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Executive Summary 

 
The Orange Creek Basin Working Group (OCBWG), formed in 2005, is comprised of Florida 

Fish and Wildlife Conservation Commission (FWC) biologists who are either experts or possess 

applied knowledge in the management of the aquatic habitats for fish and wildlife species present 

in the Orange Creek Basin (OCB).  The OCBWG mission is to implement and coordinate 

management strategies that promote an equitable habitat distribution approach to optimize the 

health and diversity of fish and wildlife populations and benefits for people.  To achieve this 

mission, a goal of the OCBWG is to produce science-based guidelines of fish and wildlife habitat 

requirements for use in the development of specific management actions to monitor, maintain, or 

alter habitat type, quality and function in response to the dynamic environmental conditions in 

the OCB.  It is the intent of the OCBWG that this guidelines document will communicate how 

FWC will manage aquatic habitats for fish and wildlife within the OCB, and to inform 

stakeholders and agencies having management responsibility and/or authority in the OCB.  This 

will be a living document that will be updated as new information becomes available and habitat 

conditions in a given water body change in response to natural processes or to management 

activities.  This version was updated in December 2014. 

 

This guidelines document was developed to: 

 Identify relevant species groups or “focal taxa” (i.e. fish, wading birds, etc.) 

 Define available habitat types (i.e. shallow marsh, tree-island, etc.) 

 Establish suitability of habitat types for each focal taxon  

 Evaluate the amount of suitable habitat currently available for each focal taxon using 

established mapping techniques and Geographic Information System (GIS) 

 Provide this information in a format that is easily useable as a dynamic reference 

 Apply this process to the largest lake in the basin (Orange Lake) 

 Apply this process to other lakes in the basin 

 Update this information in a timely manner 

 

This guidelines document can be used to: 

 Quantify acreage of available habitats in near real-time 
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 Identify specific areas to be maintained for current conditions  

 Identify specific areas to be managed/altered for preferred conditions  

 Predict the impact of a proposed management/alteration action on individual focal taxa 

 Develop management actions based on maximum benefit to all focal taxa 

 

Current Status: 

 Habitat assessment methods have been established and evaluated, and will be applied as 

determined by environmental and fiscal conditions.  These methods have been applied to Orange 

Lake and the results are reported in the document.  Appropriate adaptations of these methods will 

be applied to Lochloosa and Newnans Lake in the future.   

HABITAT TYPE AND FOCAL TAXA 

The OCBWG chose eight major habitat types for evaluation of fish and wildlife habitat needs: 

tree island, shrub swamp, shallow marsh, floating marsh, deep marsh, floating island, open water 

and hydrilla (Hydrilla verticillata).  Furthermore, submerged aquatic vegetation (SAV) occurs 

within all the described habitat categories and serves an important function to fish and wildlife, 

as such it was addressed in the context of the habitat categories where it occurs.  Fish and 

wildlife focal taxa were selected because they represented species that exhibited one or more of 

the following unranked criteria: high economic importance, high recreational importance, 

sensitive to habitat manipulations, keystone species (a species that has a disproportionate effect 

on its environment relative to its abundance), and rare or listed (in need of specific habitat 

protection).  Based on these criteria, the following focal taxa were selected for the OCBWG 

document: 

 Wading birds – highly visible, some listed species, dependent on aquatic habitats, 

sensitive to changes in habitat quality. 

 Waterfowl – economically and recreationally valuable group, some species sensitive to 

habitat changes. 

 Bald eagles (Haliaeetus Leucoephalus) – species of conservation emphasis largely 

dependent on aquatic habitats for foraging.  

 Centrarchid fish – economically and recreationally valuable group, good indicator for 

overall fish habitat quality, apex predators. 
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o Largemouth bass (Micropterus salmoides) – economically and recreationally 

valuable species, typically occupying vegetated areas of the lake. 

o Black crappie (Pomoxis nigromaculatus) – economically and recreationally 

valuable species, typically occupying the open water areas of the lake. 

 Herpetofauna (other than alligators) – turtles, snakes, frogs, and salamanders are 

important groups of species for food web, and pig frogs (Lithobates grylio) are 

recreationally and economically important. This group represents a major component of 

biodiversity of lakes. 

o Alligators (Alligator mississippiensis) – keystone predator, economically and 

recreationally valuable species, ecosystem engineer. 

 Round-tailed muskrats (Neofiber alleni) – species of conservation emphasis, sensitive to 

extreme water level fluctuations and habitat changes. 

 

Guidelines required that the habitat objectives for all focal taxa be specific, measurable, 

achievable, results-oriented, and time-fixed.  These habitat objectives were representative of the 

habitat suitability of specific focal taxon within the system, rather than maximum preferences.  

For example, it would be unreasonable to suggest that 100% of the system be composed of 

shallow marsh habitat for the benefit of one focal taxon and to the detriment of other focal taxa. 

HABITAT MATRIX EVALUATION 

Each sponsor assessed their focal taxon based on measurable habitat characteristics (metrics) of 

vegetation, which included:  percent of the total lake area for each habitat type, percent area 

coverage for SAV, emergent and total vegetation, density, species composition, bottom substrate, 

location, contagion index value and minimum block size.  Focal taxa experts then provided 

recommendations for each metric that defined a range of desirable conditions for their respective 

focal taxa.  The desired values and/or ranges for each focal taxon were compiled and 

summarized by habitat type into a tabular format, or habitat matrix.  The values in the matrix 

were then compared to determine where suitable habitat ranges among focal taxon overlap or 

conflict.  An integrated range for each habitat metric was derived by calculating the midpoint of 

each focal taxon’s desirable habitat range, and then selecting the highest and lowest of these 

midpoints to represent the upper and lower bounds of the integrated range.  This process was 

repeated for all habitat types on each lake to derive an “optimum habitat condition” that would 
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maximize habitat suitability for the broadest range of focal taxa possible.  These “optimum” 

ranges were used to establish targets and to evaluate the current conditions of the system in 

relation to habitat preferences of focal taxa.  Adhering to these ranges will ensure the minimum 

habitat requirements of all focal taxa are met and that no focal taxa are negatively impacted by 

management activities.  Values outside of the compromised ranges should be considered sub-

optimal but not necessarily undesirable. 

GIS HABITAT ANALYSIS 

Color-infrared digital aerial imagery at a pixel resolution of 0.3 m (1 ft) was acquired for the 

OCB in April to June of 2007, 2010 and 2013.  Vegetation communities were mapped within the 

littoral zones of Lakes Newnans, Lochloosa, and Orange.  Photointerpretation with ground 

truthing was used to identify and delineate areas (polygons) on the imagery that displayed 

distinct plant-community signatures.  All maps were subsequently reclassified to the habitat 

classifications used in this document.  The littoral vegetation maps provided the framework for 

further analysis using a Geographic Information System (GIS).  GIS analysis was used to 

identify areas in the lake that contained aquatic plant communities and coverages known to 

provide usable habitat conditions, including high-quality habitat (provides excellent conditions) 

and acceptable habitat (provides suitable conditions) for each of the focal taxa.  Combined 

analysis then compared the individual results to generate an overall habitat value for each area of 

the lake.  Areas with the least habitat value were selected as potential management areas, where 

habitat enhancement activities have the greatest potential to improve habitat conditions with 

minimal risk of degrading habitat for any of the focal taxa. 

ORANGE LAKE HABITAT MATRIX 

A habitat matrix was developed for Orange Lake by focal taxa sponsors who decided on a range 

of values for the characteristics of each habitat type that best fit their taxon.  Focal taxa experts 

used the habitat matrix and resulting target ranges to establish management guidelines for each 

habitat type in narrative and tabular form. 

ORANGE LAKE GIS ANALYSIS 

Total mapped coverage of each habitat type was compared to the target ranges from the habitat 

matrix to evaluate the status of lakewide habitat in Orange Lake during 2007, 2010, and 2013.  

When observed coverage fell short of a target range for a habitat type, it was considered deficient 
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(i.e., insufficient area of that habitat type was available to support the focal taxa). When observed 

coverage exceeded a target range for a habitat type, it was considered excessive (i.e., although 

sufficient area of that habitat type was available to support the focal taxa, insufficient area 

remained to attain target ranges for all the other habitat types).  Mapped coverage exceeded the 

target range for shrub swamp and fell short of the target range for shallow marsh in all years.  

GIS analysis was used to calculate the lakewide area of high-quality and acceptable habitat for 

each focal taxon.  The amount of total habitat (high-quality plus acceptable) was greatest for 

herpetofauna and centrarchids in all years.  Focal taxa with the least amount of total habitat 

included alligator nesting and wading bird roosting in 2007 and 2010, and ring-necked duck and 

wood duck in 2013.  Areas that provided the least habitat value were identified as potential 

management areas, where management designed to change the habitat type has the greatest 

potential to improve habitat conditions for the greatest number of focal taxa and the lowest risk 

of negatively impacting habitat quality for any focal taxa.  Future mapping efforts are scheduled 

to occur on a three-year interval, pending suitable water levels, so that habitat changes and trends 

may be documented and incorporated into management planning. 
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INTRODUCTION 

 
The Florida Fish and Wildlife Conservation Commission (FWC) has traditionally developed and 
implemented lake management plans that focused on improving habitat conditions for a single 
fish or wildlife species, such as largemouth bass (Micropterus salmoides).  Recent agency 
reorganization and associated rewriting of the FWC Strategic Plan incorporated the concept of a 
team approach for effective management of fish and wildlife resources.  Under this approach, 
when teams or working groups are formed, they are expected to involve experts from multiple 
disciplines to provide a broader perspective for the issues being addressed.  The intent is to 
ensure that the issues being addressed are evaluated more thoroughly and better solutions are 
produced.   
 
The FWC Orange Creek Basin Working Group (OCBWG), formed in 2005, is composed of 
resource biologists who have specific knowledge of and expertise in fish and wildlife species and 
their habitats in the Orange Creek Basin (OCB).  The mission and goal of the OCBWG, stated in 
more detail below, is to produce a holistic guiding document for the development of lake-
specific habitat management plans.  This document is a set of management guidelines to be 
followed when subsequently developing a management plan.  This approach was preferred by 
the OCBWG because management plans need to account for the dynamic changes that occurs in 
the fish and wildlife populations and the habitats present in the water bodies of the OCB, 
particularly in Orange Lake.  As such, previous management plans for the OCB were either not 
fully implemented or quickly became obsolete as a result of the changing conditions that occur 
within the OCB.  
 
The approach of first developing broad-based resource management guidelines has become an 
important element for developing aquatic habitat management plans.  These guidelines provide a 
science-based framework for understanding potential tradeoffs in benefits and costs to fish and 
wildlife populations that can result from specific management actions.  This approach is 
consistent with the FWC Strategic Plan (http://myfwc.com/about/overview/strategic-plan/).  
Strategic Plan elements and behaviors include but are not limited to science based decision-
making, stakeholder involvement in decision-making, informed decision-making, proactive 
leadership, partnership development, building a collaborative work force, and developing 
leading-edge resource management programs.  The mission of the FWC is the core of our 
Strategic Plan: To manage fish and wildlife resources for their long-term well-being and the 
benefit of people. 
 
These guidelines incorporate a comprehensive set of habitat descriptions, along with summaries 
of habitat conditions required to maintain or enhance robust populations of the fish and wildlife 
that are present.  Further, this document incorporates a scientific modeling approach for 
analyzing the dynamic relationships between habitat preferences of the multiple species that are 
present and the availability of their preferred habitats.  This document will serve as a guide for 
the development of cooperative habitat management plans for the major water bodies within the 
OCB.  Therefore the focus of these guidelines is on lakes and not other waters (i.e., streams, 
wetlands).  This document is not intended to stand alone as a management plan for the OCB.  
Instead, this document is intended to serve as a primary reference to the resource managers who 

http://myfwc.com/about/overview/strategic-plan/
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will develop future management plans.  This approach will result in sound, effective, science-
based management strategies that are formulated as management needs arise.  This will be a 
living document that will be updated as new information becomes available and habitat 
conditions in a given water body change in response to natural processes or to management 
activities.   
 

ORANGE CREEK BASIN MISSION 

Implement and coordinate management strategies that promote an equitable habitat distribution 
approach to optimize the health and diversity of fish and wildlife populations and benefits for 
people. 
 

ORANGE CREEK BASIN VISION 

Create and maintain a diverse and healthy ecosystem within the OCB that balances needs for 
healthy fish and wildlife populations with sustainable public use. 

 

ORANGE CREEK BASIN GOAL 

Facilitate the long-term maintenance and enhancement of aquatic fish and wildlife habitats in the 
OCB. 

ORANGE CREEK BASIN OBJECTIVES 

 
1. Identify and define the habitat types represented within the OCB. 
2. Identify important fish and wildlife focal taxa and the quality and quantity of habitats in 

which they exist.  
3. Provide a framework for developing management priorities, work plans and research 

needs in order to ensure that agency resources are directed efficiently and effectively. 
4. Define and communicate the FWC’s position on how to manage the diverse aquatic 

habitats for fish and wildlife within the OCB. 
 
 

BACKGROUND and METHODS 

OCB PHYSICAL ENVIRONMENT AND MANAGEMENT HISTORY 

 
The OCB is a sub-drainage of the lower Ocklawaha River Basin, and drains approximately 1,000 
mi2 (1,550 km2) in Alachua, Marion, and Putnam counties (Lasi and Shuman 1996).  The OCB is 
comprised of six sub-basins:  Hogtown Creek, Paynes Prairie, Newnans Lake, Lochloosa Lake, 
Orange Lake, and Orange Creek.  Surface drainage within the OCB flows from Hogtown Creek 
to Paynes Prairie, Newnans Lake to Paynes Prairie, Paynes Prairie to Orange Lake, Lochloosa 
Lake to Orange Lake, and Orange Lake to Orange Creek (Lasi and Shuman 1996).  See Figure 1. 
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Figure 1. Map of Orange Creek Basin located within Alachua, Putnam and Marion Counties.    
Primary sub-basins and lakes are labeled. Arrows indicate flow direction of surface drainage. 

 
The three major lakes in the OCB (Lakes Newnans, Lochloosa, and Orange) can be characterized 
as large (6,700, 8,400, and 12,700 acres, respectively), shallow (5, 7, and 5.6 ft average depth, 
respectively), and eutrophic systems, due in part to the geomorphology of the lakes (Gottgens 
and Montague 1987, Lasi and Shuman 1996).  These lake basins are dominated by the 
Hawthorne Formation, which consists of phosphatic sands, clays, and limestone, and acts as a 
confining layer to the Floridian Aquifer (Brooks 1982).  In addition, Orange Lake contains a 
portion of the Ocala Group at the surface that is characterized by karst topography with sinkhole 
and solution features. 

 
Due to high productivity, Lakes Newnans, Lochloosa, and Orange have historically supported 
abundant and diverse fish and wildlife.  In particular, the fisheries resources within the three 
lakes significantly contribute to the local economy and these lakes were designated as Fish 
Management Areas (FMA) in 1963 in a cooperative agreement between the Florida Game and 
Freshwater Fish Commission and Alachua County.  Studies conducted on Orange Lake in 1977 
and 1986 estimated the annual economic value of the largemouth bass fishery as 1 million 
dollars (Colle et al. 1987) and 5 million dollars (Milon 1986), respectively.  Consequently, Lakes 
Newnans, Lochloosa, and Orange have been primarily managed for their fisheries.  In addition, 
due to their exceptional recreational and ecological significance, Lochloosa Lake, Orange Lake, 
Cross Creek and River Styx were designated as “Special Water” Outstanding Florida Water by 
the Florida Department of Environmental Protection Agency in 1987. 
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Since the mid 1970s, these lakes have experienced drastic changes in aquatic macrophyte 
abundance and species composition, eutrophication, and more recently, record high and low 
water levels.  These processes have presented challenges to multiple agencies involved in aquatic 
resource management of the OCB.  The FWC manages fish and wildlife through harvest 
restrictions, stock enhancements, and habitat manipulation.  Additionally, FWC’s Invasive Plant 
Management Section, formerly housed in the Florida Department of Environmental Protection 
(FDEP), spends considerable effort and resources managing exotic and invasive aquatic plants.  
The FDEP sets Total Maximum Daily Loads (TMDL) in waterbodies, including the OCB, to 
quantify pollutant reductions that are needed to achieve water quality targets based on state water 
quality standards.  The FDEP recently produced an Orange Creek Basin Management Action 
Plan with strategies aimed at achieving target levels.  The St. Johns River Water Management 
District (SJRWMD) assists in the TMDL process by developing Pollutant Reduction 
Management Goals, and is also responsible for setting minimum flows and levels in all water 
bodies in the OCB.  Alachua County acquires, manages, and improves environmentally 
significant lands in the OCB to protect habitat and water resources, and ensures that new and 
existing developments comply with Alachua County's land development regulations.  However, 
effective long term management of lakes within the OCB for fish and wildlife values has been 
elusive primarily due to human population growth, habitat alteration and degradation, and lack of 
a unified and comprehensive management plan supported by all agency and public stakeholder 
groups.  A recent paper recommended that integrated management plans should be produced for 
all public water bodies in Florida (Hoyer et al. 2005). 
 
Natural processes that historically occurred during extreme flood and drought events have been 
severely altered as a result of changes within the OCB.  Sediment and vegetative transport during 
floods have been hindered by modifications to the lake outlet.  Burning of excessive plant 
material during droughts has been eliminated by fire prevention due to safety concerns 
associated with nearby interstates and highways.  Therefore, resource managers have relied on 
habitat management practices that mimic these processes.  During drought conditions, practices 
such as organic sediment removal have been used to delay or set back succession and provide 
firm substrate for vegetation root structure.  Sediment tilling has been used to aerate the substrate 
and break up the root structure of tussock-forming vegetation to mitigate excessive floating 
islands.  During average water levels, practices such as mechanical shredding (i.e., cookie-cutter) 
have been used to maintain navigation channels and break-up floating marshes to maintain 
connectivity between the deep marsh and shallow marsh habitats.  Similarly, mechanical 
vegetation harvesting has been used to accomplish this goal, with the added benefit of removing 
the harvested material from the lake to avoid additional organic deposition.  Finally, herbicide 
applications have been regularly used to maintain control of exotic and invasive aquatic 
vegetation.  Although most of these management strategies have traditionally focused upon fish 
population goals, the overall objectives were to mitigate aquatic plant succession and maintain 
the diverse vegetative composition within and among habitat types in the OCB. 

 
 
 

HABITAT TYPES AND FOCAL TAXA 
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The habitat types of Orange Lake were previously described, classified, and/or quantified by 
Bryan and Warr (1998), Clarke and Reddy (1998), and Warr et al. (1999).  In addition to 
providing a baseline of vegetative composition and locations of major aquatic habitat types in 
Orange Lake, these reports provide a definition of habitats that are represented to varying 
degrees in wetlands and lakes throughout the OCB.  Therefore, these definitions were referenced 
and incorporated into this document for standardization purposes.  The six major habitat types 
were tree island, shrub swamp, shallow marsh, floating marsh, deep marsh, and floating island.  
Sub-categories of most types were also defined by Bryan and Warr (1998), and often were 
included with the classification used in this document.   
 
In addition to the previously classified habitat categories, the OCBWG included habitat 
categories for open water and hydrilla (Hydrilla verticillata) to account for all remaining areas 
within the lake boundaries.  Hydrilla can have profound ecological costs and benefits to some 
species of fish and wildlife.  The OCBWG determined that it was necessary to address those 
issues directly to provide managers with the tools they need to make effective management 
decisions when controlling hydrilla in the basin.  Furthermore, submerged aquatic vegetation 
(SAV) occurs within all the described habitat categories and serves an important function to fish 
and wildlife, as such it was addressed in the context of the habitat categories where it occurs.   
 
Habitat objectives for the OCB were derived by examining important fish and wildlife focal taxa 
and evaluating their habitat needs (Ryti 1992, Pearman 2006).  The habitat requirements for each 
focal taxon were defined by species experts using available biological literature combined with 
professional judgment.  General assumptions for habitat use by focal taxa were determined and 
then used as the basis for evaluating habitat suitability within the basin.  Focal taxa that were 
selected were identified because they represented species that exhibited one or more of the 
following unranked criteria: 

 
 High economic importance. 
 High recreational importance. 
 Sensitive to habitat manipulations. 
 Keystone species (a species that has a disproportionate effect on its environment relative 

to its abundance). 
 Rare or listed, and in need of specific habitat protection.  

 
Based on these criteria, the following focal taxa were selected for the OCBWG document: 

 
 Wading birds – highly visible, some listed species, dependent on aquatic habitats, 

sensitive to changes in habitat quality. 
 Waterfowl – economically and recreationally valuable group, some species sensitive to 

habitat changes. 
 Bald eagles (Haliaeetus leucocephalus) – species of conservation emphasis largely 

dependent on aquatic habitats for foraging.  
 Centrarchid fish – economically and recreationally valuable group, good indicator for 

overall fish habitat quality, apex predators. 
o Largemouth bass  – economically and recreationally valuable species, typically 

occupying vegetated areas of the lake. 
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o Black crappie (Pomoxis nigromaculatus) – economically and recreationally 
valuable species, typically occupying the open water areas of the lake. 

 Herpetofauna (other than alligators) – turtles, snakes, frogs, and salamanders are 
important groups of species for food web, and pig frogs (Lithobates grylio) are 
recreationally and economically important. This group represents a major component of 
biodiversity of lakes. 

o Alligators (Alligator mississippiensis) – keystone predator, economically and 
recreationally valuable species, ecosystem engineer. 

 Round-tailed muskrats (Neofiber alleni) – species of conservation emphasis, sensitive to 
extreme water level fluctuations and habitat changes. 

 
Each fish and wildlife focal taxon was sponsored by a member of the OCBWG with specific 
expertise in the habitat requirements of the taxon they were asked to represent.  Each sponsor 
developed a document containing the overall management goal, rationale, and habitat-specific 
objectives for their focal taxon (Appendix A).  Guidelines required that the habitat objectives for 
all focal taxa be specific, measurable, achievable, results-oriented, and time-fixed.  These habitat 
objectives were representative of the habitat suitability of specific focal taxon within the system, 
rather than maximum preferences.  For example, it would be unreasonable to suggest that 100 % 
of the system be composed of shallow marsh habitat for the benefit of one focal taxon and to the 
detriment of other focal taxa. 
 
Invertebrates are an integral component of freshwater food webs and are vital to the 
decomposition and nutrient cycling processes.  Invertebrates provide an essential food resource 
for alligators, wading birds, waterfowl, centrarchid fish, mammals, herpetofauna in the OCB.  
The major habitat types at Orange Lake were evaluated by an invertebrate expert regarding the 
potential composition of the invertebrate assemblages that may occur in those habitats based on 
similar habitat assemblage surveys conducted at other Florida lakes (Appendix B).   Invertebrate 
focal taxa were not identified or included in the initial habitat objectives analysis for Orange 
Lake, but will be identified and included in future habitat objectives analysis for all water bodies 
in the OCB. 
 

INVASIVE PLANT MANAGEMENT 

 
Invasive plants degrade and diminish Florida's conservation lands and waterways 
(http://myfwc.com/wildlifehabitats/invasive-plants/).  Some invasive aquatic plants pose a 
significant threat to human welfare by impeding flood control and affecting recreational use of 
waterways and its associated surrounding economy.  The guideline is to keep water hyacinth 
(Eichhornia crassipes) and water lettuce (Pistia stratiotes) populations at extremely low levels 
(less than 5 acres [2 ha]), maintaining maintenance level control.  This prevents damage to 
beneficial species, reduces organic deposits on the lake bottom, and reduces herbicide usage.  
Strategies implemented to achieve management goals can include but are not limited to:  
herbicide, mechanical treatment, or biological.  Hydrilla management is addressed below in the 
Habitat Classifications section under the heading Hydrilla.   

http://myfwc.com/wildlifehabitats/invasive-plants/
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IMPERILED SPECIES 

 
The imperiled species listing status for Florida has been revised to 3 categories: U. S. Fish and 
Wildlife Service listed (Federal), Florida state listed (Threatened), and Florida species of special 
concern (http://myfwc.com/wildlifehabitats/imperiled/).  Each category is unique with no 
duplication of species between lists.  Management plans for the current species on the Florida 
threatened and species of special concern lists are being developed with the goal of restoring 
habitats and species populations so that species can be removed from the lists.   
  
Florida listed species whose ranges include the OCB are:  
 
 Aquatic species 
 

 Squirrel Chimney Cave (or Florida Cave) Shrimp (Palaemonetes cummingi)−Federal 
threatened, 

 Bluenose shiner (Pteronotropis welaka)−Florida threatened, 
 Southern tessellated darter (Etheostoma olmstedi)−Florida threatened, 

 
Terrestrial species  
 

 Red-cockaded Woodpecker (Picoides borealis)−Federal endangered, 
 Wood stork (Mycteria Americana)−Federal endangered,  
 Eastern Indigo Snake (Dymarchon corais couperi)−Federal threatened, 
 Florida Scrub-jay (Aphelocoma coeruluscens)−Federal threatened, 
 Florida burrowing owl (Athene cunicularia floridana)−Florida threatened, 
 Florida pine snake (Pituophis melanoleucus mugitus)−Florida threatened, 
 Florida sandhill crane (Grus canadensis pratensis)−Florida threatened, 
 Gopher tortoise (Gopherus polyphemus)−Florida threatened,  
 Little blue heron (Egratta caerulea)−Florida threatened,  
 Short-tailed snake (Lampropeltis extenuata)−Florida threatened, 
 Southeastern American kestrel (Falco sparverius paulus)−Florida threatened, 
 Tricolored heron (Egratta tricolor)−Florida threatened.  
 Homosassa shrew (Sorex longirostris eionis)−Florida species of special concern, 
 Sherman’s fox squirrel (Sciurus niger shermani)−Florida species of special concern.  

 
The OCBWG is not directly responsible for the management or restoration of imperiled species.  
For the imperiled species whose ranges occur within the OCB, the OCBWG will review each 
finalized management plan to ensure that these guidelines do not conflict with the plan.  While 
the majority of listed species within the OCB are terrestrial, these species will be considered 
when planning and performing management activities.  Any management actions that affect the 
660 ft (200 m) disturbance buffer around a Bald eagle nest should follow the guidance of the 
Bald Eagle Management Plan (FWC 2008). 
 
   
 

http://myfwc.com/wildlifehabitats/imperiled/
http://www.fnai.org/FieldGuide/pdf/Pteronotropis_welaka.pdf
http://www.fnai.org/FieldGuide/pdf/Etheostoma_olmstedi.pdf
http://www.fnai.org/FieldGuide/pdf/Athene_cunicularia_floridana.pdf
http://www.fnai.org/FieldGuide/pdf/Pituophis_melanoleucus_mugitus.pdf
http://www.fnai.org/FieldGuide/pdf/Gopherus_polyphemus.pdf
http://www.fnai.org/FieldGuide/pdf/Falco_sparverius_paulus.pdf
http://www.fnai.org/FieldGuide/pdf/Sciurus_niger_shermani.pdf
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HABITAT CLASSIFICATIONS 

TREE ISLAND 

Tree islands are typically small areas (<10 acres [<5 ha]) dominated by mature trees (e.g., red 
maple [Acer rubrum], and bald cypress [Taxodium distichum]) that are isolated from the 
shoreline of a lake (Photo 1).  They are frequently found in areas where small hammocks rise 
above the surrounding wetland topography.  Tree islands are only periodically inundated and 
water depths rarely exceed 3 ft (1 m).  Tree islands should not be confused with large floating 
islands that may be comprised of low growing herbaceous plants and/or small trees and woody 
vegetation.    

 
Focal taxa utilizing this habitat include:  

 Wading birds - Habitat edge utilized for foraging and loafing, islands inundated by or 
surrounded with water could provide good roosting and nesting habitat.  

 Herpetofauna - This habitat is not particularly important for most aquatic herpetofaunal 
species, except as nesting areas for alligators, turtles and snakes.  However, tree islands 
situated along the perimeter of the lake could potentially be used by a wide variety of 
terrestrial or arboreal species (including lizards) that are rare in other (primarily aquatic) 
habitat types. Maintaining small amounts of this habitat will aid in conserving species 
diversity. 

 Bald eagle - Tree islands with mature trees may be used as nesting sites.   
 

Typical plants that provide habitat value include:  bald cypress, buttonbush (Cephalanthus 
occidentalis), cabbage palm (Sabal palmetto), red maple, wax myrtle (Myrica cerifera), and 
willow (Salix spp.).  
 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to burning and herbicide application.   
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           Photo 1. Tree Island 

Shrub Swamp 
Shrub swamps are dominated by small trees and shrubs intermixed with other (understory) 
wetland vegetation (Photos 2 and 3).  They generally occur in areas where surrounding 
hardwood swamps transition into shallow marsh habitats or near the perimeter of tree islands.  
The shrub swamp community is a transition of shallow marsh succession towards a hardwood 
swamp climax community.  Sub-categories of this type include A) mixed shrub swamp, 
dominated by wax myrtle, elderberry (Sambucus canadensis), and/or buttonbush, often 
intermixed with willow, and B) willow shrub swamp, dominated by willow. 
 
Focal taxa utilizing this habitat include: 

 Wading birds - Habitat edge utilized for foraging, loafing, nesting, and roosting. 
 Waterfowl – Wood ducks (Aix sponsa) utilize this habitat for forage and cover. 
 Herpetofauna – This habitat is not particularly important for most herpetofaunal species, 

although it is potentially used by a wide variety of species, including frogs, arboreal 
snakes, and lizards.   

 Round-tailed muskrats - This habitat is important for foraging and loafing when adjacent 
to maidencane (Panicum hemitomon) shallow marsh. 

 
Typical plants that provide habitat value include:  arrow arum (Peltandra virginicum), 
buttonbush, elderberry, wax myrtle, and willow. 
 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to burning, maintaining natural water fluctuations, and herbicide application. 
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           Photo 2. Mixed Shrub Swamp 

 

 
           Photo 3. Willow Shrub Swamp 

Shallow Marsh 
Shallow marshes are dominated by rooted emergent vegetation, often intermixed with SAV 
(Photos 4, 5, 6, and 7).  Water level is an important component of this habitat type.  Low water 
events can cause the formation of shallow marsh as floating marsh habitat sinks and becomes 
attached to bottom sediments.  Conversely, high water events can uproot shallow marsh and 



 

11 
 

cause the formation of floating islands and floating marsh.  Shallow marshes are highly variable 
in plant composition, with some areas dominated by one or more characteristic species, and other 
areas a conglomerate of multiple species.  Sub-categories of this type include A) maidencane 
shallow marsh, dominated by maidencane, B) tall linear-leaved shallow marsh, dominated by 
cattail (Typha latifolia), bulrush (Schoenoplectus spp.), and/or sawgrass (Cladium jamaicense), 
C) flag shallow marsh, dominated by pickerelweed (Pontederia cordata), arrowheads (Sagittaria 
spp.), and/or arrow arum, and D) mixed shallow marsh, consisting of multiple species.   
 
Focal taxa utilizing this habitat include:  

 Fish – Centrarchid species utilize this habitat for spawning, cover, and forage.  
 Wading birds - Habitat edge utilized for foraging, loafing, and nesting.  
 Waterfowl - Wood ducks and dabbling ducks utilize for forage and cover.  
 Herpetofauna – A variety of frogs, salamanders, turtles, snakes, and alligators, including 

primarily terrestrial species that forage and/or breed in this habitat.  Alligators commonly 
nest in sawgrass, cattail, and maidencane stands. 

 Round-tailed muskrat - This habitat is directly important to muskrats for foraging. 
 

Typical plants that provide habitat value include:  frog’s-bit (Limnobium spongia), maidencane, 
sawgrass, and a mixture of vegetation consisting of arrowhead, bulrush, maidencane, 
pickerelweed, and sedges.   

 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to shredding, harvesting, burning, rotovating, and herbicide application. 

 
 

 
           Photo 4. Maidencane Shallow Marsh 
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           Photo 5. Tall Linear-leaved Shallow Marsh 

 

 
           Photo 6. Flag Shallow Marsh 
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           Photo 7. Mixed Shallow Marsh 

 

Floating Marsh    
Floating marshes are composed of native or exotic plants growing on a buoyant mat consisting of 
plant roots and organic matter (Photos 8 and 9).  Although floating marshes often contain 
floating aquatic plant species, they are not made up entirely of floating aquatic vegetation 
(Mallison et al. 2001).  Floating marshes are attached to the shoreline (i.e., not free-floating) and 
typically occur near the eco-tone of the shallow and deep marshes.  The floating marsh 
community often acts as a pre-cursor for floating island development.  Sub-categories of this 
type include A) low floating marsh, dominated by smaller species such as burhead sedge 
(Oxycaryum cubense), water pennywort (Hydrocotyle spp.), frog’s-bit, and/or knotweed 
(Polygonum densiflorum), and B) complex floating marsh, dominated by larger species such as 
water primrose (Ludwigia spp.), pickerelweed, cattail, bur marigold (Bidens spp.), and/or 
multiple other species.  The low floating marsh sub-category was a combination of two sub 
categories described by Bryan and Warr (1998), sedge floating marsh and low floating marsh. 
 
Focal taxa utilizing this habitat include:  

 Fish – Habitat edge utilized for foraging and cover. 
 Wading birds - Habitat edge utilized for foraging and loafing.  
 Herpetofauna – A variety of semi-aquatic and aquatic herpetofauna.   
 Round-tailed muskrat - This habitat is directly important to muskrats with habitat edge 

utilized for foraging. 
 

Typical plants that provide habitat value include:  arrow arum, arrowhead, frog’s-bit, and 
knotweed.   
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Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to maintaining a full range of normal water level fluctuations, spot treatment of 
woody vegetation, and burning. 

 

 
           Photo 8. Low Floating Marsh 

 

 
           Photo 9. Complex Floating Marsh 
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Deep Marsh 
Deep marshes are composed of rooted emergent and/or floating-leaved vegetation, often 
intermixed with SAV (Photos 10 and 11).  Deep marshes are typically located lake-ward of the 
shallow marsh/floating marsh complex in water depths of 3 to 8 ft (1 to 2.5 m).  Deep marsh 
habitat is dynamic and often compromised with the formation and movement of floating islands 
and floating marsh habitats.  Deep marshes are often displaced by floating islands when high 
water returns after a drought.  Therefore, lakewide coverage of deep marshes often depends on 
floating island coverage and lake stage, which facilitates the mobility of floating islands.  Sub-
categories of this type include A) floating-leaved deep marsh, dominated by spatterdock (Nuphar 
spp.), water-lilies (Nymphaea spp.) and/or lotus (Nelumbo spp.), and B) knot-grass deep marsh, 
dominated by Egyptian paspalidium (Paspalidium geminatum) and/or maidencane. 
 
Focal taxa utilizing this habitat include:  

 Fish - Centrarchid species utilize this habitat for spawning, cover, and forage.  Due to low 
dissolved oxygen beneath floating mats of vegetation, floating islands and floating 
marshes should be limited (<10% coverage) within the deep marsh habitat. 

 Wading birds - Habitat edge utilized for foraging, loafing, and nesting. 
 Waterfowl - Ring-necked (Aythya collaris) and other diving ducks utilize this habitat for 

foraging and cover. 
 Herpetofauna - Aquatic salamanders (Amphiuma spp., Siren spp.), turtles, and alligators 

regularly use this habitat to forage.   
 Round-tailed muskrat - This habitat is directly important to muskrats with habitat edge 

utilized for foraging. 
    
Typical plants that provide habitat value include:  coontail (Ceratophyllum demersum), Egyptian 
paspalidium, lotus, southern naiad (Najas guadalupensis), spatterdock, and water lily.  
 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to shredding, harvesting, herbicide application, and planting desirable native rooted 
emergent vegetation. 
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           Photo 10. Floating-leaved Deep Marsh 

 

 
           Photo 11. Grass Deep Marsh 
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Floating Island 
Floating islands have the same characteristics as floating marshes, but are free-floating (Photo 
12).  Abundance and distribution may vary dramatically immediately following a drought or 
flood events.  The transient nature of floating islands and their tendency to displace beneficial 
deep marsh habitat and impede public access has prompted lake managers to place a high 
priority on identifying management strategies for this habitat type.  The two subcategories (dense 
and low floating islands) described by Bryan and Warr (1998) are combined in this document 
because the two types function similarly in terms of fish and wildlife habitat value.  
 
Focal taxa utilizing this habitat include:  

 Fish – Habitat edge utilized for foraging and cover. 
 Wading birds - Habitat edge utilized for foraging, loafing, and nesting. 
 Herpetofauna– Floating islands are potentially used by a wide variety of herpetofauna, 

although relatively little is known regarding actual usage.  Alligators commonly use 
floating islands for nesting. 

 Round-tailed muskrat - This habitat is directly important to muskrats with habitat edge 
utilized for foraging. 

 
Typical plants that provide habitat value include:  arrowhead, arrow arum, knotweed, 
maidencane, and a mixture of vegetation.   

 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to: maintain a full range of normal water level fluctuations, spot treatment of woody 
vegetation, and burning. 
 

 
           Photo 12. Floating Island 
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Open Water 
Open-water areas are defined by the absence of emergent vegetation (Photo 13).  These areas 
typically contain less than 5% vegetative coverage, other than SAV, and often occur in the 
middle, limnetic region of the lake.  Furthermore, open-water regions occur as a zone beyond a 
certain National Geodetic Vertical Datum (NGVD) that is specific to each lake.  For example: 
open-water depths in Orange Lake typically range from 5 to 10 ft  (1.5 to 3 m) and occur beyond 
52 ft NGVD.   Lakewide coverage of open-water habitat depends on lake stage and length of 
time since a low-water event has occurred (Warr 1999), and coverage of hydrilla.   

 
Focal taxa utilizing this habitat include:  

 Fish – Important for black crappie foraging. 
 Wading birds - Habitat utilized for foraging in shallow water depths. 
 Waterfowl – Will use open water, particularly where hydrilla is present or near the 

surface. 
 Herpetofauna – Alligators regularly use open water for foraging, courtship, 

thermoregulation, and refuge from other alligators.  Florida softshell turtles (Apalone 
ferox) use open water for foraging.  Florida snapping turtles (Chelydra serpentine 
osceola), musk turtles (Sternotherus odoratus), and mud turtles (Kinosternon spp.); and 
greater sirens (Siren lacertian) and two-toed amphiumas (Amphiuma means) may also 
use the benthic zone of open water for foraging. 

 Bald eagle - Will use open water to hunt for fish or waterfowl. 
 

Within the open-water habitat, manage indefinitely the defined open-water areas of the lake to 
maintain regions that are void of dense vegetation.  Evaluate areas of encroaching SAV for 
benefits to wildlife species, especially waterfowl, and determine the best time of year and 
methods of removal if the benefits for wildlife and navigation suffer a decline. 
 
Strategies implemented to maintain and promote these habitat characteristics can include but are 
not limited to shredding, harvesting, burning, rotovating, and herbicide application. 
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           Photo 13. Open Water 

Hydrilla 
Hydrilla (Photo 14) is a persistent invasive aquatic plant that can grow in almost any freshwater 
region and in water depths that range from a few inches to over 30 ft (9.1 m) in depth.  
Additionally it can grow in oligotrophic (low nutrient) to eutrophic (high nutrient) conditions as 
well as in areas of low light where it can out compete native plants.  FWC prefers to manage for 
native aquatic plants, but recognizes that in water bodies where native submersed aquatic plants 
are absent or limited, hydrilla at low to moderate densities can be beneficial to fish and wildlife 
(http://myfwc.com/media/1386750/hydrilla-mgmt-position.pdf).  On Orange Lake, hydrilla is the 
dominant submersed aquatic plant and the OCBWG decided that it should be treated as a 
separate habitat type.  On other systems, or if conditions change on Orange Lake, this habitat 
type may be alternatively named “Submersed Aquatic Vegetation.” 
   
Hydrilla is a primary influence upon habitat quality for fisheries (Colle and Shireman 1980, 
Moxley and Langford 1982, Colle et al. 1987, Tate et al. 2003) and other focal taxa, such as 
waterfowl (Jeske et al. 1993).  The influences of hydrilla on fish and wildlife species vary, and 
are perceived as positive or negative effects depending upon plant density, coverage, location, 
and duration.  Hydrilla can serve as a food source for waterfowl, desirable substrate for 
invertebrates, and cover for forage fish.  Hydrilla can also have negative effects such as 
influencing:  predator prey interactions, water quality impacts that can result in fish kills, avian 
vacuolar myelinopathy (AVM) disease in waterfowl or Bald eagles, the loss of spawning 
substrate due to excessive organic deposition, a decline in the local economy, and obstructing 
navigation.  Hydrilla is also expensive to manage.  Dense hydrilla mats can influence water 
quality during summer months causing extreme surface water temperatures and wide fluctuations 
in pH and dissolved oxygen content (Reiskind et al. 1997).  Surface hydrilla mats also provide a 
substrate for thick growths of filamentous algae that further reduces light and oxygen penetration 
into the water column.  Other exotic and invasive plants have similar effects on substrate 
composition and populations of fish, wildlife, and native vegetation.   
 

http://myfwc.com/media/1386750/hydrilla-mgmt-position.pdf
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Focal taxa utilizing this habitat include: 
 Fish - Use for foraging and cover. 
 Waterfowl - Hydrilla is highly attractive to many species of waterfowl, and often 

determines the number of ducks using the area.  All parts of the plant are consumed.    
 Wading birds - When water levels are low, wading birds may be attracted to hydrilla mats 

where they may have concentrated prey densities.   
 Herpetofauana - This habitat is used extensively by alligators, softshell turtles, Florida 

snapping turtles, pig frogs, green treefrogs, and some aquatic salamanders, but is not 
essential habitat for these species. 

 Bald eagle - Attracted to prey species that use this habitat, especially waterfowl. 
 
Within the hydrilla regions, evaluate the benefit to fish and wildlife species before treatment.   
 
Strategies implemented to maintain these habitat characteristics can include but are not limited 
to:  biological, chemical, or mechanical treatment.   
 

 
           Photo 14. Hydrilla 
 

PROCESS FOR DEVELOPING HABITAT OBJECTIVES 

 
The OCBWG developed two methods to serve as guiding tools for future management actions in 
the OCB: a habitat matrix and a GIS habitat analysis.  The matrix was developed to capture the 
professional judgment of taxa specialists on the habitat requirements of their sponsored focal 
taxa in an easy-to-reference format.  The GIS habitat analysis was developed to document habitat 
conditions at a given point in time and to evaluate the suitability of those conditions for all focal 
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taxa.  These tools can be used by managers to judge whether effects of a management action will 
be negative, positive, or neutral to focal taxa in the system. 

HABITAT MATRIX EVALUATION 

 
Each sponsor assessed their focal taxon based on measurable habitat characteristics (metrics) of 
vegetation, which included:  percent of the total lake area for each habitat type, percent area 
coverage (for SAV, emergent and total vegetation), density, species composition, bottom 
substrate, location, contagion index value and minimum block size.  Focal taxa experts then 
provided recommendations for each metric that defined a range of desirable conditions for their 
respective taxa.  The desired values and/or ranges for the focal taxa were compiled and 
summarized by habitat type into a tabular format, or habitat matrix.  The values in the matrix 
were then compared to determine where suitable habitat ranges among focal taxon overlap or 
conflict.  An integrated range for each habitat metric was derived by calculating the midpoint of 
each focal taxon’s desirable habitat range, and then selecting the highest and lowest of these 
midpoints to represent the upper and lower bounds of the integrated range (Figure 2).  This 
process was repeated for all habitat types on each lake to derive an “optimum habitat condition” 

  
Figure 2.  Desired ranges by focal taxa on Orange Lake (numbers within bars) and midpoint (numbers above 
bars) of percent area coverage for total vegetation within deep marsh.  Dashed lines depict the lowest and 
highest midpoints which were selected to define the integrated range for this metric on this habitat type. 
 
that would maximize habitat suitability for the broadest range of focal taxa possible. These 
“optimum” ranges were used to establish target ranges and to evaluate the current conditions of 
the system in relation to habitat preferences of focal taxa.  Adhering to these target ranges will 
ensure the minimum habitat requirements of all focal taxa are met and that no focal taxa are 
negatively impacted by management activities.  Values outside of the target ranges should be 
considered sub-optimal but not necessarily undesirable. 
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GIS HABITAT ANALYSIS 

 
Color-infrared digital aerial imagery at a pixel resolution of 0.3 m (1 ft) was acquired for the 
OCB in April to June of 2007, 2010, and 2013.  Vegetation communities were mapped within 
the littoral zones of Lakes Newnans, Lochloosa, and Orange.  Photointerpretation with ground 
truthing was used to identify and delineate areas (polygons) on the imagery that displayed 
distinct plant-community signatures.  Polygons were classified according to an amended version 
of the Florida Land Use, Cover and Forms Classification System (FLUCFCS, FLDOT 1999).  
FWC staff performed accuracy assessments to confirm a minimum 90% thematic accuracy of 
classification (i.e., at least 90% of the independent, field-verified assessment points were 
correctly coded in the map).  Further details of the mapping effort are described in Avineon 
(2008) and AMEC (2014).  Due to limitations of photography, aerial mapping of SAV was 
inconsistent and restricted to areas where it grew within 0.3 m of the water surface.  At the time 
of imagery acquisition, SAV was near the water surface in 2007, below the surface in 2010, and 
nearly absent in 2013.  Therefore, SAV only exhibited a reliable photosignature in 2007 and 
2013.  However, hydroacoustic data for SAV were available in 2010  (Remetrix LLC, 
unpublished data) and were merged with the littoral vegetation map to improve  
accuracy of the final map.  Maps were subsequently reclassified to the habitat classifications 
used in this document (Appendix C). The littoral vegetation maps provided the framework for 
further analysis using a Geographic Information System (GIS). 
 
Focal taxa sponsors used published data and professional expertise to define preferred habitat 
conditions, based on compatible habitat characteristics, for focal taxa (Appendix A).  This 
information, along with the data obtained during the mapping projects, was used to develop a 
GIS analysis for evaluating lakewide habitat conditions that were present at the time of mapping 
(Appendix D).  The GIS analysis was used individually for each of the focal taxa to identify 
areas containing aquatic plant communities and coverages that typically provide usable habitat 
conditions, including high-quality habitat (provides excellent conditions) and acceptable habitat 
(provides suitable conditions).  Results for all focal taxa were combined to evaluate overall 
lakewide habitat value based on each area’s selection as high-quality or acceptable habitat for the 
group of focal taxa. 

ORANGE LAKE 

BACKGROUND 

Orange Lake is the largest lake in the OCB and contains more diverse and dynamic littoral 
habitat than Lakes Newnans and Lochloosa (Figure 3).  Orange Lake is generally comprised of 
an extensive perimeter marsh extending lake-ward to a depth of 8 ft (2.5 m), and an extensive 
interior shallow marsh at depths less than 5 ft (1.5 m) (Bryan and Warr 1998).  The shallow 
marsh and deep marsh vary temporally and spatially, dependent on water levels, from a wet 
prairie to a combination of dense rooted emergent vegetation and floating marsh. 
 
Orange Lake is greatly influenced by an altered natural flow regime and drastic changes in water 
levels.  Fluctuating water levels are important for self-maintenance of habitats and fish 
populations, and many aquatic resources show declines in habitat quality and fish populations 
without periodic draw-downs and flushing events (Moyer et al. 1996, Estes and Myers 1996).  
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The hydrology of Orange Lake was altered in the 1920s, when Camps Canal was constructed to 
join Prairie Creek to the River Styx.  Additional modifications to the hydrology occurred in 1926 
with the construction of Highway 301, and in 1963 with the construction of a fixed-crest weir 
(57.8 ft NGVD, maximum elevation) across Orange Creek (Warr et al. 1999).  These alterations 
have likely led to accelerated deposition of organic sediments that may change plant community 
composition and succession, limit permanent rooting of aquatic vegetation, and increase turbidity 
through re-suspension (Warr et al. 1999).  
 
Climatic cycles such as droughts and floods greatly affect the floral and faunal composition 
within lake littoral zones (Moyer et al. 1996, Allen and Tugend 2002).  Extreme drought events 
are critical for sediment oxidation and compaction.  An average reduction of 1 ft (0.3 m) of 
sediment thickness was estimated in 2001 on Orange Lake as a result of drought conditions 
(ECT 2002).  Droughts also benefit opportunistic wildlife such as wading birds, due to a greater 
concentration and accessibility of food resources.  Conversely, extreme flooding events are 
necessary for sediment transport, connectivity between deep marsh and shallow marsh habitats, 
and light limitation of exotic and invasive aquatic vegetation.  Additionally, tussocks formed 
during drought conditions in traditional deep and shallow marsh areas may become buoyant  
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Figure 3. Map of Orange Lake located within Alachua and Marion Counties.  Arrows indicate flow direction 
of surface drainage. 
 
following inundation (Clark and Reddy, 1998), and may subsequently be transported towards the 
lake’s outflow.  Following the drought conditions in 2001 and subsequent lake refill there were 
approximately 5,000 acres (2,025 ha) of tussocks that settled in deep and shallow marsh habitats.  
The hurricanes of 2004 effectively removed 1,500 acres (600 ha) of tussocks, reclaiming some 
areas of traditional deep and shallow marsh habitat. An additional 2,500 acres (1,000 ha) of 
habitat was reclaimed from 2004 to 2006 by herbicide and mechanical control of floating 
tussocks, also providing benefit to rooted marsh habitat (Mallison et al., 2010). 
 
Exotic and/or invasive aquatic plants also influence the composition and abundance of fish, 
wildlife, invertebrates, and native plant populations.  The exotic submersed aquatic plant hydrilla 
has been present on Orange Lake since 1974, and is a primary influence upon habitat quality for 
fisheries (Colle and Shireman 1980, Moxley and Langford 1982, Colle et al. 1987, Tate et al. 
2003) and other focal taxa, such as waterfowl (Jeske et al. 1993).  Contact herbicides containing 
diquat and aquathol have been utilized since hydrilla introduction to provide navigation and 
openings for fishing.  Mechanical harvesting was tested in the 1970’s to provide navigation in 
the lake but expense, disposal of material, and slowness of control eliminated it as a viable 
alternative for hydrilla control.  From 1982 to 1996 fluridone proved to be a good tool for 
hydrilla control until the plant became resistant to this herbicide.  Sharp increases in water level 
provided much needed natural control in 1978, 1983, 1995, and 2001.  Heavy feeding on hydrilla 
by American coot in 2008 reduced hydrilla coverage by approximately 2,000 acres (800 ha).  
Water hyacinth has been another major exotic plant problem on Orange Lake since the 1950’s 
when herbicide control operations were first conducted.  Hyacinth annual control efforts have 
ranged from 0 to 4,100 acres (0 to 1660 ha) per year.  The 1984 4,100 acre control efforts were 
atypical.  In the last 10 years water hyacinth control operations have been less than 100 acres (40 
ha) per year.  The exotic floating species water lettuce has probably been present in Orange Lake 
longer than water hyacinth.  It was not a management problem in Orange Lake until after the 
hurricanes of 2004.  From 1983 to 2003 a total of only 15 acres (6 ha) of water lettuce had been 
controlled.   In late 2004 water lettuce populations begin to expand rapidly.  This rapid expansion 
prompted managers to begin conducting control efforts resulting in 1,514 acres (613 ha) of water  
lettuce treatment within the next five years.  Exotic and invasive vegetation control is an 
important management concern, and management efforts and overall water quality are 
interrelated.  For more information regarding aquatic plant management on Orange Lake, see 
Orange and Lochloosa Aquatic Plant Management Summary (Hinkle 1994).   

HABITAT OBJECTIVES FOR ORANGE LAKE 

HABITAT MATRIX  

 
A habitat matrix was developed for Orange Lake by focal taxa experts who decided on a range of 
values for the characteristics of each habitat type that best fit their taxon.   The habitat matrix and 
resulting target values were used to establish management guidelines for lakewide habitat 
composition (Table 1).  The habitat matrices for each habitat type define the detailed conditions 
that maximize habitat suitability for each taxa group and are the foundation from which 
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integrated ranges for specific habitat metrics were developed to provide the broadest range of 
benefits for all species of fish and wildlife (Tables 2-9).   
 
Table 1.  Lakewide proportion (% of total lake area) of habitat types desired by each focal taxon.  Target 
range for hydrilla is inclusive of other habitat types where hydrilla is present as an embedded component of 
the overall vegetation community.  

Tree Island Shrub Swamp
Shallow 
Marsh

Floating 
Marsh Deep Marsh

Floating 
Island Open Water *Hydrilla

Fish 0-5 0-5 20-25 0-10 10-20 0-10 40-50 0-40

Wading Birds 5-10 5 20-30 5-10 5-10 0.5-1 NA NA

Watefowl NA 5-10 20-30 NA 10-30 NA NA 10-100

Herpetofauna 0-1 1-5 20-30 15-30 5-20 1-5 10-50 25-90

Mammals 0-1 0.5-5 20-30 15-20 5-10 1-5 NA NA

Target range 0.5-7.5 2.5-7.5 20-30 5-22.5 7.5-20 0.75-5 30-50 20-57.5
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TREE ISLAND 
 
Elevations are typically between 55 and 58 ft (16.8 and 17.7 m) NGVD.  Within the tree island, 
50 to 80% vegetative coverage is desirable with special consideration given to established bird 
colonies that require medium (50%) vegetative cover (e.g., Redbird and Bird Islands).  Areas of 
dense vegetation can be maintained for herpetofaunal species where acceptable.   Large trees and 
snags should be maintained to provide potential nesting sites for Bald eagles. 
 
Table 2. Measurable Components: TREE ISLAND.  

Total % Veg. 
Coverage Veg. Density

Preferred 
Veg. Species Substrate Location Contagion Block Size

Fish <5 NA NA NA NA NA NA NA

Wading Birds 5-10 % 50-100 % Medium Cypress and 
red maple NA NA 30 NA

Waterfowl NA NA NA NA NA NA NA N/A

Herpeto-fauna <1% 50-75 % High (Dense)

Cabbage 
palm, red 
maple and 

cypress

loamy soils, 
sand, and peat NA 20-40 <0.5 ha

Mammals 
(Round-tailed 
Muskrat)

<1 % NA NA NA NA NA NA NA

Integrated 
midpoint 
range

0.5-7.5 % 50-80% Medium-
Dense

Red Maple, 
Cypress NA NA 20-40 <0.5ha

Focal Taxa

Total Target 
Area                                              

(% of Lake 
Area) 

HABITAT CHARACTERISTICS
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SHRUB SWAMP 
 
Water depths are typically 1.5 to 5 ft (0.5 to 1.5 m), which generally occurs between 52 and 57 ft 
(15.8 and 17.4 m) NGVD.  Historical coverage has ranged from approximately 60 to 1,000 acres 
(25 to 400 ha) (Woodward, unpublished data; Bryan and Warr 1998) or <10% of the total lake 
surface area.  Within the shrub swamp habitat, 50-75% vegetative coverage is desirable 
depending on focal taxon.  A medium to dense canopy (50 to 100%) that is approximately 2 ft 
(0.6 m) above the surface of the water is important to provide cover for wood ducks.  Block size 
should be at least 0.25 acres and provide a mosaic of vegetated areas within the shrub swamp to 
create edge and accessibility for wildlife species. 
 
Table 3. Measurable Components: SHRUB SWAMP. 

Total % Veg. 
Coverage Veg. Density

Preferred 
Veg. Species Substrate Location Contagion Block Size

Fish <5 NA NA NA NA NA NA NA

Wading Birds 5% 70-90 % Medium Willow NA NA 30 NA

Waterfowl 5-10 % 50-100 % Medium - 
High 

 Button bush, 
wax myrtle, 
elderberry,

NA NA NA > 0.1 ha

Herpeto-fauna 1-5 % 25-50 % High (Dense)
Wax myrtle, 
button bush, 

willow

Peat, mud, 
sand NA 20-40 <0.5 ha

Mammals 
(Round-tailed 
Muskrat)

0.5-5 % 70-90 % High (Dense) Arrowhead, 
arrow arum NA NA

Areas of 
arrowhead 
and arrow 

arum can be 
managed as 
forage sites.  
They need a 

NA

Integrated 
midpoint 
range

2.5-7.5 % 37-75 % High (Dense) NA NA NA 40-60 0.25-0.5 ha

Focal Taxa

Total Target 
Area                                            

(% of Lake 
Area) 

HABITAT CHARACTERISTICS
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SHALLOW MARSH 
 
Water depths are typically less than 5 ft (1.5 m), which generally occurs between 52 and 57 ft 
(15.8 and 17.4 m) NGVD.  Shallow marsh covered approximately 3,100 acres in 1996 (1,000 to 
1,250 ha) (Bryan and Warr 1998) or about 20-25% of the total lake surface area.  Shallow 
marshes are common along interior portions of the north, northeast, northwest, and south 
sections of the lake.  Within the shallow marsh habitat, 45 to 65% vegetative coverage is 
desirable including native SAV (35 to 55%) and rooted emergent (50 to 70%).  A mosaic of 
vegetated and non-vegetated areas within the shallow marsh is important to create edge, 
accessibility and passage for fish and wildlife species.  Medium to dense vegetation coverage is 
preferred; to include the diversity of the sub-categories and preclude large monocultures. 
 
Table 4. Measurable Components: SHALLOW MARSH.                 

Total % 
Veg. 

Coverage

% Veg. 
Native 
SAV

% Veg. 
Emergent

Veg. 
Density

Preferred 
Veg. 

Species Substrate Location Contagion Block Size

Fish 20-25 % 50-75 % 60-80 % 50-75 % Med-High 
(Dense)

Maidencane.
Monocultures 

should generally 
be avoided.

Loamy 
soils

All 
quadrants

A diverse, dense 
community of shallow 
marsh veg. distributed 

within the block 
containing open areas 
and pockets of sparse 

veg.
50-70

NA

Wading 
Birds 20-30 % 50-100 % 50-100 % 50-100 % Med-High 

(Dense) NA NA All 
quadrants 30 NA

Waterfowl 20-30 % 30-60 % 50-75 % 30-60 %
Mixed                       

Med-High 
(Dense)

Richness of 
Bryan and Warr 

sub-habitat 
types, and to 
include water 

shield.

NA NA

Emergent vegetation 
should form a mosaic 
of patches varying in 
size and shape, with 
a preferred contagion 

range of 20-30.

NA

Herpeto-
fauna 20-30 % 25-75 % 25-50 % 50-75 %

Mixed                          
Med-Dense 

(High)

Sawgrass, 
maidencane, frogs 
bit.  Richness of 
Bryan and Warr 

sub habitat types.

Peat,mud, 
loamy soils

All 
quadrants

20-40 NA

Mammals 
(Round-
tailed 
Muskrat)

20-30 %
Moderate 
(30-60%) 

varied
5-10 % 40-60 % Med-High 

(Dense)

Maidencane preferable, 
some emurgent 
pickerelweed 

acceptable; other veg:  
arrowhead, knotweed, 

arrow arum, water lilly.

NA All 
quadrants

Dense large areas of 
maidencane with some 
knotweed interspersed.  

Pickerelweed 
Emurgent, the more 

contiguous the better. 
High (60-80)

2-400 ha

Integrated 
midpoint 
range

20-30 % 37-75 % 35-55 % 50-70 % Medium-
Dense NA Loamy soilsAll quadrants 30-60 2 ha

Total 
Target 
Area                                            

(% of Lake 
Area) Focal Taxa

HABITAT CHARACTERISTICS
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FLOATING MARSH 
 
Water depths are typically 3 to 10 ft (1 to 3 m), which generally corresponds to a zone between 
49 and 55 ft (14.9 and 16.8 m) NGVD.  Floating marsh covered approximately 2,000 to 2,500 
acres (800 to 1,000 ha) in 1996 (Bryan and Warr 1998) or about 15 to 20% of the total lake 
surface area.  Floating marshes occur throughout Orange Lake, and are particularly common 
along the southern portion of the south and southwest sections of the lake.  Within the floating 
marsh habitat, dense (80 to 90%) vegetative coverage is desirable.  Vegetation density along the 
edge should be composed of emergent plants with 80 to 100 % coverage (round-tailed muskrat).  
 
Table 5. Measurable Components: FLOATING MARSH.  

Total % Veg. 
Coverage Veg. Density

Preferred 
Veg. Species Substrate Location Contagion Block Size

Fish <10 % NA NA

Low floating 
marsh

Frogs bit, 
pennywort

NA

Only 10% max 
in deep marsh 

habitat and <25 
in shallow 

marsh habitat

NA NA

Wading Birds 5-10 % 80-100 % Medium

Low floating 
marsh

pennywort, 
knotweed, red 

temple

NA NA 30 NA

Waterfowl NA NA NA NA NA NA NA NA

Herpeto-fauna 15-30 % 75-90 % High (Dense) Frogs bit, 
knotweed NA NA 20-40 NA

Mammals 
(Round-tailed 
muskrat)

15-20 % 80-100 % High (Dense)
Primary: arrowhead, 

knotweed, arrow arum, 
pickerelweed (emurgent) 
Secondary:  spike rush.

NA All Quadrants 60 2-400 ha

Integrated 
midpoint 
range

5-22.5 % 80-90 % Med-Dense NA NA

Only 10% max 
in deep marsh 

habitat and <25 
in shallow 

marsh habitat

30-60 2 ha

Focal Taxa

Total Target 
Area                                       

(% of Lake 
Area) 

HABITAT CHARACTERISTICS
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DEEP MARSH 
 
Deep marshes are typically located lake-ward of the shallow marsh/floating marsh complex in 
water depths of 3 to 8 ft (1 to 2.5 m).  This zone corresponds to an area between 49 and 53 ft 
(14.9 and 16.2 m) NGVD.  Historical coverage has ranged from approximately 600 to 2,000 
acres (250 to 850 ha) (Woodward, unpublished data; Bryan and Warr 1998) or about 5 to 15% of 
the total lake surface area.  Deep marshes occur throughout Orange Lake, and are particularly 
common in the West Arm, northeast and east sections, and isolated areas within PG and Essen 
Runs.  Desirable vegetative coverage within the deep marsh habitat includes 40 to 60% total 
vegetative coverage, SAV 25 to 50%, and rooted emergent 40 to 60 %.  Medium density is 
preferred with a mosaic of vegetated and non-vegetated areas to create edge, accessibility and 
passage for fish and wildlife species. 
 
Table 6. Measurable Components: DEEP MARSH.   
 

Total % 
Veg. 

Coverage

% Veg. 
Native 
SAV

% Veg. 
Emergent

Veg. 
Density

Preferred 
Veg. 

Species Substrate Location Contagion Block Size

Fish 10-20 % 40-60 % 40-60 % 40-60 % Medium
Spatter-dock, 
knotgrass, 
coontail

Loamy 
soils

All 
quadrants

Mosaic of knotgrass clumps 
>1/8 acre and spatterdock 

clumps >1/16 acre 
irregularly distributed 

within the block.  With 
some topped-out.

NA

Wading 
Birds 5-10 % 40-60 % 40-60 % 40-60 % Medium NA NA All 

quadrants 30 NA

Waterfowl 10-30 % 50-75 % 20-100 % 50-75 % Med-High 
(Dense)

Applies to floating 
leaved plants only - 

spatterdock, 
fragrant water lily, 

lotus.

NA NA

Interspersion: n/a  
Topped out 

hydrilla would 
increase 

attractiveness to 
waterfowl.

NA

Herpeto-
fauna 5-20 % 25-75 % 25-75 % 50-75 % Medium

Spatterdock, 
coontail, 
fragrant 

water lily

Peat, mud

West arm, 
S, E, NW, 
PG-run, 
NE, SW

20-40 NA

Mammals 
(Round-
tailed 
Muskrat)

5-10 % 20-40 % 5-10 % 40-60 % Med-High 
(Dense)

Maidencane (primary); 
Knotgrass (secondary); 
Knotweed, arrow arum, 

water lilly 
NA All 

quadrants

Secondary habiatat for 
muskrats, maidencane 
and knotgrass marshes 
can be intermixed with 

other preferred veg 
species. moderate 30-50

2-400 ha

Integrated 
midpoint 
range

7.5-20% 30-62 % 25-50 % 40-60 % Medium NA Peat, loamyAll quadrants 30-40 2 ha

Focal Taxa

Total 
Target 
Area                                            

(% of Lake 

HABITAT CHARACTERISTICS
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FLOATING ISLAND 
 
Floating islands are highly variable in terms of coverage and distribution.  They are typically 
found in water depths >3 ft (1 m), which generally occurs beyond 53 ft (16.2 m) NGVD.  
Floating islands covered approximately 100 to 200 acres (40 to 80 ha) in 1996 (Bryan and Warr 
1998) or <5% of the lake surface area.  However, abundance may be dramatically higher and 
distribution more widespread immediately following a drought.  While floating islands may be 
present throughout the lake, they are frequently common in the north, east, south, and PG Run 
sections of the lake.  Within the floating island habitat, a medium (30 to 60%) vegetative 
coverage is desirable with dense vegetation on the edge (80 to 100%).  A mosaic of vegetated 
and non-vegetated areas within the floating island is important to create edge, accessibility and 
passage for fish and wildlife species. 
 
Table 7. Measurable Components: FLOATING ISLAND.  

Total % Veg. 
Coverage Veg. Density

Preferred 
Veg. Species Substrate Location Contagion Block Size

Fish <10 % NA NA NA NA

Only 10% max 
in deep marsh 

habitat and <25 
in shallow 

marsh habitat

NA NA

Wading Birds 0.5-1 % 60-80 % Medium NA NA NA 20 NA

Waterfowl NA NA NA NA NA NA NA NA

Herpeto-fauna 1-5 % 25-75 % Medium Ludwigia Peat, mud NA NA <0.5 ha

Mammals 
(Round-tailed 
Muskrat)

1-5 % 30-40 % Med-High 
(Dense)

Maidencane, 
arrowhead, 
knotgrass, 

arrow arum

NA all quadrants NA NA

Integrated 
midpoint 
range

0.75-5 % 35-70% Med NA NA

Only 10% max 
in deep marsh 

habitat and <25 
in shallow 

marsh habitat

20 <0.5 ha

Focal Taxa

Total Target 
Area                                         

(% of Lake 
Area) 

HABITAT CHARACTERISTICS
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OPEN WATER 
 
Open-water habitat on Orange Lake experiences the highest degree of variability of all habitat 
types described.  Open-water depths typically range from 5 to 10 ft (1.5 to 3 m) and occur 
beyond 52 ft (15.8 m) NGVD.  Historical coverage has ranged from approximately 160 up to 
8,000 acres (65 to 3,250 ha) (Colle et al. 1987; Woodward, unpublished data; Bryan and Warr 
1998) or up to 60% of the total lake surface area. 
 
Table 8. Measurable Components: OPEN WATER. 

Total % 
Veg. 

Coverage
% Veg. 

Native SAV
Veg. 

Density

Preferred 
Veg. 

Species Substrate Location Contagion Block Size

Fish 40-50 % 0-50 % 0-50 % medium Coontail NA NA NA NA

Wading 
Birds NA NA NA NA NA NA NA NA NA

Waterfowl NA NA NA NA NA NA NA NA NA

Herpeto-
fauna 10-50 % 25-90 % 25-75 % medium Coontail Mud NA 20-40 1-2000 ha

Mammals 
(Round-
tailed 
Muskrat)

NA None NA Low 
(sparse) NA NA NA NA NA

Integrated 
midpoint 
range

30-50 % 25-57 % 25-50 % Sparse-Med Coontail NA NA NA NA

Focal Taxa

Total Target 
Area                        

(% of Lake 
Area) 

HABITAT CHARACTERISTICS
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HYDRILLA 
 
Historical hydrilla coverage has ranged from 2 to 8,000 acres (0.8 to 3,250 ha) (Hinkle 1994).  
On Orange Lake, we apply the FWC hydrilla position with  goals for hydrilla control to keep 
navigation open for public access areas into the lake, keep navigation open within the lake, and 
keep portions of the lake open for sunfish (Lepomis spp.), largemouth bass, and black crappie 
fishing.  Herbicide control operations will be limited during periods of peak spawning such as 
full moon in the spring and during the fall duck hunting season. 
 
Table 9. Measurable Components: *HYDRILLA. 

Shallow 
marsh %

Deep marsh 
%

Open water 
% Veg. Density Location Contagion Block Size

Fish <40 %
0-75 %, 
<50 % 

topped out

0-50 %, 
<10 % 

topped-out

0-25 %, 
<5 % topped-

out
medium NA

Should be 
incoorporated 

into other 
habitat types

NA

Wading 
Birds NA

0-75 %, 
<50 % 

topped out

0-50 %, 
<10 % 

topped-out

0-25 %, 
<5 % topped-

out
dense NA

Should be 
incoorporated 

into other 
habitat types

NA

Waterfowl

>10 %, all topped-
out or within 6 

inches of surface 
from Nov-Feb

NA NA NA dense No zone 
preference 

Should be 
incoorporated 

into other 
habitat types

> 5 ha

Herpeto-
fauna 25-90 %

25-75 %
25-50 % 

topped-out

25-75 %
25-50 % 

topped-out

25-75 %
25-50 % 

topped-out
medium NA

Should be 
incoorporated 

into other 
habitat types

1-5 ha

Mammals 
(Round-
tailed 
Muskrat)

NA NA NA NA NA NA NA NA

Integrated 
midpoint 
range

20-57%
25-75 %                                    
25-50 % 

topped-out

25-75 %                                    
25-50 % 

topped-out

0-25 %                                       
0-25 % 

topped-out
med-dense NA

Should be 
incoorporated into 
other habitat types

1-5 ha

Focal Taxa

Total Target 
Area                                         

(% of Lake 
Area) 

HABITAT CHARACTERISTICS

*Hydrilla will be managed based on funding, technology, and current conditions. 
  



 

34 
 

GIS HABITAT ANALYSIS  

 
Total mapped coverage of each habitat type was compared to the target ranges from the habitat 
matrix to evaluate the status of lakewide habitat conditions in Orange Lake during 2007, 2010, 
and 2013 (Table 10).  When observed coverage fell short of a target range for a habitat type, it 
was considered deficient (i.e., insufficient area of that habitat type was available to support the 
focal taxa).  When observed coverage exceeded a target range for a habitat type, it was 
considered excessive (i.e., more than sufficient area of that habitat type was available to support 
the focal taxa, and the surplus area may be considered for management conversion to a deficient 
habitat type)).  In 2007, mapped coverage was within the target ranges for tree island, floating 
marsh, open water, and SAV, and was within 0.1% of the target range for floating island (Table 
10).  Mapped coverage exceeded the target range for shrub swamp, and fell short of target ranges 
for shallow marsh and deep marsh.  In 2010, mapped coverage was within the target ranges for 
tree island, floating marsh, deep marsh, floating island, and SAV (Table 10).  Mapped coverage 
exceeded the target range for shrub swamp, and fell short of target ranges for shallow marsh and 
open water.  In 2013, mapped coverage was within the target range for tree island (Table 10).  
Mapped coverage exceeded the target ranges for shrub swamp and floating marsh, and fell short 
of target ranges for shallow marsh, deep marsh, floating island, open water, and SAV.  All years 
showed an excess of shrub swamp habitat and a shortage of shallow marsh habitat.  Conversion 
of habitat types (by either management or natural fluctuations) is necessary to attain the lakewide 
habitat targets on Orange Lake. 
 
GIS analysis was used to estimate the lakewide area of high-quality and acceptable habitat for 
each focal taxon on Orange Lake in 2007, 2010 and 2013 (Table 11; Appendix D).   Between 
2007 and 2010, the amount of high-quality habitat increased for all focal taxa except round-tailed 
muskrat and black crappie. For those two focal taxa, the amount of acceptable habitat increased.  
 
Table 10.  Area (ha) and coverage (percentage of the lake, excluding hardwood swamp) for each habitat type 
mapped in Orange Lake in 2007, 2010, and 2013; and target ranges for optimal fish and wildlife habitat.  
        2007       2010       2013 Target range 
Habitat type ha % ha % ha % % 
Tree island 81 1.6% 113 2.2% 118 2.3% 0.5–7.5% 
Shrub swamp 789 15.2% 828 16.2% 865 16.9% 2.5–7.5% 
Shallow marsh 974 18.8% 865 16.9% 874 17.1% 20.0–30.0% 
Floating marsh 290 5.6% 401 7.8% 2,515 49.1% 5.0–22.5% 
Deep marsh 214 4.1% 703 13.7% 266 5.2% 7.5–20.0% 
Floating island 35 0.7% 45 0.9% 21 0.4% 0.8–5.0% 
Open water 1,641 31.6% 635 12.4% 460 9.0% 30.0–50.0% 
SAV 1,169 22.5% 1,533 29.9% 8 0.2% 20.0–57.5% 
Hardwood swamp 219   n/a   285   n/a 282   n/a n/a 
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Table 11. Total area (ha) of high-quality, acceptable, and total (high-quality + acceptable) habitat for focal taxa on Orange Lake in 2007,  2010,  and 
2013.   

 
2007 2010 2013 

Focal taxa 
High-

quality Acceptable 
Total 

Habitat 
High-

quality Acceptable 
Total 

Habitat 
High-

quality Acceptable 
Total 

Habitat 
Alligator foraging 1,670 1,445 3,116 1,969 1,013 2,982 642 642 1,284 
Alligator nesting 792 377 1,169 869 475 1,344 1,909 541 2,451 
Herpetofauna 3,103 1,176 4,278 3,262 2,070 5,333 5,018 174 5,192 
Round-tailed muskrat 572 797 1,369 395 1,238 1,633 564 2,324 2,887 
Wading bird foraging 53 2,052 2,104 240 2,165 2,405 21 916 937 
Wading bird roosting 116 1,128 1,244 149 1,306 1,455 245 2,352 2,597 
Ring-necked duck 1,567 620 2,187 2,517 411 2,928 61 239 300 
Wood duck 887 493 1,380 1,270 326 1,596 219 172 392 
Black crappie 1,655 1,756 3,411 709 2,583 3,292 462 1,366 1,828 
Largemouth bass 903 1,154 2,057 1,309 1,769 3,077 33 880 913 
Centrarchids 1,059 3,810 4,869 1,399 3,402 4,802 41 2,859 2,899 
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By 2013, changes in aquatic vegetation led to the lowest amount of high-quality and acceptable 
habitat for alligator foraging, wading bird foraging, wood duck, ring-necked duck, black crappie, 
largemouth bass, and centrarchids.  In all years, the amount of total habitat (high-quality plus 
acceptable) was greatest of all focal taxa for herpetofauna and centrarchids. Focal taxa with the 
least amount of total habitat included alligator nesting and wading bird roosting in 2007 and 
2010, and ring-necked duck and wood duck in 2013.   
 
EXAMPLE: USING GIS TO IDENTIFY POTENTIAL MANAGEMENT AREAS 
 
Mapping and GIS analyses may be used to identify potential management areas, to predict the 
effects of proposed management projects on habitat quality for focal taxa, and to monitor trends 
and changes in plant communities and habitat conditions.  This section presents an example that 
illustrates how mapping data may be used to identify potential management areas, and introduces 
the concept of management to change habitat type to fulfill lakewide coverage targets.  Multiple 
alternatives could be devised to reach the end result, where lakewide coverage would meet or 
approximate targets for all habitat types.  However, aquatic plant communities can change 
substantially within short periods of time.  Production and analysis of littoral vegetation maps 
require 1-2 years to complete.  By the time these data become available, actual habitat conditions 
in some areas of the lake may no longer match the map.  Consequently, the actual amount of area 
appropriate for management may be more or less than the calculated value for each habitat type.  
These results might be used to guide management toward providing lakewide habitat 
requirements (to identify general trends or substantial shortcomings), but should not be used to 
identify absolute area needing management.   
 
The overall habitat value of each area in the lake was evaluated based on each area’s selection as 
usable (high-quality or acceptable) habitat for focal taxa, as follows:  HIGH = areas identified as 
high-quality habitat for ≥4 focal taxa, or identified as high-quality or acceptable habitat for ≥7 
focal taxa; LOW = areas identified as high-quality habitat for ≤2 focal taxa and identified as 
high-quality or acceptable habitat for ≤4 focal taxa; and MEDIUM = all other areas (Figure 4).  
Open water in the limnetic zone that qualified as low was ranked as “low (open water)” to 
distinguish these areas, which would not be appropriate for management activity.     
 
Exceptions:   
 

1. All polygons classified as hardwood swamp or tree island were designated as forested 
wetland. 

2. Areas identified as critical habitat for any of the focal taxa were ranked HIGH overall 
habitat value (e.g., wading bird rookeries). 

3. All mapped areas occurring within the 200 m (660 ft) buffer distance of Bald eagle nests 
active within 5 years were highlighted.  Extra caution is needed to ensure that any 
management activities do not interfere with Bald eagle nesting (Oct 1-May 15). 

 
Overall habitat value was used to identify priority sites for management.  For example, the area 
of the lake classified as high overall habitat value, in addition to the area of the lake that would 
not need any management action (forested wetlands and low open water), decreased from 3,230 
ha (60% of the lake) in 2007, to 2,744 ha (51%) in 2010, and to 1,373 ha (25%) in 2013 (Figure 
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4).  In these locations, a maintenance-management approach is appropriate: management activity 
(if any) should be limited to that needed for maintaining the habitat type and conditions as 
mapped (e.g., herbicide treatments to prevent invasion or expansion of exotic and invasive 
vegetation).  The overall habitat value was ranked medium for 994 ha (18%) in 2007, increased 
to 1,458 ha (27%) in 2010, and decreased to 981 ha (18%) in 2013.  In these locations, the 
appropriate approach may include maintenance management either as described above or 
designed to refine habitat characteristics without changing the habitat type (e.g., to increase or 
decrease plant coverage within an area without changing plant community structure or dominant 
vegetation type).  Finally, the overall habitat value was ranked low for 1,187 ha (22%) in 2007, 
1,205 ha (22%) in 2010, and increased to 3,054 ha (56%) in 2013.  In these locations, 
modification management designed to change the habitat type has the greatest potential to 
improve habitat conditions for the greatest number of focal taxa and the lowest risk of negatively 
impacting habitat value for any focal taxa. 
 
Potential management areas included all locations that, in the most recent analysis, qualified as 
LOW overall habitat value and consisted of a habitat type that exceeded its target range (Figure 
5).  This included 763 ha of shrub swamp and 1,601 ha of floating marsh (Table 12).  For shrub 
swamp, converting at least 481 ha (and as much as 737 ha) to a different habitat type would 
bring the lakewide coverage to within the target range.  For floating marsh, converting at least 
1,361 ha (and up to the entire 1,601 ha) to a diferent habitat type would bring the lakewide 
coverage to within the target range.  Shortages of habitat were observed for remaining habitat 
types except tree island (Table 12), including shallow marsh (151 ha), deep marsh (118 ha), 
floating island (17 ha), open water (1,078 ha) and SAV (1,017 ha).  Strategies for converting 
shrub swamp and floating marsh to these habitat types would be helpful in achieving lakewide 
habitat targets.  An appropriate primary management objective may be to create shallow marsh 
from 500 ha of excess shrub swamp within potential management areas, using herbicides to 
control woody vegetation and a prescribed-burn regime to prevent succession (Hutchinson and 
Langeland 2010).  In addition, 1,000 ha of excess floating marsh within potential management 
areas may be converted to open water, SAV, and deep marsh using aquatic herbicide treatments 
combined with mechanical shredders or harvesters (Mallison et al. 2010).  Although this would 
not reduce floating marsh to a level within its target range, previous observations indicated that 
some conversion will occur naturally after refilling of the lake basin, as occurred in 2013.   
Conversion of shrub swamp to shallow marsh was identified as a potential management strategy 
for all years.  Also, the area of shrub swamp increased each year and management is needed to 
stop and revert this expansion in order to attain target habitat conditions on Orange Lake. 
 
Results of GIS analyses can be used to predict the effects of proposed management on habitat 
conditions for fish and wildlife. For example, let Pi = the proportion of habitat type i that 
qualifies as habitat for a focal taxon, Ai = the change in area for habitat type i, and N = the 
number of habitat types. Then 

          

 

 

 

where C = the change in area of qualifying habitat for a focal taxon. For Pi, we used the mean 
percentage (2007, 2010, and 2013) of lakewide area per habitat type that qualified as high-
quality or acceptable habitat for each of the focal taxa (Table 13). For Ai, we used the proposed 
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Figure 4. Overall habitat value on Orange Lake in 2007,  2010,  and 2013, based on GIS analysis and littoral 
vegetation mapping.  High = areas identified as high-quality habitat for ≥4 focal taxa and/or identified as 
usable habitat for ≥7 focal taxa; Low = areas identified as high-quality habitat for ≤2 focal taxa and identified 
as usable habitat for ≤4 focal taxa (with areas of open water in the limnetic zone further specified); Forested 
wetland = all polygons classified as tree island or hardwood swamp; and Medium = all other areas.  Areas 
occurring within 200 m of active bald eagle nests were highlighted bold. 
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Figure 5. Potential management areas to change the habitat type on Orange Lake based on 2013 results.  
 
 
Table 12. Area (ha) of each habitat type occurring within the region ranked as LOW overall habitat value, 
compared to lakewide coverage on Orange Lake in 2013, and lakewide targets based on habitat matrix 
results and total area mapped.  * area within the LOW overall habitat value region was included in potential 
management areas. 

 
LOW value Lakewide Lakewide targets   (ha) 

Year / habitat type area (ha) area (ha) minimum maximum 
2013 

    Tree island 
 

118 26 384 
Shrub swamp * 763 865 128 384 
Shallow marsh 690 874 1,025 1,538 
Floating marsh * 1,601 2,515 256 1,153 
Deep marsh 

 
266 384 1,025 

Floating island <1 21 38 256 
Open water 

 
460 1,538 2,563 

Hydrilla 
 

8 1,025 2,947 
Hardwood swamp   282 - - 
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management objectives of reducing shrub swamp by 500 ha and converting to an equal area of 
shallow marsh, as well as converting 1000 ha of floating marsh to equal amounts (333.3 ha) of 
deep marsh, open water, and SAV. Achieving management objectives would be expected to 
increase total habitat by at least 400 ha for alligator foraging, wading bird foraging, wood duck, 
ring-necked duck, black crappie, largemouth bass, and centrarchids; decrease total habitat by at 
least 800 ha for American alligator nesting and wading bird roosting; and have minimal effect 
(<150 ha change) on total habitat for herpetofauna and round-tailed muskrat (Table 13).  When 
developing management plans, these data should be considered to ensure that sufficient habitat is 
maintained for all focal taxa, in particular for alligator nesting and wading bird roosting. 
 
Table 13. Mean percentage (2007, 2010, and 2013) of lakewide area per habitat type that qualified as high-
quality or acceptable habitat for each of the focal taxa on Orange Lake, and predicted change in the amount 
of habitat following proposed management (i.e., conversion of 500 ha of shrub swamp to shallow marsh, and 
conversion of 1000 ha of floating marsh to 333.3 ha each of deep marsh, open water, and SAV). 

Focal taxa 
Shrub 

swamp 
Shallow 

marsh 
Floating 

marsh 
Deep 

marsh 
Open 
water SAV 

Change 
(ha) 

Alligator foraging 1% 1% 19% 100% 100% 100% 810 
Alligator nesting 45% 44% 80% 0% 0% 0% -805 
Herpetofauna 100% 100% 100% 98% 59% 100% -143 
Wading bird 
foraging 27% 26% 5% 100% 42% 71% 655 
Wading bird 
roosting 100% 3% 60% 0% 0% 0% -1085 
Round-tailed 
muskrat 0% 100% 85% 65% 0% 0% -133 
Wood duck 12% 11% 3% 69% 33% 62% 512 
Ring-necked duck 0% 5% 0% 100% 50% 100% 858 
Black crappie 7% 7% 50% 100% 100% 100% 500 
Largemouth bass 6% 0% 39% 100% 46% 100% 400 
Centrarchids 63% 97% 60% 100% 100% 100% 570 
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FUTURE GIS ANALYSIS  
 
Future mapping efforts are scheduled to occur on a three-year interval, pending suitable water 
levels, so that habitat changes and trends may be documented and incorporated into management 
planning. 
 
As a means of documenting changes over time, the lakes will be photographed and the 
vegetation will be mapped every three years.  Lakes are scheduled to be photographed and 
mapped in 2016. 
  
The following are still to be evaluated with habitat matrix and GIS habitat analysis: 

NEWNANS LAKE 

LOCHLOOSA LAKE 
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GLOSSARY 

 
Basin 
Natural depression or relatively low area enclosed by higher land. 
 
Block Size 
A discrete spatial area per habitat type that represents the minimum size area required for a focal 
taxa breeding population. 

 
Burn 
The controlled application of fire to naturally occurring vegetative fuels, under specified 
environmental conditions and following appropriate protocols. 

 
Class 
A class includes all patches, polygons, contiguous cells or shapes in a theme, a view or a 
landscape that have the same value for a given attribute. 

 
Commission 
The Florida Fish and Wildlife Conservation Commission as established in the Florida State 
Constitution Article IV, Section 9. 

 
Contagion Index 
Refers to the tendency of patch types to be spatially aggregated, to occur in large, aggregated or 
“contagious” distributions.  Contagion ignores patches per se and measures the extent to which 
cells of similar class are aggregated. Interspersion, on the other hand, refers to the intermixing of 
patches of different types and is based entirely on patch (as opposed to cell) adjacencies. 
 
Cookie Cutter 
The cookie cutter is a barge/cutting system developed to chop and shred emergent aquatic 
vegetation, tussocks, floating islands of vegetation and sediment, and to cut openings in shoreline 
and wetland areas through emergent wetland plants. 
 
Focal Taxa 
Species whose requirements for persistence define the attributes that must be present if that 
landscape is to meet the requirements of species that occur there (Lambeck 1997). 
 
Geographic Information System (GIS) 
A computer application used to store, view, and analyze geographical information, especially 
maps. 
 
Harvest 
Mechanical removal of aquatic plants, tussocks and/or sediments usually with disposal on an 
upland site. 

 
Interspersion 
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This metric is based on patch adjacencies, not cell adjacencies like the contagion index. As such, 
it does not provide a measure of class aggregation like the contagion index, but rather isolates the 
interspersion or intermixing of patch types. 

 
Landscape 
An area of relatively large spatial extent; for the purposes of this document, landscape refers to 
an area within defined hexagon cells comprised of a mosaic of habitat patches,  includes all 
patches, polygons, contiguous cells or shapes in a view or a theme. 
 
Metric 
A system of related measures that facilitates the quantification of some particular characteristic 
 
National Geodetic Vertical Datum (NGVD) 
A measure of land elevation essentially the same as Mean Sea Level (MSL). NGVD is always 
given with the date of the datum. 

 
Percent Area Coverage  
Referring to the estimated amount of area occupied by aquatic vegetation 

 
Patch 
Each individual polygon, contiguous set of cells, or shape is a patch. Each patch has a separate 
record, or row, in the theme attribute table. 

 
Polygon 
Geometric term for a two-dimensional area.  This area may be defined as the boundary of an 
assigned habitat type or geographic feature. 
 
Raster layer 
Spatial area divided into rows and columns producing a grid (group of cells) 
 
Rotovating 
A rotovator is similar to under-water rototiller. The equipment has rototiller-like blades which 
turn seven to nine inches below the bottom to dislodge and remove roots. The plants and roots 
can then be removed either manually or with a rake attachment. 

 
Stakeholder 
Any organization, governmental entity or individual that has a stake in or may be affected by a 
given approach to management. 
 
 
Taxon (plural: taxa)  
A group of (one or more) organisms, which a taxonomist adjudges to be a unit (Wikipedia 2010). 

 The Glossary of the International Code of Zoological Nomenclature (1999) defines[1] a 
“taxon”, (pl. taxa), n. A taxonomic unit, whether named or not: i.e. a population, or group 
of populations of organisms which are usually inferred to be phylogenetically related and 

http://en.wikipedia.org/wiki/Taxonomist
http://en.wikipedia.org/wiki/International_Code_of_Zoological_Nomenclature
http://en.wikipedia.org/wiki/Taxon#cite_note-0
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which have characters in common which differentiate (q.v.) the unit (e.g. a geographic 
population, a genus, a family, an order) from other such units. A taxon encompasses all 
included taxa of lower rank (q.v.) and individual organisms. [...]" 

Tussock 
Floating island (free-floating) or floating marsh (attached to shoreline vegetation).  
 
Variance   
A measure of variation; in statistics, the mean of the squares of the differences between the 
respective population of samples and their mean.  
 
Vector layer 
A common representation of a map using points, lines or polygons. 
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APPENDIX A: FOCAL TAXA HABITAT GOALS 

 

HERPETOFAUNAL GOALS 

Allan R. Woodward and Kevin Enge -  FWRI Wildlife Research - Reptiles & Amphibians  
 
BACKGROUND 
 
The Orange Creek Basin is composed of a wide range of aquatic habitats that provide important 
habitat for a variety of reptiles and amphibians.  The only broad-based herpetofaunal survey 
conducted on Orange Lake sampled shallow marsh, deep marsh, floating marsh, shrub swamp, 
and tree islands using Goin dredges, minnow traps, funnel traps along drift fences, nocturnal frog 
call surveys, and/or incidental observations (Williams 1997).  This study documented only seven 
anuran species, four caudate species, four turtle species, three lizard species, five snake species, 
and the American alligator (Alligator mississippiensis).  Based upon literature (e.g., Carr 1940; 
Florida Game and Fresh Water Fish Commission 1976; Ashton and Ashton 1988a, 1988b, 1991; 
Enge 1997) and our knowledge of the area and herpetofaunal use of the habitat types present, we 
developed a list of potential species and their relative abundance in the seven major vegetative 
habitat types identified by Bryan and Warr (1998).  This list includes 12 anuran species, seven 
caudate species, 10 turtle species, five lizard species, and 22 snake species (Table A1).  Some of 
these snake species are terrestrial and do not reside in these habitats, but they will leave adjacent 
upland habitats and occasionally forage on tree islands or in shallow marsh habitats. 
 
Most reptiles and amphibians prefer marsh habitats or marsh interspersed with open water (Table 
A1).  Aquatic salamanders are more commonly found in the root systems of floating plants such 
as frog’s bit (Limnobium spongia) and water hyacinths (Eichhornia crassipes), and to a lesser 
extent water pennywort (Hydrocotyle umbellata) and knotweed (Polygonum spp.), than among 
the submerged stems of emergent plants (P. Moler, pers. comm.).  However, the relative use of 
various plant types has not been well documented. 
 
Additional information on Orange Lake’s herpetofauna has been collected during studies of the 
alligator population.  Florida redbelly turtles (Pseudemys nelsoni), peninsula cooters (Pseudemys 
peninsularis), stinkpots (Stenotherus odoratus), and striped mud turtles (Kinosternon baurii) are 
all commonly preyed on by larger alligators in Orange Creek Basin lakes (Delany and 
Abercrombie 1986), suggesting they are common.  Water snakes (Nerodia spp.) and striped 
crayfish snakes (Regina alleni) are occasionally found in stomach contents of larger alligator.  
The greater siren (Siren lacertina) is the only amphibian commonly preyed on by larger 
alligators in Orange Creek Basin lakes (Delany and Abercrombie 1986).  Juvenile alligators 
occasionally prey on striped crayfish snakes, water snakes, stinkpots, and pig frogs (Rana grylio) 
(Delany 1990).  Florida redbelly turtles commonly lay eggs in alligator nests on Orange Lake, 
and Florida softshell turtles and Florida mud turtles (Kinosternon subrubrum) occasionally lay 
eggs in alligator nests (Deitz and Jackson 1979). 
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Table A 1. Expected relative abundance of herpetofaunal taxa in various habitats in Orange Lake, Florida.  C 
= Common, U = Uncommon, R = Rare 

Taxon
Floating 
Island

Floating 
Marsh

Deep 
Marsh

Shallow 
Marsh

Shrub 
Swamp

Tree 
Island

Open 
Water

Anurans
Southern Toad U U
Florida Cricket Frog C U C U U
Cope's Gray Treefrog R U
Green Treefrog U C U C C C C1

Squirrel Treefrog R
Southern Spring Peeper U
Little Grass Frog C R R
Eastern Narrowmouth Toad U U U
Bullfrog R R U C R
Bronze Frog R R U U U
Pig Frog U C C C C R C1

Southern Leopard Frog U R R C C U

Caudates
Two-toed Amphiuma U C C C C R C
Dwarf Salamander R U C U R
Peninsula Newt U C C C U R R
Narrow-striped Dwarf Siren C C R C R
Northern Dwarf Siren R U
Eastern Lesser Siren R C C U R
Greater Siren C C C C C R C

American Alligator C C C C C C C

Turtles
Florida Snapping Turtle U U C C U R C
Florida Chicken Turtle U
Florida Redbelly Turtle U U C C U C C
Peninsula Cooter C R C C C
Florida Box Turtle R
Yellowbelly Slider C C C C U R U
Striped Mud Turtle R U R C C R R
Florida Mud Turtle R R R U U R R
Stinkpot C C C C C U U
Florida Softshell R U C C U R C  
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Table A1. Continued. 

Taxon
Floating 
Island

Floating 
Marsh

Deep 
Marsh

Shallow 
Marsh

Shrub 
Swamp

Tree 
Island

Open 
Water

Lizards
Eastern Glass Lizard U
Green Anole U U U C C
SE Five-lined Skink R
Broadhead Skink U
Ground Skink U

Snakes
Southern Black Racer U R R
Southern Ringneck Snake U R
Eastern Indigo Snake R
Yellow Rat Snake U R U U
Eastern Mud Snake U U U C C U
Eastern Hognose Snake R
Eastern Kingsnake R R R
Scarlet Kingsnake R
Florida Water Snake U C C C C U
Florida Green Water Snake C C U C R R
Brown Water Snake R R
Rough Green Snake R R
Striped Crayfish Snake C C U C U U
North Florida Swamp Snake C C U C C U
Florida Brown Snake U U C R
Florida Redbelly Snake R
Peninsula Ribbon Snake R R C C R
Eastern Garter Snake R R C U R
Eastern Coral Snake R
Florida Cottonmouth C C C C C C
E. Diamondback Rattlesnake R R
Dusky Pigmy Rattlesnake R R  

1 Only in topped-out SAV. 
 
Orange Lake has abundant populations of pig frogs and Florida softshell turtles (Apalone ferox), 
which are harvested commercially.  No reptiles or amphibians considered as rare or endangered 
by the Florida Committee on Rare and Endangered Plants and Animals (FCREPA) are found in 
Orange Lake (Moler 1992). 
 
The Orange Lake alligator population is one of the densest in Florida (Wood et al. 1985, 
Woodward and Moore 1990).  This is thought to be a product of relatively high nutrient levels 
(Evert 1999) and a mixture of open water, emergent marsh, floating marsh, and deep marsh, 
which provide desirable habitat for all sizes of alligators (Woodward et al. 1992).  Emergent and 
floating marshes, interspersed with deep marsh and open water, provide preferred nesting habitat 
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for alligators (Deitz and Hines 1980, Jennings et al. 1987, Woodward et. al. 1992).  Alligators 
need vegetation with a solid or floating substrate to build a nest (Deitz and Hines 1980).  
Alligators frequently nest under shrubs and trees in shrub swamps if a permanent source of water 
is nearby (<328 ft [100 m]).  Floating marshes, particularly complex floating marsh are used 
extensively as nesting sites.  Submerged aquatic vegetation, emergent vegetation, and floating 
leaf marsh provide a complex habitat for invertebrate and small fish production, which constitute 
the predominant diet of juvenile alligators (Delany 1990).  Small alligators also use shallow 
habitats for protection against predation from wading birds and larger alligators.  Large alligators 
forage in deeper water habitats and frequently use open water, deep marsh, and the edge of 
floating marsh.  Adult alligators prefer deeper waters found in open water and deep marsh, where 
they have good visual connection and adequate water depth for courtship and mating (Vliet 
2000).  Juvenile and sub-adult alligators readily use topped-out hydrilla (Hydrilla verticillata) in 
open water.  Hydrilla is generally good habitat for small alligators because of abundant 
population of prey species such as small fish, crustaceans, amphibians, and turtles, and it 
provides cover from larger alligators and other predators.  Alligators of all sizes use floating 
islands, floating marsh, tree islands, and levees for basking.  Larger alligators use floating marsh 
and floating islands as cover from hunters and, presumably, other alligators.  No formal studies 
have been conducted on alligator habitat preference on Orange Lake, but it is generally accepted 
that alligator populations flourish in aquatic habitats with a mosaic of vegetative communities 
interspersed with deep marsh or open water habitats. 
 
FOCAL TAXA GOALS 
 
Achieve and maintain habitat conditions to support the pre-1926 diversity, abundance, and 
distribution of herpetofauna in the Orange Creek Basin. 
 
Rationale: Maintaining natural levels of abundance of reptiles and amphibians is important for 
their long-term conservation. Vegetation communities shape herpetofaunal communities and, 
therefore, maintenance of natural vegetation communities is important.  The general strategy is 
to manage for habitats that produced the suite of species that were present prior to major 
modifications to the outflow of water from Orange Lake.  These modifications occurred when 
the causeway near Citra was constructed for the railroad and State Road 21 (later converted to 
U.S. Highway 301).    
 
OBJECTIVES – based on habitat types 
 
Shallow Marsh – Shallow marsh is used by a wide variety of anurans, salamanders, turtles, 
snakes, and alligators, including primarily terrestrial species that forage or breed in this 
habitat (Tables A1 and A2). Therefore, maintaining historical amounts is important for 
long-term species conservation.  
 
Deep Marsh – Certain focal taxa of species such as aquatic salamanders, turtles, and 
alligators regularly use deep marsh.  Therefore, it is important to maintain historical 
amounts of this habitat for long-term species conservation.  
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Table A 2. Herpetofauna focal taxa goals for Orange Lake.  

  

Total target area of 
habitat type (percent of 
lake) Degree of interspersion 

Block 
size Percent vegetation coverage Density Location 

Shallow 
Marsh 

Alligators:  20–30 % 
Other herpetofauna:  20–
30 % Contagion Index:  20-40 % 

use 
historical 
block size 

Emergent Vegetation:  50–75 
% Submerged Aquatic 
Vegetation:  25-50 % Medium 

Entire perimeter marsh, 
P.G. Marsh, River Styx 
Marsh, McCormick Island 
Marsh, Twenty Brothers 
Marsh 

Deep 
Marsh 

Alligators:  5–20 % 
Other herpetofauna:  5–
20 % Contagion Index: 20-40 % 

use 
natural 
block size 

Emergent Vegetation:  50–75 
% Submerged Aquatic 
Vegetation:  25-75 % Medium 

S.W. Bay, S.E. Bay, East 
Side, N.W. side, and P. G. 
Run 

Floating 
Islands 

Alligators:  1–5 %                     
Other herpetofauna:  1–5 
% N.A. <0.5 ha 25–75 % Medium 

allow islands to find their 
own locations 

Floating 
Marshes 

Alligators:  15–30 % 
Other herpetofauna:  15–
30 % Contagion Index: 20-40 % 

use 
natural 
block size 75–90 % Dense same as 1995-96 

Shrub 
Swamp 

Alligators:  1–5 %                     
Other herpetofauna:  1–5 
% Contagion Index: 20-40 % <0.5 ha 25–50 % Dense same as 1995-96 

Tree 
Islands 

Alligators:  <1 %                     
Other herpetofauna:  <1 
% Contagion Index: 20-40 % <0.5 ha 50–75 % Dense same as current 

Open 
Water 

Alligators:  40–50 % 
Other herpetofauna:  <10 
%* Contagion Index: 20-40 % 

1-2,000 
ha 

SAV:  25-75 %                                        
Topped-out SAV:  25–75 % 
for alligators, 70–90 % for 
other herpetofauna Medium 

In the natural low areas of 
the system 

SAV 

Alligators:  25–75 % 
Other herpetofauna:  25–
90 % Contagion Index: 20-60 % 1-5 ha 

SAV:  25-75 %                                        
Topped-out SAV:  25–75 % 
for alligators, 70–90 % for 
other herpetofauna Medium 

In the natural low areas of 
the system 

 
*This is dependent on abundance of submerged vegetation (hydrilla, coontail, fanwort, etc.)  The greater the amount of submerged    

 
vegetation, particularly topped-out hydrilla, the more desirable for herpetofauna. 
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Table A 2. Continued. 

  
Preferred vegetation species (in 
order of importance) 

Preferred 
substrate Focal Taxa Strategies 

Shallow 
Marsh 

Sawgrass (Cladium jamaicense), 
Maidencane (Panicum hemitomon), 
Frog’s Bit, Arrowheads (Sagittaria 
spp.), Pickerelweed (Pontederia 
cordata) 

Peat, mud, loamy 
soil 

The overall strategy would be to maintain an early successional community, 
Maintain full range of natural water level fluctuations and natural intervals (5, 
10, and 25-year cycles), Restore natural fire frequency, intensity, and 
seasonality to the extent possible (3–5-year burn cycle), Allow severe fire (peat 
fire) every 15–20 years, and Spot herbicide treatment of woody vegetation as 
needed to maintain shallow marsh habitat 

Deep 
Marsh 

Coontail (Ceratophyllum demersum), 
Spatterdock (Nuphar spp.), Water lily 
(Nymphaea spp.), Lotus (Nelumbo 
spp.)  Peat and mud Maintain full range of normal water level fluctuations (5, 10, and 25-year) 

Floating 
Islands 

Dense floating islands: No species 
preferences, Low floating islands:  No 
species preferences Peat and mud Maintain full range of normal water level fluctuations (5, 10, and 25-year) 

Floating 
Marshes 

Frog’s bit, Knotweed, Water pennywort 
(Hydrocotyle spp.), Bulrush 
(Oxycaryum cubense), Water primrose 
(Ludwigia spp.) Water Maintain full range of normal water level fluctuations (5, 10, and 25-year) 

Shrub 
Swamp 

Wax myrtle (Myrica cerifera), 
Buttonbush (Cephalanthus 
occidentalis), Willow (Salix spp.) 

Peat, mud, 0.1–1.0 
m of water 
underneath shrubs 

Maintain a medium-stage successional community of plants, Maintain a full 
range of normal water level fluctuations (5, 10, 25-year cycles), Restore natural 
fire frequency, intensity, and seasonality to the extent possible (10-year or 
longer cycles), and Allow severe burns every 15–20 years 

Tree 
Islands 

Cabbage palm (Sabal palmetto), Red 
maple (Acer rubrum), Bald cypress 
(Taxodium distichum), Willow, 
Buttonbush, Wax Myrtle 

Loamy soil, sand, 
peat Maintain full range of normal water level fluctuations (5, 10, and 25-year) 

Open 
Water Coontail, Fanwort (Cabomba spp.) Mud 

Maintain full range of normal water level fluctuations (5, 10, and 25-year), and 
Mechanical harvesting or herbicide treatment of hydrilla to maintain open trails 
and interspersion of water and SAVs     

SAV Hydrilla, Coontail, Fanwort Mud 

Maintain full range of normal water level fluctuations (5, 10, and 25-year), and 
Mechanical harvesting or herbicide treatment of hydrilla to maintain open trails 
and interspersion of water and SAVs     
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Floating Islands – Floating islands are potentially used by a wide variety of herpetofauna, 
although relatively little is known regarding actual usage.  Maintaining a natural 
abundance and distribution of floating islands will help with long-term species 
conservation. 
 
Floating Marshes – Floating marshes are used by a wide variety of semi-aquatic and 
aquatic herpetofauna.  Alligators extensively use complex floating marsh for nesting and 
other types of floating marsh are used for basking. Maintaining an historical amount of 
floating marsh will aid in the conservation of natural species diversity and abundance. 
 
Shrub Swamp – This habitat is not particularly important for most herpetofaunal species, 
although it is potentially used by a wide variety of species, including treefrogs and arboreal 
snakes.  The shrub swamps being considered are situated within the Orange Lake basin 
and are therefore somewhat depauperate in species.  If shrub swamps situated adjacent to 
upland habitats were included, more species would be expected to use this habitat type, 
including species that rarely use existing habitat types in the basin.  Maintaining small 
amounts of this habitat will aid in conserving species diversity.  
 
Tree Islands – This habitat is not particularly important for most aquatic herpetofaunal 
species, except as nesting areas for alligators, turtles and snakes.  However, tree islands 
situated along the perimeter of the lake could potentially be used by a wide variety of 
species, including terrestrial or arboreal species (including lizards) that are rare in other 
habitat types, which are primarily aquatic. Maintaining small amounts of this habitat will 
aid in conserving species diversity. 
 
Open Water – This habitat is used extensively by alligators, softshell turtles, common 
snapping turtles, and perhaps some aquatic salamanders, but is not essential habitat for 
these species.  The important objective is to maintain as much marsh/open water edge as 
possible.  Maintenance of this habitat will help conserve natural species diversity and 
abundance. 
 
SAV – This habitat is used extensively by alligators, frogs, snakes, and aquatic 
salamanders.  SAV is a rich sources of prey, and hydrilla provides basking sites and 
buoyancy for resting at the water surface.  Maintenance of this habitat can enhance 
population densities of alligators and other herpetofaunatiles.  Because hydrilla is an 
exotic, it is not essential for the long-term conservation of natural species diversity and 
abundance. 
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MAMMAL GOALS 

Terry Doonan, Ron Loggins and Annie Mitchell, Species Conservation Planning- Nongame 
 
SUMMARY 
 
Several mammal species occur in the Orange Lake basin (Table A3) of which, the round-tailed 
muskrat (Neofiber allenii), marsh rabbit (Sylvilagus palustris), rodents including cotton rats 
(Sigmodon hispidus), as well as shrews (Sorex spp.) will all be effected by management activities 
occurring in the basin.  All of these species contribute to nutrient cycling being foragers of grain 
and insects and providing a prey base for predatory birds and reptiles.  The goals outlined herein 
are for the round-tailed muskrat which is not listed in Florida but is threatened in Georgia. 
 
BACKGROUND 
 
Round-tail muskrats are found throughout Florida and extreme southern Georgia in shallow 
freshwater marshes characterized by sandy bottoms and stands of maidencane and southern 
cutgrass (Leersia hexandra) (Birkenholz 1972).  They construct dome-shaped lodges of aquatic 
plants, similar to that of the beaver (Castor canadensis), attaching them to emergent vegetation 
(Birkenholz 1972). Feeding platforms are also built near the lodge, consisting of a pad of plant 
material (Birkenholz 1963).  Aquatic grasses make up the bulk of its diet but stems, roots, and 
seeds are also eaten.  Major predators of the round-tail muskrat are herons, owls, hawks, snakes, 
and bobcats.  Population densities can range from 25 - 100 individuals per acre in good habitat 
(University of Georgia 2007).  Droughts and flooding are common hazards faced by the round-
tailed muskrats, leading to periodic population fluctuations (Birkenholz 1963) so stabilized water 
levels positively influence their abundance (Hafner et al. 1998). 
  
FOCAL TAXA GOALS 
 
Round-Tailed Muskrat - Provide high quality emergent wetland habitat to enhance the 
abundance and distribution of round-tailed muskrat in the Orange Creek Basin.  
 
Other mammals – Provide high quality edge habitat (extensive 3D structure, forage) to enhance 
the stability of these populations and increase the distribution of these organisms. 
 
OBJECTIVES – based on habitat types 
 
Shallow Marsh − This type should cover between 20–30% of the lake (Table A 4).  This 
habitat is directly important to muskrats for foraging. 
 
Rationale: This habitat is important for foraging.  Vegetation density should be maintained 
above ≤50 % cover to provide areas for foraging. 
 
Deep Marsh − This type should cover between 5–10% of the lake.  This habitat is directly 
important to round-tailed muskrats for foraging, including associated adjacent habitats. 
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Table A 3. Non-inclusive list of mammal species that are expected to occur within the region of the Orange 
Lake basin. 
Order Common Name Scientific Name Presence1 
    
Marsupials   
 Opossum  Didelphis virginiana Transient 

Insectivores   
 Southeastern shrew  Sorex longirostris  Transient 
 Southern short-tailed shrew Blarina carolinensis Transient 
 Least shrew Cryptotis parva Transient 
Bats   
 Southeastern bat Myotis austroriparius Transient 
 Eastern pipistrelle Pipistrellus subflavus Transient 
 Big brown bat Eptesicus fuscus Transient 
 Red bat Lasiurus borealis Migratory 
 Northern yellow bat Lasiurus intermedius Transient 
 Seminole bat Lasiurus seminolus Resident 
 Evening bat Nycticeus humeralis Resident 
 Rafinesque’s big-eared bat Corynorhinus rafinesquii Resident 

Armadillos   
 Nine-banded armadillo  Dasypus novemcinctus Transient 

Rabbits   
Marsh rabbit Sylvilagus palustris Resident  

Rodents   
Round-tailed muskrat  Neofiber alleni Resident 
Cotton rat Sigmodon hispidus Resident 
Marsh rice rat Oryzomys palustris Resident 

Carnivores   
Otter  Lutra canadensis  Resident  
Raccoon Procyon lotor Transient  
Long-tailed weasel Mustela frenata Transient  
Gray fox Urocyon cinereoargenteus Transient  
Coyote Canis latrans Transient  
Bobcat Lynx rufus Transient  

Ungulates   

Hog Sus scrofa Resident 
1 Resident = spends the majority of its lifecycle in habitats of the Orange Lake basin.  Transient = moves through 
and spends some time in habitats of the Orange Lake basin throughout the year, but also uses other habitats 
extensively.  Migratory = only expected to occur in habitats of the Orange Lake basin during specific seasons. 
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Table A 4. Mammal focal taxa goals. 

  

Total target area of 
habitat type (percent of 
lake) 

Degree of 
interspersion Block size Percent vegetation coverage Density Location 

Shallow 
Marsh High 20-30 % High   Moderate and varied Dense (High) Across area 
Deep 
Marsh Low 5-10 % Moderate Generally small Moderate 20-40 % Dense (High) Across entire area 
Floating 
Islands Low 1-5 % Moderate 

Moderate - 
Large Moderate30-40 % Dense Across area 

Floating 
Marshes Moderate 15-20 % High Moderate High 80-10 0 % Dense (High) Across area 
Shrub 
Swamp High 1-5 % High   High 70-90 % Dense (High) Across area 
Tree 
Islands Low 0.5-5 %  N/A  N/A  N/A  N/A  N/A  
Open 
Water High 40-60 % High   N/A  Sparse (Low) Across area 
SAV N/A  N/A  N/A  N/A  N/A  N/A  
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Table A 4. Continued. 

  
Preferred vegetation species (in 
order of importance) 

Preferred 
substrate Focal Taxa Strategies 

Shallow 
Marsh 

Maidencane, Emergent pickerelweed, 
Arrowheads, Knotweed, Spatterdock, 
and/or Arrow arum N/A  

Burn on regular basis 3-5 years, Create areas by manipulating water level, 
Control water level to inundate areas, Maintain full range of natural water level 
fluctuations and natural intervals (5, 10, and 25-year cycles), Restore natural 
fire frequency, intensity, and seasonality to the extent possible (3–5-year burn 
cycle), Allow severe fire (peat fire) every 15–20 years, and Spot treatment of 
woody vegetation as needed to maintain shallow marsh habitat 

Deep 
Marsh 

Maidencane, Emergent pickerelweed, 
Knotweed, Spatterdock (Nuphar lutea), 
and/or Arrow arum (Peltandra 
virginicum),  N/A  

The overall strategy would be to maintain an early successional community, 
Maintain full range of natural water level fluctuations and natural intervals (5, 
10, and 25-year cycles), Restore natural fire frequency, intensity, and 
seasonality to the extent possible (3–5-year burn cycle), Allow severe fire (peat 
fire) every 15–20 years, and Spot treatment of woody vegetation as needed to 
maintain deep marsh habitat 

Floating 
Islands 

Maidencane, Arrowheads, Knotweed,  
and/or Arrow arum N/A  

The overall strategy would be to maintain an early successional community, 
Maintain full range of natural water level fluctuations and natural intervals (5, 
10, and 25-year cycles), Restore natural fire frequency, intensity, and 
seasonality to the extent possible (3–5-year burn cycle), Allow severe fire (peat 
fire) every 15–20 years, and Spot treatment of woody vegetation as needed to 
maintain  marsh habitat 

Floating 
Marshes 

Arrowheads, Knotweed, Arrow arum, 
Emergent pickerelweed, and/or Water 
pennywort N/A  

The overall strategy would be to maintain an early successional community, 
Maintain full range of natural water level fluctuations and natural intervals (5, 
10, and 25-year cycles), and Spot treatment of woody vegetation as needed to 
maintain  marsh habitat 

Shrub 
Swamp Arrowheads and Arrow arum N/A  

Burn on regular basis 3-5 years, Create areas by manipulating water level, 
Manage as a forage area, Control water level to inundate areas 

Tree 
Islands Arrowheads and Arrow arum N/A  Muskrats will use habitat edge for feeding & gathering nest materials 
Open 
Water N/A  N/A  

Manage large open water areas for movement and foraging, and Control water 
level to inundate areas or open them for burning. 

SAV N/A  N/A  N/A  
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Rationale: This habitat is important for round-tailed muskrats. Core of this habitat type not 
important for muskrats. Vegetation density along edge should be composed of emergent plants 
with less than or equal to 50% cover. 
 
Floating Islands − This type should cover between 1–5% of the lake.  This habitat is 
directly important to muskrats with habitat edge being utilized for foraging. 
 
Rationale: This habitat is important for foraging.  Vegetation density along edge should be 
composed of emergent plants with 60 – 80 % cover. 
 
Floating Marshes − This type should cover between 15–20% of the lake.  This habitat is 
directly important to muskrats with habitat edge being utilized for foraging. 
 
Rationale: This habitat is important for foraging. Vegetation density along edge should be 
composed of emergent plants with 80 – 100 % cover. 
 
Shrub Swamp − This type should cover between 1–5% of the lake.  This habitat is directly 
important to muskrats with habitat edge being utilized for foraging 
 
Rationale: This habitat is important for foraging and loafing.  Vegetation density should be 
maintained near ≤50 % cover to provide areas for foraging. 
 
Tree Islands − This habitat type should be <1% of the lake.  This habitat is not directly 
important to muskrats although edge will be used. 
 
Rationale: This habitat is not directly important to muskrats.   
 
Open Water − This type should cover between 40–60% of the lake.  This habitat is directly 
important to muskrats for movement with habitat edge being utilized for foraging. 
 
Rationale: This habitat is important for movement and foraging. Vegetation density should be 
minimized to provide open areas for movement and foraging. 
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WADING BIRD GOALS 

Cathy Handrick, Species Conservation Planning- Nongame 
 
SUMMARY 
 
Herein we identify the objectives for maintaining desirable foraging and nesting habitat for 
wading birds on Orange Lake within seven generalized vegetation community types (Table 1).  
 
There is an assumption that nesting success depends on quality and quantity of nesting and 
foraging habitat.  Good quality foraging habitat should improve foraging success rates, which 
ultimately would result in higher nestling survivorship and fledging rates when coupled with 
available nesting substrate.  Good quality nesting substrate provides a stable nesting platform, 
which should lessen the probability of nest collapse and whole nest failure.  Without suitable 
foraging habitat, wading birds cannot access the food resources of a wetland and provide 
nourishment for their nestlings. 
 
Evidence suggests that nesting habitat is not a limiting factor for wading birds (Rodgers et al. 
1996).  Rather, prey availability or accessibility to these food resources is the limiting factor on 
reproductive success and population growth of wading birds.  However, having available nesting 
habitat in proximity to good foraging habitat may provide the stimulus for breeding.  Lastly, the 
dynamic nature of the littoral zone and prey availability on Orange Lake requires wading birds to 
use off-lake foraging sites, especially ephemerally rich food resources.  Thus, wading birds are 
not entirely dependent upon a single foraging area such as Orange Lake. 
 
Wading birds are a focal taxon that includes but is not limited to herons, bitterns, rails, coots, 
common moorhens, ibis, and sandhill cranes (Table A5). 
 
BACKGROUND 
 
Wading birds as a generic term includes a diverse group of birds utilizing aquatic habitats and 
adjacent forested wetland habitats.  Most wading birds are in the avian order Ciconiiformes and 
families Ardeidae (herons, egrets, and their allies), Threskiornithidae (ibises and spoonbills), and 
Ciconiidae (storks).  Some biologists also include members of the families Pelecanidae 
(pelicans), Phalacrocoracidae (cormorants), Anhingidae (anhingas), Scolopacidae (shorebirds), 
Gruidae (cranes), Rallidae (rails and gallinules), and Aramidae (limpkins).  For purposes of this 
report, only the species of Ciconiiformes will be considered.  However, the upland foraging 
requirements of the cattle egret (Bubulcus ibis) will not be discussed. 
 
All species of wading birds in Florida also occur elsewhere in the temperate regions of United 
States and throughout tropical regions of Central and South America (Palmer 1962, Hancock and 
Kushlan 1984).  However, Florida has possessed the largest number of species and populations 
of wading birds in the United States (Runde 1991).  Precipitous decreases in the populations of 
wading birds in Florida during the mid-1900s, especially in south Florida, ultimately resulted in 
many species being listed as endangered [wood stork, (Mycteria Americana)] or species of 
special concern [little blue heron (Egretta caerulea), snowy egret (E. thula), tricolored herons (E. 
tricolor), white ibis (Eudocimus albus), roseate spoonbill, (Ajaia ajaja)].  Florida’s resident  
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Table A 5. Non-inclusive list of shorebird and wading bird species that have been observed within the Orange 
Lake Basin region, Florida. 
Category Common Name Scientific Name Presence 
    SHOREBIRDS   
 Black-necked stilt  Himantopus mexicanus Migrant 
 Dunlin Calidris alpina  Migrant 
 Greater yellowlegs  Tringa melanoleuca  Migrant 
 Least sandpiper Calidris minulilla Migrant 
 Lesser yellowlegs  Tringa flavipes  Migrant 
 Stilt sandpiper  Calidris himantopus  Migrant 
    
WADING BIRDS - LONG LEGS   
 Great blue heron  Ardea herodias  Resident 
 Great egret  Casmerodius albus  Resident 
 Sandhill crane  Grus canadensis  Resident 
 Wood Stork Mycteria americana Resident 
 Tricolored heron Egretta tricolor  Resident 
 Cattle egret Bubulcus ibis Resident 
 Black-crowned night heron Nycticorax nycticorax Resident 
 Long-billed dowitcher Limnodromus scolopaceus Resident 
    
WADING BIRDS - SHORT LEGS   
 Glossy ibis Plegadis falcinellus Resident 
 Green-backed heron Butorides striatus  Resident 
 King rail  Rallus elagans Resident 
 Least bittern  Ixobrychus exilis  Resident 
 Limpkin  Aramus guarauna  Resident 
 Little blue heron  Egretta caerulea  Resident 
 Snowy egret  Egretta thula  Resident 
 Tricolored heron  Egretta tricolor  Resident 
 White ibis  Eudocimus albus  Resident 
 Sora rail  Porzana carolina Migrant 
     

population of wading birds is augmented by migratory birds from more northern latitudes 
(especially the Atlantic coastal populations) during the months of October-March (Palmer 1962, 
Hancock and Kushlan 1984).  Central Florida lakes and wetlands, including Orange Lake, are 
important to both resident nesting and foraging wading birds and migrant wading birds that 
disperse into the state during the winter.  Significant degradation of these wetlands would result 
in decreased numbers of wading birds using Orange Lake and adjacent lakes in central Florida. 
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FOCAL TAXA GOALS 
 
Manage foraging and nesting habitat in the Orange Creek Basin in order to conserve species 
diversity, richness, and abundance of wading birds.   
 
OBJECTIVES – based on habitat types 
 
Shallow Marsh − This type should cover between 20–30% of the lake (Table A 6).  This 
habitat is directly important to wading birds with habitat edge being utilized by wading 
birds for foraging and loafing. 
 
Rationale: This habitat is important for foraging and loafing.  Habitat and habitat edge not 
deeper than 1 ft (0.3 m) will be utilized by wading birds. Vegetation density should be 
maintained near ≤50% cover to provide areas for foraging. 
 
Deep Marsh − This type should cover between 5–10% of the lake.  This habitat is not 
directly important to wading birds, however edge associated with adjacent habitats will be 
utilized by wading birds for foraging. 
 
Rationale: This habitat is important for species such as rails.  Edge not deeper than 1 ft (0.3 m) 
of this type will be utilized by wading birds. Core of this habitat type not important for wading 
birds. Vegetation density along edge should be composed of emergent plants with less than 50 % 
cover. 

 
Floating Islands − This type should cover between 1–5% of the lake.  This habitat is 
directly important to wading birds with habitat edge being utilized by wading birds for 
foraging. 
 
Rationale: This habitat is important for nesting species.  Edge not deeper than 1 ft (0.3 m) of this 
type will be utilized by wading birds. Vegetation density along edge should be composed of 
emergent plants with 50% cover. 
 
Floating Marshes − This type should cover between 15–20% of the lake.  This habitat is 
directly important to wading birds with habitat edge being utilized by wading birds for 
foraging. 
 
Rationale: This habitat is important for foraging. Vegetation density along edge should be 
composed of emergent plants with 50 % cover. 
 
Shrub Swamp − This type should cover between 1–5% of the lake.  This habitat is directly 
important to wading birds with habitat edge being utilized by wading birds for foraging 
and loafing.  Dense areas of woody substrate (willow, buttonbush) may be used for nesting 
by the smaller solitary wading bird species (green heron (Butorides virescens), least bittern 
(Ixobrychus exilis)) 
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Table A 6. Wading birds focal taxa goals. 

  

Total target area of 
habitat type (percent of 
lake) 

Degree of 
interspersion Block size 

Percent 
vegetation 
coverage Density Location 

Shallow 
Marsh High 20-30 % High Moderate, variable 

Moderate and 
varied-50 % 

High to moderate 
(patchy distribution of 
emergent plants with 
≤50 % cover per hectare) 

Across area, priority to areas near 
known roots or potential nest 
sites (i.e. continually flooded 
willow stands) 

Deep 
Marsh Low 5-10 % Moderate Generally small High 40-60 % 

Moderate (patchy 
distribution of emergent 
plants with ≤50 % cover 
per hectare) Across entire area 

Floating 
Islands Low 1-5 % High 

Block size should 
be balanced to 
provide interior and 
edge habitat. Medium- 50 % Moderate Across area 

Floating 
Marshes Low: 15-20 % High 

Moderate (hundreds 
of square meters in 
size) Medium- 50 %  

Moderate (patchy 
distribution of emergent 
plants with ≤50 % cover 
per hectare) Across area 

Shrub 
Swamp Low: 1-5 % High 

Varied, mostly a 
few acres High 70-90 % 

Moderate (patchy 
distribution of emergent 
plants with ≤50 % cover 
per hectare) 

Across area, PG Run.  Priority to 
dense areas near good forage that 
are frequently flooded. 

Tree 
Islands Low: < 1 %  High Large but varied 

High >50 %-
80 %  Moderate-High 

Across area, priority to sites 
<100 m from good foraging to 
increase success of newly 
fledged juvenile birds. 

Open 
Water Moderate: 40-50 % High 

Small (few acres 
each) N/A  Very low Across area 

SAV N/A  N/A  N/A  N/A  N/A  N/A  
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Table A 6. Continued. 

  
Preferred vegetation species 
(in order of importance) Preferred substrate Focal Taxa Strategies 

Shallow 
Marsh Can use sub-habitat types: All 

Vegetation itself,  
mud, exposed muck, 
sand. 

The overall strategy would be to maintain structure in this habitat type, Restore 
natural fire frequency, intensity, and seasonality to the extent possible (3–5-year 
burn cycle) (peat fire every 15–20 years), Create structure by encouraging diverse 
plant species. Create areas by manipulating water level. (i.e. littoral zones that 
concentrate prey), and Spot treatment of woody vegetation as needed to maintain 
shallow marsh habitat 

Deep 
Marsh Can use sub-habitat types: All N/A  

The overall strategy would be to maintain an early successional community, 
Maintain full range of natural water level fluctuations and natural intervals (5, 10, 
and 25-year cycles), Restore natural fire frequency, intensity, and seasonality to the 
extent possible (3–5-year burn cycle), and Spot treatment of woody vegetation as 
needed to maintain deep marsh habitat 

Floating 
Islands N/A  N/A  

The overall strategy would be to maintain 3-dimensional structure in this habitat 
type, Restore natural fire frequency, intensity, and seasonality to the extent possible 
(3–5-year burn cycle), and Create structure on floating islands with downed trees 
and woody debris 

Floating 
Marshes 

Can use sub-habitat types: low 
floating marsh; water 
pennywort, knotweed, and red 
temple (Alternanthera reineckii) N/A  

Important as habitat for nesting and roosting, Develop as forage component for 
some wading birds, and Restore natural fire frequency, intensity, and seasonality to 
the extent possible (3–5-year burn cycle) 

Shrub 
Swamp 

Willow and buttonbush, Can use 
sub-habitat types: All 

Vegetation itself,  
mud, exposed muck, 
sand 

The overall strategy would be to maintain 3-dimensional structure in this habitat 
type, especially of woody plants to encourage nesting by solitary wading birds, 
Restore natural fire frequency, intensity, and seasonality to the extent possible (3–
5-year burn cycle), Create structure by encouraging diverse plant species, and 
Create areas by manipulating water level.  (Littoral zone) 

Tree 
Islands Red maple and Bald cypress 

Vegetation itself,  
edge for forage. 

The overall strategy would be to maintain structure in this habitat type to encourage 
nesting of both solitary and colonial species, Disturbance should be reduced or 
eliminated during nesting season (No public access during this time), Restore 
natural fire frequency, intensity, and seasonality to the extent possible (3–5-year 
burn cycle), Maintain at successional end-point, Maximize 3 dimensional structure 
of these islands, and Control access by non-native predators (cats, dogs) and 
remove if present 

Open 
Water 

Can use sub-habitat types: 
Limited by depth 

Mud, exposed muck, 
sand 

Manage shallow areas as emergent free areas when shorebirds present.  (Littoral 
zone) 

SAV N/A  N/A  N/A  
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Rationale: This habitat is important for foraging and loafing.  Vegetation density should be 
maintained near ≤50% cover to provide areas for foraging and nesting. 
 
Tree Islands − This habitat type should be <1% of the lake.  This habitat is directly 
important to wading birds with habitat interior being utilized by wading birds for nesting 
and loafing. 
 
Rationale: This habitat is important for nesting and loafing where they are flooded or free of 
terrestrial predators-especially for wood storks.  Vegetation density should be maintained above 
>50% cover to provide areas for nesting and predator avoidance.   
 
Open Water − This type should cover between 40–50% of the lake.  This habitat is directly 
important to wading birds with habitat edge being utilized by wading birds for foraging. 
 
Rationale: This habitat is important for foraging and loafing.  Habitat and habitat edge not 
deeper than 1 ft (0.3 m) will be utilized by wading birds. Vegetation density should be 
minimized to provide open areas for foraging. 
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WATERFOWL GOALS 

Andrew Fanning, Waterfowl Management Program, Division of Hunting and Game 
Management 
 
BACKGROUND 
 
The Orange Creek Basin Working Group is tasked with managing the fish and wildlife resources 
within the basin.  This document specifies quantitative objectives to guide management on 
Orange Lake for the benefit of waterfowl. 
 
Anticipated benefits of achieving the objectives will be (1) increased average populations of 
wood ducks (Aix sponsa) (year-round) and wintering waterfowl (November – February), (2) 
increased waterfowl hunting activity, (3) increased waterfowl harvest, (4) higher satisfaction of 
waterfowl hunters who hunt on Orange Lake, and (5) increased recreational use by people 
interested in viewing wildlife. 
 
The overriding assumption is that vegetative structure is the current limiting factor.  It is possible 
that other factors, both within and outside of Orange Lake, limit waterfowl use.  Possibilities 
include altered hydrology, insufficient invertebrate foods, changing wintering distribution of 
waterfowl within and outside of Florida, reduced regional/statewide/continental waterfowl 
populations, and habitat conditions elsewhere in central Florida.  There are essentially no 
quantitative scientific findings on which to base specific, quantifiable objectives regarding 
vegetative structure and composition for waterfowl habitat.  The objectives herein were 
determined by the best professional judgment of FWC waterfowl staff. 
 
Historically, the most abundant species on Orange Lake were ring-necked ducks (Aythya 
collaris), ruddy ducks (Oxyura jamaicensis), green-winged teal (Anas crecca), lesser scaup 
(Aythya affinis), American widgeon (Anas americana), mallards (Anas platyrhynchos), and blue-
winged teal (Anas discors) (Figure A1).  Recent survey data indicate that ring-necked ducks, 
ruddy ducks, lesser scaup, blue-winged teal, and green-winged teal are now the primary species.  
Wood ducks are locally abundant on Orange Lake but are rarely counted from fixed-wing 
surveys, as they are inherently difficult to spot in hardwood and shrub swamp.  Orange Lake 
provides habitat for both a resident and migratory population of wood ducks.  The two waterfowl 
species selected to represent the waterfowl focal taxon for management of the Orange Lake are 
the wood duck and ring-necked duck.  The wood duck was chosen because it is commonly found 
on the lake, and many of its habitat requirements overlap with other dabbling duck species that 
migrate through and winter on Orange Lake each year.  Wood ducks are opportunistic omnivores 
that can utilize many different types of habitat.  Therefore, by providing quality habitat for the 
non-migratory wood duck throughout its annual cycle, the habitat requirements for other 
dabbling duck species during migration and winter also would largely be met.  The ring-necked 
duck was chosen as an indicator to represent the group of ducks known as diving ducks.  Florida 
supports a large proportion (upwards of 22%; Bellrose 1980) of the North American ring-necked 
duck population during winter.  Thus, having adequate wintering habitat for this species in the 
state is important to the continental population.  The ring-necked duck usually is the most 
numerous species in Florida’s waterfowl sport harvest (U. S. Fish and Wildlife Service harvest 
data) and the most  
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Figure A 1. U.S. Fish and Wildlife Service mid-winter waterfowl inventory on Orange Lake.  Ring-necked 
ducks (RNDU) account for the majority of wintering ducks on Orange Lake. 
 
abundant and widespread diving duck species using freshwater wetlands in the state (Eggeman et 
al. 1997, FWC file data). 
 
FOCAL TAXA GOAL 
 
Provide waterfowl habitat capable of sustaining an abundance of migratory and resident ducks in 
the Orange Creek Basin. 
 
OBJECTIVES– based on habitat types 
 
Shallow Marsh - Manage this habitat for a mosaic of 30-60% vegetative cover and 
moderate interspersion to provide use by wood ducks and dabbling ducks on Orange Lake 
(Table A 7).  

 
Rationale: Wood ducks regularly use shallow, emergent portions of lakes in central Florida, 
such as Orange Lake, because these areas typically provide a combination of food and cover.  
Wood ducks feed primarily by dabbling at the surface; therefore, they require relatively shallow 
water (7-16 inches) (18-40 cm) to forage effectively (Hepp and Bellrose 1995).  A 50:50 mix of 
water to emergent vegetation is considered optimal for marsh birds (Weller and Spatcher 1965, 
Figure A2). 
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Table A 7. Waterfowl focal taxa goals. 

  

Total target area of 
habitat type (percent 
of lake) Degree of interspersion Block size 

Percent vegetation 
coverage Density Location 

Shallow 
Marsh 20-30 % 

Emergent vegetation should form a 
mosaic of patches varying in size 
and shape, with an average 
contagion index of 30 N/A  30-60 % N/A  N/A  

Deep 
Marsh 10-30 % 

Spatterdock and other lilies should 
range from a mosaic of patches 
varying in size and shape to a solid 
stand.  Topped out hydrilla would 
increase attractiveness to 
waterfowl N/A  

50-100 % lilies, 
20-100 % SAV 

Moderate 
to High N/A  

Floating 
Islands             
Floating 
Marshes             

Shrub 
Swamp 5-10 % 

Vegetation should range between a 
mosaic of patches varying in size 
and shape and a solid stand of 
shrub swamp 

0.1 ha (0.25 
acres) acre or 
larger Greater than 50 % High N/A  

Tree 
Islands             
Open 
Water             
SAV             

Hydrilla 

>10 %, all topped-out or 
within 6 inches of 
surface from Nov-Feb N/A  

5 ha (12.4 
acres) or larger N/A  N/A  

Hydrilla may exist in 
shallow marsh, deep 
marsh, or areas void of 
emergent vegetation 
(open water) 
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Table A 7. Continued. 

  
Preferred vegetation species (in order of 
importance) 

Preferred 
substrate Focal Taxa Strategies 

Shallow 
Marsh 

Rushes (Juncus spp.), Cord grass (Spartina spp.), 
Southern cutgrass, Arrowhead, Broom grass 
(Andropogon spp.), Maidencane, Pickerelweed 
(Pontederia cordata), Arrow arum, Cattail 
(Typha latifolia), Sawgrass, Bulrushes 
(Schoenoplectus spp.), southern wild rice 
(Zizaniopsis miliacea), and water shield 
(Brasenia schreberi) N/A  

Maintain full range of natural water level fluctuations, Restore natural fire 
frequency, intensity, and seasonality, and Chemical/mechanical manipulation to 
maintain target interspersion and percent vegetation coverage levels 

Deep 
Marsh 

Water lily, Spatterdock, Lotus, Water shield, and 
Hydrilla N/A  

Maintain full range of normal water level fluctuations, mechanical-cut trails for 
access, and If present, maintain topped out hydrilla from November-February 
annually 

Floating 
Islands       
Floating 
Marshes       

Shrub 
Swamp 

Wax myrtle, Elderberry (Sambucus canadensis), 
Buttonbush, and Willow N/A  

Maintain full range of natural water level fluctuations, Restore natural fire 
frequency, intensity, and seasonality, and Allow severe burns every 15-20 years 

Tree 
Islands       
Open 
Water       
SAV       

Hydrilla   N/A  
Mechanical harvesting and/or herbicide treatment of hydrilla to maintain open 
trails from November – February annually 
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Figure A 2. Graphic representation of ideal waterfowl habitat. 
 
Deep Marsh – Manage this habitat on Orange Lake to promote use by ring-necked and 
other diving ducks. 
 

Rationale: Ring-necked ducks require habitats that provide adequate food and protective cover.  
Traditionally in Florida, ring-necked ducks used deep-marsh habitats characterized by floating-
leaved and aquatic-bed type wetland vegetation.  Seeds of fragrant water-lily (Nymphaea 
odorata), spatterdock, American lotus (Nelumbo lutea), and water-shield (Brasenia schreberi) 
are considered preferred foods.  These plants can also provide protective cover.  
Shrub Swamp - Manage this habitat in dense blocks of 50-100% vegetative cover on 
Orange Lake to promote use by wood ducks.  

 Rationale:  Habitat composed of buttonbush and other shrubs provide overhead cover and are 
used extensively by wood ducks (Hepp and Hair 1977).  Ideally, scrub/shrub habitat should 
provide dense cover approximately 2 feet (0.6 m) above the water surface (McGilvrey 1968) and 
have open water beneath. 

 
Hydrilla - When available, provide at least 10% lake area of hydrilla on Orange Lake to 
provide food for waterfowl during fall and winter. 
 
Rationale: Based on aerial surveys and other field observations in recent years of wintering 
waterfowl in central and southern Florida, the distribution of ring-necked ducks appears to be 
determined primarily by the presence and abundance of topped-out hydrilla beds.  Johnson and 
Montalbano (1984) studied the selection of plant communities by wintering waterfowl in the 
littoral zone of Lake Okeechobee.  In this study, ring-necked ducks were the most abundant 

• Assume all blocks have 50% emergent vegetation (shaded)  
  Each block is 8 ha  

Ideal 

Less desirable Less desirable 
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species observed.  Of all vegetative communities available, hydrilla received the highest 
preference ranking.  Hydrilla is a predominant duck food in areas where it occurs (Montalbano et 
al. 1978, 1979).  Ring-necked ducks feed on all parts of hydrilla, including vegetation, tubers, 
and turions.  Other food plants valuable to this species include marine naiad, pondweeds, and 
wild celery (Apium graveolens) (Montalbano et al. 1978, Johnson and Montalbano 1984). Such 
areas may exist in shallow and deep marsh habitat, or areas void of emergent vegetation (i.e. 
open water). 
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ORANGE LAKE FISH GOALS 

Eric Nagid, FWRI Freshwater Fisheries Research - Fish 
 
BACKGROUND  
 
Orange Lake has a history of being a popular destination for recreational and professional 
anglers.  On average, anglers spent 78,000 hours on fishing during spring-month surveys from 
1971 to present, with a range of 26,000 angler hours (1991) to 176,000 angler hours (1988) 
(FWC, unpublished data).  The fish species most sought by anglers varies from year to year, but 
typically anglers targeting largemouth bass (Micropterus salmoides) account for the highest 
angling effort, followed by panfish (Lepomis sp.), then black crappie (Pomoxis nigromaculatus).  
Due to the success of anglers targeting these fisheries, Orange Lake is frequently recognized on 
the Fish and Wildlife Conservation Commission (FWC) list of top Florida fishing lakes.  
Consequently, the Orange Lake fisheries contribute heavily to the local economy.  In particular, 
the largemouth bass fishery had an estimated worth of five million dollars to the local economy 
in 1986 (Milon, et al. 1986). 
 
The quality of the fisheries can be attributed in part to the diverse and abundant aquatic 
macrophytes supported in Orange Lake.  Over 90 species of aquatic plants have been identified 
in Orange Lake during aquatic plant surveys from 1988 to 2006 (DEP, unpublished data), where 
coverage has ranged between 20 and nearly 100% of the lake area.  Vegetation variety and 
density has been shown to influence fish and invertebrate assemblages by providing food 
resources (Moxley and Langford 1985) and refugia (Barnett and Schneider 1978), thus 
increasing ecosystem stability (Boyd 1971) for fishes.  In particular, the plant species associated 
with the deep and shallow marsh habitats identified by Bryan and Warr (1998) provide the 
majority of the cover, forage, and spawning areas for the game and non-game fishes in Orange 
Lake.  One plant species that has the potential to dominate the composition of these habitats, as 
well as open water is hydrilla.  Hydrilla became naturalized in the lake in 1974, and can 
positively or negatively influence the sport fish populations depending on lake coverage and 
density.  Tate et al. (2003) found that the relative abundance of age-0 largemouth bass was 
positively related with the percentage of areal hydrilla coverage in Orange Lake.  However, 
decreased growth and condition of adult largemouth bass can also occur at extremely high levels 
(Colle and Shireman 1980). 
 
The sunfish family (Centrarchidae) encompasses the majority of the angling effort in Orange 
Lake, which includes largemouth bass, panfish, and black crappie, but this family also includes 
non-game species of the Lepomis, Acantharchus, and Enneacanthus genera.  Although members 
of this family are commonly considered habitat and forage generalist (Boschung and Mayden 
2004), habitat management for this family is ideal because it is comprised of a top-level 
piscivore (largemouth bass), insectivorous fishes such as bluegill (Lepomis macrochirus), and 
zooplanctivorous fishes such as bluespotted sunfish (Enneacanthus gloriosus).  In addition, 
sunfishes are distributed throughout several habitats in the lake, namely the deep marsh, shallow 
marsh, and open water portions of the lake.  Thus, sport fish members of the sunfish family such 
as largemouth bass may serve as an indicator of ecological stability, and management of these 
habitats should be protective of non-game species in other fish families. 
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The fish goals and objectives described herein focus primarily on the optimum cover and 
foraging habitat for Centrarchid fishes, which may generally be described as a mosaic of sparse 
and dense rooted emergent plant species and a mixture of submersed species.  Optimum density 
is critical to predator-prey interactions and good growth of Centrarchid fish species.   A robust 
forage population depicted by diverse sizes and species of fishes, amphibians, and invertebrates 
is assumed to be facilitated by fish habitat management goals and objectives. 
 
FOCAL TAXA GOAL 
 
Maintain or enhance deep freshwater marsh habitat to perpetuate abundant and optimally 
structured Centrarchid populations in Orange Lake. 

 
Rationale: Protection of habitats suitable for diverse Centrarchid populations will protect non-
game fish populations.  Lakes within the Orange Creek Basin are best characterized as deep 
freshwater mashes as defined in Florida’s Wildlife Legacy Initiative. 
 
OBJECTIVES– based on habitat types  
 
Shallow Marsh − Manage indefinitely shallow marsh areas for a mosaic of 50-75% rooted 
emergent vegetation and a maximum of 25% floating marsh, to maintain connectivity to 
deep marsh habitat (Table A 8). 
 
Deep Marsh − Manage indefinitely the deep marsh areas of Orange Lake to provide 40-
60% coverage of rooted emergent and submersed vegetation (<20 kg/m2), and limit the 
coverage of floating marsh to less than 10%. 
 
Floating Islands and Floating Marshes − To limit floating islands and marshes to less than 
15% of the total lake acreage, to less than 10% of deep marsh habitat block area, and less 
than 25% of shallow marsh habitat block area. 
 
Shrub swamps and Tree Islands − To limit shrub swamps and tree islands to less than 5% 
of the lake area. 
 
Open Water − Manage indefinitely the defined open water areas of Orange Lake to less 
than 5% surface coverage of hydrilla or less than 20% surface coverage of native SAV. 
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Table A 8. Fish focal taxa goals. 

  

Total target area 
of habitat type 
(percent of lake) Degree of interspersion Block size 

Percent vegetation 
coverage Density Location 

Shallow 
Marsh 20-25 % 

A diverse, dense community 
of shallow marsh vegetation 
distributed within the block 
containing open areas and 
pockets of sparse vegetation. 

200-500 acres 
(81-202 ha) 

50-75 rooted emergent 
vegetation, No more 
than 25 % of floating 
marsh. 

20-30 kg/m2 (best 
judgment from 
KCOL plan) 

6 defined areas:  PG run, 
NW, NE, SE, SW quads, 
shallow perimeter of 
west arm 

Deep 
Marsh 10-20 % 

A mosaic of knotgrass 
clumps greater than 1/8 of an 
acre (50 ft x 100 ft) (0.05 ha) 
irregularly distributed within 
the block.  A mosaic of 
spatterdock clumps greater 
than 1/16 of an acre (50 ft x 
50 ft) (0.025 ha) irregularly 
distributed within the block.  
With some topped-out SAV. 

300-400 acre 
(121-162 ha) 

40-60 % rooted 
emergent vegetation. 
20-100 % SAV –100 
% OK if it’s not all 
topped out. 
10 % max of floating 
marshes 

4-20 kg/m2 for 
rooted emergent 
vegetation and 
SAVs (best 
judgment from 
Kissimmee Chain of 
Lakes (KCOL) 
plan). 

7 defined quadrants: SW, 
SE, S, NE, NW, PG, 
west arm 

Floating 
Islands < 10 % N/A  N/A  N/A  N/A  N/A  
Floating 
Marshes < 10 % N/A  N/A  N/A  N/A  N/A  
Shrub 
Swamp < 5 % N/A  N/A  N/A  N/A  N/A  
Tree 
Islands < 5 % N/A  N/A  N/A  N/A  N/A  

Open 
Water 40-50 % 

Minimal topped out SAV in 
the open water and adjacent 
to the deep marsh contact 
zone. N/A  

0-5 % topped out 
hydrilla, 0-20 % 
topped out native SAV 

4-15 kg/m2 (best 
judgment from 
KCOL plan) N/A  

SAV   N/A  N/A  N/A  N/A  N/A  
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Table A 8. Continued. 

  
Preferred vegetation species 
(in order of importance) Preferred substrate Focal Taxa Strategies 

Shallow 
Marsh 

Shallow marsh species 
described in Bryan and Warr 
(1998).  Monocultures should 
generally be avoided. 

Loamy soil – mixture 
of organic soils and 
sand. 

Mechanically cutting trails for connectivity to deep marsh and to minimize vast areas 
of dense marsh, Burning, Rotovator/tiller, Herbicide for trails, and Floating marsh 
harvesting 

Deep 
Marsh 

Spatterdock, Egyptian 
paspalidium (Paspalidium 
geminatum), Native SAVS,  
Hydrilla 

Loamy soil – mixture 
of organic soils and 
sand. 

Arial herbicide application, Herbicide application on floating herbaceous vegetation 
during high water, Mechanically cut trails, Mechanical harvesting of floating 
marshes at the open water deep marsh interface (if the percent coverage within the 
block is greater than 10%), and Vegetation planting of Egyptian paspalidium. 

Floating 
Islands Can use sub-habitat types N/A  Mechanical cutter reduction or mechanical harvesting 
Floating 
Marshes Can use sub-habitat types N/A  herbicides and/or mechanical harvesting 
Shrub 
Swamp Can use sub-habitat types N/A  N/A  
Tree 
Islands Can use sub-habitat types N/A  N/A  
Open 
Water Native SAVs N/A  

Large scale treatment (if necessary), Large scale spot treatments; large scale trail 
system 

SAV N/A  N/A  N/A  
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APPENDIX B:  INVERTEBRATE ASSEMBLEGES 

Eric Nelson and Gary L. Warren, FWRI Freshwater Fisheries Research - Invertebrates 
 
INVERTEBRATE ASSEMBLAGES 
 
A detailed survey for aquatic invertebrate species composition and distribution has not been 
performed within the Orange Creek basin.  Macroinvertebrates have been sampled at Orange 
Lake (Watkins et al. 1983, Schraam et al. 1983, and Haag et al. 1987) and Lake Lochloosa 
(Tuten 2007) as part of vegetation, fisheries, or bird studies.  Presented is a description of the 
probable invertebrate assemblages within the major habitat types.     
 
Tree Island/Hardwood Swamp 
Tree islands and hardwood swamps are typically dominated by mature trees and are only 
periodically inundated with water depths rarely exceeding 3.28 feet (1.0 meter).  Invertebrate 
assemblages within this habitat would include: Gastropoda (snails), Pelecypoda (clams), 
Annelida (segmented worms), Hirundinia (leeches), Hydracarina (mites), Amphipoda (scuds), 
Isopoda (waterlice and slaters), Decapoda (crayfish), Collembola (springtails), Ephemeroptera 
(mayflies), Odonata (dragonflies and damselflies), Hemiptera (half wings), Megaloptera 
(alderflies, dobsonflies and fishflies), Trichoptera (caddisflies), Lepidoptera (butterflies and 
moths), Coleoptera (beetles), Diptera (true flies), and semi-aquatic or terrestrial taxa.    
 
Shrub Swamp 
Shrub swamps are dominated by small trees and shrubs, intermixed with other (understory) 
wetland vegetation.  Water depths are typically 1.64 to 4.92 feet (0.5 to 1.5 meters).  No 
invertebrate data available, but taxonomic composition should be similar to the tree islands and 
hardwood swamps assemblage. 
 
Shallow Marsh 
Shallow marshes are dominated by rooted emergent vegetation, often intermixed with SAV or 
Hydrilla.  Water depths are typically less than 4.92 feet (1.5 meters).  Invertebrate assemblages 
within this habitat would include: Porifera (sponges), Hydrozoa (hydras), Turbellaria (free-living 
flatworms), Nemertea (ribbon worms), Nematoda (round worms), Entoprocta (goblet worms), 
Ectoprocta (moss animals), Gastropoda (snails), Pelecypoda (clams), Annelida (segmented 
worms), Hirundinia (leeches), Hydracarina (mites), Amphipoda (scuds), Isopoda (waterlice and 
slaters), Decapoda (crayfish), Collembola (springtails), Ephemeroptera (mayflies), Odonata 
(dragonflies and damselflies), Hemiptera (half wings), Trichoptera (caddisflies), Lepidoptera 
(butterflies and moths), Hymenoptera (sawflies, wasps, bees, and ants), Coleoptera (beetles), and 
Diptera (true flies). 
 
Floating Marsh    
Floating marshes are composed of native or exotic plants growing on a buoyant mat consisting of 
plant roots and organic matter.  Floating marshes are attached to the shoreline (i.e., not free-
floating) and typically occur near the eco-tone of the shallow and deep marshes.  Water depths 
are typically 3.28 to 9.84 feet (1.0 to 3.0 meters).  Invertebrate assemblages within this habitat 
would include: Ectoprocta (moss animals), Gastropoda (snails), Amphipoda (scuds), Isopoda 
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(waterlice and slaters), Decapoda (crayfish), Odonata (dragonflies and damselflies), Hemiptera 
(half wings), Lepidoptera (butterflies and moths), Coleoptera (beetles), Diptera (true flies), and 
semi-aquatic or terrestrial taxa.  
 
Floating Island 
Floating islands have the same characteristics as floating marshes, but are free-floating.  They are 
typically found in water depths greater than 3.28 feet (1.0 meter). Invertebrate assemblages 
within this habitat would be similar to floating marsh. 
 
Deep Marsh 
Deep marshes are composed of rooted emergent and/or floating-leaved vegetation, often 
intermixed with submerged aquatic vegetation (SAV) or Hydrilla (Hydrilla verticillata).  Deep 
marshes are typically located lake-ward of the shallow marsh/floating marsh complex in water 
depths of 3.28 to 8.20 feet (1.0 to 2.5 meters).  Invertebrate assemblages within this habitat 
would include: Cnidaria (stinging nettles), Turbellaria (free-living flatworms), Nematoda (round 
worms), Gastropoda (snails), Pelecypoda (clams), Annelida (segmented worms), Hirundinia 
(leeches), Hydracarina (mites), Amphipoda (scuds), Isopoda (waterlice and slaters), Decapoda 
(crayfish), Collembola (springtails), Ephemeroptera (mayflies), Odonata (dragonflies and 
damselflies), Hemiptera (half wings), Trichoptera (caddisflies), Lepidoptera (butterflies and 
moths), Coleoptera (beetles), and Diptera (true flies). 
 
Submersed Aquatic Vegetation  
SAV habitat is a sub-category of deep marsh and is dominated by native (e.g., coontail 
(Ceratophyllum demersum), southern naiad (Najas guadalupensis)) and/or exotic (hydrilla) 
submersed plants, with little or no other vegetation present.  While native SAV typically occurs 
in water depths of less than 6.56 feet (2.0 meters), hydrilla can potentially grow in all areas of 
Orange Lake.  Invertebrate assemblages within this habitat would include: Porifera (sponges), 
Hydrozoa (hydras), Turbellaria (free-living flatworms), Nemertea (ribbon worms), Nematoda 
(round worms), Entoprocta (goblet worms), Ectoprocta (moss animals), Gastropoda (snails), 
Pelecypoda (clams), Annelida (segmented worms), Hirundinia (leeches), Hydracarina (mites), 
Amphipoda (scuds), Isopoda (waterlice and slaters), Decapoda (crayfish), Collembola 
(springtails), Ephemeroptera (mayflies), Odonata (dragonflies and damselflies), Hemiptera (half 
wings), Trichoptera (caddisflies), Lepidoptera (butterflies and moths), Hymenoptera (sawflies, 
wasps, bees, and ants), Coleoptera (beetles), and Diptera (true flies). 
 
Hydrilla 
Hydrilla is an exotic submersed plant, with little or no other vegetation present.  Hydrilla can 
potentially grow in all areas of Orange Lake.  Invertebrate assemblages within this habitat would 
include: Turbellaria (free-living flatworms), Nematoda (round worms), Gastropoda (snails), 
Pelecypoda (clams), Annelida (segmented worms), Hirundinia (leeches), Hydracarina (mites), 
Amphipoda (scuds), Isopoda (waterlice and slaters), Decapoda (crayfish), Collembola 
(springtails), Ephemeroptera (mayflies), Odonata (dragonflies and damselflies), Hemiptera (half 
wings), Trichoptera (caddisflies), Lepidoptera (butterflies and moths), Coleoptera (beetles), and 
Diptera (true flies). 
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Open Water 
Open water areas are devoid of vegetation, generally occurring in the middle, limnetic region of 
the lake.  Open water depths typically range from 4.92 to 9.84 feet (1.5 to 3.0 meters).  
Invertebrate assemblages within this habitat would include: Porifera (sponges), Hydrozoa 
(hydras), Turbellaria (free-living flatworms), Nemertea (ribbon worms), Nematoda (round 
worms), Entoprocta (goblet worms), Ectoprocta (moss animals), Gastropoda (snails), Pelecypoda 
(clams), Annelida (segmented worms), Hirundinia (leeches), Hydracarina (mites), Amphipoda 
(scuds), Isopoda (waterlice and slaters), Decapoda (crayfish), Collembola (springtails), 
Ephemeroptera (mayflies), Odonata (dragonflies and damselflies), Plecoptera (stoneflies), 
Hemiptera (half wings), Trichoptera (caddisflies), Lepidoptera (butterflies and moths), 
Coleoptera (beetles), and Diptera (true flies). 
 
LITERATURE CITED 
 
Haag, K. H., J.C. Joyce, W.M. Hetrick, and J. C. Jordan.  1987.  Predation on waterhyacinth 

weevils and other aquatic insects by three wetland birds in Florida.  Florida Entomologist 
70(4):457-471. 

 
Schramm, H.L., Jr., M.V. Hoyer, K.J. Jirka.  1983.  Relative ecological value of common aquatic 

plants.  Final report submitted to Bur. Aquat. Plant Res. Contr., Florida Department of 
Natural Resources, Tallahassee, FL.  

 
Tuten, M.T.  2007.  Diet composition and growth rates of black crappie Pomoxis nigromaculatus 

relative to benthic food availability at three Florida lakes.  Master’s thesis, University of 
Florida, Gainesville, FL. 

 
Watkins, C.E., II, J.V. Shireman, and W.T. Haller.  1983.  The influence of aquatic vegetation 

upon zooplankton and benthic invertebrates in Orange Lake, Florida.  J. Aquatic Plant 
Management. 21:78-83. 

 



 

85 
 

APPENDIX C:  HABITAT CLASSIFICATION USED IN GIS ANALYSIS OF LITTORAL VEGETATION 
MAPS 
 
Littoral vegetation was mapped within OCB lakes during 2007 and 2010.  Polygons were delineated via photo-interpretation and 
verified with field surveys to ensure that signatures exhibited in color-infrared aerial imagery correlated to vegetation communities 
present within the lakes (Avineon, Inc. 2008).  Polygons were classified according to an amended version of the Florida Land Use, 
Cover and Forms Classification System (FLUCFCS, FLDOT 1999).  Reclassification of polygons was required to utilize the habitat 
classifications detailed in this document (Table C 1).  Polygons were considered adjacent to the lake boundary when half or more of 
the polygon border did not extend into the lake basin.  Photo-interpretation of 2007 and 2010 imagery was used to define a standard 
boundary where herbaceous vegetation was within a floating zone or rooted zone, and this boundary was used for all analyses to 
estimate the amount of floating and rooted vegetation. 
 
Table C 1. OCB habitat classification, corresponding FLUCFCS classes, and reclassification conditions for GIS analysis of littoral vegetation maps. 
OCB habitat classification FLUCFCS code and common name Classification condition 
0 – omit from analysis 1000 Upland Polygons with no trees evident in the aerial imagery and 

occurring outside of the lake boundary 
5200 - Open Water 5200 Lakes All polygons except areas intersecting with SAV that was 

mapped using hydroacoustic methods 
6100 - Hardwood Swamp 1000 Upland Polygons with large trees evident in the aerial imagery, and 

adjacent to the lake boundary or islands 
6100 - Hardwood Swamp 6100 Wetland Forests and Shrubs, 6200 

Cypress, 6301 Other Wetland Forests 
Polygons adjacent to the lake boundary or islands 

   
6101 - Tree Island 1000 Upland Polygons with large trees evident in the aerial imagery, and not 

attached or adjacent to the lake boundary or islands 
6101 - Tree Island 6100 Wetland Forests and Shrubs, 6200 

Cypress, 6301 Other Wetland Forests 
Polygons not attached or adjacent to the lake boundary or 
islands 

6181 - Willow Swamp 6181 Willow All polygons attached to shoreline vegetation (i.e., not 
surrounded by open water, SAV, and/or deep marsh) 

6181 - Willow Swamp 6425-6181 American cupscale grass - Willow Polygons displaying willow as the dominant signature and 
attached to shoreline vegetation 

6410 - Complex Floating Marsh 6410 Freshwater Marshes / Graminoid Prairie - 
Marsh, 6412 Cattail, 6414 Maidencane / 
Egyptian paspalidium, 6415 Dog Fennel, 6419 
Smartweed, 6420 Pickerelweed / Arrowhead, 
6421 Bulrush, or mixed classes dominated by 
these plants 

Polygons attached to shoreline vegetation and occurring within 
the floating zone(except for 6414 polygons displaying deep 
grass marsh signatures) 
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Table C 2. Continued. 
OCB habitat classification FLUCFCS code and common name Classification condition 
6412 - Tall Linear-leaved Shallow 
Marsh 

6411 Sawgrass (Cladium) All polygons 

6412 - Tall Linear-leaved Shallow 
Marsh 

6412 Cattail Polygons occurring within the rooted zone 

6412 - Tall Linear-leaved Shallow 
Marsh 

6412-6414 Mixed Cattail - Maidencane / 
Egyptian paspalidium  

Polygons displaying cattail as the dominant signature and 
occurring within the rooted zone 

6412 - Tall Linear-leaved Shallow 
Marsh 

6412-6420 Mixed Cattail - Pickerelweed / 
Arrowhead  

Polygons displaying cattail as the dominant signature and 
occurring within the rooted zone 

6412 - Tall Linear-leaved Shallow 
Marsh 

6421 Bulrush (Schoenoplectus (syn. Scirpus)) Polygons occurring within the rooted zone 

6412 - Tall Linear-leaved Shallow 
Marsh 

6421-6442 Mixed Bulrush - Spatterdock Polygons displaying bulrush as the dominant signature and 
occurring within the rooted zone 

6414 - Maidencane Shallow Marsh 6412-6414 Mixed Cattail - Maidencane / 
Egyptian paspalidium  

Polygons displaying maidencane as the dominant signature and 
occurring within the rooted zone 

6414 - Maidencane Shallow Marsh 6414 Maidencane / Egyptian paspalidium Polygons occurring within the rooted zone 

6417 - Mixed Shrub Swamp 6417 Freshwater Marsh with Shrubs, Brush, 
and/or Vines 

All polygons attached to shoreline vegetation 

6417 - Mixed Shrub Swamp 6425-6181 American cupscale grass - Willow Polygons displaying ≥50% shrubs and trees 

6420 - Flag Shallow Marsh 6420 Pickerelweed / Arrowhead Polygons occurring within the rooted zone 
6420 - Flag Shallow Marsh 6420-6424 Mixed Pickerelweed / Arrowhead - 

Water Primrose / Knotweed 
Polygons displaying pickerelweed / arrowhead as the dominant 
signature and occurring within the rooted zone 

6422 - Grass Deep Marsh 6414 Maidencane / Egyptian paspalidium Polygons occurring within the floating zone that exhibit 
signature consistent with grass deep marsh 

6422 - Grass Deep Marsh 6414-6442 Mixed Maidencane / Egyptian 
paspalidium - Spatterdock 

Polygons displaying maidencane / Egyptian paspalidium as the 
dominant signature and occurring within the floating zone  

6422 - Grass Deep Marsh 6414-6446 Mixed Maidencane / Egyptian 
paspalidium - American lotus 

Polygons displaying maidencane / Egyptian paspalidium as the 
dominant signature and occurring within the floating zone  

6424 - Low Floating Marsh 6424 Water primrose (Ludwigia) / knotweed 
(Polygonum densiflorum), 6425 American 
cupscale grass (Sacciolepis), 6424-6425 Mixed 
Water Primrose / Knotweed - American 
cupscale grass, 6444 Duckweed / Floating 
Vegetation 

Polygons attached to shoreline vegetation and occurring within 
the floating zone 
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Table C 3. Continued. 
OCB habitat classification FLUCFCS code and common name Classification condition 
6424 - Low Floating Marsh 
 

6420-6424 Mixed Pickerelweed / Arrowhead - 
Water Primrose / Knotweed, 6424-6442 Mixed 
Water Primrose / Knotweed - Spatterdock 

Polygons displaying water primrose / knotweed as the dominant 
signature and occurring within the floating zone 

6424 - Low Floating Marsh 6425-6181 Mixed Water Primrose / Knotweed 
– Willow 

Polygons displaying American cupscale grass as the dominant 
signature and occurring within the floating zone 

6430 - Mixed Shallow Marsh 1000 Upland Polygons without trees evident in the aerial imagery, and within 
lake basin (exposed due to low water) 

6430 - Mixed Shallow Marsh 6410 Freshwater Marshes / Graminoid Prairie  
Marsh, 6415 Dog Fennel, 6424 Water primrose 
/ Knotweed  (Ludwigia and/or Polygonum 
densiflorum), 6425 American cupscale grass, 
6424-6425 Mixed Water Primrose / Knotweed - 
American cupscale grass  

Polygons occurring occurring within the rooted zone 

6440 - Floating Island 6181 Willow, 6410 Freshwater Marshes / 
Graminoid Prairie - Marsh, 6412 Cattail, 6414 
Maidencane / Egyptian paspalidium, 6415 Dog 
Fennel, 6417 Freshwater Marsh with Shrubs, 
Brush, and/or Vines, 6420 Pickerelweed / 
Arrowhead, 6421 Bulrush, 6424 Water 
primrose / Knotweed  (Ludwigia and/or 
Polygonum densiflorum), 6425 American 
cupscale grass, or mixed classes dominated by 
these plants 

Polygons not attached to shoreline vegetation or rooted islands 

6442 - Floating-leaved Deep Marsh 6414-6442 Mixed Maidencane / Egyptian 
paspalidium – Spatterdock, 6420-6442 Mixed 
Pickerelweed / Arrowhead – Spatterdock, 6424-
6442 Mixed Water Primrose / Knotweed – 
Spatterdock 

Polygons displaying spatterdock as the dominant signature 

6442 - Floating-leaved Deep Marsh 6442 Spatterdock (Nuphar), 6445 Lilies (Water 
lily (Nymphaea) and/or Banana lily 
(Nymphoides)), 6446 Lotus (Nelumbo), and 
mixed classes dominated by these plants 

All polygons 

6450 - Submerged Aquatic Vegetation 5200 Lakes Polygons that intersected with SAV that was mapped using 
hydroacoustic methods 

6450 - Submerged Aquatic Vegetation 6450 - Submergent Aquatic Vegetation All polygons 
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APPENDIX D: Orange Lake Habitat Evaluations 2007, 2010 & 2013 

Craig Mallison, FWC Fish and Wildlife Research Institute 

 
Methods 
Habitat conditions for fish and wildlife on Orange Lake were evaluated using GIS analysis of 
vegetation maps created in 2007, 2010, and 2013 (Figure D 1).  Mapping methods were 
described in the GIS HABITAT ANALYSIS section and reclassification in Appendix C.  
Additionally, SAV data for 2010 was obtained from Remetrix and included in habitat 
evaluations.  The Orange Creek Basin Working Group ranked habitat value for each combination 
of dominant habitat type and coverage modifier (Table D 1).  For each of the focal taxa, habitat 
value rankings were used to develop a GIS analysis that identified location and total area of 
usable habitat, including high-quality habitat (provides excellent conditions) and acceptable 
habitat (provides suitable conditions).  All GIS analyses focused on dominant aquatic plant 
communities, plant coverage, and proximity to important habitat types.  Where indicated, 
portions of polygons were selected based on location of habitat types relative to other habitat 
types, using buffer and clip tools in ArcGIS.  For example, proximity to pockets of open water 
was critical for several analyses, and a condition was added to ensure that selected habitat was 
within a specified distance of “open-water classes” (defined as all polygons classified as open 
water, SAV, deep marsh, or other habitat types with a coverage modifier of S or M).  

 
Alligators (Alligator mississippiensis) 
Foraging, basking and cover 

1. Area >5 m (16 ft) from open water classes was not selected as usable habitat.  This 
represented all dense vegetation except deep marsh. 

2. Polygons of a habitat type/coverage ranked “good” (Table D1), excluding open water and 
SAV, were selected as high-quality habitat.  This included shallow marsh except 
maidencane (S and M coverage), complex floating marsh (S, M), deep marsh (S, M), and 
floating island (S, M, D).  Note this did not include portions of dense floating islands that 
were omitted in step 1. 

3. SAV within 100 m (328 ft) of another habitat type was selected as high-quality habitat. 
4. Open water within 100 m of another habitat type was selected as high-quality habitat. 
5. Remaining area not defined in steps 1-4 was selected as acceptable habitat. 

 
Nesting: GPS locations of alligator nests from 1998-2005 were plotted on top of the littoral 
vegetation map.  Distances of nests to open water and tree islands were evaluated with sensitivity 
analysis to determine appropriate buffer distances for analyses. 

1. Area >125 m (410 ft) from open water classes and >125 m from small (≤5 ha) tree 
islands was omitted from analyses and thus not selected as usable habitat.   

2. Polygons of a habitat type/coverage ranked “good” (Table D1) were selected as high-
quality habitat.  This included tree island (D), tall linear-leaved shallow marsh (M, D), 
shallow marsh except tall linear-leaved (D), floating marsh (D), and floating island (D). 

3. Polygons of a habitat type/coverage ranked “fair” (Table D1) were selected as acceptable 
habitat.  This included shrub swamp (D), tall linear-leaved shallow marsh (S), shallow 
marsh except tall linear-leaved (M), complex floating marsh (M), and floating island (M). 
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Herpetofauna (Reptiles/amphibians)  
1. Area within 100 m (328 ft) of the lake shoreline was selected as high-quality habitat.   
2. Polygons of a habitat type/coverage ranked “good” (Table D1) were selected as high-

quality habitat.  This included mixed shallow marsh (S, M, D), floating marsh (M, D), 
and floating island (M, D).  Additionally, all mapped area within 100 m of these was 
selected as high-quality habitat. 

3. For remaining areas not selected as high-quality habitat in steps 1-2: polygons of a habitat 
type/coverage ranked “fair” (Table D1) were selected as acceptable habitat.  This 
included hardwood swamp (D), tree island (D), shrub swamp (D), shallow marsh except 
mixed (M, D), complex floating marsh (S), floating-leaved deep marsh (D), grass deep 
marsh (S, M, D), floating island (S), and SAV.  Additionally, all remaining mapped area 
within 100 m of these was selected as acceptable habitat. 

 
Mammals 
Foraging and nesting: Round-tailed muskrat (Neofiber allenii) was the principal species in the 
mammal focal taxon.  Maidencane shallow marsh is a critical habitat for round-tailed muskrats.  
Round-tailed muskrats tend to feed in relatively small areas (Birkenholz 1963) and home range 
estimates ranged from 0.1-0.2 ha (Schooley and Branch 2006).  To ensure an adequate patch size 
of maidencane within a landscape, a largest-patch requirement of 0.25 ha (0.6 acre) was applied 
in analysis. 

1. Habitat type/coverage ranked “excellent” (Table D1) included maidencane shallow marsh 
(M, D).  For these, polygons ≥0.25 ha were selected as high-quality habitat; polygons 
<0.25 ha were evaluated with “good” habitat types in step 2.   

2. Habitat type/coverage ranked “good” (Table D1) included maidencane shallow marsh 
(S), shallow marsh except maidencane (D), low floating marsh (D), and deep marsh (D).  
For these (and for M or D maidencane shallow marsh polygons <0.25 ha in size, not 
selected in step 1), area within 100 m (328 ft) of high-quality habitat from step 1 was 
selected as high-quality habitat; remaining area within 100 m of non open-water classes 
(i.e., dense vegetation) was selected as acceptable habitat. 

3. Habitat type/coverage ranked “fair” (Table D1) included shallow marsh except 
maidencane (M), complex floating marsh (D), deep marsh (M), and floating island (D).  
For these, area within 100 m of high-quality or acceptable habitat from steps 1-2 and 
within 100 m of non open-water classes was selected as acceptable habitat. 

 
Wading birds 
Foraging  

1. Area >100 m (328 ft) from open water classes was omitted from analyses and thus not 
selected as usable habitat; area >100 m from emergent/woody vegetation was omitted 
from analyses and thus not selected as usable habitat (i.e., all usable habitat was within 
100 m of both open-water classes and emergent/woody vegetation).    

2. In remaining areas not omitted in step 1, polygons of a habitat type/coverage ranked 
“excellent” or “good” (Table D1) were selected as high-quality habitat.  This included tall 
linear-leaved shallow marsh (M), shallow marsh except tall linear-leaved (S, M), deep 
marsh (M), and floating island (M).  

3. In remaining areas not selected in step 1-2, polygons of a habitat type/coverage ranked 
“good-fair“ or “fair” (Table D1) were selected as acceptable habitat.  This included 
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hardwood swamp (D), tree island (D), shrub swamp (D), tall linear-leaved shallow marsh 
(S, D), shallow marsh except tall linear-leaved (D), complex floating marsh (M), deep 
marsh (S, D), floating island (S, D), open water, and SAV. 

 
Roosting 

1. Polygons of a habitat type/coverage ranked “excellent” (Table D1) were selected as high-
quality habitat.  This included tree island (D). 

2. Habitat type/coverage ranked “good” (Table D1) included shrub swamp (D), tall linear-
leaved shallow marsh (D), and complex floating marsh (D).  For these, area within 100 m 
of a “fair” or “poor” habitat type was selected as acceptable habitat; remaining area was 
selected as high-quality habitat. 

3. Habitat type/coverage ranked “fair” (Table D1) included hardwood swamp (D).  For 
these, area within 100 m (328 ft) of high-quality or acceptable habitat from steps 1-2 was 
selected as acceptable habitat. 
 

Waterfowl 
Wood ducks (Aix sponsa) 

1. Habitat type/coverage ranked “excellent”, “good-excellent”, or “good” (Table D1) 
included hardwood swamp (D), shrub swamp (D), maidencane shallow marsh (S, M), tall 
linear-leaved shallow marsh (M), flag shallow marsh (S, M, D), mixed shallow marsh (S, 
M, D), floating-leaved deep marsh (S, M, D), open water, and SAV.  For all at coverage 
D: area within 30 m (98 ft) of open water classes was selected as high-quality habitat, and 
remaining area was held for analysis in step 2.  For all at coverage M: all area was 
selected as high-quality habitat.  For all at coverage S, open water, and SAV: area within 
30 m of M or D vegetation was selected as high-quality habitat, and remaining area was 
held for analysis in step 2.  

2. For remaining area of habitat types/coverages specified in step 1: area within 30 m of 
high-quality habitat selected in step 1 was selected as acceptable habitat. 

3. Habitat type/coverage ranked “fair” (Table D1) included maidencane shallow marsh (D), 
tall linear-leaved shallow marsh (S), and grass deep marsh (S, M, D).  For all at coverage 
D: area within 30 m of open water classes was selected as acceptable habitat.  For all at 
coverage M: all area was selected as acceptable habitat.  For all at coverage S: area 
within 30 m of M or D vegetation was selected as acceptable habitat. 

4. Habitat type/coverage ranked “fair” or “poor” (Table D1) included tree island (D), 
maidencane shallow marsh (D), tall linear-leaved shallow marsh (S, D), floating marsh 
(S, M, D), grass deep marsh (S, M, D), and floating island (S, M, D).  For all at coverage 
D: area was not selected as usable habitat (except where selected in step 2).  For all at 
coverage S or M: area within 30 m of high-quality habitat was selected as acceptable 
habitat.   

 
Ring-necked ducks (Aythya collaris) 

1. Habitat type/coverage ranked “excellent” or “good-excellent” (Table D1) included 
floating-leaved deep marsh (M, D), open water, and SAV.  For these, area within 30 m 
(98 ft) of a habitat type/coverage ranked “fair” or “poor” was selected as acceptable 
habitat; remaining area was selected as high-quality habitat, except as described in step 4 
for open water. 
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2. Habitat type/coverage ranked “good” (Table D1) included tall linear-leaved shallow 
marsh (S, M), flag shallow marsh (S), mixed shallow marsh (S, M), and floating-leaved 
deep marsh (S).  For these, area within 30 m of high-quality habitat (from step 1) and 
more than 30 m from a habitat type/coverage ranked “fair” or “poor” was selected as 
high-quality habitat; remaining area was selected as acceptable habitat. 

3. Habitat type/coverage ranked “fair” (Table D1) included maidencane shallow marsh (S, 
M), flag shallow marsh (M), mixed shallow marsh (D), and grass deep marsh (S, M).  For 
these, area within 30 m of habitat from steps 1-2 was selected as acceptable habitat. 

4. Open water within 100 m (328 ft) of high-quality habitat from steps 1-2 was selected as 
high-quality habitat.  Remaining water that was A) within 100 m of high-quality or 
acceptable habitat from steps 1-3, or B) within 100 m of open water selected as high-
quality habitat in step 4, was selected as acceptable habitat. 

 
Fish 
Black crappie (Pomoxis nigromaculatus) 

1. Area >30 m (98 ft) from open water classes was omitted from analyses and thus not 
selected as usable habitat.   

2. Polygons of a habitat type/coverage ranked “good” (Table D1) were selected as high-
quality habitat.  This included tall linear-leaved shallow marsh (S), deep marsh (S), and 
open water. 

3. Polygons of a habitat type/coverage ranked “fair” or “poor-fair” (Table D1) were selected 
as acceptable habitat.  This included hardwood swamp (D), tree island (D), shrub swamp 
(D), tall linear-leaved shallow marsh (M), shallow marsh except tall linear-leaved (S, M, 
D), floating marsh (S, M, D), deep marsh (M, D), floating island (S, M, D), and SAV. 

 
Largemouth bass (Micropterus salmoides floridanus)  

1. Area >30 m (98 ft) from open water classes was omitted from analyses and thus not 
selected as usable habitat.   

2. Polygons of a habitat type/coverage ranked “good” (Table D1) were selected as high-
quality habitat.  This included tall linear-leaved shallow marsh (M) and deep marsh (M).   

3. For SAV (ranked “fair-good” in Table D1), area within 30 m of a habitat type/coverage 
ranked “good” or “fair” was selected as high-quality habitat, and remaining area was 
selected as acceptable habitat. 

4. Polygons of a habitat type/coverage ranked “fair” (Table D1) included tall linear-leaved 
shallow marsh (S), deep marsh (S, D), and open water.  For all except open water, area 
within 30 m of a habitat type/coverage ranked “good” or “fair-good” was selected as 
high-quality habitat, and remaining area was selected as acceptable habitat.  For open 
water, area within 30 m of a habitat type/coverage ranked “good” or “fair-good” was 
selected as high-quality habitat; area within 30 m of open water selected as high-quality 
habitat was selected as acceptable habitat; and remaining area within 30 m of a habitat 
type/coverage ranked “fair-good”, “fair”, or “poor-fair” was selected as acceptable 
habitat. 

5. Habitat type/coverage ranked “poor-fair” (Table D1) included tree island (D), shrub 
swamp (D), shallow marsh except tall linear-leaved (M), floating marsh (S, M, D), and 
floating island (S, M, D).  For these, area within 30 m of high-quality or acceptable 
habitat from steps 2-4 was selected as acceptable habitat. 
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Centrarchids 

1. Habitat type/coverage ranked “good” (Table D1) included tall linear-leaved shallow 
marsh (M), shallow marsh except tall linear-leaved (D), and deep marsh (M).  For all at 
coverage D: area within 30 m (98 ft) of open water classes was selected as high-quality 
habitat, and remaining area was selected as acceptable habitat.  For all at coverage S or 
M: all area was selected as high-quality habitat.   

2. For SAV (ranked fair-good in Table D1), area within 30 m of a habitat type/coverage 
ranked “good” or “fair” was selected as high-quality habitat, and remaining area was 
selected as acceptable habitat. 

3. Habitat type/coverage ranked “fair” (Table D1) included tall linear-leaved shallow marsh 
(S), shallow marsh except tall linear-leaved (M), deep marsh (S, D), and open water.  For 
these, area within 30 m of high-quality habitat from steps 1-2 was selected as high-
quality habitat, and remaining area was selected as acceptable habitat.   

4. Habitat type/coverage ranked “poor-fair” (Table D1) included hardwood swamp (D), tree 
island (D), shrub swamp (D), floating marsh (S, M, D), and floating island (S, M, D).  
For these, area within 30 m of high-quality or acceptable habitat from steps 1-3 was 
selected as acceptable habitat. 

 
Bald eagle  (Haliaeetus leucocephalus) 
Nesting: Bald eagle nests that occurred within 2.5 km (approximate radius of territory size) of 
the Orange Lake footprint were isolated from the 2011 Bald eagle database 
(https://public.myfwc.com/FWRI/EagleNests/nestlocator.aspx#search).  Nesting locations from 
this subset were buffered by the minimum disturbance distance of 200 m (660 ft).  Buffered 
locations were highlighted to indicate caution: any management actions in these areas must not 
take place during nesting season. Conditions for Bald eagle foraging were adequately specified 
within the fish group. 
 
Combined analysis 
Results for all focal taxa analyses were combined to evaluate lakewide habitat value on Orange 
Lake in 2007, 2010, and 2013.  GIS analysis (union tool) was used to identify all areas that were 
selected for each combination of focal taxa and habitat category (high-quality or acceptable).  
Results were used to rank overall habitat value as follows: HIGH = areas identified as high-
quality habitat for ≥4 focal taxa and/or identified as usable (high-quality or acceptable) habitat 
for ≥7 focal taxa; LOW = areas identified as high-quality habitat for ≤2 focal taxa and identified 
as usable (high-quality or acceptable) habitat for ≤4 focal taxa; and MEDIUM = all other areas.  
Results were also used to determine overlap in habitat selection for focal taxa.  
  

https://public.myfwc.com/FWRI/EagleNests/nestlocator.aspx#search


 

94 
 

 

 

 
Figure D 1.  Orange Lake littoral vegetation maps for 2007, 2010, and 2013.  FM = floating marsh, SM = 
shallow marsh, and DM = deep marsh. 
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Table D 1.  Habitat value rank for each combination of dominant class (vegetation community class) and coverage modifier (sparse, 1-33% coverage; 
medium, 33-66% coverage; dense, 67-100% coverage).   
 

  
ALLIGATORS HERPS WADING BIRDS MAMMALS 

BALD 
EAGLE WATERFOWL FISH 

Habitat type 
Habitat 

coverage Foraging Nesting All Foraging Roosting 
Foraging/ 

shelter Nesting 
Wood 
ducks 

Ring-
necked 
ducks 

Black 
crappie 

Largemouth 
bass Centrarchids 

Hardwood 
swamp Dense fair poor fair fair fair poor fair excellent poor poor-fair poor poor-fair 
Tree island Dense fair good fair fair excellent poor fair poor poor poor-fair poor-fair poor-fair 
Willow shrub 
swamp Dense fair fair fair fair good poor poor 

good-
excellent poor poor-fair poor-fair poor-fair 

Mixed shrub 
swamp Dense fair fair fair fair good poor poor excellent poor poor-fair poor-fair poor-fair 
Maidencane Dense fair good fair fair poor excellent poor fair poor poor-fair poor good 
shallow marsh Medium fair fair fair excellent poor excellent poor good fair poor-fair poor-fair fair 
  Sparse fair poor poor-fair good poor good poor good fair poor-fair poor poor 
Tall linear-leaved Dense fair good fair fair good good poor poor poor poor poor poor 
shallow marsh Medium good good fair good poor fair poor good good fair good good 
  Sparse good fair poor-fair fair poor poor poor fair good good fair fair 
Flag shallow  Dense fair good fair fair poor good poor good poor poor-fair poor good 
marsh Medium  good fair fair excellent poor fair poor excellent fair poor-fair poor-fair fair 
  Sparse good poor poor-fair good poor poor poor good good poor-fair poor poor 
Mixed shallow Dense fair good good fair poor good poor good fair poor-fair poor good 
marsh Medium good fair good excellent poor fair poor excellent good poor-fair poor-fair fair 
  Sparse good poor good good poor poor poor good good poor-fair poor poor 
Low floating 
marsh Dense fair good good poor poor good poor poor poor poor-fair poor-fair poor-fair 
Complex floating Dense fair good good poor good fair poor poor poor poor-fair poor-fair poor-fair 
marsh Medium good fair good fair poor poor poor poor poor poor-fair poor-fair poor-fair 
  Sparse good poor fair poor poor poor poor poor poor poor-fair poor-fair poor-fair 
Floating -leaved Dense fair poor fair fair poor good poor excellent excellent poor-fair fair fair 
deep marsh Medium good poor poor-fair good poor fair poor good excellent fair good good 
  Sparse good poor poor-fair fair poor poor poor good good good fair fair 
Grass deep marsh Dense fair poor fair fair poor good poor fair poor poor-fair fair fair 

 
Medium good poor fair good poor fair poor fair fair fair good good 

  Sparse good poor fair fair poor poor poor fair fair good fair fair 
Floating Island Dense good good good fair poor fair poor poor poor poor-fair poor-fair poor-fair 

 
Medium good fair good good poor poor poor poor poor poor-fair poor-fair poor-fair 

  Sparse good poor fair fair poor poor poor poor poor poor-fair poor-fair poor-fair 

Open water Open water good poor poor-fair fair poor poor poor 
good-

excellent 
good-

excellent good fair fair 

SAV Sparse good poor fair good-fair poor poor poor 
good-

excellent 
good-

excellent poor-fair fair-good fair-good 
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RESULTS 
Results for individual focal taxa analyses on Orange Lake (2007, 2010, and 2013) are presented 
in Tables D 2-12 and Figures D 2-12.  Note values and totals reported in tables were rounded to 
the nearest whole number, and reported values do not always add up to reported totals. 

 
Table D 2.  Area (ha) of alligator foraging habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013.  
 
Orange Lake - Alligator foraging 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Complex floating marsh 15 12 358 
Open water 535 600 244 
Floating-leaved deep marsh 66 292 20 
Floating island 13 15 12 
SAV 1,041 1,033 8 
Mixed shallow marsh <1 17 <1 
Grass deep marsh 

 
1  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total high-quality habitat 1,670 1,969 642 
Acceptable 

  
 

Floating-leaved deep marsh 148 411 245 
Open water 1,105 35 216 
Complex floating marsh 19 15 106 
Low floating marsh 27 31 73 
Mixed shrub swamp 5 4 2 
Willow shrub swamp 5 5 <1 
Hardwood swamp 1 1 <1 
Mixed shallow marsh 6 7 <1 
Tree island 1 1 <1 
SAV 129 500  
Maidencane shallow marsh 1 5  
Flag Shallow marsh <1 <1  
Grass deep marsh 

 
<1  

Tall linear-leaved shallow marsh <1 <1  
Sub-total acceptable habitat 1,445 1,013 642 
Total alligator foraging habitat 3,116 2,982 1,284 
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Figure D 2.  Location of alligator foraging habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013.    
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Table D 3.  Area (ha) of alligator nesting habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

Orange Lake - Alligator nesting 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Complex floating marsh 119 223 996 
Low floating marsh 109 109 543 
Mixed shallow marsh 318 332 181 
Maidencane shallow marsh 126 88 88 
Tree island 59 63 70 
Floating island 34 42 16 
Flag shallow marsh 14 5 14 
Tall linear-leaved shallow marsh 13 6 2 

Sub-total high-quality habitat 792 869 1,909 
Acceptable 

  
 

Complex floating marsh 14 11 224 
Mixed shrub swamp 166 172 209 
Willow shrub swamp 196 271 105 
Floating island 1 2 3 
Mixed shallow marsh <1 16 <1 
Maidencane shallow marsh 

 
4  

Sub-total acceptable habitat 377 475 541 
Total alligator nesting habitat 1,169 1,344 2,451 
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Figure D 3.  Location of alligator nesting habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013. 
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Table D 4.  Area (ha) of herpetofauna habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013.   
 
Orange Lake - Herpetofauna 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Complex floating marsh 177 289 1,731 
Low floating marsh 113 112 784 
Mixed shallow marsh 644 679 569 
Mixed shrub swamp 263 285 501 
Hardwood swamp 199 272 266 
Floating-leaved deep marsh 114 372 264 
Willow shrub swamp 458 500 264 
Open water 188 182 242 
Maidencane shallow marsh 238 157 234 
Tree island 66 95 92 
Flag Shallow marsh 32 9 31 
Floating island 35 45 20 
Tall linear-leaved shallow marsh 48 15 12 
SAV 528 250 8 
Grass deep marsh   1  

Sub-total high-quality habitat 3,103 3,262 5,018 
Acceptable 

  
 

Willow shrub swamp 43 38 75 
Tree island 15 18 25 
Mixed shrub swamp 25 4 25 
Maidencane shallow marsh 12 5 24 
Hardwood swamp 20 13 17 
Flag Shallow marsh 

 
<1 4 

Open water 322 411 2 
Floating-leaved deep marsh 98 298 1 
Floating island <1 

 
<1 

SAV 641 1,283  
Grass deep marsh 

 
<1  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total acceptable habitat 1,176 2,070 174 
Total herpetofauna habitat 4,278 5,333 5,192 
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Figure D 4.  Location of herpetofauna habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013. 
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Table D 5.  Area (ha) of round-tailed muskrat habitat per habitat type that was identified with GIS analysis 
of vegetation maps on Orange Lake in 2007, 2010, and 2013.    
 

Orange Lake – Mammals 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Maidencane shallow marsh 248 158 257 
Mixed shallow marsh 235 185 237 
Low floating marsh 44 24 56 
Floating-leaved deep marsh 14 25 8 
Tall linear-leaved shallow marsh 21 1 5 
Flag Shallow marsh 9 2 1 

Sub-total high-quality habitat 572 395 564 
Acceptable 

  
 

Complex floating marsh 153 269 960 
Low floating marsh 69 87 728 
Mixed shallow marsh 408 490 331 
Floating-leaved deep marsh 90 325 251 
Flag Shallow marsh 23 7 34 
Floating island 25 41 10 
Tall linear-leaved shallow marsh 27 14 7 
Maidencane shallow marsh 2 4 2 
Grass deep marsh 

 
<1  

Sub-total acceptable habitat 797 1,238 2,324 
Total round-tailed muskrat habitat 1,369 1,633 2,887 
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Figure D 5.  Location of round-tailed muskrat habitat identified with GIS analysis of vegetation maps on 
Orange Lake in 2007, 2010, and 2013. 
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Table D 6.  Area (ha) of wading bird roosting habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

Orange Lake – Wading bird roosting 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Tree island 81 113 118 
Complex floating marsh 3 6 75 
Willow shrub swamp 25 27 28 
Mixed shrub swamp 8 4 23 
Tall linear-leaved shallow marsh <1 

 
<1 

Sub-total high-quality habitat 116 149 245 
Acceptable 

  
 

Complex floating marsh 159 271 1,297 
Mixed shrub swamp 280 285 503 
Willow shrub swamp 477 512 311 
Hardwood swamp 165 222 229 
Tall linear-leaved shallow marsh 48 15 12 

Sub-total acceptable habitat 1,128 1,306 2,352 
Total wading bird roosting habitat 1,244 1,455 2,597 
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Figure D 6.  Location of wading bird roosting habitat identified with GIS analysis of vegetation maps on 
Orange Lake in 2007, 2010, and 2013.   
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Table D 7.  Area (ha) of wading bird foraging habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013.   
 

Orange Lake - Wading bird foraging 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Floating-leaved deep marsh 52 218 18 
Floating island 1 2 3 
Mixed shallow marsh <1 17 <1 
Maidencane shallow marsh 

 
4  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total high-quality habitat 53 240 21 
Acceptable 

  
 

Floating-leaved deep marsh 162 484 247 
Open water 288 357 244 
Complex floating marsh 14 11 224 
Mixed shrub swamp 122 125 83 
Mixed shallow marsh 244 223 36 
Willow shrub swamp 153 158 22 
Floating island 35 44 18 
Maidencane shallow marsh 88 54 17 
Hardwood swamp 43 68 10 
SAV 852 602 8 
Tree island 30 32 7 
Flag Shallow marsh 10 3 <1 
Tall linear-leaved shallow marsh 10 5  
Grass deep marsh 

 
1  

Sub-total acceptable habitat 2,052 2,165 916 
Total wading bird foraging habitat 2,104 2,405 937 
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Figure D 7.  Location of wading bird foraging habitat identified with GIS analysis of vegetation maps on 
Orange Lake in 2007, 2010, and 2013. 
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Table D 8.  Area (ha) of ring-necked duck habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013.    
 

Orange Lake - Ring-necked duck 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Floating-leaved deep marsh 148 547 60 
Open water 466 507 1 
SAV 953 1,462 <1 

Sub-total high-quality habitat 1,567 2,517 61 
Acceptable 

  
 

Floating-leaved deep marsh 66 156 205 
Open water 266 126 23 
SAV 216 71 8 
Mixed shallow marsh 73 58 3 
Grass deep marsh 

 
1  

Maidencane shallow marsh 
 

<1  
Tall linear-leaved shallow marsh <1 

 
 

Sub-total acceptable habitat 620 411 239 
Total ring-necked duck habitat 2,187 2,928 300 

 
  



 

109 
 

 
Figure D 8.  Location of ring-necked duck habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013. 
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Table D 9.  Area (ha) of wood duck habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

Orange Lake - Wood duck 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Open water 109 281 125 
Floating-leaved deep marsh 182 519 77 
SAV 454 333 8 
Mixed shrub swamp 35 29 5 
Mixed shallow marsh 68 63 2 
Willow shrub swamp 33 31 1 
Hardwood swamp 4 9 1 
Maidencane shallow marsh 

 
4  

Flag Shallow marsh 1 1  
Tall linear-leaved shallow marsh <1 

 
 

Sub-total high-quality habitat 887 1,270 219 
Acceptable 

  
 

Open water 75 25 61 
Complex floating marsh 14 10 56 
Floating-leaved deep marsh 11 17 33 
Mixed shrub swamp 33 35 10 
Mixed shallow marsh 76 57 4 
Floating island 1 2 3 
Willow shrub swamp 41 42 2 
Hardwood swamp 11 18 2 
Maidencane shallow marsh 14 9 <1 
SAV 214 109 <1 
Flag Shallow marsh 3 1 <1 
Grass deep marsh 

 
1  

Sub-total acceptable habitat 493 326 172 
Total wood duck habitat 1,380 1,596 392 
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Figure D 9.  Location of wood duck habitat identified with GIS analysis of vegetation maps on Orange Lake 
in 2007, 2010, and 2013. 
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Table D 10.  Area (ha) of black crappie habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

 

  

Orange Lake - Black crappie 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Open water 1,641 635 460 
Floating-leaved deep marsh 14 73 2 
Grass deep marsh 

 
1  

Sub-total high-quality habitat 1,655 709 462 
Acceptable 

  
 

Complex floating marsh 80 113 806 
Floating-leaved deep marsh 200 630 263 
Low floating marsh 84 91 242 
Floating island 33 40 21 
Mixed shrub swamp 39 39 16 
SAV 1,169 1,533 8 
Mixed shallow marsh 78 69 4 
Willow shrub swamp 44 39 3 
Tree island 8 6 1 
Hardwood swamp 5 9 1 
Maidencane shallow marsh 15 13 <1 
Flag Shallow marsh 2 1  
Grass deep marsh 

 
<1  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total acceptable habitat 1,756 2,583 1,366 
Total black crappie habitat 3,411 3,292 1,828 
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Figure D 10.  Location of black crappie habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013.   
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Table D 11.  Area (ha) of largemouth bass habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

Orange Lake - Largemouth bass 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Floating-leaved deep marsh 170 400 31 
SAV 499 587 1 
Open water 234 321 <1 
Grass deep marsh 

 
1  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total high-quality habitat 903 1,309 33 
Acceptable 

  
 

Complex floating marsh 72 99 305 
Floating-leaved deep marsh 44 303 234 
Low floating marsh 79 90 166 
Open water 170 222 130 
Floating island 33 40 21 
Mixed shrub swamp 37 32 14 
SAV 670 947 7 
Willow shrub swamp 41 31 3 
Tree island 7 5 1 
Mixed shallow marsh <1 <1  
Maidencane shallow marsh 

 
<1  

Grass deep marsh 
 

<1  
Sub-total acceptable habitat 1,154 1,769 880 
Total largemouth bass habitat 2,057 3,077 913 
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Figure D 11.  Location of largemouth bass habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013.   
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Table D 12.  Area (ha) of Centrarchid habitat per habitat type that was identified with GIS analysis of 
vegetation maps on Orange Lake in 2007, 2010, and 2013. 
 

Orange Lake - Centrarchids 2007 2010 2013 
Habitat type ha ha ha 
High-quality 

  
 

Floating-leaved deep marsh 179 410 34 
Mixed shallow marsh 78 54 4 
SAV 542 588 2 
Open water 244 333 1 
Maidencane shallow marsh 15 13 <1 
Flag Shallow marsh 2 1  
Grass deep marsh 

 
1  

Tall linear-leaved shallow marsh <1 
 

 
Sub-total high-quality habitat 1,059 1,399 41 
Acceptable 

  
 

Mixed shallow marsh 566 614 565 
Open water 1,397 302 459 
Complex floating marsh 125 206 451 
Mixed shrub swamp 195 226 297 
Maidencane shallow marsh 235 148 258 
Floating-leaved deep marsh 35 293 231 
Low floating marsh 104 98 211 
Willow shrub swamp 326 360 167 
Hardwood swamp 93 113 108 
Tree island 44 50 50 
Flag Shallow marsh 30 8 35 
Floating island 33 40 21 
SAV 627 946 6 
Grass deep marsh 

 
<1  

Sub-total acceptable habitat 3,810 3,402 2,859 
Total Centrarchid habitat 4,869 4,802 2,899 
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Figure D 12.  Location of Centrarchid habitat identified with GIS analysis of vegetation maps on Orange 
Lake in 2007, 2010, and 2013.   
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Results for focal taxa analyses were combined to rank the overall habitat value on Orange Lake 
in 2007, 2010, and 2013 (Figure D 13).  There was considerable overlap in classification of 
suitable habitat for focal taxa.  For example, ≥75% of the area selected as high-quality wading 
bird foraging habitat was also selected as usable habitat for 7 of the 10 other focal taxa (Table 
D13).  Creating additional wading bird foraging habitat will also create additional usable habitat 
for several other focal taxa.  This was also true for wood duck, largemouth bass, and 
centrarchids.  The least overlap was observed for high-quality wading bird roosting habitat, 
where ≤ 25% was selected as usable habitat for 7 of the 10 other focal taxa.  Creating additional 
wading bird roosting habitat will create little or no usable habitat for the other focal taxa.  These 
data may be useful in developing management plans and for predicting effects of proposed 
management on habitat quality for focal taxa. 
  



 

119 
 

 
Figure D 13. Overall habitat value on Orange Lake in 2007, 2010, and 2013, based on GIS analysis and 
littoral vegetation mapping.  High = areas identified as high-quality habitat for ≥4 focal taxa and/or identified 
as usable habitat for ≥7 focal taxa; Low = areas identified as high-quality habitat for ≤2 focal taxa and 
identified as usable habitat for ≤4 focal taxa (with areas of open water in the limnetic zone further specified); 
Forested wetland = all polygons classified as tree island or hardwood swamp; and Medium = all other areas.  
Areas occurring within 200 m of active bald eagle nests were highlighted bold. 



 

120 
 

Table D 13.  Mean area of high-quality (high) and acceptable (acc) habitat selected for each focal taxon on Orange Lake during 2007, 2010, and 2013; 
and mean percentage of area also selected by other focal taxa - in columns (i.e., 12% of high-quality alligator foraging habitat was also selected as 
acceptable alligator nesting habitat, and 7% of high-quality alligator nesting habitat was also selected as acceptable alligator foraging habitat, etc.).  
Bold cells indicate that half or more of the habitat was also selected by the corresponding focal taxon [i.e., 98% of high-quality alligator foraging habitat 
was selected as high-quality (58%) or acceptable (40%) habitat for herpetofauna]. 
 

Focal taxa 
 

Alligator 
foraging 

Alligator 
nesting Herpetofauna 

Wading bird 
foraging 

Wading bird 
roosting 

Round-tailed 
muskrat 

 
Habitat High Acc High Acc High Acc High Acc High Acc High Acc 

Alligator 
foraging 

High 100% 0% 1% 17% 18% 47% 100% 53% 0% 0% 0% 4% 
Acc 0% 100% 7% 2% 8% 16% 0% 18% 0% 3% 6% 18% 

Alligator 
nesting 

High 1% 12% 100% 0% 30% 3% 0% 15% 45% 23% 46% 52% 
Acc 12% 1% 0% 100% 12% 4% 8% 21% 3% 26% 0% 0% 

Herpetofauna 
High 58% 37% 99% 97% 100% 0% 62% 81% 70% 97% 98% 100% 
Acc 40% 25% 1% 3% 0% 100% 34% 19% 30% 3% 2% 0% 

Wading bird 
foraging 

High 6% 0% 0% 2% 1% 2% 100% 0% 0% 0% 0% 4% 
Acc 67% 31% 32% 66% 37% 25% 0% 100% 17% 20% 25% 28% 

Wading bird 
roosting 

High 0% 0% 7% 1% 3% 14% 0% 1% 100% 0% 0% 0% 
Acc 0% 7% 31% 82% 40% 17% 0% 15% 0% 100% 2% 29% 

Round-tailed 
muskrat 

High 0% 3% 24% 0% 14% 5% 0% 7% 0% 1% 100% 0% 
Acc 3% 31% 63% 1% 37% 1% 52% 21% 0% 26% 0% 100% 

Wood duck 
High 35% 16% 5% 12% 16% 15% 95% 37% 0% 4% 5% 14% 
Acc 15% 2% 7% 17% 8% 5% 5% 18% 0% 5% 4% 4% 

Ring-necked 
duck 

High 56% 34% 0% 0% 11% 62% 57% 35% 0% 0% 1% 8% 
Acc 12% 21% 5% 1% 10% 0% 37% 20% 0% 0% 4% 12% 

Black crappie 
High 35% 38% 0% 0% 6% 17% 0% 21% 0% 0% 0% 0% 
Acc 65% 62% 36% 31% 30% 46% 100% 58% 4% 16% 12% 39% 

Largemouth 
bass 

High 37% 7% 0% 0% 9% 27% 92% 24% 0% 0% 1% 7% 
Acc 37% 50% 24% 16% 20% 32% 5% 39% 3% 12% 6% 25% 

Centrarchids 
High 38% 8% 6% 1% 12% 27% 93% 27% 0% 0% 6% 11% 
Acc 46% 88% 67% 64% 62% 47% 7% 60% 31% 56% 90% 65% 

Area (ha) 
 

1,427 1,033 1,190 464 3,794 1,140 105 1,711 170 1,595 510 1,453 
No. taxa ≤ 25% overlap 3 3 4 4 2 3 2 1 7 6 6 3 
No. taxa 25-75% overlap 3 5 4 3 8 7 1 6 2 3 2 5 
No. taxa ≥ 75% overlap 4 2 2 3 0 0 7 3 1 1 2 2 
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Table D 13.  Continued.  
 

Focal taxa 
 

Wood duck 
Ring-necked 

duck Black crappie 
Largemouth 

bass Centrarchids 

 
Habitat High Acc High Acc High Acc High Acc High Acc 

Alligator 
foraging 

High 70% 61% 54% 40% 60% 48% 80% 42% 72% 18% 
Acc 22% 7% 46% 53% 40% 29% 20% 35% 20% 27% 

Alligator 
nesting 

High 4% 14% 0% 8% 0% 26% 0% 26% 8% 22% 
Acc 6% 25% 0% 1% 0% 9% 0% 6% 0% 9% 

Herpetofauna 
High 76% 83% 49% 86% 31% 66% 60% 65% 64% 70% 
Acc 23% 16% 49% 1% 29% 34% 39% 35% 35% 17% 

Wading bird 
foraging 

High 11% 1% 6% 6% 0% 5% 26% 0% 22% 0% 
Acc 89% 95% 67% 80% 44% 52% 59% 51% 65% 29% 

Wading bird 
roosting 

High 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 
Acc 5% 18% 0% 0% 0% 17% 0% 17% 0% 26% 

Round-tailed 
muskrat 

High 2% 6% 1% 5% 0% 3% 1% 2% 4% 14% 
Acc 23% 15% 35% 47% 0% 32% 37% 33% 38% 27% 

Wood duck 
High 100% 0% 27% 60% 26% 29% 76% 21% 72% 7% 
Acc 0% 100% 13% 5% 8% 9% 4% 12% 5% 8% 

Ring-necked 
duck 

High 40% 37% 100% 0% 37% 47% 66% 47% 59% 21% 
Acc 37% 6% 0% 100% 13% 16% 34% 16% 39% 7% 

Black crappie 
High 32% 22% 18% 28% 100% 0% 19% 14% 18% 21% 
Acc 68% 49% 82% 72% 0% 100% 81% 86% 82% 32% 

Largemouth 
bass 

High 48% 11% 36% 25% 23% 25% 100% 0% 87% 0% 
Acc 45% 44% 60% 52% 24% 57% 0% 100% 6% 37% 

Centrarchids 
High 55% 13% 36% 39% 24% 29% 100% 2% 100% 0% 
Acc 44% 81% 64% 61% 76% 57% 0% 98% 0% 100% 

Area (ha) 
 

792 330 1,382 423 942 1,902 748 1,268 833 3,357 
No. taxa ≤ 25% overlap 2 2 2 2 3 1 2 1 2 1 
No. taxa 25-75% overlap 1 5 3 2 5 5 1 5 1 8 
No. taxa ≥ 75% overlap 7 3 5 6 2 4 7 4 7 1 
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