in mangrove habitat 

moving northward, replacing salt marsh in some areas (Doyle et al. 2003, Root et al. 

2003, Twilley et al. 2001, Twilley et al. 2001). Reduced frost frequency would allow 

expansion of black mangrove forests inland overtaking marshes (Twill ey et al. 2001). 
 

In freshwater streams, warmer water temperatures and a longer growing season could 

reduce habitat for cooler-water species, particularly fish, insects, snails, and shellfish. In 

very shallow water systems, higher temperatures could lead to oxygen depletion and 

cause potentially massive die-offs of fish and invertebrates (Twilley et al.  2001). 

 
The timing of seasonal temperature changes is expected to disrupt predator/prey 

availability; food and reproductive cycles; patterns of upstream faunal migration; 

disruption of temperature-driven behavior including breeding and hibernation; and 

disruption of biological ocean-estuary exchanges of fishes and invertebrates (Peterson et 

al. 2007). Events occurring in spring or summer may occur later or have a longer 

"window".  Events occurring in fall or winter may occur later or have a smaller 

"window".  Events dependent on seasonal rainfall may occur differently with changes in 

rainfall patterns. Some animal and plant populations may migrate northward or inland to 

conditions supporting their required limiting life/reproductive cycles. There may be local 

extirpation of some plant and animal populations with replacement by exotic species 

tolerant of/or advantaged by the new climate conditions.  

 

With flooding there will be changes to available habitat for burrowing species (USNOAA 

2008; USEPA CRE 2008). 

  
Drought caused by increased atmospheric temperatures will result in water stress on 

plant, animal and human communities. There will be increased mortality due to water 

stress and decreased resources (USNOAA 2008; USEPA CRE 2008). 
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Listed Animal Species 

 

As of April 21, 2009 the southwest Florida study area provides habitat for 32 State Listed 

Species, with 11 of these Federally Listed.   

 

Listed Animal Species of the City of Punta Gorda Area in the Order of Endangerment, as 

of June 24, 2009 

 
State Endangered Species 

 

West Indian manatee (Trichechus manatus latirostris), peregrine falcon (Falco 

peregrinus), wood stork (Mycteria americana), American crocodile (Crocodylus acutus), 

green sea turtle (Chelonia mydas), leatherback sea turtle (Dermochelys coriacea), 

Kempôs Ridley sea turtle (Lepidochelys kempii), hawksbill sea turtle (Eretmochelys 

imbricata), small-toothed sawfish (Pristis pectinata), shortnose sturgeon (Acipenser 

brevirostrum) 

  

State Threatened Species 

 

Southeastern American kestrel (Falco sparverius paulus), Florida sandhill crane (Grus 

canadensis pratensis), least tern (Sterna antillarum), Florida scrub jay (Aphelocoma 

coerulescens), eastern indigo snake (Drymarchon corais couperi), Atlantic loggerhead 

turtle (Caretta caretta), gopher tortoise (Gopherus polyphemus) 

  

State Species of Special Concern 

 

Sherman's fox squirrel (Sciurus niger shermani), roseate spoonbill (Platalea ajaja), little 

blue heron (Egretta caerulea), reddish egret (Egretta rufescens), snowy egret (Egretta 

thula), tricolored heron (Egretta tricolor), white ibis (Eudocimus albus), brown pelican 

(Pelecanus occidentalis), American oystercatcher (Haematopus palliatus), black 

skimmer (Rhynchops niger), burrowing owl (Athene cunicularia floridana), American 

alligator (Alligator mississippiensis), Atlantic (Gulf) sturgeon (Acipenser oxyrinchus 

desotoi), mangrove rivulus (Rivulus marmoratus)  

 

All of the listed species inhabiting the City of Punta Gorda can be expected to be 

impacted by potential climate change effects including habitat losses and translocations 

of habitat.  Eleven listed animal species occur in the waters of the marine and estuarine 

ecosystems  of southwest Florida including West Indian manatee (Trichechus manatus 

latirostris), American crocodile (Crocodylus acutus), green sea turtle (Chelonia mydas), 

leatherback sea turtle (Dermochelys coriacea), Kempôs Ridley sea turtle (Lepidochelys 

kempii), hawksbill sea turtle (Eretmochelys imbricata), Atlantic loggerhead turtle 

(Caretta caretta), shortnose sturgeon (Acipenser brevirostrum), Atlantic (Gulf) sturgeon 

(Acipenser oxyrinchus desotoi) and small-toothed sawfish (Pristis pectinata). The small-

toothed sawfish will encounter several problems from climate change in its critical 

habitats in the estuary:  
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 Changes in freshwater releases from the peace river watershed 

 Increased storm frequency 

 Increased storm severity 

 Increased water temperature 

 Increased harmful algae blooms 

 Increased nutrient run-off from watershed from increased precipitation 

 Decreased dissolved oxygen 

 Decreased in-river submerged aquatic vegetation 

 Decreased forage fish  

 

 

 
 

Photograph 6: Small-toothed sawfish (Pristis pectinata) in the Caloosahatchee River.  

Source: FWC 2008 
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Photograph 7: American crocodile in the Peace River.  
Source: FWC 

 

 

Twenty-six listed animal species utilize the mangrove habitats of Punta Gorda including 

West Indian manatee (Trichechus manatus latirostris), peregrine falcon (Falco 

peregrinus), wood stork (Mycteria americana), American crocodile (Crocodylus acutus), 

green sea turtle (Chelonia mydas), leatherback sea turtle (Dermochelys coriacea), 

Kempôs Ridley sea turtle (Lepidochelys kempii), hawksbill sea turtle (Eretmochelys 

imbricata), small-toothed sawfish (Pristis pectinata), shortnose sturgeon (Acipenser 

brevirostrum), southeastern American kestrel (Falco sparverius paulus), least tern 

(Sterna antillarum), eastern indigo snake (Drymarchon corais couperi), Atlantic 

loggerhead turtle (Caretta caretta), roseate spoonbill (Platalea ajaja), little blue heron 

(Egretta caerulea), reddish egret (Egretta rufescens), snowy egret (Egretta thula), 

tricolored heron (Egretta tricolor), white ibis (Eudocimus albus), brown pelican 

(Pelecanus occidentalis), American oystercatcher (Haematopus palliatus), black 

skimmer (Rhynchops niger), American alligator (Alligator mississippiensis), Atlantic 

(Gulf) sturgeon (Acipenser oxyrinchus desotoi), and mangrove rivulus (Rivulus 

marmoratus). 

 

The eastern brown pelican, a state species of special concern, nests predominantly on 

overwash mangrove islands and forages over open water, mudflats, and seagrass beds in 

the shallow waters of estuaries, creeks, and nearshore areas. Brown pelican rookeries are 

located on isolated red mangrove islands with a substantial water depth barrier that 

protects the nests from mainland predators. Diet consists of fish of all sizes. Foraging 

consists of plummeting dives, short plunges, and swimming scoops of fish. Historically, 
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brown pelican populations were reduced as a result of pesticides. Today, the greatest 

threats to brown pelicans are still human-caused. Brown pelicans and their 

nesting/roosting/loafing sites are vulnerable to disturbance from construction activities 

and monofilament line entanglement. Brown pelicans are especially susceptible to death 

and injury caused by sport fishing equipment. It has been estimated that over 500 

individuals die each year as a result of entanglement with fishing tackle (Schreiber 1978). 

 

The brown pelican provides an example of the interaction of stressors to negatively 

impact successful nesting at mangrove overwash island rookeries.  Nesting on overwash 

mangrove island rookeries will be threatened by increased sea levels, increased storm 

frequency, and increased storm severity. The forage fish that the young nestlings depend 

upon will be negatively affected by increased nutrient run-off from increased 

precipitation in the watershed that will stimulate and maintain increased harmful algae 

blooms. Increases in water temperature will move forage fish schools into the Gulf of 

Mexico away from rookeries and tidal passes. In addition, global warming will assist in 

the expansion of the summer range of the magnificent frigate bird (Fregata magnificens) 

in the Charlotte Harbor area. The frigate bird is a food stealer and predator on young 

chicks.  With increased presence there can be an expected increase in food stealing from 

parents attempting to feed young, resulting in malnutrition or starvation for chicks, and 

increased direct predation on chicks. 

 

 

 

Photograph 8: Brown pelican (Pelecanus occidentalis) and magnificent frigate bird (Fregata 

magnificens).  

Source: USFWS 2008 

 

 

Tricolored herons (Egretta tricolor), little blue herons (Egretta caerulea), white ibis 

(Eudocimus albus), and snowy egrets (Egretta thula) forage and nest in mangroves. Little 

blue herons and white ibis are the most common of the listed wading bird species 

observed in mangroves in southwest Florida (Beever 2005). Diet consists of small fish, 
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crustaceans, insects, frogs, and lizards (Ogden 1978a). Nesting in mangroves typically 

occurs on overwash islands. They appear to prefer to forage in freshwater habitats even 

when nesting in saltwater wetlands. The little blue heron forages throughout the wet and 

dry season in mangroves. Adjacent tidal wetlands are used throughout the year with 

greater emphasis during low tides on seagrass beds. The snowy egret forages throughout 

the wet and dry season in mangrove wetlands of the proper depth to allow for their 

foraging methods. Snowy egrets are the third most abundant listed wading bird observed. 

Preferred foraging areas are the seagrass beds and mudflats adjacent to the mangroves. 

Their diet consists of crustaceans, insects, and small fish (Ogden 1978c). 

 

Reddish egrets (Egretta rufescens) and roseate spoonbills (Platalea ajaja) are obligate 

mangrove breeders. Reddish egrets forage on the sandbars and mudflats adjacent to 

mangroves, in an active fashion with spread wings and rapid steps over unvegetated 

bottoms. Reddish egrets are the least abundant of the listed wading birds associated with 

mangroves. Reddish egrets utilize a limited set of saltwater habitats that allow for use of 

their unique foraging method. Diet consists of crustaceans and small fish. Kale and 

Maehr (1991) indicate that red mangrove rookeries are used during the December 

through June breeding period. Roseate spoonbills use dry-down pools in the high marsh, 

and during low tides, adjacent to mangroves. Preferred foraging areas included sheltered 

coves. They often forage in groups and with other wading birds including wood storks, 

great egret (Casmerodius albus), white ibis, and snowy egret. Roseate spoonbills nest 

exclusively in mangrove forests, typically on overwash islands, and forage wherever 

concentrations of small fish and crustaceans allow the birds to utilize their unique bills 

for feeding (Ogden 1978b). 

 

A wide variety of shorebird species forage on the mudflats of mangrove estuaries. 

Among the state listed species are the threatened least tern (Sterna antillarum); the black 

skimmer (Rhynchops niger), a species of special concern; and the American oystercatcher 

(Haematopus palliatus), also a species of special concern. Least terns and roseate terns 

require open beach or bare substrates for nesting near areas where schools of forage fish 

concentrate. American oystercatchers utilize oyster bars and mudflat areas in mangroves 

and nest on bare unvegetated shores. Foraging occurs throughout the year with seasonal 

movements tracking warmer conditions. 

 

Mangrove rivulus (Rivulus marmoratus) is a small fish living only in and around 

mangrove areas as far north as Indian River County south through the Keys and north to 

Tampa Bay on the west coast of Florida (Taylor and Snelson 1992). It is the only species 

of Rivulus in North America and has adapted to conditions of varying water levels and 

low oxygen levels of the mangrove community. It is an important link in the food chain, 

as it has been found to constitute part of the diet of many organisms including the wood 

stork .It is listed as a species of special concern by the state because of its limited 

distribution and vulnerability to loss of its habitat. 

 

Saltwater marshes support 23 listed animal species in the City of Punta Gorda.  

Freshwater marsh support 19 listed animal species. Marsh species that have preferred 

hydrologic needs for prey item selection include the wood stork and a variety of wading 
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birds with water depth niche partitioning including roseate spoonbill, little blue heron, 

reddish egret, snowy egret, and tricolored heron. 

 

There are also problems for listed species and other wildlife with inland retreat from the 

coast by humans.  Most southwest Florida xeric oak scrub is coastal or along rivers and 

streams. Inland retreat will eliminate the rarest of the upland habitats with endemic 

animals such as the Florida scrub jay and endemic listed plants. The interior pinelands 

and other uplands are the last refuge in southwest Florida of the Florida panther, Florida 

black bear, Shermanôs fox squirrel and red-cockaded woodpecker.   

 

Coastal Erosion and Sea Level Rise 

 
Global sea level rise is one of the most likely effects of global warming. Along much of 

the Florida coast, the sea level already has risen seven to nine inches per century. 

Because of local factors such as island subsidence and groundwater depletion, sea level 

rise will vary by location. For southwest Florida, the sea level is likely to rise 10 to 36 

inches by 2100. As sea level rises, coastal areas in Florida, particularly wetlands and 

lowlands along the Gulf coast, will be inundated. Adverse impacts in these areas could 

include loss of land and structures, loss of wildlife habitat, accelerated coastal erosion, 

exacerbated flooding and increased vulnerability to storm damage, and increased salinity 

of rivers, bays, and aquifers, which would threaten supplies of freshwater.  

 

Sea level rise will change coastlines in many ways (USEPA CRE 2008; Volk 2008; 

Bollman 2007; Titus 1998), including erosion with landward migration of coastlines, and 

barrier island disintegration. Where retreat is possible for natural systems, there will be a 

migration of mangrove and marsh species, altered plant community structural diversity 

with potential changes in dominant or foundation species, and structural and functional 

habitat changes. The ability of barrier islands to shield coastal areas from higher storm 

surges and the destructive effects of hurricanes will be reduced through time (Fiedler et 

al. 2001; Titus 1998; USEPA CRE 2008). Coastal transportation infrastructure will be 

impacted by increased overwash and breaching of coastal roads (Sallenger et al. 2005 and 

2006). Low barrier islands will vanish, exposing marshes and estuaries of Charlotte 

Harbor to open-coast; high fetch conditions (Sallenger et al. 2009). 

 

NOAA defines beach erosion as ñthe carrying away of beach materials by wave action, 

tidal currents, or wind.ò Coastal erosion is a natural process even in pristine 

environments; however, in areas where human activity negatively impacts the shoreline, 

coastal erosion can become a serious problem. It is estimated that coastal erosion in the 

U.S. costs $700 million annually (National Sea Grant Office). 

 

Beach sand originates mainly from rivers and streams which carry it directly to the ocean. 

Sand also comes from the gradual weathering of exposed rock formations and cliffs along 

the shore, and from the deterioration of shell, coral, and other skeletal fragments of 

marine life.  

 

Wave action, wind, and currents move sand up and down the coast. This movement is 

called long-shore transport. Sand is also moved onshore and offshore by waves, tides, and 
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currents. During storms, high-energy waves often erode sand from the beach and deposit 

it offshore as submerged sandbars. This sand is then moved back onshore by low-energy 

waves in periods of calm weather. Sand that is moved offshore by winter storms, leaving 

steep narrow beaches, is returned to the shore by gentle waves of summer, creating wide, 

gently sloping beaches (National Sea Grant Office). 

 

Erosion and accretion of sediment on coasts are natural processes influenced by beach 

slope, sediment size and shape, wave energy, tides, storm surge, and nearshore 

circulation, among other things. Human activities such as dredging, river modification, 

removal of backshore vegetation, and installation of protective structures such as 

breakwaters can profoundly alter shorelines, mainly by affecting the sediment supply 

(National Sea Grant Office). 

 

According to the Evaluation of Erosion Hazards Study prepared for FEMA by the H. 

John Heinz III Center for Science, Economics, and the Environment, the average annual 

erosion rate on the Atlantic coast is roughly two to three feet per year and up to six feet 

per year for states bordering the Gulf of Mexico. Charlotte County currently has several 

miles of its beaches classified as critical erosion areas.  

 

Over 409 miles, or approximately 50% of Floridaôs beaches are already experiencing 

erosion. At present, about 299 of the stateôs 825 miles of sandy beaches are experiencing 

ñcritical erosionò, a level of erosion which threatens substantial development, 

recreational, cultural, or environmental interests. While some of this erosion is due to 

natural forces and imprudent coastal development, a significant amount of coastal erosion 

in Florida is directly attributable to the construction and maintenance of navigation inlets 

and shoreline hardening. Florida has over 60 inlets around the state, many have been 

artificially deepened to accommodate commercial and recreational vessels and they 

employ jetties to prevent sand from filling in the channels. A by-product of this practice 

is that the jetties and the inlet channels have interrupted the natural flow of sand along the 

beach causing an accumulation of sand in the inlet channel and at the jetty on one side of 

the inlet, and a loss of sand to the beaches on the other side of the inlet (Department of 

Environmental Protection Bureau of Beaches and Coastal Systems Beach Erosion 

Control). 

 
Currently, none of the structures that fall within the boundaries of the City of Punta 

Gorda fall within the Coastal Erosion Hazard Area and no structures in Punta Gordaôs 

boundaries are considered at risk for losses to coastal erosion. As sea level rises this will 

change. 

 

The primary vehicle for implementing beach management planning recommendations to 

address coastal erosion is the Florida Beach Erosion Control Program, which is a 

program established for the purpose of working in concert with local, state, and federal 

governmental entities to achieve the protection, preservation and restoration of the coastal 

sandy beach resources of the state. Under the program, financial assistance in an amount 

up to 50 percent of project costs is available to Florida's county and municipal 

governments, community development districts, or special taxing districts for shore 
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protection and preservation activities located on the Gulf of Mexico, Atlantic Ocean, or 

Straits of Florida. This is not a useful mechanism for addressing the coastal erosion that 

will impact the City of Punta Gorda.  

 
Coastal shorelines, beaches, mangroves, low marsh, river and creek shorelines will 

experience higher tides including higher high tides, higher normal tides, and higher low 

tides as a result of sea level rise resulting from increased temperature and expansion of 

water volume (Titus 1998; USEPA CRE 2008; Folland & Karl 2001; IPCC 2007c).  

 
Development of Sea Level Rise Maps 

 

Current trends and policies regarding land use, conservation and shoreline protection 

provided a starting point for developing maps of the cityôs likely land use response to sea 

level rise.  Nevertheless, because those policies do not precisely correspond to existing 

land use categories, and because those categories can change over time, some analysis 

and judgment is necessary to develop the maps.  This section explains and documents the 

procedures used to create the maps. A detailed discussion of the process used to 

determine the likely extents of coastal protection/hardening can be found in Appendix VI. 

 

This sea level rise portion of the study began by examining three sea level rise ñseverityò 

scenarios:  best case, worst case, and moderate case are based upon the results of Table 2, 

below.  This table is based on using Tables 9-1 and 9-2 of the USEPA Report "The 

Probability of Sea Level Rise."  Basically, the formula is to multiply the historic sea level 

rise (2.3 mm/yr) in Southwest Florida (closest point used is St. Petersburg, Fl., Table 9-2) 

by the number of future years from 1990, plus the Normalized Sea Level Projections in 

Table 9-1.  For the study the 90% probability is considered the best case, the 50% 

probability the moderate case, and the 5% probability the worst case scenario. 
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Probability 
(%) 

2025 2050 2075 2100 2150 2200 

 cm inches cm inches cm inches cm inches cm inches cm inches 

90 (best) 7 2.8 13 5.0 20 7.7 26 10.4 40 15.7 53 21.0 

80 9 3.6 17 6.6 26 10.1 35 13.9 53 20.8 71 28.1 

70 11 4.4 20 7.8 30 11.6 41 16.3 63 24.7 85 33.6 

60 12 4.7 22 8.6 34 13.2 45 17.8 72 28.3 99 39.1 

50 
(moderate) 13 5.1 24 9.4 37 14.4 50 19.8 80 31.4 112 44.2 

40 14 5.5 27 10.6 41 16.0 55 21.8 90 35.4 126 49.7 

30 16 6.3 29 11.3 44 17.1 61 24.1 102 40.1 146 57.6 

20 17 6.7 32 12.5 49 19.1 69 27.3 117 46.0 173 68.2 

10 20 7.9 37 14.5 57 22.3 80 31.6 143 56.2 222 87.5 

5 (worst) 22 8.7 41 16.1 63 24.6 91 35.9 171 67.2 279 110.0 

2.5 25 9.9 45 17.6 70 27.4 103 40.7 204 80.2 344 135.6 

1 27 10.6 49 19.2 77 30.1 117 46.2 247 97.2 450 177.3 

Mean 13 5.1 25 9.8 38 14.8 52 20.6 88 34.6 129 50.9 

             

*The results of this table are based on using Tables 9-1 and 9-2 of the USEPA Report "The Probability 
of Sea Level Rise".          

 

Table 2: Sea Level Projection by Year for Southwest Florida 

 

While the IPCC (2007d) has been a standard for current planning purposes, several 

researchers and scientists that express non-empirical opinions (Rahmstorf 2007) based on 

other methods of modeling consider the IPCC projections to be conservative and expect 

climate change to be more severe. This is because the A2 scenario as presented in IPCCôs 

Fourth Assessment Report (2007) excludes some of the feedback mechanisms that could 

accelerate the melting of the Greenland and Antarctic ice sheets.  

 

During our literature review, we found that Stanton and Ackerman (2007) foresee a 

different set of climate future extremes that include either a response to climate change 

by humans to reduce green house gases, or inaction, a likely scenario at the time of their 

reportôs publication.   Floridaôs future climate depends on overall emissions of 

greenhouse gases today and in the decades to come, and - because carbon dioxide persists 

in the atmosphere for a century or more - on the impacts of accumulated past emissions. 

Stanton and Ackerman compared two scenarios: an optimistic rapid stabilization case 

and a pessimistic business-as-usual case. These scenarios represent plausible extremes of 

what is expected to happen if the world succeeds in a robust program of climate 

mitigation, versus what is expected to happen if very little is done to address climate 

change. The difference between the two is the avoidable damage to Florida. It can be 

seen as the benefits of mitigation, or, from an opposite perspective, the costs of inaction. 
 




