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ABSTRACT 
 
The Warm Mineral Springs Focal Area is considered the most important winter refuge site for the Florida 
manatee (Trichechus manatus latirostris) in the southern portion of its range in the Gulf of Mexico in 
Florida. However, natural resource managers are concerned that historical and current alterations of 
Warm Mineral Springs, Warm Mineral Springs Creek, and Salt Creek may reduce access and degrade 
habitat quality for Florida manatees in the system.  The objectives of this study were to conduct a 
watershed assessment for river stability and sediment supply and develop conceptual designs for restoring 
the ecological condition, fluvial geomorphology, and habitat quality and accessibility for Florida 
manatees in the Warm Mineral Springs Focal Area. Historical and current land use alteration and 
management, bank erosion and excessive sedimentation, and invasive riparian plant species were 
identified as the primary factors degrading the focal area. Five project areas were defined for restoration, 
including Project 1: Bank Stabilization of the Warm Mineral Springs Pool at the Warm Mineral Springs 
Resort and Day Spa; Project 2: Bank Stabilization and Channel Restoration of Warm Mineral Springs 
Creek at the Warm Mineral Springs Resort and Day Spa; Project 3: Stream Channel Restoration of Warm 
Mineral Springs Creek; Project 4: Riparian Corridor Restoration for Optimizing Manatee Winter Refuge 
Habitat in Warm Mineral Springs Creek; and Project 5: Stream Channel Restoration of Salt Creek. 
Restoration can be implemented at these sites either independently or concomitantly. Removal and 
control of invasive Brazilian pepper (Schinus terebinthifolius) in the riparian zone as well as its branches, 
limbs, and debris from the channel in the Project 4 areas can provide immediate restoration and 
enhancement as well as increase the total area of Florida manatee winter aggregation habitat and should 
be considered a top priority for restoration. Excessive sedimentation in project areas 2 and 3 pose a threat 
to the habitat quality of the downstream winter aggregation habitats in Project Area 4 and should be 
removed from creek channel. Spring and creek banks in project areas 1 and 2 should be stabilized and 
revegetated with native deep-rooting overstory, understory, and ground cover plants to reduce current 
sedimentation Warm Mineral Springs and Warm Mineral Springs Creek. Stream channel restoration using 
natural channel design techniques should be further assessed in the Project 5 area for providing reliable, 
consistent, self-maintaining, long-term habitat accessibility as well as increased winter aggregation 
habitat area for Florida manatees throughout the Warm Mineral Springs Focal Area. 
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INTRODUCTION 

The Warm Mineral Springs Focal Area is comprised of a Warm Mineral Springs, Warm Mineral Springs 

Run, and Salt Creek that drain to the Myakka River in North Port, Sarasota County, FL. It is considered 

the highest-priority, naturally occurring winter refuge site for the federally endangered Florida manatee 

(Trichechus manatus latirostris) in the southern portion of its range (south of Tampa Bay) in the Gulf of 

Mexico in Florida (K. Smith, Florida Fish and Wildlife Conservation Commission, personal 

communication). Historical stream channel alteration, invasive riparian species, riparian land use 

practices, and excessive sedimentation degrade habitat quality and quantity as well as limit access to these 

refuge sites in the system. Local, state, and federal natural resource managers are particularly concerned 

with limited manatee accessibility in the lower portion of the drainage and are researching habitat 

restoration options to increase manatee use in the system. 

 

PROJECT GOALS AND OBJECTIVES 

The management goals are to provide long-term accessibility and improvement in habitat quality and 

quantity of winter refuge habitat for Florida manatees in the Warm Mineral Springs system in North Port, 

FL. The objective of this project is to provide conceptual designs for restoring specific locations within 

the Warm Mineral Springs Focal Area to help achieve the management goals. Restoration objectives at 

these locations include improving long-term bank stability; reducing erosion and sedimentation; 

improving water and sediment quality; removing excessive sediment and channel blockages; restoring 

riparian corridor species composition; removing an illegally constructed weir; restoring manatee winter 

refuge habitat quality, quantity, and accessibility; restoring stream channel pattern, form, and function; 

and providing a natural and aesthetically pleasing appearance at the resort. The “Spring and Spring Run” 

habitat is one of the six priority habitats in Florida's Comprehensive Wildlife Conservation Strategy 

(CWCS; FWC 2005). Restoration actions recommended herein will address high priority threats 

identified for “Spring and Spring Run” habitats in the CWCS including “conversion to commercial / 

industrial development”, “conversion to recreation areas”, “incompatible recreational activities”, 
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“invasive plants”, and “surface water diversion and withdrawal”, as well as benefit the federally 

endangered Florida manatee. 

 

METHODS 

Conceptual designs were developed using a combination of literature review, site visitation, interviews 

with management staff, quantitative and qualitative data collection, and aerial and GIS data analysis. 

More quantitative data collection for implementing the specific restoration recommendations provided 

herein will be necessary but was beyond the scope of this project. The Warm Mineral Springs watershed 

was assessed using comparative aerial photography (UFDC 2012) and geospatial GIS analysis using the 

Environmental Protection Agency’s (EPA) MYWATERS data with Google Earth (EPA 2012). All spring 

and stream stability and condition measurements were completed according to the EPA-recommended 

procedures and techniques for watershed assessment of river stability and sediment supply (Rosgen 2006, 

EPA 2012) and calculated using RIVERMorph Stream Restoration Software, version 5.1.0 

(RIVERMorph 2012). All positions relative to stream banks are provided in the downstream direction per 

standard stream assessment protocols. For example, “left bank” refers to the bank on the left-hand side 

when looking downstream. The Bank Assessment for Non-point source Consequences of Sediment 

(BANCS) method, which combines measurements of the Bank Erosion Hazard Index (BEHI) and Near-

Bank Stress (NBS), was used to estimate bank erosion rates (Rosgen 2006). Because there are no regional 

relationships for estimating bank erosion rates in southwest Florida, I reported results from both the 

Colorado Erosional Data Set and the North Carolina Erosional Data Set to generate erosion rate curves for 

sites assessed (RIVERMorph 2012).  

Estimates of excessive sedimentation in Warm Mineral Springs Creek were collected at four, 

300-ft. reaches; with 11 transects perpendicular to the riverbanks per reach; and depth of excessive 

sediment (from the bottom of the limestone creek bed to the top of the deposited sediment) measured at 

five equally spaced locations across each transect. Tidal information was obtained from the El Jobean 

Tide Table, which is gauged in the Myakka River approximately 8 miles from the Warm Mineral Springs 
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system (www.tidecharts.net; accessed 6 June 2012). Water surface elevations for Project 4 and 5 cross-

section data were standardized for comparisons of known and potential manatee refuge habitat by 

calculating a linear regression (y = 0.2174x - 0.737; where x = decimal time, and y = tide level) derived 

from decimal time tidal elevations, with low tide = 1.1 ft. (8:27 AM EST) and high tide = 2.4 ft. (2:26 PM 

EST) for 4 June 2012. All cross-sectional data were collected within this time period. Additional 

qualitative and quantitative measurements of potential manatee habitat upstream from Project 4 and 5 

were collected by boating or wading and by measuring maximum depth of the pools and shallowest 

depths of the glides interconnecting the pools using either a station rod or hand held sonar device. 

Restoration recommendations were based on techniques used in implementing natural channel design 

methodology (Doll et al. 2003, Rosgen 1996, Rosgen 2006) and federally recommended best-practices for 

streambank and lakeshore stabilization (FISRWG 1998, USDA-FS 2002).  

 

EXISTING CONDITIONS 

Existing and historical overviews of the Warm Mineral Springs spring- and watershed, geology and soils, 

land use and land cover, general hydrology, vegetation and natural communities, and importance to 

Florida manatees have been documented elsewhere and those references should serve as the sources for 

detailed site information (USDA-SCS 1991, Rupert 1994, FGS 2001, Taylor 2006, FNAI 2010, Bowen 

2012, SHT 2012). Here I will provide only a summary as it relates to the Project Goals and Objectives 

stated above. 

The Warm Mineral Springs system is comprised of a Warm Mineral Springs, Warm Mineral 

Springs Run, and Salt Creek that drain to the Myakka River in North Port, Sarasota County, FL (Fig. 1). 

Warm Mineral Springs is a second-order spring system located within a resort and day spa managed by 

Sarasota County and the City of North Port in North Port, FL (Rupert 1994). The spring is approximately 

1.4 acres in total area and circular in shape with a diameter of 250 ft. and pool depths exceeding 240 ft. in 

places (FGS 2001). The water emanates from the spring with a high salt content at a warm temperature 

(87° F) and consistent surface discharge averaging 9.7 cfs (Rupert 1994, FGS 2001). The salt water from  
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Figure 1. Warm Mineral Springs Focal Area (2012), consisting of Warm Mineral Springs, Warm Mineral 
Springs Run, Salt Creek, and the surrounding drainage area. 
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Warm Mineral Springs exits southward from the pool forming Warm Mineral Springs Creek, which flows 

approximately one mile until its confluence with Salt Creek. Salt Creek is a man-made canal constructed 

in the 1950s to drain the wetlands located on the east- and northeast of the springs. Salt Creek flows from 

its confluence approximately 1.2 miles southwest to the Myakka River. The Warm Mineral Springs 

system is considered the highest-priority, naturally occurring winter refuge site for the federally 

endangered Florida manatee in the southern portion of its range (K. Smith, Florida Fish and Wildlife 

Conservation Commission, personal communication).  

The principle hydrogeology of the focal area is the Upper Floridan Aquifer (USDA-SCS 1991). 

The overlaying soil is predominantly fine sand of various types and averages approximately 10 ft. above 

sea level at the springs (USDA-SCS1991; Rupert 1994). Given the hydrogeology, soils, and vegetation 

patterns, it is believed that the focal area was historically characterized by Mesic Flatwood and 

Depressional Marsh natural communities (FNAI 2010). Mesic flatwoods are characterized by an open 

canopy of tall pines and a dense, low ground layer of low shrubs, grasses, and forbs covering flat sandy 

terraces (FNAI 2010). Depressional marshes are characterized as a shallow, usually rounded depression in 

sand substrate with herbaceous vegetation or subshrubs, often in concentric bands where the overlying 

sands slump into depressions dissolved in underlying limestone (FNAI 2010).  

Analysis of aerial and historical photography, current site conditions, and history of land use at 

the site provide insight into current conditions in the Warm Mineral Springs system. The area 

immediately surrounding the spring was apparently cleared, vegetation removed, and spring pool altered 

by the time the 1948 aerial photograph was taken (Fig. 2). The lower portion of Warm Mineral Spring 

Creek (before the Salt Creek canal was constructed) was clearly channelized and widened prior to 1948, 

presumably for construction of the bridge for Tamiami Trail (eventually to become U.S.-41; Fig. 3). The 

1952 aerial indicates little additional development within the watershed (Fig. 4); however, the landscape 

was widely converted, wetlands drained to form Salt Creek, and residential lots constructed by 1957 (Fig. 

5). During this time the lower portion of Warm Mineral Springs Creek (hereafter recognized as Salt Creek 

below their confluence) was channelized and widened again, with a narrow canal visible along the left 
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Figure 2. Warm Mineral Springs (1948), showing extensive terrestrial and aquatic alteration.  

  

 
11



Figure 3. Warm Mineral Springs Creek at US-41/Tamiami Trail Bridge (1948), showing historical stream 
channelization both up- and downstream from the bridge. 
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Figure 4. Warm Mineral Springs Focal Area (1952). 
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Figure 5. Warm Mineral Springs Focal Area (1957), showing the constructed Salt Creek canal used to 
drain the surrounding landscape for growth and development. 
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bank (Fig. 6). By 1969, the Salt Creek canal was expanded to drain wetlands from the north, with 

residential communities and infrastructure expanding (Fig. 7). The next available aerial is from 1995 (Fig. 

8), with the watershed developed as it is at present (Fig. 1). 

In addition to landscape-level changes, historical management of the Warm Mineral Springs pool 

likely explains current conditions in the system. Warm Mineral Springs began operation as a spa and 

resort in 1946 and was under private ownership until 2010 when it was purchased by Sarasota County and 

the City of North Port, FL (SHT 2012). At the beginning of operations in the 1940s the riparian zone of 

the springs was completely denuded of vegetation. Substantial amounts of sand were used to construct 

beaches on the western and southern ends of the pool, adjacent to the head of Warm Mineral Springs 

Creek (Figs. 9-10). Aerial photographs from 1948 – 1957 show a white, triangular-shaped feature in the 

spring pool adjacent to the western beach (Figs. 2, 4, and 5). A picture captured from a video of an aerial 

fly-over during this period reveals that the triangular shape is sand eroding from both beaches and 

carrying out of the pool into Warm Mineral Springs Creek (Fig. 11; Bowen 2012). The wetted perimeter 

of the pool also appears increasingly lighter in color and larger in size in aerial photographs during this 

period (Figs. 2, 4, and 5). This indicates erosion from the pool banks and surrounding beaches causing 

sedimentation within the pool, ultimately resulting in a larger pool area over time. The stream stability 

assessment completed in this study has identified and quantified actively eroding banks in Warm Mineral 

Springs pool and Warm Mineral Springs Creek at the resort and day spa. In addition, over 3,500 tons of 

excessive sediment covers the limestone streambed for at least 3,000 ft. downstream from the head of the 

creek at the spring (see below). Decades of erosion from beach construction and denuded banks are likely 

responsible for the large amount of excessive sediment present in the Warm Mineral Springs Focal Area.  

 

HISTORICAL STREAM ALTERATION AND RELEVANCE TO THE FLORIDA MANATEE 

Classification of a (1) stream channel and (2) the valley type within which the stream forms its pattern, 

dimension, and profile, can provide insight into the effects of historical changes on current stream 

conditions, future trends, and relevance to biota such as the Florida manatee. Following Rosgen (1996) 
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Figure 6. Salt Creek (formerly called Warm Mineral Springs Creek) at US-41/Tamiami Trail Bridge 
(1957). 
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Figure 7. Warm Mineral Springs Focal Area (1969), showing increased infrastructure and development. 
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Figure 8. Warm Mineral Springs Focal Area (1995). 
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Figure 9. Artificially constructed beaches at Warm Mineral Springs (1955).  Photo credit: State Archives 
of Florida, Florida Memory, http://floridamemory.com/show/251423 (top); 
http://floridamemory.com/show/251430 (bottom). 
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Figure 10. Artificially constructed beaches at Warm Mineral Springs (1960). State Archives of Florida, 
Florida Memory, http://floridamemory.com/show/77028. 
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Figure 11. Warm Mineral Springs, showing sedimentation from constructed beaches; date unknown. Photo capture 
from http://www.warmmineral.com/wms/wmsvideo.html. 
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and Rosgen (2006), I classified the historic and present-day stream valley type and stream channel type 

based on examination of historical aerial photographs and data collected during this study (see below). I 

also validated these classifications in consultation with the author (D. Rosgen, Wildland Hydrology, 

personal communication). Stream valleys include the river channel, floodplain, terraces, valley walls, and 

divides, which can be stratified into various broad geologic types that reflect geomorphic history and the 

independent boundary conditions and hydrology that influence channel morphology. Rosgen (1996) has 

defined twelve valley types delineated by their dominant erosional and depositional processes, the 

underlying geology, and similarities and repeatable morphology in landform. It is common for valley 

types to spatially change and influence stream classification type within a watershed, though a given 

valley type in a given location typically does not change within the landscape except under conditions of 

extreme anthropogenic disturbance or over geologic time. 

The Warm Mineral Springs watershed consists of two valley types. The upstream portion of the 

watershed in which bedrock is the controlling stream substrate type is Valley Type VI: Bedrock, after 

which it transitions to Valley Type XI: Delta downstream of the weir (see Projects 3 and 4 below for 

location and description of the weir; Figs. 12 and 13). Valley Type VI: Bedrock valleys are structurally 

controlled and dominated by bedrock outcrops and stream channel materials and are commonly deeply 

entrenched with valley slopes ranging from steep (greater than 10%) to gentle (less than 2%). Sediment 

supply is very low with little sediment produced from the bed or streambanks and very low sediment 

storage, resulting in a sediment-limited system. Streamflows are predominantly perennial and are 

characteristic of some spring-fed channels. Stream types vary according to boundary conditions and 

valley slopes, with F- stream types occurring in wide, flat bedrock-controlled valleys common (see below 

for stream type description). Valley Type XI: Delta consists of river deltas and tidal flats constructed of 

fine alluvial materials originating from riverine and estuarine depositional processes. Valley slopes are 

less than 1% and sediment supply is typically suspended sediment with very little to no coarse bedload. 

The DA is the primary stream type common to the stable delta landforms that are tide-dominated with 
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Figure 12: Stream valley and channel classification of Warm Mineral Springs (1952), following Rosgen 
(1996). 
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Figure 13. Stream valley and channel classification of Warm Mineral Springs (2012), following Rosgen 
(1996). 
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numerous wetland islands, though single-thread E stream types can be found as transition stream types at 

the head of the delta valleys (see below for stream type descriptions). 

The Warm Mineral Springs watershed consists of three stream types in the 1952 aerial 

photograph and two stream types as identified in this project, including F, E, and DA stream types (Figs. 

12 and 13). Substrate types are denoted by a number following the classification, with “1” indicating 

bedrock, “6” indicating silt, and “6/1” indicating silt overlying bedrock. The F stream types are 

entrenched, meandering, gentle gradient streams deeply incised in bedrock (F1) or cohesive sediments of 

silt and clay with bedrock channel control (F6). Deep-rooted riparian vegetation is much more effective at 

maintaining stability in the cohesive bank materials. The F stream systems produce relatively low bedload 

sediment yields due to lack of coarse material, thus excessive bar deposition is not generally observed 

with the F stream type. These stream types have a high width/depth ratio (i.e., relatively wide and 

shallow), are very sensitive to disturbance, and adjust rapidly to changes in flow regime and sediment 

supply from the watershed. The E6 stream types are channel systems with moderate to high sinuosity, 

gentle to moderately steep channel gradients, and very low width/depth ratios (i.e., relatively narrow and 

deep). Streambanks are composed of materials similar to those of the dominant bed materials and are 

typically stabilized with densely rooted riparian or wetland vegetation. The E6 stream types are 

hydraulically efficient forms, with narrow and relatively deep channels maintaining a high resistance to 

plan form adjustment, resulting in channel stability without significant downcutting. The E6 stream 

channels are very stable unless the streambanks are disturbed and significant changes in sediment supply 

and/or stream flow occur.  

The DA stream types are highly interconnected, multiple channel systems (anastomosing 

channels) developing in gentle relief terrain areas consisting of cohesive soil materials and exhibiting 

wetland environments with stable channel conditions. These anastomosing channels are generally stable 

due to the presence of cohesive bank materials and extensively developed riparian vegetation. Channel 

patterns typically display a range of low to high width/depth ratios and a similar range of sinuosities, 

commonly with a low width/depth ratio of at least one channel within the plan form (D. Rosgen, Wildland 
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Hydrology, personal communication). Anastamosing rivers (Stream Type DA) are often confused with 

braided rivers (Stream Type D, see Rosgen 1996 for full description); however, braided channels are 

typically shallow (high width/depth ratio), have relatively unstable banks, and commonly form in rivers 

with high sediment supply. The DA stream type is clearly identified in the lower reaches of Warm 

Mineral Springs upstream from the channelized reach immediately upstream and downstream of the US-

41/Tamiami Trail Bridge. It is likely that this DA stream channel carried to the Myakka River prior to 

channelization from construction of the Tamiami Trail in the 1920s considering that DA channels rarely 

transition to another stream type, especially when in a Valley Type XI: Delta valley (D. Rosgen, Wildland 

Hydrology, personal communication). 

There is very little information available regarding the historical distribution of Florida manatees 

in the Warm Mineral Springs system (K. Smith, Florida Fish and Wildlife Conservation Commission, 

personal communication). However, it is likely that Florida manatees were historically able to access the 

lower- and middle reaches of Warm Mineral Springs Creek as DA and E stream channels are 

characterized by a low width/depth ratio resulting in relatively deep water with narrow banks. This is 

evidenced by the middle reach of Warm Mineral Springs Creek, classified as E6, which currently contains 

habitat deep enough to support manatee aggregations (Project 4 area, see below). However, it is unlikely 

that the F stream channel, characterized by high width/depth ratios resulting in relatively shallow water, 

in the upper reach of Warm Mineral Springs Creek would have provided channel dimensions deep 

enough to support Florida manatee habitat or passage into Warm Mineral Springs historically. These 

interpretations should be considered by resource managers when developing specific restoration plans 

based on the conceptual designs described below. 

 

PROBLEM IDENTIFICATION: WARM MINERAL SPRINGS FOCAL AREA 

Hydrology is an underlying factor affecting all levels of function in springs, streams and rivers, including 

hydraulic, geomorphological, physiochemical, and biological. Historical and current conditions suggest 

that the Warm Mineral Springs Focal Area has been substantially altered because of landscape 
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conversion, property development, and land use management. Poor riparian zone condition has resulted in 

unstable pool- and streambanks, resulting in excessive sedimentation to a stream channel already severely 

overburdened by sediment. Invasive riparian species also alter stream hydraulic function and reduce 

habitat quality, quantity, and accessibility to winter refuge habitat by the Florida manatee. Lastly, 

historical channelization and widening have altered stream channel capacity (i.e., the ability of the stream 

to transport sediment) and inhibit manatee access to the system.  

 

PROJECT SITE IDENTIFICATION 

In collaboration with USFWS, FWC, and Sarasota County staff, we identified five potential projects 

within the Warm Mineral Springs Focal Area (Fig. 14): 

• Project 1: Bank Stabilization of the Warm Mineral Springs Pool at the Warm Mineral 

Springs Resort and Day Spa 

• Project 2: Bank Stabilization and Channel Restoration of Warm Mineral Springs Creek at 

the Warm Mineral Springs Resort and Day Spa 

• Project 3: Stream Channel Restoration of Warm Mineral Springs Creek 

• Project 4: Riparian Corridor Restoration for Optimizing Manatee Winter Refuge Habitat 

in Warm Mineral Springs Creek 

• Project 5: Stream Channel Restoration of Salt Creek. 
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Figure 14. Warm Mineral Springs Focal Area project locations and descriptions. 
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Restoration at these sites will help achieve the Project Goals and Objectives for the Warm 

Mineral Springs Focal Area as stated above. The following are conceptual designs meant to provide 

recommendations, guidelines, and directions for completing restoration for the proposed projects. More 

detailed technical design plans, budgets, and related materials will likely be needed in order to implement 

these designs. Permits are likely needed for implementing restoration at all project locations, including: 

1. The Southwest Florida Water Management District Environmental Resource Permit 

2. The Department of the Army, Jacksonville District Corps of Engineers Nationwide 

Permit, per section 404 under the U.S. Clean Water Act, filed as a Joint Application for 

Works in the Waters of Florida.     

Technical design plans with professional engineer certification for actions such as streambank grading 

and stream channel restoration may be needed in order to apply for these permits. Permit fees vary 

depending on the type of activity designated by a representative of the Southwest Florida Water 

Management District. Resource managers should contact the Southwest Florida Water Management 

District to discuss project design and permitting before implementing any of the conceptual designs 

described herein. All recommendations will likely need to be modified per the goals of resource managers 

for the proposed projects.   

 

Project 1: Bank Stabilization of the Warm Mineral Springs Pool at the Warm Mineral Springs 

Resort and Day Spa 

Restoration Objectives. – Improve long-term bank stability; reduce excessive erosion and 

sedimentation; improve water and sediment quality in the pool and downstream into the spring run; 

provide a natural and aesthetically pleasing appearance. 

Description. – Project 1 is located along the banks of the Warm Mineral Spring pool at the Warm 

Mineral Springs Resort and Day Spa (Fig. 15). The perimeter of the pool is 956 ft., comprised of 269 ft. 

of concrete retaining wall and walkway entry points and 687 ft. of unvegetated bank (other than turf 

grass). The riparian zone is completely converted from its historical natural community type, with 
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Figure 15. Project 1 Area: Bank Stabilization of the Warm Mineral Springs Pool at the Warm Mineral Springs Resort and Day Spa, showing the 
Bank Erosion Hazard Index (BEHI) and Near-Bank Stress assessment location. 
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manicured lawns, buildings and other infrastructure, and experiences heavy use by the public. The pool is 

primarily used for bathing, with six concrete walkway access points. Management has installed signage 

prohibiting entry or exit to or from the pool in any other location than these designated access points. The 

vegetation of the riparian zone consists primarily of turf grass and few live oak (Quercus virginiana), 

palm (Arecaceae spp.), and other trees. The banks show signs of slumping and active erosion into the 

pool (Figs. 16 and 17).  

Condition. – Because the condition of the unvegetated bank was consistent throughout its reach, I 

estimated erosion rates by measuring BEHI and NBS at one representative site ( Appendix A). Bankfull 

depths were calculated across nine depth measurements starting 33 ft. away from the bank in the water 

and recording bankfull depths at approximately 3.5 ft intervals while moving into the shoreline of the 

bank (Fig. 18). Bankfull height equaled the height of the bank and was 1.6 ft. from the top of the bank to 

its toe. Rooting depth was shallow, measured at 0.3 ft. comprised of only turf grass roots. Root density 

was poor, estimated at 5% of the total bank. The angle of the bank was measured at 90°. Surface 

protection of the bank was also poor, estimated at 10% of the total bank, comprised of turf grass and its 

roots. Bank materials were stratified, with an upper layer of topsoil, sand, and clay overlaying a 

fossiliferous layer with sand and clay (Fig. 19). These factors combine for a BEHI numerical rating of 

35.3 and adjective rating of “High”. NBS was calculated using the ratio of near-bank maximum bankfull 

depth to mean bankfull depth resulting in numerical rating of 1.48 and an adjective rating of “Low”. 

Using these BEHI and NBS scores, the predicted bank erosion rate is 5.40 – 13.24 tons/year for the entire 

687 ft. unprotected perimeter of the pool (Table 1). However, public impacts from accessing the banks 

from the pool and vice versa may increase erosion rates along this reach. Techniques for verifying these 

estimates were prohibited in Warm Mineral Springs because of potential liability concerns, but were 

completed in Project 2 as described below. 

Problem Identification. – The absence of a well-vegetated riparian buffer consisting of native 

trees, and shrubs results in poor rooting depth, density, and surface protection of the banks. The 

unprotected banks of the pool have high erosion potential because they lack such riparian vegetation for 
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Figure 16. Bank instability and erosion at Warm Mineral Springs. 
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Figure 17. Bank instability and erosion at Warm Mineral Springs. 
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Figure 18. Depth profile of Warm Mineral Springs Pool used to calculate Near-Bank Stress of the unvegetated banks. 
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Figure 19. Bank material stratification, showing topsoil and sandy upper stratum (dark color) and fossiliferous lower stratum (light color near 
water surface). 
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stabilization. Bank material stratification also increases bank instability. A combination of these factors 

results in high bank instability, manifesting in 90° bank angles, slumping, and active erosion clearly 

observable the along the banks.  

 

Table 1. Estimated erosion rates using North Carolina and Colorado erosion rates from the Bank 
Assessment for Non-point source Consequences of Sediment (BANCS) method. 

 

Site Location
Project 1 WMS Pool 5.4 13.24
Project 2 WMS Creek at resort 28.84 12.02
Project 3 Oritz Blvd 0.26 1.68

Classification reach 0.24 2.84

CO Erosion Data 
(tons/yr)

NC Erosion Data 
(tons/yr)

 

 

The NBS ranked “Low”; however, public impacts from foot traffic on the top of the banks, wave action, 

and entry into and out from the pool may increase NBS and thus predicted erosion rates of the banks. In 

addition, erosion and sedimentation likely degrade water clarity and quality, as well as substrate (i.e., pool 

bottom) quality. Maintenance of exclusively turf grass along the banks and high public use is the primary 

factor influencing bank instability in the Warm Mineral Springs pool and its spring run (see Project 2). 

General Restoration Recommendations. – The long-term bank stability at Warm Mineral Springs 

can be improved in a variety of ways, including hardening of the shorelines as was done at the retaining 

wall located along the west end of the pool. However, the following recommendations will focus on 

natural stabilization methods for best achieving restoration goals at the site. Long-term bank stability can 

be improved by increasing root density and rooting depth, decreasing the bank angle thereby eliminating 

undercutting, and maximizing surface protection given high public use. The natural appearance of the site 

can be enhanced by using live, organic, and biodegradable materials. Public safety can be ensured with 

consistent enforcement of existing rules allowing entry and exit from the pool only at the designated 

access walkways. 
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Restoration Design Approach. – I recommend a combination of bank regrading, stabilization, and 

revegetation using natural materials to achieve the Project 1 restoration objectives. It should be noted that 

any restoration action must take into account Sarasota County’s and the City of North Port’s operation 

and management of the for-profit resort and day-spa at Warm Mineral Springs. In addition, the saline 

nature of the springs presents a challenge in selecting, establishing, and maintaining riparian vegetation at 

the site. Therefore vegetation should be carefully selected considering with these and other site conditions 

as establishing vegetation is essential for these recommendations. A reference of salt-tolerant plants for 

Florida landscaping published by the Department of Environmental Horticulture, Florida Cooperative 

Extension Service, Institute of Food and Agricultural Sciences, at the University of Florida should serve 

as a guide and is provided in Appendix B (Black 2003). Any and all necessary actions to assure selected 

vegetation is established – particularly during the first 12 months following construction – should be 

taken in accordance with management goals for the site. Construction should be targeted for winter 

months if possible to best establish vegetation. Construction can be done in the summertime with 

additional measures such as irrigation. Soil testing may also be necessary to determine if amendments are 

needed. A landscape professional should be contracted before construction to best implement revegetation 

and landscape strategies along with bank regrading and stabilization measures recommended below. 

The eroding banks should be reshaped to reduce the bank angle allowing for a grade that best 

supports selected species for revegetation. Typically, this is a 1:4 ratio or better, though grading to the 

existing terrestrial slope can be a target. Typically this would consist of using an excavator to grade the 

banks so that the bank angle is reduced in order to minimize future bank failure and maximize vegetation 

colonization and persistence. Because of the relatively erosion-resistant soils and low stress to the banks, 

only minimal erosion control is necessary if set at the recommended grade and revegetated properly. 

Therefore, hard structures such as rip-rap and boulders are unnecessary and discouraged; however, 

surficial landscaping rock for aesthetic purposes is acceptable. Soil bioengineering techniques for 

stabilizing regraded banks should address the objectives for the site, specifically balancing the long-term 

need for improved root structure with enhanced surface protection due to high public use in the area. I 
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recommend low impact, low visibility techniques commonly used along pond- and lakefronts such as 

installation of a coconut/coir fiber roll at the toe of the regraded bank (Fig. 20). This is an excellent and 

inexpensive option for stabilizing the toe of the bank, providing a natural appearance and facilitating 

long-term root development and bank stability. 

Associated stabilization techniques using standard methods and natural materials should be used 

when reshaping the banks following these general guidelines and specified once a formal plan is 

developed. Once the bank is reshaped and stabilized, surface soils should be amended, planted, and 

landscaped as appropriate with the overall goal of maximizing root depth, density, and surface protection. 

Erosion control fabric made from biodegradable, natural materials such as coconut fibers should be 

installed as needed and held in place using wood stakes or similar biodegradable materials. It is preferable 

to use erosion control fabric in all areas impacted by construction, though other landscaping measures 

reducing erosion pressure can be employed. 

Care must be taken in selecting vegetation that will tolerate local soil and water conditions while 

still achieving project objectives. For example, vegetation can be selected to incorporate a variety of 

plants with robust rooting structures and different seasonal flowering schedules to maximize flowering 

throughout the year. Again, a landscape professional should be consulted to determine best vegetation and 

planning with the overall goal of high rooting structure for bank stability, with Black (2003) as a guide 

(Appendix B). With proper selection of shrubs and trees (preferably native), the restored shoreline can 

provide beautiful aesthetics that will enhance the resort and spa experience as well as demonstrate an 

environmentally friendly restoration practice for patrons and the community at large.  

Preliminary Design and Construction Cost Estimate. – Estimates of the entire cost of regrading 

and revegetating cannot be made until a detailed plan for the site has been developed. A cost-per-unit-

action list of restoration items and techniques compiled from several sources (Bair 2004; Bell 2004; 

MDNR 2005; Templeton 2008) including my personal experience is provided in Table 2 and can serve as 

a guide for estimating costs for all projects in this study. The costs of regrading and installing low-impact 

soil bioengineering measures (e.g., coconut/coir fiber roll) are typically inexpensive. Coconut/coir fiber 
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Figure 20. Coconut/coir fiber roll specifications for stabilizing eroding banks at Warm Mineral Springs 

and in Warm Mineral Springs Creek for Projects 1 and 2. From USDA-FS (2002).

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Coconut Fiber Roll 
A coconut fiber roll (Coir™ log) is used to protect a bank’s 
toe and to define an edge. It is a cylindrical structure 
composed of coconut husk fibers bound together with 
twine woven from coconut fiber. This product is most 
commonly manufactured in 12 in. diameters and lengths 
of 20 ft. However, purchases of prefabricated rolls can be 
expensive. Use  stakes or duckbills to anchor it in place at 
the toe of the slope, generally at the ordinary high-water 
mark or bankfull level. 

 

 
Applications and Effectiveness 
■  Protects slopes from shallow slides or undermining. 
■  Molds to existing curvature of the streambank. 
■  Traps sediment in and behind the roll. 
■  Produces a well-reinforced toe without much site 

disturbance. 
■  Lasts an estimated 6 to 10 years, according to 

manufacturer’s claims. 

 
Construction Guidelines 
Inert materials 
■  Coconut logs  (Coir™). 
■  Untreated twine. 
■  Cable and duckbill anchors. 
■  5/16  in cable and cable clips. 
■  Dead stout stakes. Make dead stout stakes from 2.5- to 

4-ft. long, sound, untreated 2- by 4-in. lumber. Cut  each 
length diagonally across the 4-in. face to make two 
stakes. Use  only sound lumber. Discard any stakes that 
shatter upon installation. 
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Table 2. Stream restoration cost estimates. 

  

Item Unit Unit Cost
16" natural fiber roll per foot $20
18" natural fiber roll per foot $22
Balled and burlapped trees per acre $5,000
Bare root trees per acre $1,000
Brush layering square yard $150
Channel excavation cubic yard $35
Clear & grub - heavy per acre $10,000
Clear & grub - light per acre $8,000
Clear & grub - medium per acre $9,000
Coir Fiber Matting per foot $5
Conservation plans per acre $350
Container trees per acre $2,000
Cover crop per acre $25
Cover crop & straw mulching square yard $1
Dozer per day $850
Erosion control matting square yard $3
Evergreen trees - 6 feet tall each $175
Excavator per day $600
Excavator per week $1,400
Filler fabric square yard $5
Grade controls per foot $1,800
Hard bank stabilization per foot $100
Herbaceoud plants (1 gallon) each $7
Hydraulic dredging cubic yard $5 - $15
Invasive plant removal/control per acre $250 - $1,000
Labor crew per day $200 - $600
Live facine square yard $30
Live stake each $5
Log haul per log $115
Mobilization in & out $8,000
Native deciduous tree (2.5" diam) each $300
Natural channel design per foot $5 - $20
Planting per acre $110
Rig per month $220
Riparian thinning per acre $900
Rootwad each $500
Rubble removal per acre $500
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logs typically range in price from $20/ft. (16” diameter) to $22/ft. (18” diameter), with estimates for a 

single layer along the toe across the restored reach (~700 ft.) of $14,000 - $15,400. Revegetation and 

landscaping costs will vary depending on design, but the use of in-kind services, equipment, and materials 

and supplies can greatly reduce costs, especially for construction equipment such as excavators for 

grading the banks. Cost can further be reduced if combined with Project 2 (see below). Permit fees may 

also apply. These figures should only be used as a guideline as estimates may vary considerably 

depending on a variety of factors. 

Project 2: Bank Stabilization and Channel Restoration of Warm Mineral Springs Creek at the 

Warm Mineral Springs Resort and Day Spa 

Restoration Objectives. – Improve long-term bank stability; reduce excessive erosion and 

sedimentation; improve water and sediment quality in the pool and downstream into the spring run; 

provide natural and aesthetically pleasing appearance. 

Description. – Project 2 consists of both banks of the Warm Mineral Springs Creek as it flows out 

from the pool downstream to Ortiz Boulevard (Fig. 21). A line of limestone boulders perpendicular to the 

flow are located at the head of the creek, from which it flows approximately 50 ft. underneath a public 

Item Unit Unit Cost
Shrubs (2-3 gallon container) each $35
Silt fence per foot $4
Sodding square yard $7
Soft bank stabilization per foot $50
Soil amendments per acre $1,500
Stone toe protection per foot $55
Stream cleanup per reach $100
Stream diversion (pump) per day $500
Wetland plants each $10
Wetland restoration per acre $1,000
Wetland seed mix per pound $200

Project  management 5% - 10% of total budget
Design and contingency 20% - 30% of construction costs
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Figure 21. Project 2 Area: Bank Stabilization and Channel Restoration of Warm Mineral Springs Creek at 

the Warm Mineral Springs Resort and Day Spa, showing cross-section locations. 
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footbridge, then continuing downstream until it reaches two, 4-ft. wide, 25-ft long metal culverts installed 

at streambed height at the Ortiz Boulevard road crossing, for a total reach length of 397 ft. The creek bed 

is entirely limestone bedrock overlain with loosely compacted, unstable sediment. The resort and 

associated infrastructure is located atop a terrace approximately 100 ft. from the left bank. Other notable 

features of the left bank include a septic field and parking lot. Riparian vegetation is entirely turf grass to 

the banks, with few trees located sporadically upslope from the bank. The right bank vegetation consists 

of approximately 140 ft. of turf grass to the banks, and then transitions into a riparian zone of almost 

exclusively Australian pine (Casuarina equisetifolia), an invasive tree species, until reaching the culverts. 

Specific riparian vegetation composition and condition in the Project 2 area is described in Appendix C. 

Condition. – Stream channel cross-sections and bank profiles were measured to determine 

channel structure and potential changes over time, with elevations calculated relative to benchmarks (i.e., 

survey markers with yellow caps attached to 3-ft. long rebar) installed flush to the ground on-site (see 

Table 3 for all benchmark and data collection locations). I estimated erosion rates of both banks by 

measuring BEHI and NBS for a total of three reaches (one for the entire left bank, two for the right bank) 

based on differences in streambank condition (per Rosgen 2006). NBS was calculated using the ratio of 

near-bank maximum bankfull depth to mean bankfull depth derived per cross-sectional data. Assessments 

of riparian vegetation, flow regime, stream size and order, meander patterns, depositional patterns, 

channel blockages, and Pfankuch stream channel stability were completed using standard techniques. A 

summary of the results for these assessments is provided below and is detailed in Appendix C. 

The stream channel cross-sections indicate that the channel is incised (Figs. 22-24).  However, it 

is unknown the extent that the creek accessed its floodplain historically given that stage-discharge data 

have never been collected and the apparently stable discharge from Warm Mineral Springs constitutes 

almost all of its flow. Bank profiles were measured and toe pins installed into the limestone bedrock of 

the creek at both banks of cross-section 1 and cross-section 3, for a total of four profiles (Figs. 25-28). 

Bank profiles were not measured at cross-section 2 because the bedrock prohibited toe pin installation. 

Future reassessment of the bank profiles at these exact locations should be re-assessed in 9 – 12 or more 
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Table 3. Data collection and benchmark locations. LB = downstream left bank; RB = downstream right bank. 

Site Feature Identification Location Benchmark Locality Notes
Project 1 BANCS site 1 No 27.06014° N, -82.26010° W
Project 2 Cross-section 1 LB Yes 27.05938° N, -82.26108° W Bank profile location

RB Yes 27.05942° N, -82.26125° W Bank profile location
Cross-section 2 LB Yes 27.05910° N, -82.26127° W

RB Yes 27.05912° N, -82.26134° W
Cross-section 3 LB Yes 27.05865° N, -82.26143° W Bank profile location

RB Yes 27.05871° N, -82.26151° W Bank profile location
Excess. sediment measurement WMS Creek at resort Start No 27.05858° N, -82.26127° W Upstream direction

Project 3 Longitudinal profile Classification reach Start No 27.05665° N, -82.26241° W 8:35 AM EST start
End No 27.05595° N, -82.26298° W 1:20 PM EST end

Excess. sediment measurement Classification reach Start No 27.05515° N, -82.26376° W Downstream direction
Excess. sediment measurement Ortiz Blvd Start No 27.05817° N, -82.26189° W Downstream direction
Excess. sediment measurement Upstream of weir Start No 27.05515° N, -82.26376° W Downstream direction

Project 4 Cross-section WMS Site 1 RB No 27.05399° N, -82.26779° W 1:30 PM EST start
Cross-section WMS Site 2 RB No 27.05404° N, -82.26736° W 1:45 PM EST start
Cross-section WMS Site 3 RB No 27.05395° N, -82.26899° W 12:55 PM EST start
Cross-section WMS Narrow Travel Cooridor RB No 27.05268° N, -82.26933° W 12:15 PM EST start

Project 5 Cross-section Upstream of US-41 RB No 27.04852° N, -82.27522° W 9:30 AM EST start
Cross-section Beneath US-41 RB No 27.04787° N, -82.27564 °W 7:32 AM EST start
Cross-section Downstream of US-41 RB No 27.04696° N, -82.27593° W 10:45 AM EST start
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Figure 22. Station 1 cross-section in Warm Mineral Springs Creek in the Project 2 area. Solid line indicates bankfull elevation; dashed line 
indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 23. Station 2 cross-section in Warm Mineral Springs Creek in the Project 2 area. Solid line indicates bankfull elevation; dashed line 
indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 24. Station 3 cross-section in Warm Mineral Springs Creek in the Project 2 area. Solid line indicates bankfull elevation; dashed line 
indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 25. Cross-section 1, left bank profile in Warm Mineral Springs Creek in the Project 2 area. 
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Figure 26. Cross-section 1, right bank profile in Warm Mineral Springs Creek in the Project 2 area. 
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Figure 27. Cross-section 3, left bank profile in Warm Mineral Springs Creek in the Project 2 area. 
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Figure 28. Cross-section 3, right bank profile in Warm Mineral Springs Creek in the Project 2 area. 
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months, as the data can be used to calculate actual bank erosion rates and verify estimations using BEHI 

and NBS of the creek banks as well Warm Mineral Spring pool banks (see Project 1).  

Left bank and right bank BEHI’s for turf grass reaches exhibited poor rooting depth (i.e., less 

than 1 ft.) and density, poor surface protection, and 90° bank angles. Bank materials consisted of topsoil, 

clay, and sand stratified over a fossiliferous layer. BEHI adjective scores for these banks was “Very 

High” with an NBS of “Low”. The right bank BEHI with the Australian pine riparian zone exhibited very 

good rooting depth and density, very good surface protection, and 30° bank angles. Bank materials were 

similar though stratification was not observed. The BEHI adjective score for this bank was “Very Low” 

with an NBS of “Low”. The estimated erosion rate for the both banks combined for the entire reach is 

estimated at 12.02 – 28.84 tons/year (Table 1).  

Excessive sediment was readily observed when walking in the channel, as sediments were deep, 

loosely packed, and easily suspended. The sediment also contained large amounts of needles from the 

Australian pines of the right bank riparian zone. Excessive sediment measurements in the stream channel 

resulted in a mean channel width of 23.85 ft. and a mean sediment fill of 0.47 ft. above the bedrock along 

its 397 ft. course, for an estimate of 165 yd3 (or 167 tons) of excessive sediment in the reach (Table 4). 

 

Table 4. Excessive sedimentation transect measurements per project location. 

 

 

Riparian vegetation consisted either of turf grass or Australian pine. The Project 2 reach of Warm 

Mineral Springs Creek was qualitatively classified as an F6/1 stream type; as its pattern, dimension, and 

Reach Length
Site Location (ft.) (yd3) (tons)
Project 2 WMS Creek at resort 397 23.85 0.47 165 167
Project 3 Ortiz Blvd 300 33.5 1.74 647 655

Classification reach 312 33.25 1.22 472 478
Upstream of weir 300 32.27 0.73 262 265

Entire Project 3 reach 2170 32.94 1.23 3253 3294

Mean Bankfull 
Width (ft.)

Mean Sediment 
Depth (ft.)

Excessive sediment
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profile were consistent with the classification reach (per Rosgen 1996; see Project 3 for details). The 

creek in this reach is a perennial, S-4 channel with uniform stage associated with spring-fed conditions 

with some alteration due to land use conversion. The creek has a regular meander pattern, with substantial 

sediment deposition along point bars and side bars of the channel, and infrequent channel blockages. The 

Pfankuch rating for channel stability was “Poor”, with aggradation from excessive sedimentation. 

Problem Identification. – Like the Warm Mineral Springs pool, the banks of the creek have high 

erosion potential because they lack sufficient riparian vegetation for stabilization. The absence of trees 

and shrubs along the entire left bank and portions of the right bank result in poor rooting depth, density, 

and surface protection of the banks. Bank material stratification also increases bank instability. These 

factors in combination resulted in high bank instability, manifesting in 90° bank angles, slumping, and 

active bank erosion clearly observable the along the banks (Fig. 29). The majority of the right bank is 

stable with very good root structure, bank protection, and no apparent stratification. However, its riparian 

zone consists almost entirely of Australian pine, an invasive species. The condition of the creek channel is 

poor, due primarily due to excessive sediment inundating approximately 0.5 ft. of the channel bottom 

throughout the reach. This is likely because of historical land use practices and continuing sedimentation 

originating from Warm Mineral Springs pool. Although the channel grade was not measured in this reach, 

water surface slope was measured as 0.00042 ft./ft. at the classification reach in Project 3 (see below). 

This very-low gradient in combination with the stable discharge of the reach suggests that the channel 

probably lacks the capacity to transport these sediments downstream effectively, thus resulting in 

aggradation as measured in the reach. 

General Restoration Recommendations. – Long-term bank stability can be improved by 

increasing root density and rooting depth, decreasing the bank angle, and maximizing surface protection. 

These actions will greatly reduce lateral (i.e., bank) erosion and improve conditions within the channel. 

Excessive sediment in the channel should be removed to improve stream condition. The natural 

appearance of the site can be enhanced by using live, organic, and biodegradable materials. 
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Figure 29. Bank instability and erosion in the Project 2 area of Warm Mineral Springs Creek.  Photo looking upstream at cross-section #2. 
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Restoration Design Approach. – I recommend a combination of stream channel and bank 

restoration via bank regrading, stabilization, and revegetation using natural materials, as well as proactive 

removal of excessive in-channel sediment, to achieve the Project 3 restoration objectives. Construction of 

a bankfull bench (i.e., floodplain) is a common restoration technique in stream restoration and provides a 

variety of benefits to the pattern, form, and function of restored channels. However, it is unknown what 

floodplain was historically present in this reach of Warm Mineral Springs Creek. In addition, constraints 

along the left bank from infrastructure (e.g., septic fields) may limit floodplain construction. Regardless, a 

floodplain bench should be considered to best achieve the Project 2 objectives.  

Bank regrading and stabilization should target the turf grass areas of both banks. Restoration of 

this project should generally follow the recommendations for Project 1 with some variations. Banks 

should be regraded to create a small bankfull floodplain bench consistent with the bankfull width, area, 

and depth identified in the three cross-sections. This bankfull floodplain bench should be constructed, 

however small, as it will provide enhanced long-term channel and bank stability in the project area. I 

consider this a low-risk action given the relatively stable nature of the creek. A bankfull bench could be 

constructed using excessive sediment dredged from the channel (see below) without effecting existing 

infrastructure. This would benefit the channel by both providing the bankfull bench and also narrowing 

the channel, which would increase channel capacity and thus facilitate the movement of sediments in the 

reach. I recommend including trees as much as possible in revegetation following bank regrading as they 

provide the maximum rooting structure for long-term bank stabilization (see Black 2003 and Appendix 

2). This may be more feasible in this project area versus Project 1 because this area is typically not used 

by the public as part of bathing at the resort and spa and would not prohibit the use of other vegetation if 

aesthetics and beautification are desired for these areas.  

The right bank of that reach is very stable, contributing very little erosion and sedimentation to 

the creek, though excessive needle production characteristic of Australian pines appears problematic. 

Removal of the exotic Australian pine and restoration of the natural riparian vegetation characteristic of 

the area will best restore the ecology and function of Warm Mineral Springs Creek. However, this would 
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be a much larger stream restoration action and will substantially increase the cost and risk of restoring this 

reach in this project area. Alternatively, the Australian pine can be cut down with the roots remaining 

intact and treated via aquatic-grade herbicide with concomitant replanting of native vegetation in order to 

reduce bank disturbance and instability while facilitating long-term establishment of native vegetation. 

Guidelines for this approach are described in greater detail in Project 3 and 4 below. Additional data 

collection for natural channel design including stream stability and sediment transport will need to be 

collected before any stream rehabilitation with Australian pine removal is attempted. 

Proactive measures to remove excessive sediments such as dredging should be considered 

because the stream channel apparently lacks the capacity transport these sediments. In addition, excessive 

sedimentation is a greater problem downstream from this reach and increased deposition from the Project 

2 area would be detrimental to the objectives of Project 3 (see below). Removal of these sediments in 

combination with bank stabilization in Project 1 and 2 could significantly restore the ecology and long-

term stability of Warm Mineral Springs Creek. Hydraulic dredging is preferred as mechanical dredging 

would likely damage the limestone bedrock of the stream channel. Additional assessments such as 

sediment transport calculations are likely needed before any sediment removal action including dredging 

can be completed. 

Preliminary Design and Construction Cost Estimate. – Like Project 1, accurate cost estimates of 

regrading and revegetating cannot be made until a detailed plan for the site has been developed. Table 2 

provides a guide for approximate cost estimates per restoration item and action. The costs of regrading 

and installing low-impact soil bioengineering measures (e.g., coconut/coir fiber roll) are typically 

inexpensive, with coconut/coir fiber logs ranging in price from $20/ft. (16” diameter) to $22/ft. (18” 

diameter). The estimated price for a single layer along the toe of the entire left bank and turf-grass reach 

of the right bank (~500 ft.) is $10,000 - $11,000. The use of in-kind services, equipment, and materials 

and supplies can greatly reduce costs, especially for construction equipment such as excavators for 

grading the banks. Dredging costs can vary greatly – from $5 to $15 per cubic yard for hydraulic 

dredging, including engineering design and disposal. Estimates of dredging 165 yd3 from the channel is 
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$825 – $2,475, though costs are likely to be higher given limited access, cost of contracting and 

mobilization, and other factors. Cost of stream restoration and bank stabilization can further be reduced if 

combined with Project 1, whereas the cost of dredging can be reduced if combined with Projects 3 and 4. 

Permit fees may also apply. These figures should only be used as a guideline as estimates may vary 

considerably depending on a variety of factors. 

Project 3: Stream Channel Restoration of Warm Mineral Springs Creek 

Restoration Objectives. – Remove excessive sediment and channel blockages; restore riparian 

corridor species composition; remove an illegally constructed weir; restore hydrologic function.  

Description. – Project Site 3 consists of an approximately 2,170 ft. reach of Warm Mineral 

Springs Creek, from Ortiz Boulevard downstream to an illegally constructed weir, located approximately 

at the terminus of Roberta Street to Warm Mineral Springs Drive in North Port, FL (Fig. 30). The creek 

bed is entirely limestone bedrock overlain with deep, loosely compacted, stable to unstable sediment and 

numerous channel blockages of woody material creating substantial deposition and island formation. The 

riparian corridor of both banks is generally dense and fairly wide, typically 30 – 80 ft. from either bank 

throughout the reach. The remaining riparian corridor is sparsely populated, with six residences within 

100 ft. of the creek, and four homes adjacent and with direct access to the creek near the weir. The 

remaining surrounding property is undeveloped, privately owned land. At least two camps of homeless 

persons are located along the left bank of the reach. The weir at the downstream end consists of concrete, 

rip-rap, and debris which has been extensively colonized and stabilized by invasive Brazilian pepper (Fig. 

31). It extends from the left bank almost entirely across the channel, constricting flow into a 4-ft. wide 

chute between the end of the weir and the right bank. Channel gradient appears to increase over 

approximately 150 ft. downstream of the weir (see Project 4 for discussion).   

Condition. – This project site was divided into three, 300-ft. reaches. Reach 1 condition 

assessments included excessive sediment estimations; BEHI and NBS for each riverbank with NBS 

calculated using the “classification reach” data (Reach 2 below); and assessments of riparian vegetation, 

flow regime, stream size and order, meander patterns, depositional patterns, channel blockages, and 
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Figure 30. Project 3 Area: Stream Channel Restoration of Warm Mineral Springs Creek, showing examined reaches. 
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Figure 31.  Illegally constructed weir colonized by Brazilian pepper (right in picture) in the Project 3 area of Warm Mineral Springs Creek. 
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Pfankuch stream channel stability were completed using standard techniques. Reach 2 was a 312-ft. 

“classification reach” used to classify the stream type for the entire project area (as well as the Project 2 

reach described above). River stability morphological description included calculations of longitudinal 

profile, stream channel cross-sections, pebble counts, stream geometry, hydraulic relationships, and 

stream classification. I estimated erosion rates of each bank by measuring BEHI and NBS, with NBS 

calculated using the ratio of near-bank maximum bankfull depth to mean bankfull depth per cross-

sectional data. Assessments of riparian vegetation, flow regime, stream size and order, meander patterns, 

depositional patterns, channel blockages, and Pfankuch stream channel stability were completed using 

standard techniques. Reach 3 terminated at the end of the project area at the weir and included estimates 

of excessive sediment. A summary of the results for these assessments is provided below and detailed in 

Appendix D. 

The following is a summary of the “classification reach” (Reach 2; Fig. 32; Appendix 4). The 

longitudinal profile of the classification reach is provided in Fig. 33. Cross-sectional data are provided in 

Figs. 34 – 37. The bankfull width was 30.98 ft. The bankfull depth was 1.66 ft. The bankfull cross-

sectional area was 51.35 ft2. The bankfull width/depth ratio was 18.66. The maximum bankfull depth was 

2.48 ft. In general, the bankfull floodplain bench in this reach was relatively narrow. The width of the 

flood-prone area was 40.63 ft. The entrenchment ratio was 1.31. The D50 channel material size was 0.05 

mm. The water surface slope was 0.00042 ft/ft. The channel sinuosity was 1.24. The combination of these 

factors indicated that this reach is an F6/1 stream type.  

The BEHI and NBS of the right and left banks assessed for Reach 1 (Ortiz Blvd) and Reach 2 

(classification reach; n = 4) all calculated BEHI’s of “Low” and NBS’s of “Low”, indicating very stable 

banks with very low erosion rates along over 1,200 total feet of riverbanks (Table 1). Excessive sediment 

in the channel was obvious, making wading through the loosely packed sediment difficult throughout the 

entire reach. Interestingly, sediment deposition appeared to exhibit consistent stratification at qualitative 

sample areas throughout the project area. Based on feel, strata from the streambed up to sediment surface 

layer consisted of (bottom) sand, fine organic material, sand, and course organic material mixed with sand 
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Figure 32. Reach 2 (classification reach) in Project 3 area of Warm Mineral Springs Creek. Photo looking upstream. 
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Figure 33. Longitudinal profile of Reach 2 (the classification reach) of Warm Mineral Springs in the Project 3 area. Vertical dashed lines indicate 
cross-section locations. CH = channel elevation; WS and LEW = water surface elevation; BKF = bankfull elevation; Wslope = water surface 
slope; LBH = low bank height. Dotted lines are best fit trend lines with slopes provided below the graph. 
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Figure 34. Riffle 1 cross-section in Reach 2 (the classification reach) of Warm Mineral Springs in the Project 3 area. Solid line indicates bankfull 
elevation; dashed line indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 35. Pool 1 cross-section in Reach 2 (the classification reach) of Warm Mineral Springs in the Project 3 area. Solid line indicates bankfull 
elevation; dashed line indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 36. Riffle 2 cross-section in Reach 2 (the classification reach) of Warm Mineral Springs in the Project 3 area. Solid line indicates bankfull 
elevation; dashed line indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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Figure 37. Pool 2 cross-section in Reach 2 (the classification reach) of Warm Mineral Springs in the Project 3 area. Solid line indicates bankfull 
elevation; dashed line indicated floodprone area; Wbkf = bankfull width; Dbkf = bankfull depth; Abkf = bankfull area. 
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(top). Excessive sediment measurements in Reach 1 (Ortiz Blvd) resulted in a mean channel width of 

33.50 feet and a mean sediment fill of 1.74 ft. above the bedrock along its 300 ft. course, for an estimate 

of 647 yd3 (or 655 tons) of excessive sediment in the reach (Table 4). Excessive sediment measurements 

at Reach 2 (classification reach) resulted in a mean channel width of 33.25 feet and a mean sediment fill 

of 1.22 ft. above the bedrock along its 312 ft. course, for an estimate of 468 yd3 (or 474 tons) of excessive 

sediment in the reach (Table 4). Excessive sediment measurements in Reach 3 resulted in a mean channel 

width of 32.70 feet and a mean sediment fill of 0.73 ft. above the bedrock along its 300 ft. course, for an 

estimate of 262 yd3 (or 265 tons) of excessive sediment in the reach (Table 4). In total, the entire Project 3 

reach had a mean channel width of 32.94 feet and a mean sediment fill of 1.23 ft. above the bedrock for 

an estimated 3,253 yd3 (or 3,294 tons) of excessive sediment in the 2,170 ft. Project 3 area (Table 4). The 

total estimated excessive sediment in the Project 2 and Project 3 areas is 3,418 yd3 (or 3,461 tons). In 

layperson’s terms, the amount of excessive sediment in the Warm Mineral Springs Creek from its 

headwaters to the weir is roughly equivalent to the weight of over 17 adult blue whales (Balaenoptera 

musculus). 

Riparian vegetation of Reach 1 and 2 was characterized by a robust canopy of primarily live oak, 

palm trees, and the invasive tree Brazilian pepper (Schinus terebinthifolius); an understory of primarily 

Brazilian pepper and palmetto (Serenoa spp); and ground cover of some leaf litter with little or no 

vegetation (Fig. 32; Appendix D). Brazilian pepper is found extensively throughout the corridor, 

especially along the left bank. Red mangrove (Rhizophora spp.) can also be found on the right bank as far 

as 200 ft. upstream from the weir. The creek in this reach is a perennial, S-5(2) channel with uniform 

stage associated with spring-fed conditions with some alteration due to land use conversion. The creek 

has a regular meander pattern, with substantial sediment deposition creating point bars, side bars, and 

numerous mid-channel bars in the channel. There are numerous channel blockages from woody material, 

including land-owner cuttings of Brazilian pepper, some that form mid-channel islands (Fig. 38). The 

Pfankuch rating for channel stability was “Poor”, noting aggradation from excessive sedimentation. 
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Figure 38. Channel blockages formed by large amounts of Brazilian pepper in the Project 3 area of Warm Mineral Springs Creek. 
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Problem Identification. – Sediment in streams originates from channel bedload, channel banks, or 

exogenous sources. Unlike Projects 1 and 2, the condition of the riparian zone is relatively wide and 

extensively vegetated with mature trees, with very stable stream banks contributing negligible amounts of 

sediment to the channel. Aerial photography suggests that the riparian zone in this project area was not 

historically denuded of vegetation. However, the channel condition is poor, primarily due to substantial 

amounts of sediment inundating approximately 1.23 ft. of the bedrock channel bottom throughout the 

reach. Considering high bank stability and bedrock channel bottom with negligible bedload, it is likely 

that the excessive sediments originated from outside the channel from historical land use practices and 

continuing erosion at the resort as previously discussed. Given the very low gradient (water surface slope 

= 0.00042), it is possible that a portion of this sediment fill originated from those periods. The invasive 

Brazilian pepper is a dominant riparian tree species, with dense limbs commonly crossing the width of the 

stream and depositing deadfall. Combined with pruning of Brazilian pepper discarded in the channel by 

homeowners, this causes numerous channel blockages, thereby increasing channel roughness, flow 

resistance, and sediment deposition, as evidenced by sediment deposition patterns and middle channel 

islands formed by its debris (Fig. 38). These patterns are uncharacteristic for degradation-sensitive F6/1 

stream types. Regardless of sediment origin, the combination of considerable sediment fill, extensive and 

dense invasive Brazilian pepper (which produces large amounts of channel material) and the weir (which 

partially impounds the system), severely degrade Warm Mineral Spring Creek in the Project 3 area. 

General Restoration Recommendations. – Stream hydraulic function and natural flow regime can 

be restored by implementing measures to manage excessive sediment in the channel and removing the 

weir that partially impounds the project area. Restoring the native riparian zone by controlling/eradicating 

Brazilian pepper (without disturbing streambank stability) to reduce unnaturally high woody material 

inputs will further improve sediment transport and overall function. Note that based on its morphology, it 

is unlikely that the restored stream channel reach will provide winter refuge habitat for manatees due to 

the high width/depth ratio characteristic of F stream types. However, restoration is nonetheless 

recommended because the excessive sediment in this reach (and the Project 2 area) could degrade known 
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manatee refuge habitat in the future if not addressed. Of note, a high tide (~2.3 ft., 3:36 PM EST, 4 June 

2012) substantially changed water surface elevation at least 400 ft. upstream of the weir site (personal 

observation). Therefore, tidal effects on the channel must thus be considered before any restoration action 

is implemented.  

Restoration Design Approach. – I recommend a combination of proactive sediment removal, 

removal of the weir, and aggressive control/eradication of Brazilian pepper and to achieve the Project 3 

restoration objectives. Proactive measures to remove excessive sediments such as dredging should be 

considered because the stream channel apparently lacks the capacity to transport these sediments. 

Hydraulic dredging is preferred as mechanical dredging would likely damage the limestone bedrock of 

the stream channel. Coordination with private land owners will likely be necessary to access the reach for 

sediment removal, though the northwest portion along the left bank is undeveloped, owned by a real 

estate company, and may provide a good access point, staging area, and on-site sediment management. 

Stream access for dredging may be difficult because of relatively steep terraces (characteristic of F stream 

types) and care should be taken to avoid streambank and riparian disturbance, especially of native live 

oaks. Additional assessments are likely needed before any sediment removal action including dredging 

can be completed. 

Removal of the weir before sediment removal runs the risk of increasing transport rates of the 

excessive sediment. This could potentially reduce or otherwise degrade manatee winter refuge habitat 

located approximately 1,000 ft. downstream from the weir. Ideally the weir would be removed 

concomitant with sediment removal and riparian corridor restoration with invasives control. In addition to 

dredging and weir removal, all channel blockages caused by woody debris should also be removed from 

the channel to provide sufficient channel capacity to transport normal (i.e., non-excessive) sediment load.  

Because in-stream woody material is an important component of stream ecology and function, an 

assessment of woody material density in stream reference reaches similar in fluvial geomorphology to 

Warm Mineral Springs Creek or similar science-based analyses can provide guidance on appropriate 

densities to retain when restoring the project area.  
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Whereas the sediment and weir removal should be undertaken simultaneously, riparian corridor 

restoration and invasives control can be initiated independently. Sarasota County currently manages 

several riparian properties on Warm Mineral Springs Creek where Brazilian pepper control is employed 

and can intensify efforts on those and other sites in this project area. Entire trees plus root systems should 

not be removed unless far enough away from the streambanks as to not undermine bank stability. Rather, 

Brazilian pepper may be cut and hauled away leaving root systems intact in order to preserve root depth, 

density, and protection of the streambanks. Stumps may be treated with appropriate aquatic-grade 

herbicides. Gioeli and Langeland (2012) provide details of Brazilian pepper ecology and control and is 

included in Appendix E. Plantings of existing native riparian trees such as live oak and red mangrove 

should be done in concert with Brazilian pepper control to provide new rooting structure on top and in 

place of its remaining root system. A cooperative agreement with riparian land owners to remove and 

control Brazilian pepper is highly encouraged and will be needed to maximize long-term riparian 

restoration throughout the project area.  

Preliminary Design and Construction Cost Estimate. – Estimates of project costs are difficult to 

determine because of the various uncertainties of the project particularly related to access and 

implementation of dredging the channel. Table 2 provides a guide for approximate cost estimates per 

restoration item and action. The use of in-kind services, equipment, and materials and supplies can greatly 

reduce costs, especially for construction equipment such as the excavator needed for removing the weir 

and other machines (e.g., chippers) for Brazilian pepper control. Dredging costs can vary greatly – from 

$5 – $15 per cubic yard for hydraulic dredging, including engineering design and disposal. Estimates of 

dredging 3,253 yd3 from the entire project area channel is $16,300 – $48,900, though costs may be higher 

given limited access, labor force, land owner cooperation, dredge material disposition, cost of contracting 

and mobilization, and other factors. The cost of dredging can be reduced if combined with Project 2. 

Invasive plant control typically costs $250/acre - $1,000/acre if part of a wetland restoration. The riparian 

corridor of this reach is approximately 6 acres for a total estimated cost at $1,500 – $6,000, though the 

cost may be higher considering limited accessibility, equipment needed to remove and process the 
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Brazilian pepper, and long-term maintenance including labor force and herbicides. Other cost estimates 

include planting of bare root ($1,000/acre), container ($2,000 acre), and balled and burlapped trees 

($5,000/acre) in the riparian zone following Brazilian pepper control. Cuttings and transplants may also 

be used but require labor force costs (ranges from $200 – $600/day per contractor) unless volunteers are 

used. Resource managers will need to determine the appropriate planting density and spacing 

requirements based on native species selected (also see Black 2003). Permit fees may also apply. These 

figures should only be used as a guideline as estimates may vary considerably depending on a variety of 

factors. 

Project 4: Riparian Corridor Restoration for Optimizing Manatee Winter Refuge Habitat in Warm 

Mineral Springs Creek  

Restoration Objectives. – Restore riparian corridor species composition; restore manatee winter 

refuge habitat quality, quantity, and accessibility. 

Description. – Project Site 4 consists of an approximately 2,800 ft. long reach of Warm Mineral 

Springs Creek, from the weir (which is located approximately at the terminus of Roberta Street to Warm 

Mineral Springs Drive in North Port, FL), to its confluence with Salt Creek (Fig. 39). The riparian 

corridor of both banks is either dense and fairly wide (typically 30 – 80 ft.) from either bank throughout 

the reach, or narrow due to homes typically with concrete retaining walls built over the banks. Most 

homes in the reach are located along the left bank and built close to or on top of the creek banks. The 

right bank has fewer homes and is less developed, with a wider riparian zone. Within this reach are four 

of the five USFWS/FWC recognized manatee spawning aggregation sites in the Warm Mineral Springs 

system (K. Smith, Florida Fish and Wildlife Conservation Commission, personal communication). These 

sites include (upstream to downstream): “WMS Site 2”, “WMS Site 1”, “WMS Site 3”, and “WMS 

Narrow Travel Corridor”. Another manatee aggregation site, “WMS Site 4”, located in Salt Creek in the 

“Corsica Lake” area, a widened portion of the Salt Creek canal located near its confluence to Warm 

Mineral Springs Creek (Fig. 39), was not assessed. Note that these sites have other names synonymous  
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Figure 39. Project 4 area: Riparian Corridor Restoration for Optimizing Manatee Winter Refuge Habitat 
in Warm Mineral Springs Creek, showing known Florida manatee aggregation sites. 
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with these locations, so GPS locality per site should be confirmed when communicating the following 

recommendations (see Table 3). 

Condition. – Cross-sections were measured at the four manatee aggregation sites in Warm 

Mineral Springs Creek to quantify channel dimensions for comparing known and potential manatee 

aggregation habitat (also see Project 5). Cross-sections were measured on 4 June 2012, a date with one of 

the largest tidal changes of the calendar year. Water surface heights at all cross-sections (including Project 

5 sites) were therefore standardized to a tidal height of 1.1 ft. (4 June 2012, 8:27 AM EST) to allow for 

comparison (see Methodology). Qualitative and quantitative measurements of potential manatee habitat 

upstream between WMS Site 2 and the weir reach were collected by wading and measuring maximum 

pool depth of the pools and shallowest depths of the glides interconnecting the pools (see Methodology). 

Downstream from the weir, the creek bed transitions from entirely limestone bedrock overlain 

with some loosely packed sediment to a series of relatively deep compound pools. This transitional reach 

is approximately 150 ft. in length. During low tide this reach shows increased flow, with a chute formed 

by the weir. From the weir to the WMS Site #2 location, the creek has a regular meander pattern with 

point bars, side bars, and delta bars (Rosgen 1996). A large delta bar is formed at the mouth of a canal 

located 150 ft. west of Sevilla Street, which drains from the north into the creek. This and the other 

depositional bars are extensively colonized by red mangrove and Brazilian pepper, often limiting access 

through the channel. Woody material presumably from Brazilian pepper created moderate levels of 

channel blockages. These depositional features were increasingly infrequent or absent downstream from 

the drainage ditch into reach with the manatee aggregation sites. The thalweg of the channel had firmly 

packed bottom sediments. Maximum depths of the pools were similar to the manatee aggregation sites 

(see below). Floodplain connectivity was good, especially along the right bank, with a wide bankfull 

floodplain bench that in places reached > 100 ft. from the channel. The pattern of deep pools with 

relatively deep inter-pool glides was similar to the manatee aggregation sites; however, this area had 

greater amounts of depositional bars colonized by vegetation.  
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These patterns indicate that the stream type of Warm Mineral transitions from F6/1 to E6 in the 

upstream reach of the Project 4 area. Cross-sections of manatee aggregation sites were consistent with the 

E6 stream type, with relatively deep pools and narrow channel widths (Fig. 40). WMS Site #3 had the 

deepest pool and was observed in the field to provide the largest cross-sectional area of the aggregation 

sites (i.e., it was the longest and deepest compound pool). WMS Site #2 had the shallowest pool; 

however, the pool was likely similar in maximum depth to WMS Site #1 as the deepest observed area 

could not be accessed due to dense Brazilian pepper overhanging and within the channel. Brazilian pepper 

was typically dense throughout the manatee aggregation site area, often extending from bank-to-bank 

with extensive branching and deadfall in the channel (Fig. 41).  

Problem Identification. – Excessive sedimentation appeared much reduced in the Project 4 area 

compared to the Project 3 area. However, notable sediment deposition between the weir and the drainage 

ditch resulted in depositional bars (usually side bars) often colonized by vegetation. Like Project 4, the 

invasive Brazilian pepper is a dominant riparian tree species, with dense limbs commonly crossing the 

width of the stream and depositing deadfall (Fig. 41). Combined with pruning of Brazilian pepper 

discarded in the channel by homeowners, this causes channel blockages, increased channel roughness, 

flow resistance, and sediment deposition. The dense matrix of live and deadfall Brazilian pepper within 

the manatee aggregation pools and Project 4 area degrades habitat quality, quantity (maximum depth and 

useable area), and access to these winter refuge habitats. 

General Restoration Recommendations. – Stream hydraulic function and natural flow regime can 

be restored by implementing measures to manage excessive sediment, channel blockages, and 

depositional features. Restoring the native riparian zone by controlling/eradicating Brazilian pepper 

(without disturbing streambank stability) to reduce unnaturally high woody material inputs will further 

improve sediment transport and improve overall function. Channel morphology between the weir and the 

drainage ditch suggest that this reach could provide an additional ~400 ft. of manatee winter refuge 

habitat if restored. Importantly, removal of Brazilian pepper from the channel will likely increase the size 

and accessibility of winter refuge habitat in the reach containing known manatee aggregation sites. 
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Figure 40. Cross-sections of manatee aggregation sites in the Project 4 area of Warm Mineral Springs Creek. 
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Figure 41. WMS Site #1 manatee aggregation site showing dense Brazilian pepper in the channel. 
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Restoration Design Approach. – I recommend a combination of proactive sediment removal and 

channel blockages with aggressive control/eradication of Brazilian pepper and to achieve the Project 4 

restoration objectives. The approach should follow the recommendations described for the Project 3 area. 

Hydraulic dredging is preferred as mechanical dredging could damage the limestone bedrock of the 

stream channel, even in the E6 areas where the channel is no longer limestone controlled but may still 

underlie the channel. Property owned by Sarasota County could be used for dredging access, and care 

should be taken to avoid streambank and riparian disturbance, especially of native live oaks. Additional 

assessments are likely needed before any sediment removal action including dredging can be completed. 

Riparian corridor restoration and Brazilian pepper control can be initiated independently of 

dredging following the recommendations for Project 3. Managers are strongly encouraged to at least cut 

and remove Brazilian pepper limbs and branches (leaving root systems in place) which extend into the 

channel in the manatee aggregation reach. This will immediately provide increased manatee habitat area 

and accessibility to these winter aggregation sites. 

Preliminary Design and Construction Cost Estimate. – Estimates of project costs are difficult to 

determine because of the various uncertainties of the project particularly related to access and 

implementation of dredging the channel. Table 2 provides a guide for approximate cost estimates per 

restoration item and action. The use of in-kind services, equipment, and materials and supplies can greatly 

reduce costs, especially for construction equipment such as the excavator needed for removing the weir 

and other machines (e.g., chippers) for Brazilian pepper control. Measurements of sediment fill in the 

Project 4 area were not measured, but are probably similar to Project 3, Reach 3 (~300 yd3) for an 

estimated $1,500 – $4,500 at hydraulic dredging rates of $5 – $15 per yd3. Cost estimates should 

otherwise be similar to Project 3. Permit fees may also apply. These figures should only be used as a 

guideline as estimates may vary considerably depending on a variety of factors. 
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Project 5: Stream Channel Restoration of Salt Creek 

Restoration Objectives. – Restore stream channel pattern, form, and function; restore manatee 

winter refuge habitat quality, quantity, and accessibility. 

Description. – Project Site 5 consists of two reaches: Reach 1, an approximately 3,500 ft. reach of 

Salt Creek from the confluence with Warm Mineral Springs Creek to the US-41/Tamiami Trail bridge; 

and Reach 2, an approximately 1,500 ft. reach from the US-41/Tamiami Trail Bridge downstream before 

its confluence with the Myakka River (Figs. 1 and 42). The Reach 1 riparian corridor of both banks is 

either dense and fairly wide, typically 30 – 80 ft. from either bank throughout the reach, or narrow due to 

homes commonly with concrete retaining walls built over the banks. Most homes in the reach are located 

along the left bank and built close to or on top of the creek banks. The right bank has fewer homes and is 

less developed, with a wider riparian zone than the left bank. This reach was formerly a DA stream type 

which was historically channelized when the Tamiami Trail and Salt Creek canal were constructed. It is 

also channelized in an approximately 400 ft. reach approaching the bridge, where an abandoned stream 

channel and triangular-shaped island flow to and abut the bridge from the left bank of the channel. The 

Reach 2 riparian corridor is densely vegetated and consists of a left bank width of 180–230 ft. and a right 

bank width of approximately 150 ft. The land beyond this area is developed into residential subdivisions. 

Reach 2 was also a DA stream type which was historically channelized during construction of the 

Tamiami Trail. 

Condition. – Cross-sections were measured at the three locations near the US-41/Tamiami Trail 

bridge (Fig. 42). The “Upstream of US-41” cross-section was located approximately 230 ft. upstream of 

the bridge. The “Beneath US-41” cross-section was located directly underneath the bridge between the 

divided highways. The “Downstream of US-41” cross-section was located approximately 320 ft. 

downstream from the bridge. Cross-sectional data were collected for comparison to known manatee 

aggregation habitat (see Project 4). Cross-sections were measured on 4 June 2012, a date with one of the 

largest tidal changes of the calendar year. Water surface heights at all cross-sections (including Project 5 

sites) were therefore standardized to a tidal height of 1.1 ft. (4 June 2012, 8:27 AM AM EST) to allow for 
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Figure 42. Project 5 area: Stream Channel Restoration of Salt Creek. 
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comparison (see Methodology). Additional qualitative and quantitative measurements of potential 

manatee habitat upstream throughout the project area were collected by measuring maximum pool depth 

of the pools and shallowest depths of the glides interconnecting the pools from a boat using a hand-held 

sonar device (see Methodology). 

Reach 1 of Salt Creek has a regular meander pattern with occasional depositional point bars, 

infrequent channel blockages, and silt substrate (Fig. 43). Channel blockages, when encountered, were 

typically sparse to dense trees and limbs overhanging the creek, sometimes into the channel, which 

inhibits watercraft passage, but do not appear to decrease channel cross-sectional area. Floodplain 

connectivity was good, especially along the right bank, with a wide bankfull floodplain bench that, in 

places, extended > 100 ft. from the channel. Maximum depths of the pools and shallowest depths of inter-

pool glides was qualitatively shallower than the manatee aggregation sites located upstream of the Warm 

Mineral Springs Creek and Salt Creek confluence. In general, Reach 1 was wider with shallower pools 

and glides than the manatee aggregation site reach. The Reach 1 channel thalweg was often a narrow 

section of the channel width, especially along bends with point bars, with shallower depths than was 

typical in the manatee aggregation site reach. 

Reach 2 cross-sections of the US-41/Tamiami Trail bridge sites indicated increasing width with 

decreasing depth from upstream to downstream (Fig. 44). This may be explained by increased discharge, 

proximity to the estuary, and historical channel modification in the reach. Hand-held sonar measurements 

indicated that the thalweg depth and width within the channel from the bridge to the end of the reach were 

qualitatively similar to the “Downstream of US-41” cross-section site. Channel dimensions near the 

bridge were noticeably wider and shallower compared to the manatee aggregation sites (Fig. 45).  

Problem Identification. – The increased width/depth ratio relative to the manatee aggregation site 

likely resulted from the combination of increased discharge, proximity to the estuary, and historical 

channel modification in the project area. It is unknown if and to what extent this reach provided winter 

thermal refuge for manatees before historical alteration, though it is likely that manatees were at least able 

to access and travel upstream of this area given its historical DA stream type. Regardless, neither Reach 1 
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Figure 43. Reach 1 of Project 5 area of Salt Creek. 
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Figure 44. Cross-sections of US-41/Tamiami Trail bridge sites in Project 5 area of Salt Creek. 
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Figure 45. Comparison among manatee aggregation and US-41/Tamiami Trail bridge cross-section sites in the Project 4 and Project 5 areas. 
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nor Reach 2 currently has channel dimensions similar to those preferred by manatees for winter refuge in 

this system. The construction of Salt Creek (upstream from its confluence with Warm Mineral Springs 

Creek) for wetland drainage, and channelization and widening of the creek has altered the hydrology, 

hydraulics, and geomorphology of the project area. Widening and straightening of the creek increased 

width/depth ratio and decreased stream channel capacity, resulting in shallow depths and sediment 

deposition/aggradation. Reach 2 is thus vulnerable to wind seiche that substantially reduces water depth 

and therefore manatee accessibility during certain times (Fig. 46). In total, the Project 5 site provides sub-

optimal manatee accessibility, particularly in the area of the bridge. 

General Restoration Recommendations. – Stream hydraulic function and natural flow regime can 

be restored by using natural channel design techniques to restore the pattern, form, and profile to the 

project area. Other methods to provide a reliable channel to assure optimal manatee accessibility to 

upstream aggregation sites should also be considered.  

Restoration Design Approach. – Stream restoration using natural channel design techniques 

would provide the optimal solution for long-term natural stream function and manatee accessibility in the 

system for best achieving the Project 5 restoration objectives. This would likely include narrowing the 

channel and providing additional stream length via constructing a new channel. Because it can be found 

naturally in Valley Type XI: Delta valleys, a single-channel E stream type could be constructed if riparian 

limitations such as private property and existing infrastructure prohibit the replication of the historical DA 

stream type channel. The restored channel should be designed to decrease the current width/depth ratio, 

thereby increasing maximum pool depth and channel capacity/power. Publically owned property on the 

right bank above the bridge could be used for constructing this channel without disturbing privately 

owned property on the left bank. Channel restoration would likely need to be focused on the right bank 

below the bridge because of extensive housing development on the left bank. Resource managers would 

need to consult with the real estate company that owns the riparian property on the left bank below the 

bridge in order to implement the project. This would have the benefit of also enhancing recreational 

boating in this reach due to deeper water. This would in turn create channel dimensions that would  
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Figure 46. Wind seiche effect on Salt Creek below the US-41/Tamiami Trail Bridge at similar tides. 
Photo courtesy Florida Fish and Wildlife Conservation Commission. 
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provide consistent, long-term accessibility and potentially manatee winter refuge habitat. Any stream 

channel restoration within the vicinity of the US-41/Tamiami Trail Bridge would have to be coordinated 

through the Southwest Florida Water Management District, Florida Department of Transportation, U.S. 

Federal Highway Administration, and other relevant local, state, and federal agencies. 

Despite its effectiveness, design and implementation of such a project is likely to be very 

expensive and difficult to implement for numerous reasons, including high cost, interagency coordination, 

stakeholder acceptance, the need for property easements or similar agreements, etc. Other measures to 

improve reliable depth for manatee passage such as hydraulic dredging would not achieve all of the 

Project 5 restoration objectives and would have inherent risks and uncertainties. I therefore recommend 

that managers first design and complete a multi-year assessment to determine the extent of which the 

current channel morphology inhibits/prohibits manatee passage to upriver winter refuge sites. If 

warranted, I then recommend concomitant feasibility studies of (1) dredging to improve manatee passage; 

and (2) stream restoration using natural channel design to restore stream channel pattern, form, and 

function and manatee winter refuge habitat quality, quantity, and accessibility in the Project 5 area. 

Preliminary Design and Construction Cost Estimate. – Cost estimates for the manatee passage 

assessment vary greatly depending on the scope of work and whether the work is completed by local, 

state, or federal agencies or if contracted to a private consultant. Table 2 provides a guide for approximate 

cost estimates per restoration item and action. Regardless of the investigator, the study would be closely 

coordinated with aforementioned public resource managers and agencies because of its conservation 

status. Because of logistics, local public entities like Sarasota County would be ideal for contracting (and 

sub-contracting) the work. Dredging feasibility assessment cost would also vary but could be done for 

relatively low cost by a local public entity to reduce costs. Finally, a stream restoration design using 

natural channel design methods including permitting for Project 5 would likely range from $5–$20/ft., 

with a typical range of $13/foot. This calculates an estimated cost range of $17,500–$70,000, with a 

typical price of $45,500; though the design is likely be expensive in general given the complexities of the 

site (e.g., bridge, tidal influence). 
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PRIORITIZING RESTORATION AND ADDITIONAL RECOMMENDATIONS 

Removal and control of Brazilian pepper as described in Project 4 should be considered the top priority 

and implemented as soon as possible because it is relatively inexpensive, simple to complete, and will 

provide immediate benefits to manatees accessing these winter refuge sites. Other actions to control 

Brazilian pepper as described in Projects 3 and 4 can also be implemented as soon as funding is available 

and permits (if needed) are secured. The feasibility studies recommended in Project 5 should also be 

implemented as soon as funding is available. If possible, restoration in the upper portion of a given 

watershed should be completed before downstream actions are taken as upstream problems may continue 

to confound downstream efforts and otherwise inhibit site improvement. Bank stability and sediment 

control measures in Projects 1 and 2 should thus be implemented before Project 3 if possible. However, it 

would be ideal to combine sediment removal actions of Projects 2, 3, and 4 into one project to reduce 

costs and increase efficiency. The weir described in Project 3 should not be removed until sediment is 

removed in the Project 3 reach. The Southwest Florida Water Management District should be consulted 

before technical restoration plans (if needed) or any actions recommended in this study are initiated.   
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Appendix A. Bank Assessment for the Non-point source Consequences of Sediment (BANCS) 

worksheets and data for Project 1: Bank Stabilization of the Warm Mineral Springs Pool at the Warm 

Mineral Springs Resort and Day Spa. 
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Stream:

Station:

Date: 06/06/12 N/A VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme High
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

BEHI Score 
(Fig. 3-7)

1.6

0.3

1.0

             Root Depth / Study Bank Height ( E )

0.191.6

1.6

  Weighted Root Density ( G )

5

35.3

7.4

10.0

7.9

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

10

Boulders (Overall Low BEHI)

Warm Mineral Springs
Pool perimeter SJH, CRM, RHObservers:

Location: Pool

                Total Score

1.00( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

0.9375

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

9.0

-5

90

Surface Protection ( I )

5

Bedrock (Overall Very Low BEHI)

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 
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Stream:                       Location:
Station: Stream Type: N/A Valley Type: VI
Observers: Date: 06/06/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

33

4.67 3.16 1.48 Low

4.67 3.16

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

Pool
Pool perimeter

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: VI Stream Type: N/A
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. High  Low 0.102 687.3 1.6 112.17 0.00790

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 112.17
Total 

Erosion 
(yds3/yr) 4.15

Total 
Erosion   
(tons/yr) 5.40

Unit Erosion 
Rate 

(tons/yr/ft) 0.0056
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

Pool 
perimeter

(1)
Station (ft)

Warm Mineral Springs 

956NC Erosion Data

Pool

Total Stream Length (ft):

SJH, CRM, RH

Graph Used:
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: VI Stream Type: N/A
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. High  Low 0.250 687.3 1.6 274.92 0.01930

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 274.92
Total 

Erosion 
(yds3/yr) 10.18

Total 
Erosion   
(tons/yr) 13.24

Unit Erosion 
Rate 

(tons/yr/ft) 0.0138
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

Pool 
perimeter

(1)
Station (ft)

Warm Mineral Springs 

956CO Erosion Data

Pool

Total Stream Length (ft):

SJH, CRM, RH

Graph Used:
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Appendix B. Black, R. J. 2003. Salt-tolerant Plants for Florida. Department of Environmental 

Horticulture, Florida Cooperative Extension Service, Institute of Food and Agricultural Sciences, 

University of Florida, ENH-26. 
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ENH26

Salt-Tolerant Plants for Florida 1

R. J. Black 2

1. This document is ENH-26 (which supersedes OH-26), one of a series of the Department of Environmental Horticulture, Florida Cooperative Extension 
Service, Institute of Food and Agricultural Sciences, University of Florida. Date first printed: December 1985. Reviewed: June 1997, September 2003. 
Please visit the EDIS website at http://edis.ifas.ufl.edu/

2. R. J. Black, Extension Consumer Horticulturist, Extension Environmental Horticulturist; Department of Environmental Horticulture, Institute of Food and 
Agricultural Sciences, University of Florida, Gainesville, 32611.

The  Institute  of  Food  and  Agricultural  Sciences is  an equal  opportunity/affirmative  action  employer  authorized  to  provide research,  educational 
information  and other  services only to individuals and institutions that  function  without  regard to race, color, sex, age, handicap, or  national  origin. 
For information on obtaining other extension publications, contact your county Cooperative Extension  Service  office.  Florida  Cooperative
Extension Service/Institute of Food and Agricultural Sciences/University of Florida/Christine Taylor Waddill, Dean.

Introduction

If you think that the state or Florida offers a 
wealth of plant material and good growing 
environment, you're right.  But try gardening near or 
on the Atlantic and the Gulf coasts, and you may have 
problems.  Winds carry salt spray inland, leaving salt 
deposits on plants.  Salt causes water to move out of 
the plants in a process called exosmosis.  Especially 
on young leaves, this often results in the marginal 
burning and loss of leaves in non-salt-tolerant plants.
Plant damage may also result from driving rains and 
frequently heavy surf. 

Coastal soil composition adds to gardening 
problems.  Sand along the coast generally lacks 
organic matter or any other nutrient- and 
moisture-holding material, although this lack can be 
partly overcome by the addition of organic matter.
Also, alkaline soils may lock up vital mineral 
nutrients needed for plant growth. 

Salt tolerance of a plant relates to resistance and 
ability to grow under conditions of (1) high winds, 
(2) salt spray, (3) alkaline soils, and (4) infertile, 
sandy soils.  The tolerance of a given plant to salt may 
be affected if any of the four conditions become 
extreme.

The tables included here provide a guide to 
selecting landscape plants for Florida's beach areas or 
areas with high levels of water salinity.  In each table, 
plants are listed by common and Latin name and are 
divided into categories such as trees and shrubs. 
Within each category plants are grouped according to 
degree of salt tolerance. The range in Florida is 
indicated by: N = North, C  = Central, S  = South. 

Salt-Tolerant plants are highly resistant to salt 
drift and can be used in exposed environments. 

Moderately Salt-Tolerant  plants tolerate some 
salt spray but grow best when protected by buildings, 
fences, or plantings of more salt-tolerant species. 

Slightly Salt-Tolerant  plants have poor 
tolerance and should be always used well back of 
exposed areas and be protected by buildings, fences, 
or plantings of more salt-tolerant species. 

Many common plants are listed, although 
numerous less common plants are not included.
Extremely salt-sensitive plants have been excluded.
Information is given on the range of growth in 
Florida and approximate plant height at maturity. 
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Salt-Tolerant Plants for Florida 2

• Table 1 .   Salt-Tolerant Trees for Florida 

• Table 2 .   Salt-Tolerant Palms for Florida 

• Table 3 .   Salt-Tolerant Shrubs for Florida 

• Table 4 .   Salt-Tolerant Ground Covers for 
Florida

• Table 5 .  Salt-Tolerant Vines for Florida 

NOTE: Scientific plant names in the tables are 
correct according to the source Hortus Third, A 
Concise Dictionary of Plants Cultivated in the United 
States and Canada,  revised and expanded by the 
Staff of the Liberty Hyde Bailey Hortorium, New 
York State University at Cornell University. 
Macmillian Publishing Co., Inc., 1976. 
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Salt-Tolerant Plants for Florida 3

Table 1. Salt-Tolerant Trees for Florida

Common Name Scientific Name Range in Florida Approximate Height

Salt-Tolerant Plants

Black olive Bucida buceras S 40 feet

Bontia Bontia daphnoide S 30 feet

Frangipani Plumeria spp. S 15 feet

Geiger tree Cordia sebestena S 30 feet

Japanese pagoda-tree Sophora japonica S 60 feet

Live oak Quercus virginiana N,C,S 60 feet

Mahogany Swietenia mahogani S 40 feet

Ochrosia Ochrosia elliptica S 20 feet

Pigeon plum Coccoloba laurifolia S 70 feet

Satin leaf Chrysophyllum oliviforme S 30 feet

Silver button-bush Conocarpus erectus S 60 feet

Tabebuia Tabebuia argentea C,S Variable

Moderately Salt-Tolerant Plants

Weeping fig Ficus benjamina S 50 feet

Chaste-tree Vitex agnus-castus N,C,S 20 feet

Dahoon Ilex cassine N,C,S 40 feet

Gumbo-limbo Bursera simaruba S 60 feet

Loquat Eriobotrya japonica N,C,S 20 feet

Magnolia Magnolia grandiflora N,C 75 feet

Mango Mangifera indica S 40 feet

Pongam Pongamia pinnata S 40 feet

Royal poinciana Delonix regia S 40 feet

Rubber plant Ficus elastica S 50 feet

 
100



Salt-Tolerant Plants for Florida 4

Table 1. Salt-Tolerant Trees for Florida

Common Name Scientific Name Range in Florida Approximate Height

Sweet acacia Acacia farnesiana N,C,S 10 feet

Slightly Salt-Tolerant Plants

African tulip tree Spathodea campanulata S 50 feet

American holly Ilex opaca N,C 50 feet

Coral tree Erythrina spp. C,S 25 feet

Golden-shower Cassia fistula S 40 feet

Jerusalem thorn Parkinsonia aculeata N,C,S 25 feet

Pencil tree Euphorbia tirucalli S 20 feet

Sweet gum Liquidambar styraciflua N,C,S 100 feet

Yellow poinciana Peltophorum pterocarpum C,S 50 feet

Table 2. Salt-Tolerant Palms for Florida

Common Name Scientific Name Range in Florida Appoximate Height

Salt-Tolerant Plants

Bottle palm (LY) 1 Hyophorbe spp. S 15 feet

Brittle thatch palm Thrinax morrisil S 15 feet

Cabbage palm Sabal palmetto N,C,S 60 feet

Coconut (LY) Cocos nucifera S 80 feet

Hurricane palm (LY) Dictyosperma album S 40 feet

Saw palmetto Serenoa repens N,C,S 10 feet

Silver palm Coccothrinax argentata S 20 feet

Washingtonia palm Washingtonia spp. N,C,S 80 feet

Moderately Salt-Tolerant Plants

Acrocomia Gastrococos crispa C,S 40 feet
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Salt-Tolerant Plants for Florida 5

Table 2. Salt-Tolerant Palms for Florida

Common Name Scientific Name Range in Florida Appoximate Height

African oil palm Elaeis guineensis S 60 feet

Areca palm Chrysalidocarpus lutescens S 30 feet

Canary island date palm (LY) Phoenix canariensis N,C,S 30 feet

Christmas palm (LY) Veitchia merrillii S 20 feet

Date palm (LY) Phoenix dactylifera C,S 50 feet

European fan Chamaerops humilis N,C,S 10 feet

Fiji island fan palm (LY) Pritchardia pacifica S 30 feet

Gingerbread palm Hyphaene thebaica S 25 feet

Lady palm Rhapis excelsa N,C,S 15 feet

Paurotis Acoelorrhaphe wrightii S 40 feet

Pindo palm Butia capitata N,C,S 30 feet

Queen palm Arecastrum romanzoffianum C,S 40 feet

Royal palm Roystonea elata S 80 feet

Windmill palm (LY) Trachycarpus fortunei N,C,S 20 feet

1 LY--Palms on quarantine list displaying symptoms of lethal yellowing

Table 3. Salt-Tolerant Shrubs for Florida

Common Name Scientific Name Range in 
Florida

Approximate Height

Salt-Tolerant Plants

Adam's-needle Yucca smalliana N,C,S 4 feet

African milk brush Synadenium grantii S 8 feet

Bay cedar Suriana maritima S 20 feet

Crown-of-thorns Euphorbia milii C,S 3 feet

Inkberry Scaevola plumieri S 6 feet
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Salt-Tolerant Plants for Florida 6

Table 3. Salt-Tolerant Shrubs for Florida

Common Name Scientific Name Range in 
Florida

Approximate Height

Marlberry Ardisia escallonoides S 20 feet

Milkstripe euphorbia Euphorbia lactea S 15 feet

Natal plum Carissa grandiflora C,S 10 feet

Oleander Nerium oleander N,C,S 20 feet

Pittosporum Pittosporum tobira N,C,S 15 feet

Sea grape Coccoloba uvifera S 25 feet

Southern wax myrtle Myrica cerifera N,C,S 25 feet

Yaupon Ilex vomitoria N,C 25 feet

Moderately Salt-Tolerant Plants

Barbados flower-fence Caesalpinia pulcherrima S 15 feet

Bottle brush Callistemon rigidus N,C,S 15 feet

Devil's-backbone Pedilanthus tithymaloides C,S 6 feet

Blue sage Eranthemum pulchellum C,S 5 feet

Fatsia Fatsia japonica N,C,S 4 - 7 feet

Fire-thorn Pyracantha coccinea N,C 20 feet

Giant milkweed Calotropis gigantea S 15 feet

Grape hollies Mahonia spp. N,C 6 - 12 feet

Hedge cactus Cereus peruvianus N,C,S 25 feet

Holly malpighia Malpighia coccigera S 3 feet

Indian hawthorn Rhaphiolepis indica N 5 feet

Ixora Ixora coccinea C,S 15 feet

Jade plant Crassula argentea S 4 feet

Lucky nut Thevetia peruviana C,S 10 - 15 feet

Night cestrum Cestrum nocturnum C,S 12 feet
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Salt-Tolerant Plants for Florida 7

Table 3. Salt-Tolerant Shrubs for Florida

Common Name Scientific Name Range in 
Florida

Approximate Height

Pseuderanthemum Pseuderanthemum
atropurpureum

C,S 4 feet

Rattle box Sesbania punicea N,C,S 8 feet

Ribbon bush Homalocladium platycladum C,S 4 feet

Satsuki azalea Rhododendron indicum N,C,S 6 feet

Scarlet bush Hamelia patens S 12 feet

Vitex Vitex trifolia 'Variegata' C,S 12 feet

Slightly Salt-Tolerant Plants

Aralia Polyscias spp. S 6 - 15 feet

Butterfly bush Buddleia officinalis N,C,S 20 feet

Chinese hat plant Holmskioldia sanguinea C,S Variable

Copper leaf Acalypha wilkesiana C,S 15 feet

Coral plant Jatropha spp. S 10 - 15 feet

Crape jasmine Tabernaemontana divaricata C,S 10 feet

Crape myrtle Lagerstroemia indica N,C,S 20 feet

Croton Codiaeum variegatum C,S 10 feet

Cuphea Cuphea hyssopifolia C,S 1 - 2 feet

Hibiscus Hibiscus rosa-sinensis C,S 15 feet

Japanese privet Ligustrum japonicum N,C,S 15 feet

Pineapple guava Acca sellowiana N,C,S 18 feet

Plumbago Plumbago auriculata C,S Variable

Poinsettia Euphorbia pulcherrima N,C,S 12 feet

Princess flower Tibouchina urvilleana C,S 15 feet

Rice-paper plant Tetrapanax papyriferus N,C,S 10 feet

Sanchezia Sanchezia speciosa C,S 6 feet 
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Salt-Tolerant Plants for Florida 8

Table 3. Salt-Tolerant Shrubs for Florida

Common Name Scientific Name Range in 
Florida

Approximate Height

Snow bush Breynia nivosa C,S 10 feet

Thryallis Galphimia glauca C,S 6 - 8 feet

Wintergreen barberry Berberis julianae N 6 feet

Yellow-elder Tecoma stans C,S 15 feet

Table 4. Salt-Tolerant Ground Covers for Florida

Common Name Scientific Name Range in 
Florida

Approximate
Height

Salt-Tolerant Plants

Confederate jasmine Trachelospermum
jasminoides

N,C,S Variable

Coontie Zamia integrifolia N,C 24 inches

Creeping fig Ficus pumila N,C,S 12 inches

Dichondra Dichondra carolinensis N,C,S 2 inches

English ivy Hedera helix N,C,S 4-6 inches

Fig-marigold Glottiphyllum depressum S 6 inches

Hottentot fig Carpobrotus edulis C,S 6 inches

Lily turf Ophiopogon japonicus N,C,S 18 inches

Lirope Lirope spicata N,C,S 18 inches

Purslane Portulaca spp. N,C,S 6 inches

Running strawberry bush Euonymus fortunei S 10 inches

Virginia creeper Parthenocissus quinquefolia N,C,S Variable

Weeping lantana Lantana montevidensis C,S 18 - 24 inches

Moderately Salt-Tolerant Plants

Kalanchoe Kalanchoe spp. S 24 inches

Blood leaf Alternanthera spp. C,S 12 inches
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Salt-Tolerant Plants for Florida 9

Table 4. Salt-Tolerant Ground Covers for Florida

Common Name Scientific Name Range in 
Florida

Approximate
Height

Mexican flame vine Senecio confusus C,S 24 inches

Purple queen Setcreasea pallida N,C,S 24 inches

Wandering jew Zebrina pendula N,C,S 6 inches

Slightly Salt-Tolerant Plants

Coleus Coleus blumei N,C,S 12 - 18 inches

Partridge berry Mitchella repens N,C,S Variable

Transvaal daisy Gerbera jamesonii N,C,S 18 inches

Table 5. Salt-Tolerant Vines for Florida

Common Name Scientific Name Range in Florida Approximate
Height

Salt-Tolerant Plants

Algerian ivy Hedera canariensis N,C,S Variable

Bougainvillea Bougainvillea spp. C,S Variable

Cape honeysuckle Tecomaria capensis C,S Variable

Night blooming cereus Hylocereus undatus S Variable

Rubber vine Cryptostegia grandiflora S Variable

Moderately Salt-Tolerant Plants

Creeping fig Ficus pumila N,C,S Variable

Pink allamanda Mandevilla splendens C,S Variable

Wax plant Hoya carnosa S Variable

Woolly congea Congea tomentosa S Variable

Slightly Salt-Tolerant Plants

Allamanda Allamanda spp. C,S Variable

Chalice vine Solandra guttata C,S Variable
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Salt-Tolerant Plants for Florida 10

Table 5. Salt-Tolerant Vines for Florida

Common Name Scientific Name Range in Florida Approximate
Height

Downy jasmine Jasminum multiflorum C,S Variable

Painted trumpet Clytostoma callistegioides N,C,S Variable

Queens wreath Petrea volubilis S Variable

Rangoon creeper Quisqualis indica S Variable

Star jasmine Jasminum nitidum C,S Variable
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Appendix C. Watershed Assessment for River Stability and Sediment Supply (WARSSS) worksheets and 

data for Project 2: Bank Stabilization and Channel Restoration of Warm Mineral Springs Creek at the 

Warm Mineral Springs Resort and Day Spa.   
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Location:

Reference 
reach X

Potential 
species 
composition:

Stream:

8%

2.
 U

nd
er

st
or

y

Shrub layer

0%
0%

1%

Riparian Vegetation

99%

1.
 O

ve
rs

to
ry

Observers:

Warm Mineral Springs Creek WMS Creek at resort

Canopy layer

Austalian pine

3%

*Based on crown closure.                                                              
**Based on basal area to surface area.

Bare ground

Leaf or needle 
litter

50%

0%

Column Total = 
100%

Herbaceous

3.
 G

ro
un

d 
le

ve
l

Existing 
species 
composition:

Percent of total 
species 

composition

85%

Riparian cover 
categories

20% 2%
1%

Live oak

Other palms

34%

Remarks:                                                             
Condition, vigor and/or 
usage of existing reach:

1%

0%

0%

1%

0%
0%
0%

Brazilian pepper

15%

Cabbage palm

Leather fern

Turf grass

Restoration of native plants and better 
bank protection can reduce bank erosion

0%

0%
0%

0%

0%

0%

06/06/12

Species composition

Almost completd dominated by 
nonindigenous (Austalian pine) or 
turf grass

Date:SJH, CRM, RH

Percent aerial 
cover*

Percent of site 
coverage**

Live oak canopy with native 
understory and ground cover 
species

Disturbed      
(impacted 

reach)
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Stream: Location:

Observers: Date:

General Category
E

S

I 

P

Specific Category
1

2

3

4

5

6

7

8

9

Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.  

Streamflow regulated by glacial melt.  

Intermittent stream channel:  Surface water flows discontinuously along its length.  Often 
associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where 
losing/gaining reaches create flows that disappear then reappear farther downstream.

Perennial stream channels:  Surface water persists yearlong.

Rain-on-snow generated runoff.

Ice flows/ice torrents from ice dam breaches.  

Alternating flow/backwater due to tidal influence.  

Regulated streamflow due to diversions, dam release, dewatering, etc.  

Altered due to development, such as urban streams, cut-over watersheds or vegetation 
conversions (forested to grassland) that change flow response to precipitation events.  

Seasonal variation in streamflow dominated primarily by snowmelt runoff.  

Seasonal variation in streamflow dominated primarily by stormflow runoff.  

Ephemeral stream channels:  Flows only in response to precipitation

Subterranean stream channel:  Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.  

List ALL COMBINATIONS that 
APPLY……..……. P3 P8

Warm Mineral Springs Creek WMS Creek at resort
SJH, CRM, RH

FLOW  REGIME

6/6/2012
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Stream:

Location:

Observers:

Date:

S-4 (1)

meters feet
S-1 0.305 <1
S-2 0.3 – 1.5 1 – 5
S-3 1.5 – 4.6 5 – 15
S-4 4.6 – 9 15 – 30
S-5 9 – 15 30 – 50
S-6 15 – 22.8 50 – 75
S-7 22.8 – 30.5 75 – 100
S-8 30.5 – 46 100 – 150
S-9 46 – 76 150 – 250
S-10 76 – 107 250 – 350
S-11 107 – 150 350 – 500
S-12 150 – 305 500 – 1000
S-13 >305 >1000

Stream Order

Stream Size and Order

Category
STREAM SIZE:  Bankfull 

width
Check () 

appropriate 
category

Add categories in parenthesis for specific stream order of 
reach.  For example a third order stream with a bankfull width 
of 6.1 meters (20 feet) would be indexed as: S-4(3). 

Stream Size Category and Order  

Warm Mineral Springs Creek
WMS Creek at resort

SJH, CRM, RH
6/6/2012
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Reach:

Date:

Meander Patterns

WMS Creek at resort
6/6/2012Observers:

Stream: Warm Mineral Springs Run
SJH, CRM, RH

Various Meander Pattern variables modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   M1

M1             REGULAR MEANDERS 

M2            TORTUOUS  MEANDERS 

M3            IRREGULAR  MEANDERS 

M4           TRUNCATED  MEANDERS 

M5    UNCONFINED MEANDER SCROLLS 

M6     CONFINED MEANDER SCROLLS 

M7        DISTORTED MEANDER LOOPS 

M8   IRREGULAR MEANDERS with oxbows and 
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Reach:

Date:

Various Depositional Features modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   B3 B4 B7

Depositional Patterns

WMS Creek at resort
6/6/2012Observers:

Stream: Warm Mineral Springs Run
SJH, CRM, RH
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Location:
Date:

Check () 
all that 
apply

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

6/6/2012

Minor amounts of small, floatable material.  

Debris consists of small, easily moved, floatable material, e.g., leaves, 
needles, small limbs and twigs.

Increasing frequency of small- to medium-sized material, such as large 
limbs, branches and small logs, that when accumulated, affect 10% or less 
of the active channel cross-section area.  

Stream:
Observers:

Warm Mineral Springs Creek
SJH, CRM, RH

Channel Blockages
WMS Creek at resort

Significant build-up of medium- to large-sized materials, e.g., large limbs, 
branches, small logs or portions of trees that may occupy 10–30% of the 
active channel cross-section area.  

Large, somewhat continuous debris "dams," extensive in nature and 
occupying over 50% of the active channel cross-section area. Such 
accumulations may divert water into the flood-prone areas and form fish 
migration barriers, even when flows are at less than bankfull.

Debris "dams" of predominantly larger materials, e.g., branches, logs and 
trees, occupying 30–50% of the active channel cross-section area, often 
extending across the width of the active channel.  

Description/extent

None

Infrequent

Moderate

Numerous

Extensive

Materials that upon placement into the active channel or flood-
prone area may cause adjustments in channel dimensions or 
conditions due to influences on the existing flow regime.  

Numerous abandoned dams, many of which have filled with sediment and/or 
breached, initiating a series of channel adjustments, such as bank erosion, 
lateral migration, avulsion, aggradation and degradation.  
Structures, facilities or materials related to land uses or development located 
within the flood-prone area, such as diversions or low-head dams, controlled 
by-pass channels, velocity control structures and various transportation 
encroachments that have an influence on the existing flow regime, such that 
significant channel adjustments occur. 

An infrequent number of dams spaced such that normal streamflow and 
expected channel conditions exist in the reaches between dams.  

Frequency of dams is such that backwater conditions exist for channel 
reaches between structures where streamflow velocities are reduced and 
channel dimensions or conditions are influenced.  

Human 
influences

Dominating

Beaver dams:  
Few

Beaver dams:  
Frequent

Beaver dams:  
Abandoned
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Stream: Location: Valley Type: Observers: Date:
Excellent Good Fair Poor

Description Rating Description Rating Description Rating Description Rating

1 2 4 6 8

2 3 6 9 12

3 2 4 6 8

4 3 6 9 12

5 1 2 3 4

6 2 4 6 8

7 2 4 6 8

8 4 6 12 16

9 4 8 12 16

10 1 2 3 4

11 1 2 3 4

12 2 4 6 8

13 4 8 12 16

14 6 12 18 24

15 1 2 3 4

Excellent Total = 6 Good Total = 10 Fair Total = 24 Poor Total = 72

A1 A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D3 D4 D5 D6
Good (Stable) 38-43 38-43 54-90 60-95 60-95 50-80 38-45 38-45 40-60 40-64 48-68 40-60 38-50 38-50 60-85 70-90 70-90 60-85 85-107 85-107 85-107 67-98
Fair (Mod. unstable 44-47 44-47 91-129 96-132 96-142 81-110 46-58 46-58 61-78 65-84 69-88 61-78 51-61 51-61 86-105 91-110 91-110 86-105 108-132 108-132 108-132 99-125
Poor (Unstable) 48+ 48+ 130+ 133+ 143+ 111+ 59+ 59+ 79+ 85+ 89+ 79+ 62+ 62+ 106+ 111+ 111+ 106+ 133+ 133+ 133+ 126+

DA3 DA4 DA5 DA6 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 G1 G2 G3 G4 G5 G6
Good (Stable) 40-63 40-63 40-63 40-63 40-63 50-75 50-75 40-63 60-85 60-85 85-110 85-110 90-115 80-95 40-60 40-60 85-107 85-107 90-112 85-107
Fair (Mod. unstable 64-86 64-86 64-86 64-86 64-86 76-96 76-96 64-86 86-105 86-105 111-125 111-125 116-130 96-110 61-78 61-78 108-120 108-120 113-125 108-120
Poor (Unstable) 87+ 87+ 87+ 87+ 87+ 97+ 97+ 87+ 106+ 106+ 126+ 126+ 131+ 111+ 79+ 79+ 121+ 121+ 126+ 121+

Bank slope gradient 30–40%. Bank slope gradient 40–60%. Bank slope gradient > 60%.

Warm Mineral Springs Creek WMS Creek at resort VI SJH, CRM 6/6/2012

Bank slope gradient <30%.

Vegetative 
bank 
protection

> 90% plant density. Vigor and variety 
suggest a deep, dense soil-binding root 
mass.

Loca-
tion Key Category

U
pp

er
 b

an
ks

Landform 
slope

Infrequent. Mostly healed over. Low 
future potential.

Frequent or large, causing sediment 
nearly yearlong.

Frequent or large, causing sediment nearly 
yearlong OR imminent danger of same.

Debris jam 
potential

Essentially absent from immediate 
channel area.

Present, but mostly small twigs and 
limbs.

Moderate to heavy amounts, mostly 
larger sizes.

Moderate to heavy amounts, predominantly 
larger sizes.

Mass erosion No evidence of past or future mass 
erosion.

70–90% density. Fewer species or less 
vigor suggest less dense or deep root 
mass.

50–70% density. Lower vigor and fewer 
species from a shallow, discontinuous 
root mass.

<50% density plus fewer species and less 
vigor indicating poor, discontinuous and 
shallow root mass.

Lo
w

er
 b

an
ks

Channel 
capacity

Bank heights sufficient to contain the bankfull 
stage. Width/depth ratio departure from reference 
width/depth ratio = 1.0. Bank-Height Ratio (BHR) 
= 1.0.

Bankfull stage is contained within banks. 
Width/depth ratio departure from reference 
width/depth ratio = 1.0–1.2. Bank-Height Ratio 
(BHR) = 1.0–1.1.

Bankfull stage is not contained. Width/depth ratio 
departure from reference width/depth ratio = 
1.2–1.4. Bank-Height Ratio (BHR) = 1.1–1.3.

Bankfull stage is not contained; over-bank flows are 
common with flows less than bankfull. Width/depth ratio 
departure from reference width/depth ratio > 1.4. Bank-
Height Ratio (BHR) > 1.3.

Bank rock 
content

> 65% with large angular boulders. 
12"+ common.

40–65%. Mostly boulders and small 
cobbles 6–12".

20–40%. Most in the 3–6" diameter 
class.

<20% rock fragments of gravel sizes, 1–3" or 
less.

Obstructions to 
flow

Rocks and logs firmly imbedded. Flow 
pattern w/o cutting or deposition. 
Stable bed.

Some present causing erosive cross 
currents and minor pool filling. Obstructions 
fewer and less firm.

Moderately frequent, unstable obstructions 
move with high flows causing bank cutting 
and pool filling.

Frequent obstructions and deflectors cause 
bank erosion yearlong. Sediment traps full, 
channel migration occurring.

Deposition Little or no enlargement of channel or 
point bars.

Some new bar increase, mostly from 
coarse gravel.

Moderate depostion of new gravel and 
coarse sand on old and some new 
bars.

Extensive deposit of predominantly fine 
particles. Accelerated bar development.

Cutting Little or none. Infrequent raw banks 
<6".

Some, intermittently at outcurves and 
constrictions. Raw banks may be up to 
12".

Significant. Cuts 12–24" high. Root mat 
overhangs and sloughing evident.

Almost continuous cuts, some over 24" high. 
Failure of overhangs frequent.

Predominantly bright, > 65%, exposed or 
scoured surfaces.

Consolidation of 
particles

Assorted sizes tightly packed or 
overlapping.

Moderately packed with some 
overlapping.

Mostly loose assortment with no 
apparent overlap.

No packing evident. Loose assortment, 
easily moved.

Brightness Surfaces dull, dark or stained. 
Generally not bright.

Mostly dull, but may have <35% bright 
surfaces.

Mixture dull and bright, i.e., 35–65% 
mixture range.

Scouring and 
deposition

<5% of bottom affected by scour or 
deposition.

5–30% affected. Scour at constrictions 
and where grades steepen. Some 
deposition in pools.

30–50% affected. Deposits and scour 
at obstructions, constrictions and 
bends. Some filling of pools.

More than 50% of the bottom in a state of 
flux or change nearly yearlong.

Bottom size 
distribution

No size change evident. Stable 
material 80–100%.

Distribution shift light. Stable material 
50–80%.

Moderate change in sizes. Stable 
materials 20–50%.

Marked distribution change. Stable materials 
0–20%.

Stream type *Potential 
Stream Type = F1

Aquatic 
vegetation

Abundant growth moss-like, dark green 
perennial. In swift water too.

Common. Algae forms in low velocity 
and pool areas. Moss here too.

Present but spotty, mostly in 
backwater. Seasonal algae growth 
makes rocks slick.

Perennial types scarce or absent. Yellow-
green, short-term bloom may be present.

Stream type
Grand Total = 

B
ot

to
m

Rock 
angularity

Sharp edges and corners. Plane 
surfaces rough.

Rounded corners and edges. Surfaces 
smooth and flat.

Corners and edges well rounded in 2 
dimensions.

Well rounded in all dimensions, surfaces 
smooth.

Modified channel 
stability rating = 

*Rating is adjusted to potential  stream type, not existing stream type Poor

112
Existing Stream 
Type = F6/1
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Stream:

Station:

Date: 06/6/12  F6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Very High
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

9.0

0

90

Surface Protection ( I )

5

Bedrock (Overall Very Low BEHI)

                Total Score

1.00( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

1.26582

Warm Mineral Springs Creek
RB grass SJH, CRM, RHObservers:

Location: WMS Creek at resort

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

10

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

10

41.0

8.1

10.0

7.9

BEHI Score 
(Fig. 3-7)

1.58

0.2

1.0

             Root Depth / Study Bank Height ( E )

0.131.58

1.58

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 

(G) 

(E) 

(H) 

( I ) 

(C) 

94.5

95

95.5

96

96.5

97

33 33.5 34 34.5 35 35.5
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Stream:                       Location:
Station: Stream Type:  F6/1 Valley Type: VI
Observers: Date: 06/6/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

16.44

2.6 1.76 1.48 Low

2.6 1.76

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

WMS Creek at resort
RB grass

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream:

Station:

Date: 06/6/12  F6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Very Low
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

1.2

0

30

Surface Protection ( I )

0

Bedrock (Overall Very Low BEHI)

                Total Score

1.00( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

90

Warm Mineral Springs Creek
RB Australian pine SJH, CRM, RHObservers:

Location: WMS Creek at resort

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

95

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

90

7.1

1.0

1.5

2.4

BEHI Score 
(Fig. 3-7)

1.58

1.58

1.0

             Root Depth / Study Bank Height ( E )

1.001.58

1.58

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 

(G) 

(E) 

(H) 

( I ) 

(C) 
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94

94.5

95
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Stream:                       Location:
Station: Stream Type:  F6/1 Valley Type: VI
Observers: Date: 06/6/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

19.4

1.97 1.47 1.34 Low

1.97 1.47

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

RB Australian pine

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Run, Reach - W    

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream:

Station:

Date: 06/6/12  F6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Very High
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

9.0

0

90

Surface Protection ( I )

5

Bedrock (Overall Very Low BEHI)

                Total Score

1.00( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

1.36364

Warm Mineral Springs Creek
Run_LB grass SJH, CRM, RHObservers:

Location: WMS Creek at resort

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

10

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

10

40.9

8.0

10.0

7.9

BEHI Score 
(Fig. 3-7)

2.2

0.3

1.0

             Root Depth / Study Bank Height ( E )

0.142.2

2.2

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 
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(E) 

(H) 

( I ) 

(C) 
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Stream:                       Location:
Station: Stream Type:  F6/1 Valley Type:
Observers: Date: 6/6/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

19.4

1.97 1.47 1.34 Low

1.97 1.47

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

WMS Creek at resort
LB grass

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: VI Stream Type:  F6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Very High  Low 0.600 79.0 1.6 74.89 0.04560

2. Very Low  Low 0.000 318.0 1.6 0.15 0.00000

3. Very High  Low 0.600 397.0 2.2 524.04 0.06360

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 599.08
Total 

Erosion 
(yds3/yr) 22.19

Total 
Erosion   
(tons/yr) 28.84

Unit Erosion 
Rate 

(tons/yr/ft) 0.0363
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

Run_RB 
grass
Run_RB 
Australian 

(1)
Station (ft)

Warm Mineral Springs Run, Reach - WMS   

794NC Erosion Data

WMS Creek at resort

Total Stream Length (ft):

SJH, CRM, RH

Graph Used:

Run_LB 
grass
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: VI Stream Type:  F6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Very High  Low 0.250 79.0 1.6 31.20 0.01900

2. Very Low  Low 0.000 318.0 1.6 0.00 0.00000

3. Very High  Low 0.250 397.0 2.2 218.35 0.02650

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 249.55
Total 

Erosion 
(yds3/yr) 9.24

Total 
Erosion   
(tons/yr) 12.02

Unit Erosion 
Rate 

(tons/yr/ft) 0.0151
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

Run_RB 
grass
Run_RB 
Australian 

(1)
Station (ft)

Warm Mineral Springs Run, Reach - WMS   

794CO Erosion data

WMS Creek at resort

Total Stream Length (ft):

SJH, CRM, RH

Graph Used:

Run_LB 
grass
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Appendix D. Watershed Assessment for River Stability and Sediment Supply (WARSSS) worksheets and 

data for Reach 1 (Ortiz Blvd.) and Reach 2 (the classification reach) in Project 3: Stream Channel 

Restoration of Warm Mineral Springs Creek. 
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Location:

Reference 
reach X

Potential 
species 
composition:

Stream:

Saw palmetto
Other

30%

2.
 U

nd
er

st
or

y

Shrub layer

0%
0%

30%

Riparian Vegetation

100%

1.
 O

ve
rs

to
ry

Observers:

Warm Mineral Springs Creek Ortiz Blvd

Canopy layer

Live oak

0%

*Based on crown closure.                                                              
**Based on basal area to surface area.

Bare ground

Leaf or needle 
litter

5%

0%

Column Total = 
100%

Herbaceous

3.
 G

ro
un

d 
le

ve
l

Existing 
species 
composition:

Percent of total 
species 

composition

70%

Riparian cover 
categories

80% 0%
0%

45%

Remarks:                                                             
Condition, vigor and/or 
usage of existing reach:

25%

Other

10%

60%

100%

60%
10%
0%

Cabbage palm

25%

Brazilian pepper

Poison ivy

0%

0%
100%

Air potato 30%

0%

0%

06/06/12

Species composition

Includes invasives such as Brazilian 
pepper and air potato.  Brazilian 
pepper debris leading to channel 

Date:SJH, CRM, RH

Percent aerial 
cover*

Percent of site 
coverage**

Removal of exotics would likley 
increase live oaks and other 
native species.

Disturbed      
(impacted 

reach)
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Stream: Location:

Observers: Date:

General Category
E

S

I 

P

Specific Category
1

2

3

4

5

6

7

8

9

Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.  

Streamflow regulated by glacial melt.  

Intermittent stream channel:  Surface water flows discontinuously along its length.  Often 
associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where 
losing/gaining reaches create flows that disappear then reappear farther downstream.

Perennial stream channels:  Surface water persists yearlong.

Rain-on-snow generated runoff.

Ice flows/ice torrents from ice dam breaches.  

Alternating flow/backwater due to tidal influence.  

Regulated streamflow due to diversions, dam release, dewatering, etc.  

Altered due to development, such as urban streams, cut-over watersheds or vegetation 
conversions (forested to grassland) that change flow response to precipitation events.  

Seasonal variation in streamflow dominated primarily by snowmelt runoff.  

Seasonal variation in streamflow dominated primarily by stormflow runoff.  

Ephemeral stream channels:  Flows only in response to precipitation

Subterranean stream channel:  Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.  

List ALL COMBINATIONS that 
APPLY……..……. P3 P8

Warm Mineral Springs Creek  Ortiz Blvd 

SJH, CRM, RH

FLOW  REGIME

6/6/2012
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Stream:

Location:

Observers:

Date:

S5(2)

meters feet
S-1 0.305 <1
S-2 0.3 – 1.5 1 – 5
S-3 1.5 – 4.6 5 – 15
S-4 4.6 – 9 15 – 30
S-5 9 – 15 30 – 50
S-6 15 – 22.8 50 – 75
S-7 22.8 – 30.5 75 – 100
S-8 30.5 – 46 100 – 150
S-9 46 – 76 150 – 250
S-10 76 – 107 250 – 350
S-11 107 – 150 350 – 500
S-12 150 – 305 500 – 1000
S-13 >305 >1000

Stream Order

Stream Size and Order

Category
STREAM SIZE:  Bankfull 

width
Check () 

appropriate 
category

Add categories in parenthesis for specific stream order of 
reach.  For example a third order stream with a bankfull width 
of 6.1 meters (20 feet) would be indexed as: S-4(3). 

Stream Size Category and Order  

Warm Mineral Springs Creek
Ortiz Blvd

SJH, CRM, RH
6/6/2012
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Reach:

Date:

Meander Patterns

Ortiz Blvd 
6/6/2012Observers:

Stream: Warm Mineral Springs Creek
SJH, CRM, RH

Various Meander Pattern variables modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   M1

M1             REGULAR MEANDERS 

M2            TORTUOUS  MEANDERS 

M3            IRREGULAR  MEANDERS 

M4           TRUNCATED  MEANDERS 

M5    UNCONFINED MEANDER SCROLLS 

M6     CONFINED MEANDER SCROLLS 

M7        DISTORTED MEANDER LOOPS 

M8   IRREGULAR MEANDERS with oxbows and 

 
128



Reach:

Date:

Various Depositional Features modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   B3 B6 B7

Depositional Patterns

 Ortiz Blvd 
6/6/2012Observers:

Stream: Warm Mineral Springs Creek
SJH, CRM, RH
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Location:
Date:

Check () 
all that 
apply

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

6/6/2012

Minor amounts of small, floatable material.  

Debris consists of small, easily moved, floatable material, e.g., leaves, 
needles, small limbs and twigs.

Increasing frequency of small- to medium-sized material, such as large 
limbs, branches and small logs, that when accumulated, affect 10% or less 
of the active channel cross-section area.  

Stream:
Observers:

Warm Mineral SpringsCreek
SJH, CRM, RH

Channel Blockages
Ortiz Blvd

Significant build-up of medium- to large-sized materials, e.g., large limbs, 
branches, small logs or portions of trees that may occupy 10–30% of the 
active channel cross-section area.  

Large, somewhat continuous debris "dams," extensive in nature and 
occupying over 50% of the active channel cross-section area. Such 
accumulations may divert water into the flood-prone areas and form fish 
migration barriers, even when flows are at less than bankfull.

Debris "dams" of predominantly larger materials, e.g., branches, logs and 
trees, occupying 30–50% of the active channel cross-section area, often 
extending across the width of the active channel.  

Description/extent

None

Infrequent

Moderate

Numerous

Extensive

Materials that upon placement into the active channel or flood-
prone area may cause adjustments in channel dimensions or 
conditions due to influences on the existing flow regime.  

Numerous abandoned dams, many of which have filled with sediment and/or 
breached, initiating a series of channel adjustments, such as bank erosion, 
lateral migration, avulsion, aggradation and degradation.  
Structures, facilities or materials related to land uses or development located 
within the flood-prone area, such as diversions or low-head dams, controlled 
by-pass channels, velocity control structures and various transportation 
encroachments that have an influence on the existing flow regime, such that 
significant channel adjustments occur. 

An infrequent number of dams spaced such that normal streamflow and 
expected channel conditions exist in the reaches between dams.  

Frequency of dams is such that backwater conditions exist for channel 
reaches between structures where streamflow velocities are reduced and 
channel dimensions or conditions are influenced.  

Human 
influences

Dominating

Beaver dams:  
Few

Beaver dams:  
Frequent

Beaver dams:  
Abandoned
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Pfankuch (1975) channel stability rating procedure for sand bed streams, as modified by Rosgen (1996, 2001b) and Metcalf (2012). 

Stream: Location: Valley Type: Observers: Date:
Excellent Good Fair Poor

Description Rating Description Rating Description Rating Description Rating

1 2 4 6 8

2 3 6 9 12

3 2 4 6 8

4 3 6 9 12

5 1 2 3 4

6 2 4 6 8

7 2 4 6 8

8 4 6 12 16

9 4 8 12 16

10 1 2 3 4

11 1 2 3 4

12 2 4 6 8

13 4 8 12 16

14 6 12 18 24

15 1 2 3 4

Excellent Total = 8 Good Total = 4 Fair Total = 12 Poor Total = 96

A1 A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D3 D4 D5 D6
Good (Stable) 38-43 38-43 54-90 60-95 60-95 50-80 38-45 38-45 40-60 40-64 48-68 40-60 38-50 38-50 60-85 70-90 70-90 60-85 85-107 85-107 85-107 67-98
Fair (Mod. Unstable 44-47 44-47 91-129 96-132 96-142 81-110 46-58 46-58 61-78 65-84 69-88 61-78 51-61 51-61 86-105 91-110 91-110 86-105 108-132 108-132 108-132 99-125
Poor (Unstable) 48+ 48+ 130+ 133+ 143+ 111+ 59+ 59+ 79+ 85+ 89+ 79+ 62+ 62+ 106+ 111+ 111+ 106+ 133+ 133+ 133+ 126+

DA3 DA4 DA5 DA6 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 G1 G2 G3 G4 G5 G6
Good (Stable) 40-63 40-63 40-63 40-63 40-63 50-75 50-75 40-63 60-85 60-85 85-110 85-110 90-115 80-95 40-60 40-60 85-107 85-107 90-112 85-107
Fair (Mod. Unstable 64-86 64-86 64-86 64-86 64-86 76-96 76-96 64-86 86-105 86-105 111-125 111-125 116-130 96-110 61-78 61-78 108-120 108-120 113-125 108-120
Poor (Unstable) 87+ 87+ 87+ 87+ 87+ 97+ 97+ 87+ 106+ 106+ 126+ 126+ 131+ 111+ 79+ 79+ 121+ 121+ 126+ 121+

Cutting

Debris jam 
potential
Vegetative 
bank 
protection

Bank slope gradient > 60%.

Frequent or large, causing sediment nearly 
yearlong OR imminent danger of same.

Moderate to heavy amounts, predominantly 
larger sizes.
<50% density plus fewer species and less 
vigor indicating poor, discontinuous and 
shallow root mass.

Bank rock 
content

Obstructions to 
flow

Channel 
capacity

6/6/2012Warm Mineral Springs Creek Ortiz Blvd VI SJH, CRM

Presence of 
Sand Dunes
Large Woody 
Material
Consolidation of 
particles
Sand Particle 
Size

Deposition

Loca-
tion Key Category

Landform 
slope

Mass erosion

U
pp

er
 B

an
ks

Bank slope gradient <30%.

Even distribution of sand particle sizes.

<5% of bottom affected by scour or 
deposition.

Essentially absent from immediate 
channel area.
> 90% plant density. Vigor and variety 
suggest a deep, dense soil-binding root 
mass.
Bank heights sufficient to contain the bankfull 
stage. Width/depth ratio departure from reference 
width/depth ratio = 1.0. Bank-Height Ratio (BHR) 
= 1.0.

> 65% with large angular boulders. 
12"+ common.
Rocks and logs firmly imbedded. Flow 
pattern w/o cutting or deposition. 
Stable bed.

Little or none. Infrequent raw banks 
<6".

Bank slope gradient 30–40%.

Root mass covering 40-60% of the 
active bed.

Bank slope gradient 40–60%.

Frequent or large, causing sediment 
nearly yearlong.

Moderate to heavy amounts, mostly 
larger sizes.
50–70% density. Lower vigor and fewer 
species from a shallow, discontinuous 
root mass.
Bankfull stage is not contained. Width/depth ratio 
departure from reference width/depth ratio = 
1.2–1.4. Bank-Height Ratio (BHR) = 1.1–1.3.

Moderately packed with some 
overlapping.
Sand particle sizes mostly coarse and 
fine.

70–90% density. Fewer species or less 
vigor suggest less dense or deep root 
mass.
Bankfull stage is contained within banks. 
Width/depth ratio departure from reference 
width/depth ratio = 1.0–1.2. Bank-Height Ratio 
(BHR) = 1.0–1.1.

40–65%. Mostly boulders and small 
cobbles 6–12".
Some present causing erosive cross 
currents and minor pool filling. Obstructions 
fewer and less firm.
Some, intermittently at outcurves and 
constrictions. Raw banks may be up to 
12".

Some new bar increase, mostly from 
coarse gravel.

*Potential 
Stream Type =

Poor

Modified Channel 
Stability Rating = 

Existing Stream 
Type = 

Almost continuous cuts, some over 24" high. 
Failure of overhangs frequent.

Extensive deposit of predominantly fine 
particles. Accelerated bar development.

F6/1

F1

120

Sand dunes absent. Plain bed.

Large woody material sparse, < 3% within 
bankfull channel.

More than 50% of the bottom in a state of 
flux or change nearly yearlong.

No packing evident. Loose assortment, 
easily moved.

Invasion of silt and clay particles.

Root mass relatively absent, covering       < 
20% of the active bed.

Grand Total = 

No evidence of past or future mass 
erosion.

5–30% affected. Scour at constrictions 
and where grades steepen. Some 
deposition in pools.

Sand dunes occupying >75% of the 
active bed.
Large woody material present in        
25-40% of the bankfull channel.

Sand dunes occupying 50-75% of the 
active bed.
Large woody material present in            
10-25% of the bankfull channel

Present, but mostly small twigs and 
limbs.

Assorted sizes tightly packed or 
overlapping.

Root mass present, covering >60% of 
the active bed.

Infrequent. Mostly healed over. Low 
future potential.

Little or no enlargement of channel or 
point bars.

<20% rock fragments of gravel sizes, 1–3" or 
less.

Sand particle sizes either coarse or 
fine.

Root mass covering 20-40% of the 
active bed.

Bankfull stage is not contained; over-bank flows are 
common with flows less than bankfull. Width/depth ratio 
departure from reference width/depth ratio > 1.4. Bank-
Height Ratio (BHR) > 1.3.

Stream Type

Stream Type

Lo
w

er
 B

an
ks

B
ot

to
m

*Rating is adjusted to potential stream type, not existing.

Large woody material present in            
4-10% of the bankfull channel.
Mostly loose assortment with no 
apparent overlap.

Moderate depostion of new gravel and 
coarse sand on old and some new 
bars.

30–50% affected. Deposits and scour 
at obstructions, constrictions and 
bends. Some filling of pools.

Frequent obstructions and deflectors cause 
bank erosion yearlong. Sediment traps full, 
channel migration occurring.

20–40%. Most in the 3–6" diameter 
class.
Moderately frequent, unstable obstructions 
move with high flows causing bank cutting 
and pool filling.

Significant. Cuts 12–24" high. Root mat 
overhangs and sloughing evident.

Sand dunes occupying 25-50% of the 
active bed.

Scouring and 
deposition

Root Mass
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Stream:

Station:

Date: 06/6/12  F6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Low
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

1.5

0

75

Surface Protection ( I )

0

Bedrock (Overall Very Low BEHI)

                Total Score

1.11( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

65

Warm Mineral Creek
RB - Entire reach SJH, CRM, RHObservers:

Location: Ortiz Blvd

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

90

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

65

13.0

1.0

3.1

5.4

BEHI Score 
(Fig. 3-7)

3

3

2.0

             Root Depth / Study Bank Height ( E )

1.003

2.7

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 

(G) 

(E) 

(H) 

( I ) 

(C) 
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0.4

0.6

0.8

1
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Stream:                       Location:
Station: Stream Type:  F6/1 Valley Type: VI
Observers: Date: 06/6/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

2.23 1.93 1.16 Low

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

Ortiz Blvd
RB - Entire reach

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream:

Station:

Date: 06/6/12  F6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Low
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

1.5

0

75

Surface Protection ( I )

0

Bedrock (Overall Very Low BEHI)

                Total Score

1.11( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

65

Warm Mineral Springs Creek
LB - Entire reach SJH, CRM, RHObservers:

Location: Ortiz Blvd

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

90

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

65

13.0

1.0

3.1

5.4

BEHI Score 
(Fig. 3-7)

3

3

2.0

             Root Depth / Study Bank Height ( E )

1.003

2.7

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 
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Stream:                       Location:
Station: Stream Type:  F6/1 Valley Type: VI
Observers: Date: 06/6/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

2.23 1.93 1.16 Low

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

Ortiz Blvd
LB - Entire reach

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM, RH

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: VI Stream Type:  F6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Low  Low 0.003 300.0 3.0 2.70 0.00040

2. Low  Low 0.003 300.0 3.0 2.70 0.00040

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 5.40
Total 

Erosion 
(yds3/yr) 0.20

Total 
Erosion   
(tons/yr) 0.26

Unit Erosion 
Rate 

(tons/yr/ft) 0.0008
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

RB - Entire 
reach
LB - Entire 
reach

(1)
Station (ft)

Warm Mineral Springs Creek

312NC Erosion Data

Ortiz Blvd

Total Stream Length (ft):

SJH, CRM, RH

Graph Used:
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Stream: Location:

Date: 6/6/2012

Observers: Valley Type: Stream Type:  F6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Low  Low 0.036 300.0 3.0 32.13 0.00520

2. Low  Low 0.003 300.0 3.0 2.70 0.00040

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 34.83
Total 

Erosion 
(yds3/yr) 1.29

Total 
Erosion   
(tons/yr) 1.68

Unit Erosion 
Rate 

(tons/yr/ft) 0.0054
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

RB - Entire 
reach
LB - Entire 
reach

(1)
Station (ft)

Warm Mineral Springs Run, Reach - Proje        

312CO Erosion Data Total Stream Length (ft):

SJH, CRM, RH

Graph Used:
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217.6 acres 0.34  mi2

Date: 06/05/12

VI

Bankfull WIDTH (Wbkf)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. ft

Bankfull DEPTH (dbkf)

ft

Bankfull X-Section AREA (Abkf)

ft2

Width/Depth Ratio (Wbkf / dbkf)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. ft/ft

Maximum DEPTH (dmbkf)

ft

WIDTH of Flood-Prone Area (Wfpa)

ft

Entrenchment Ratio (ER) 

ft/ft

Channel Materials (Particle Size Index ) D50 

mm

Water Surface SLOPE  (S) 

ft/ft

Channel SINUOSITY (k) 

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a 
riffle section (dbkf = A / Wbkf).

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle 
section.

Maximum depth of the bankfull channel cross-section, or distance between the 
bankfull stage and Thalweg elevations, in a riffle section.

Channel slope = "rise over run" for a reach approximately 20–30 bankfull channel 
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient 
at bankfull stage.

Sinuosity is an index of channel pattern, determined from a ratio of stream length 
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by 
channel slope (VS / S). 

30.98

1.66

F 6/1

Twice maximum DEPTH, or (2 x dmbkf) = the stage/elevation at which flood-prone area 
WIDTH is determined in a riffle section.

The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wfpa / Wbkf) 
(riffle section).

The D50 particle size index represents the mean diameter of channel materials, as 
sampled from the channel surface, between the bankfull stage and Thalweg 
elevations.

51.35

18.66

2.48

1.24

40.63

1.31

0.05

0.00042

Warm Mineral Creek, Classification reach

27.056076 Lat / 82.262875 Long
Sec.&Qtr.: ; HUC: 03100102

Cross-Section Monuments (Lat./Long.):

Stream:  

Drainage Area:  

Observers: 

Twp.&Rge: 

Location:  

Basin: 

North Port, FL
Myakka River

Valley Type:SJH, CRM

Stream   
Type 

(See Figure 2-14) 
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Date:

Riffle Dimensions*, **, *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max
Riffle Width (Wbkf) 34.9 31 38.8 ft Riffle Cross-Sectional Area (Abkf) (ft

2) 68.40 51.35 85.44

Mean Riffle Depth (dbkf) 1.93 1.66 2.2 ft Riffle Width/Depth Ratio (Wbkf / dbkf) 18.15 17.65 18.66

Maximum Riffle Depth (dmax) 2.68 2.48 2.87 ft Max Riffle Depth to Mean Riffle Depth (dmax / dbkf) 1.400 1.305 1.494

Width of Flood-Prone Area (Wfpa) 45.7 40.6 50.8 ft Entrenchment Ratio (Wfpa / Wbkf) 1.310 1.309 1.311

Riffle Inner Berm Width (Wib) 0 0 0 ft Riffle Inner Berm Width to Riffle Width (Wib / Wbkf) 1.996 1.996 1.996

Riffle Inner Berm Depth (dib) 0 0 0 ft Riffle Inner Berm Depth to Mean Depth (dib / dbkf) 2.976 2.976 2.976

Riffle Inner Berm Area (Aib) 0 0 0 ft2 Riffle Inner Berm Area to Riffle Area (Aib / Abkf) 5.947 5.947 5.947

Riffle Inner Berm W/D Ratio (Wib / dib) 0 0 0

Pool Dimensions*, **, *** Mean Min Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max
Pool Width (Wbkfp) 31.2 28 34.3 ft Pool Width to Riffle Width (Wbkfp / Wbkf) 0.893 0.803 0.983

Mean Pool Depth (dbkfp) 2.21 1.93 2.48 ft Mean Pool Depth to Mean Riffle Depth (dbkfp / dbkf) 1.145 1.000 1.285

Pool Cross-Sectional Area (Abkfp) 69.6 54.1 85.2 ft Pool Area to Riffle Area (Abkfp / Abkf) 1.018 0.791 1.245

Maximum Pool Depth (dmaxp) 2.76 2.23 3.28 ft Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf) 1.430 1.155 1.699

Pool Inner Berm Width (Wibp) 0 0 0 ft Pool Inner Berm Width to Pool Width (Wibp / Wbkfp) 0.000 0.000 0.000

Pool Inner Berm Depth (dibp) 0 0 0 ft Pool Inner Berm Depth to Pool Depth (dibp / dbkfp) 0.000 0.000 0.000

Pool Inner Berm Area (Aibp) 0 0 0 ft2 Pool Inner Berm Area to Pool Area (Aibp / Abkfp) 0.000 0.000 0.000

Point Bar Slope (Spb) 0.000 0.000 0.000 ft/ft Pool Inner Berm Width/Depth Ratio (Wibp / dibp) 0.000 0.000 0.000

Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min Max
Run Width (Wbkfr) 0 0 0 ft Run Width to Riffle Width (Wbkfr / Wbkf) 0.000 0.000 0.000

Mean Run Depth (dbkfr) 0 0 0 ft Mean Run Depth to Mean Riffle Depth (dbkfr / dbkf) 0.000 0.000 0.000

Run Cross-Sectional Area (Abkfr) 0 0 0 ft Run Area to Riffle Area (Abkfr / Abkf) 0.000 0.000 0.000

Maximum Run Depth (dmaxr) 0 0 0 ft Max Run Depth to Mean Riffle Depth (dmaxr / dbkf) 0.000 0.000 0.000

Run Width/Depth Ratio (Wbkfr / dbkfr) 0 0 0 ft

Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max
Glide Width (Wbkfg) 0 0 0 ft Glide Width to Riffle Width (Wbkfg / Wbkf) 0.000 0.000 0.000

Mean Glide Depth (dbkfg) 0 0 0 ft Mean Glide Depth to Mean Riffle Depth (dbkfg / dbkf) 0.000 0.000 0.000

Glide Cross-Sectional Area (Abkfg) 0 0 0 ft Glide Area to Riffle Area (Abkfg / Abkf) 0.000 0.000 0.000

Maximum Glide Depth (dmaxg) 0 0 0 ft Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf) 0.000 0.000 0.000

Glide Width/Depth Ratio (Wbkfg / dbkfg) 0 0 0 ft/ft Glide Inner Berm Width/Depth Ratio (Wibg / dibg) 0.000 0.000 0.000

Glide Inner Berm Width (Wibg) 0 0 0 ft Glide Inner Berm Width to Glide Width (Wibg/Wbkfg) 0.000 0.000 0.000

Glide Inner Berm Depth (dibg) 0 0 0 ft Glide Inner Berm Depth to Glide Depth (dibg / dbkfg) 0.000 0.000 0.000

Glide Inner Berm Area (Aibg) 0 0 0 ft2 Glide Inner Berm Area to Glide Area (Aibg / Abkfg) 0.000 0.000 0.000

Mean Min Max Step Dimensionless Ratios**** Mean Min Max
Step Width (Wbkfs) 0 0 0 ft Step Width to Riffle Width (Wbkfs / Wbkf) 0.000 0.000 0.000

Mean Step Depth (dbkfs) 0 0 0 ft Mean Step Depth to Riffle Depth (dbkfs / dbkf) 0.000 0.000 0.000

Step Cross-Sectional Area (Abkfs) 0 0 0 ft Step Area to Riffle Area (Abkfs / Abkf) 0.000 0.000 0.000

Maximum Step Depth (dmaxs) 0 0 0 ft Max Step Depth to Mean Riffle Depth (dmaxs / dbkf) 0.000 0.000 0.000

Step Width/Depth Ratio (Wbkfs / dbkfs) 0 0 0

Stream:

SJH, CRM
Location: Classification reachWarm Mineral Springs Creek

VIValley Type:Observers: 06/05/12

****Mean values are used as the normalization parameter for all dimensionless ratios; e.g., minimum pool width to riffle width ratio uses the mean  riffle width value.
***Convergence-Divergence system (i.e., D stream types) bed features include riffles and pools; cross-sections taken at riffles for classification purposes.

Stream Type:  F 6/1

*Riffle–Pool system (i.e., C, E, F stream types) bed features include riffles, runs, pools and glides.

Step Dimensions**

**Step–Pool system (i.e., A, B, G stream types) bed features include riffles, rapids, chutes, pools and steps (note: include rapids and chutes in riffle category).

River Reach Dimension Summary Data…..1 
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Date:

Streamflow: Estimated Mean Velocity at Bankfull Stage (ubkf) ft/sec Estimation Method

Streamflow: Estimated Discharge at Bankfull Stage (Qbkf) cfs Drainage Area mi2

Geometry Mean Min Max Dimensionless Geometry Ratios Mean Min Max
Linear Wavelength (λ) 647 590 738 ft Linear Wavelength to Riffle Width (λ / Wbkf) 18.533 16.916 21.137

Stream Meander Length (Lm) 741 607 849 ft Stream Meander Length Ratio (Lm / Wbkf) 21.236 17.397 24.329

Radius of Curvature (Rc) 161 116 214 ft Radius of Curvature to Riffle Width (Rc / Wbkf) 4.613 3.315 6.140

152 110 234 ft 4.356 3.148 6.698

Arc Length (La) 530 449 639 ft 15.198 12.862 18.316

Riffle Length (Lr) 25.9 10.9 44.1 ft 0.743 0.313 1.264

Individual Pool Length (Lp) 33 22.3 40.4 ft 0.945 0.638 1.157

78.3 64.2 85.6 ft 2.243 1.840 2.453

Valley Slope (Sval) ft/ft Average Water Surface Slope (S) ft/ft Sinuosity (Sval / S) 1.24

Stream Length (SL) ft ft Sinuosity (SL / VL) 1.235136427

Low Bank Height start 6.45 ft start 1.88 ft Bank-Height Ratio (BHR) start 3.430851064
(LBH) end 6.31 ft end 1.84 ft (LBH / dmax) end 3.429347826

Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max
Riffle Slope (Srif) 0.001 0.000 0.002 ft/ft Riffle Slope to Average Water Surface Slope (Srif / S) 3.405 0.262 5.167

Run Slope (Srun) 0.001 0.001 0.001 ft/ft Run Slope to Average Water Surface Slope (Srun / S) 2.500 2.214 2.786

Pool Slope (Sp) 0.001 0.000 0.001 ft/ft Pool Slope to Average Water Surface Slope (Sp / S) 1.857 0.000 2.952

Glide Slope (Sg) 0.001 0.000 0.002 ft/ft Glide Slope to Average Water Surface Slope (Sg / S) 2.500 0.952 5.429

Step Slope (Ss) 0.000 0.000 0.000 ft/ft Step Slope to Average Water Surface Slope (Ss / S) 0.000 0.000 0.000

Max Depthsa Mean Min Max Dimensionless Depth Ratios Mean Min Max
Max Riffle Depth (dmaxrif) 1.81 1.75 1.85 ft 0.937824 0.906735751 0.958549223

Max Run Depth (dmaxrun) 1.97 1.75 2.21 ft 1.020725 0.906735751 1.14507772

Max Pool Depth (dmaxp) 2.52 2.39 2.61 ft 1.305699 1.238341969 1.352331606

Max Glide Depth (dmaxg) 1.76 1.71 1.83 ft 0.911917 0.886010363 0.948186528

Max Step Depth (dmaxs) 0 0 0 ft 0 0 0

Reachb Rifflec Bar Reachb Rifflec Bar
D16 mm

D35 mm

D50 mm

D84 mm

D95 mm

D100 mm
a Min, max & mean depths are measured from Thalweg to bankfull at mid-point of feature for riffles and runs, the deepest part of pools, & at the tail-out of glides.
b Composite sample of riffles and pools within the designated reach. c Active bed of a riffle. d Height of roughness feature above bed.

% Boulder

% Sand

Valley Length (VL)

Pool to Pool Spacing to Riffle Width (Ps / Wbkf)

Mannings n by stream type

1756.98

% Bedrock

Max Step Depth to Mean Riffle Depth (dmaxs / dbkf)

2170.11

% Gravel

% Cobble

Stream:

SJH, CRM

Protrusion Heightd

Location: Classification reachWarm Mineral Springs Creek
VIValley Type:

0.34

Observers: 06/05/12 Stream Type:  F 6/1

% Silt/Clay

34.456

0.671

0.0005 0.00042

Belt Width (Wblt)

Riffle Length to Riffle Width (Lr / Wbkf)

Meander Width Ratio (Wblt / Wbkf)

Pool to Pool Spacing (Ps)

Individual Pool Length to Riffle Width (Lp / Wbkf)

Arc Length to Riffle Width (La / Wbkf)

(dmax)
 Max Depth

Max Riffle Depth to Mean Riffle Depth (dmaxrif / dbkf)

Max Run Depth to Mean Riffle Depth (dmaxrun / dbkf)

Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf)

Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf)
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6/5/2012 F6

 HUC:

51.35 Abkf               
(ft2)

1.66 dbkf          
(ft)

30.98 Wbkf          
(ft)

32.15 Wp          
(ft)

0.21 Dia.         
(mm)

0.00 D 84          
(ft)

0.0004 Sbkf          
(ft / ft)

1.60 R                                  
(ft)

32.2 g                 
(ft / sec2)

1600.00 R / D 84

0.0 DA          
(mi2)

0.147 u*          
(ft/sec)

3.22 ft / sec 165.10 cfs

Roughness (Figs. 2-18, 2-19) u = 1.49*R 2/3 *S 1/2 / n      n = 0.062

 b) Manning's n  from Stream Type (Fig. 2-20)              n = 0.062

 c) Manning's n  from Jarrett (USGS):               

n = 0.019

Q = 0.0  year

0.00 ft / sec 0.00 cfs 4. Continuity Equations:       b) USGS Gage Data      u = Q / A

 4. Continuity Equations:       a) Regional Curves       u = Q / A 0.00 ft / sec 0.00 cfsReturn Period for Bankfull Discharge

cfsDarcy-Weisbach (Leopold, Wolman and Miller)

 3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) 0.00 ft / sec 0.00

 2. Roughness Coefficient:  u = 1.49*R 2/3 *S 1/2 / n
2.20 ft / sec

cfsChezy C

 3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.) 3.33 ft / sec 171.19

Bankfull   
VELOCITY

113.07 cfsn = 0.39*S 0.38 *R -0.16

 2. Roughness Coefficient:  u = 1.49*R 2/3 *S 1/2 / n
0.67 ft / sec 34.46 cfs

 2. Roughness Coefficient:  a) Manning's n  from Friction Factor / Relative 
0.67 ft / sec 34.46

Drainage Area Shear Velocity                          
u* = (gRS)½

Bankfull 
DISCHARGE

u = [ 2.83 + 5.66 * Log { R / D 84  } ] u*  

cfs

ESTIMATION METHODS

Bankfull Riffle Cross-Sectional 
AREA Bankfull Riffle Mean DEPTH

D 84 at Riffle D 84 (mm) / 304.8

Gravitational Acceleration Relative Roughness               
R(ft) / D 84 (ft)

Bankfull SLOPE Hydraulic RADIUS                 
Abkf / Wp

Bankfull Riffle WIDTH Wetted PERMIMETER              
~ (2 * dbkf ) + Wbkf

 Observers: SJH, CJM

INPUT VARIABLES OUTPUT VARIABLES

03100102

VI

Bankfull VELOCITY & DISCHARGE Estimates
 Stream: Warm Mineral Springs Creek Location: Classification reach

 Date: Stream Type: Valley Type:

 

1.  Friction  
Factor 

 Relative 
Roughness 

Note:  This equation is applicable to steep, step/pool, high boundary 
roughness, cobble- and boulder-dominated stream systems; i.e., for 
Stream Types A1, A2, A3, B1, B2, B3, C2 & E3 

Protrusion Height Options for the D84 Term in the Relative Roughness Relation (R/D84) – Estimation Method 1 
For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of 
feature. Substitute the D84 sand dune protrusion height in ft for the D84 term in method 1. Option 1. 

Option 2. 

Option 3. 

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the top 
of the rock on that side. Substitute the D84 boulder protrusion height in ft for the D84 term in method 1. 

For bedrock-dominated channels:  Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces 
above channel bed elevation.  Substitute the D84 bedrock protrusion height in ft for the D84 term in method 1. 

For log-influenced channels:  Measure "protrustion heights" proportionate to channel width of log diameters or the height of the 
log on upstream side if embedded.  Substitute the D84 protrusion height in ft for the D84 term in method 1. Option 4.  
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Location:

Reference 
reach X

Potential 
species 
composition:

Stream:

Turkey palm
Other

45%

2.
 U

nd
er

st
or

y

Shrub layer

0%
0%

50%

Riparian Vegetation

100%

1.
 O

ve
rs

to
ry

Observers:

Warm Mineral Springs Creek Classification reach

Canopy layer

Brazilian pepper

10%

*Based on crown closure.                                                              
**Based on basal area to surface area.

Bare ground

Leaf or needle 
litter

5%

0%

Column Total = 
100%

Herbaceous

3.
 G

ro
un

d 
le

ve
l

Existing 
species 
composition:

Percent of total 
species 

composition

45%

Riparian cover 
categories

65% 0%
0%

Other35%

Remarks:                                                             
Condition, vigor and/or 
usage of existing reach:

35%

0%

0%

100%

45%
5%
0%

Live oak

25%

Brazilian pepper

Unidentified

Removal of Brazilian pepper would 
improve riparian zone and channel 
dynamics

0%

0%
0%

0%

0%

0%

06/5/12

Species composition

Comination of invasive Brazilian 
pepper and Live Oak

Date:SJH, CRM

Percent aerial 
cover*

Percent of site 
coverage**

Live Oak canopy withput 
invasives

Disturbed      
(impacted 

reach)
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Stream: Location:

Observers: Date:

General Category
E

S

I 

P

Specific Category
1

2

3

4

5

6

7

8

9

Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.  

Streamflow regulated by glacial melt.  

Intermittent stream channel:  Surface water flows discontinuously along its length.  Often 
associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where 
losing/gaining reaches create flows that disappear then reappear farther downstream.

Perennial stream channels:  Surface water persists yearlong.

Rain-on-snow generated runoff.

Ice flows/ice torrents from ice dam breaches.  

Alternating flow/backwater due to tidal influence.  

Regulated streamflow due to diversions, dam release, dewatering, etc.  

Altered due to development, such as urban streams, cut-over watersheds or vegetation 
conversions (forested to grassland) that change flow response to precipitation events.  

Seasonal variation in streamflow dominated primarily by snowmelt runoff.  

Seasonal variation in streamflow dominated primarily by stormflow runoff.  

Ephemeral stream channels:  Flows only in response to precipitation

Subterranean stream channel:  Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.  

List ALL COMBINATIONS that 
APPLY……..……. P3 P2 P6 P8

Warm Mineral Springs Creek Classification reach
SJH, CRM

FLOW  REGIME

6/5/2012
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Stream:

Location:

Observers:

Date:

S5(2)

meters feet
S-1 0.305 <1
S-2 0.3 – 1.5 1 – 5
S-3 1.5 – 4.6 5 – 15
S-4 4.6 – 9 15 – 30
S-5 9 – 15 30 – 50
S-6 15 – 22.8 50 – 75
S-7 22.8 – 30.5 75 – 100
S-8 30.5 – 46 100 – 150
S-9 46 – 76 150 – 250
S-10 76 – 107 250 – 350
S-11 107 – 150 350 – 500
S-12 150 – 305 500 – 1000
S-13 >305 >1000

Stream Order

Stream Size and Order

Category
STREAM SIZE:  Bankfull 

width
Check () 

appropriate 
category

Add categories in parenthesis for specific stream order of 
reach.  For example a third order stream with a bankfull width 
of 6.1 meters (20 feet) would be indexed as: S-4(3). 

Stream Size Category and Order  

Warm Mineral Springs Creek
Classification reach

SJH, CRM
6/5/2012

 
144



Reach:

Date:

Meander Patterns

Classification reach
6/5/2012Observers:

Stream: Warm Mineral Springs Creek
SJH, CRM

Various Meander Pattern variables modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   M1

M1             REGULAR MEANDERS 

M2            TORTUOUS  MEANDERS 

M3            IRREGULAR  MEANDERS 

M4           TRUNCATED  MEANDERS 

M5    UNCONFINED MEANDER SCROLLS 

M6     CONFINED MEANDER SCROLLS 

M7        DISTORTED MEANDER LOOPS 

M8   IRREGULAR MEANDERS with oxbows and 
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Reach:

Date:

Various Depositional Features modified from Galay et al. (1973)

List ALL CATEGORIES that APPLY   B3 B7

Depositional Patterns

Classification reach
6/5/2012Observers:

Stream: Warm Mineral Springs Creek
SJH, CRM
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Location:
Date:

Check () 
all that 
apply

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

6/5/2012

Minor amounts of small, floatable material.  

Debris consists of small, easily moved, floatable material, e.g., leaves, 
needles, small limbs and twigs.

Increasing frequency of small- to medium-sized material, such as large 
limbs, branches and small logs, that when accumulated, affect 10% or less 
of the active channel cross-section area.  

Stream:
Observers:

Warm Mineral Springs Creek
SJH, CRM

Channel Blockages
Classification reach

Significant build-up of medium- to large-sized materials, e.g., large limbs, 
branches, small logs or portions of trees that may occupy 10–30% of the 
active channel cross-section area.  

Large, somewhat continuous debris "dams," extensive in nature and 
occupying over 50% of the active channel cross-section area. Such 
accumulations may divert water into the flood-prone areas and form fish 
migration barriers, even when flows are at less than bankfull.

Debris "dams" of predominantly larger materials, e.g., branches, logs and 
trees, occupying 30–50% of the active channel cross-section area, often 
extending across the width of the active channel.  

Description/extent

None

Infrequent

Moderate

Numerous

Extensive

Materials that upon placement into the active channel or flood-
prone area may cause adjustments in channel dimensions or 
conditions due to influences on the existing flow regime.  

Numerous abandoned dams, many of which have filled with sediment and/or 
breached, initiating a series of channel adjustments, such as bank erosion, 
lateral migration, avulsion, aggradation and degradation.  
Structures, facilities or materials related to land uses or development located 
within the flood-prone area, such as diversions or low-head dams, controlled 
by-pass channels, velocity control structures and various transportation 
encroachments that have an influence on the existing flow regime, such that 
significant channel adjustments occur. 

An infrequent number of dams spaced such that normal streamflow and 
expected channel conditions exist in the reaches between dams.  

Frequency of dams is such that backwater conditions exist for channel 
reaches between structures where streamflow velocities are reduced and 
channel dimensions or conditions are influenced.  

Human 
influences

Dominating

Beaver dams:  
Few

Beaver dams:  
Frequent

Beaver dams:  
Abandoned
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6.45 Bank-Height Ratio: 3.5

1.82

Degree of Channel Incision

Degree of Channel Incision Stability Rating  Deeply Incised

Low Bank Height:

Max Bankfull Depth:

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

B
an

k-
H

ei
gh

t R
at

io
 (B

H
R

) 

Stability Rating  

Degree of Channel Incision 

Stable Slightly Incised Moderately Incised Deeply Incised 
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Pfankuch (1975) channel stability rating procedure for sand bed streams, as modified by Rosgen (1996, 2001b) and Metcalf (2012).

Stream: Location: Valley Type: Observers: Date:
Excellent Good Fair Poor

Description Rating Description Rating Description Rating Description Rating

1 2 4 6 8

2 3 6 9 12

3 2 4 5 8

4 3 6 9 12

5 1 2 3 4

6 2 4 6 8

7 2 4 6 8

8 4 6 12 16

9 4 8 12 16

10 1 2 3 4

11 1 2 3 4

12 2 4 6 8

13 4 8 12 16

14 6 12 18 24

15 1 2 3 4

Excellent Total = 11 Good Total = 0 Fair Total = 20 Poor Total = 80

A1 A2 A3 A4 A5 A6 B1 B2 B3 B4 B5 B6 C1 C2 C3 C4 C5 C6 D3 D4 D5 D6
Good (Stable) 38-43 38-43 54-90 60-95 60-95 50-80 38-45 38-45 40-60 40-64 48-68 40-60 38-50 38-50 60-85 70-90 70-90 60-85 85-107 85-107 85-107 67-98
Fair (Mod. Unstable 44-47 44-47 91-129 96-132 96-142 81-110 46-58 46-58 61-78 65-84 69-88 61-78 51-61 51-61 86-105 91-110 91-110 86-105 108-132 108-132 108-132 99-125
Poor (Unstable) 48+ 48+ 130+ 133+ 143+ 111+ 59+ 59+ 79+ 85+ 89+ 79+ 62+ 62+ 106+ 111+ 111+ 106+ 133+ 133+ 133+ 126+

DA3 DA4 DA5 DA6 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 G1 G2 G3 G4 G5 G6
Good (Stable) 40-63 40-63 40-63 40-63 40-63 50-75 50-75 40-63 60-85 60-85 85-110 85-110 90-115 80-95 40-60 40-60 85-107 85-107 90-112 85-107
Fair (Mod. Unstable 64-86 64-86 64-86 64-86 64-86 76-96 76-96 64-86 86-105 86-105 111-125 111-125 116-130 96-110 61-78 61-78 108-120 108-120 113-125 108-120
Poor (Unstable) 87+ 87+ 87+ 87+ 87+ 97+ 97+ 87+ 106+ 106+ 126+ 126+ 131+ 111+ 79+ 79+ 121+ 121+ 126+ 121+

*Rating is adjusted to potential stream type, not existing.

Large woody material present in            
4-10% of the bankfull channel.
Mostly loose assortment with no 
apparent overlap.

Moderate depostion of new gravel and 
coarse sand on old and some new 
bars.

30–50% affected. Deposits and scour 
at obstructions, constrictions and 
bends. Some filling of pools.

Sand dunes occupying 25-50% of the 
active bed.

Sand particle sizes either coarse or 
fine.

Root mass covering 20-40% of the 
active bed.

Bankfull stage is not contained; over-bank flows are 
common with flows less than bankfull. Width/depth ratio 
departure from reference width/depth ratio > 1.4. Bank-
Height Ratio (BHR) > 1.3.

Stream Type

Stream Type

Lo
w

er
 B

an
ks

B
ot

to
m

Frequent obstructions and deflectors cause 
bank erosion yearlong. Sediment traps full, 
channel migration occurring.

20–40%. Most in the 3–6" diameter 
class.
Moderately frequent, unstable obstructions 
move with high flows causing bank cutting 
and pool filling.

Significant. Cuts 12–24" high. Root mat 
overhangs and sloughing evident.

Scouring and 
deposition

Root Mass

Large woody material present in            
10-25% of the bankfull channel

Present, but mostly small twigs and 
limbs.

Assorted sizes tightly packed or 
overlapping.

Root mass present, covering >60% of 
the active bed.

Infrequent. Mostly healed over. Low 
future potential.

Little or no enlargement of channel or 
point bars.

*Potential 
Stream Type =

Poor

Modified Channel 
Stability Rating = 

Existing Stream 
Type = 

Almost continuous cuts, some over 24" high. 
Failure of overhangs frequent.

Extensive deposit of predominantly fine 
particles. Accelerated bar development.

F6/1

F1

111

Sand dunes absent. Plain bed.

Large woody material sparse, < 3% within 
bankfull channel.

More than 50% of the bottom in a state of 
flux or change nearly yearlong.

No packing evident. Loose assortment, 
easily moved.

Invasion of silt and clay particles.

Root mass relatively absent, covering       < 
20% of the active bed.

Grand Total = 

Root mass covering 40-60% of the 
active bed.

Bank slope gradient 40–60%.

Frequent or large, causing sediment 
nearly yearlong.

Moderate to heavy amounts, mostly 
larger sizes.
50–70% density. Lower vigor and fewer 
species from a shallow, discontinuous 
root mass.
Bankfull stage is not contained. Width/depth ratio 
departure from reference width/depth ratio = 
1.2–1.4. Bank-Height Ratio (BHR) = 1.1–1.3.

Moderately packed with some 
overlapping.
Sand particle sizes mostly coarse and 
fine.

70–90% density. Fewer species or less 
vigor suggest less dense or deep root 
mass.
Bankfull stage is contained within banks. 
Width/depth ratio departure from reference 
width/depth ratio = 1.0–1.2. Bank-Height Ratio 
(BHR) = 1.0–1.1.

40–65%. Mostly boulders and small 
cobbles 6–12".
Some present causing erosive cross 
currents and minor pool filling. Obstructions 
fewer and less firm.
Some, intermittently at outcurves and 
constrictions. Raw banks may be up to 
12".

Some new bar increase, mostly from 
coarse gravel.

5–30% affected. Scour at constrictions 
and where grades steepen. Some 
deposition in pools.

Sand dunes occupying 50-75% of the 
active bed.

Even distribution of sand particle sizes.

<5% of bottom affected by scour or 
deposition.

Essentially absent from immediate 
channel area.
> 90% plant density. Vigor and variety 
suggest a deep, dense soil-binding root 
mass.
Bank heights sufficient to contain the bankfull 
stage. Width/depth ratio departure from reference 
width/depth ratio = 1.0. Bank-Height Ratio (BHR) 
= 1.0.

> 65% with large angular boulders. 
12"+ common.
Rocks and logs firmly imbedded. Flow 
pattern w/o cutting or deposition. 
Stable bed.

Little or none. Infrequent raw banks 
<6".

Sand dunes occupying >75% of the 
active bed.
Large woody material present in        
25-40% of the bankfull channel.

Loca-
tion Key Category

Landform 
slope

Mass erosion

U
pp

er
 B

an
ks

Presence of 
Sand Dunes
Large Woody 
Material
Consolidation of 
particles
Sand Particle 
Size

Deposition

6/5/2012Warm Mineral Springs Creek Classification reach VI SJH, CRM

Cutting

Debris jam 
potential
Vegetative 
bank 
protection

Bank slope gradient > 60%.

Frequent or large, causing sediment nearly 
yearlong OR imminent danger of same.

Moderate to heavy amounts, predominantly 
larger sizes.
<50% density plus fewer species and less 
vigor indicating poor, discontinuous and 
shallow root mass.

Bank rock 
content

Obstructions to 
flow

Channel 
capacity

Bank slope gradient <30%. Bank slope gradient 30–40%.

No evidence of past or future mass 
erosion.

<20% rock fragments of gravel sizes, 1–3" or 
less.
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Stream:

Station:

Date: 06/05/12  F 6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Low
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

1.5

0

75

Surface Protection ( I )

0

Bedrock (Overall Very Low BEHI)

                Total Score

1.11( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

65

Warm Mineral Springs Creek
RB - Entire reach SJH, CRMObservers:

Location: Classification reach

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

90

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

65

13.0

1.0

3.1

5.4

BEHI Score 
(Fig. 3-7)

3

3

2.0

             Root Depth / Study Bank Height ( E )

1.003

2.7

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 

(G) 

(E) 

(H) 

( I ) 

(C) 
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1
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Stream:                       Location:
Station: Stream Type:  F 6/1 Valley Type: VI
Observers: Date: 06/05/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

28.03

2.23 1.93 1.16 Low

2.23 1.93

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

Classification reach
RB - Entire reach

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream:

Station:

Date: 06/05/12  F 6/1 VI

Study Bankfull
Bank Height

Height (ft) =  (ft) =

Root Study 
Depth Bank

(ft) = Height (ft) =

Root 
Density ( F ) x ( E )  = 

as % = 

Bank
Angle

  as Degrees   =  

Surface
Protection
      as %      = 

                       Bank Material Adjustment:

Sand (Add 10 points)
Silt/Clay (no adjustment)

Very Low Low Moderate High Very High Extreme Low
and

5 – 9.5 10 – 19.5 20 – 29.5 30 – 39.5 40 – 45 46 – 50

Gravel or Composite Matrix (Add 5–10 points depending on 
percentage of bank material that is composed of sand)

1.5

0

30

Surface Protection ( I )

0

Bedrock (Overall Very Low BEHI)

                Total Score

1.15( A ) / ( B ) = 

 Adjective Rating

                                                                Bank Angle ( H )

40

Warm Mineral Springs Creek
LB - Entire reach SJH, CRMObservers:

Location: Classification reach

Valley Type:

  Stratification Adjustment

                Adjustment
     Bank Material

Study Bank Height / Bankfull Height ( C )

Cobble (Subtract 10 points if uniform medium to large cobble)

Stream Type:

( D ) / ( A ) = 

90

Boulders (Overall Low BEHI)

  Weighted Root Density ( G )

40

13.0

1.0

5.1

2.4

BEHI Score 
(Fig. 3-7)

2.3

2.3

3.0

             Root Depth / Study Bank Height ( E )

1.002.3

2

Add 5–10 points, depending on 
position of unstable layers in 
relation to bankfull stage 
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Stream:                       Location:
Station: Stream Type:  F 6/1 Valley Type: VI
Observers: Date: 06/05/12

Level  I

Level  II
Level  II

Level  II

Level  III

Level  III
Level  IV

30.98

2.48 1.66 1.49 Low

2.48 1.66

0

(1) (2) (3) (4) (5) (6) (7)
 N / A > 3.00 < 0.20 < 0.40 < 1.00 < 0.80 < 0.50
 N / A 2.21 – 3.00 0.20 – 0.40 0.41 – 0.60 1.00 – 1.50 0.80 – 1.05 0.50 – 1.00
 N / A 2.01 – 2.20 0.41 – 0.60 0.61 – 0.80 1.51 – 1.80 1.06 – 1.14 1.01 – 1.60
See 1.81 – 2.00 0.61 – 0.80 0.81 – 1.00 1.81 – 2.50 1.15 – 1.19 1.61 – 2.00
(1) 1.50 – 1.80 0.81 – 1.00 1.01 – 1.20 2.51 – 3.00 1.20 – 1.60 2.01 – 2.40

Above < 1.50 > 1.00 > 1.20 > 3.00 > 1.60 > 2.40

Pool Slope 
Sp

Classification reach
LB - Entire reach

Bankfull 
Shear 

Stress τbkf ( 
lb/ft2 )

Near-Bank 
Stress 
(NBS)

Ratio τnb / 
τbkf

Near-Bank 
Stress 
(NBS)

Mean Depth 
dbkf (ft)

(5)

Warm Mineral Springs Creek

Ratio  dnb / 
dbkf

Near-Bank 
Stress 
(NBS)

Near-Bank 
Slope Snb

Near-Bank 
Shear 

Stress τnb ( 
lb/ft2 )

Near-Bank 
Max Depth 

dnb (ft)

(5)   Ratio of near-bank maximum depth to bankfull mean depth ( dnb / dbkf )

Near-Bank 
Max Depth 

dnb (ft)

Near-Bank 
Stress 
(NBS)

(1)

Radius of   
Curvature      

Rc (ft)

Methods for Estimating Near-Bank Stress (NBS)

Riffle Slope 
Srif

(7)   Velocity profiles / Isovels / Velocity gradient

Near-Bank Stress
Low

Le
ve

l I
II

Ratio  Sp / 
Srif

Mean Depth 
dbkf (ft)

Average 
Slope S

Ratio Sp / S

Bankfull 
Width Wbkf 

(ft)

Chute cutoffs, down-valley meander migration, converging flow……………………

Estimating Near-Bank Stress ( NBS )
Le

ve
l I

I

(2)

(3)

(4)

Ratio  Rc / 
Wbkf

Near-Bank 
Stress 
(NBS)

DominantPool Slope 
Sp

Average 
Slope S

Low

Near-Bank Stress (NBS) 
ratings

(7)
0

Method number

Very Low

(6)

Converting Values to a Near-Bank Stress (NBS) Rating

Le
ve

l I
V

Velocity Gradient ( ft / sec 
/ ft )

Low

High
Very High
Extreme

Overall Near-Bank Stress (NBS) rating

Near-Bank 
Stress 
(NBS)

Moderate

………….….NBS = Extreme

Transverse and/or central bars-short and/or discontinuous……….…

SJH, CRM

………………...….NBS = High / Very High
Extensive deposition (continuous, cross-channel)……………..……………...…….

(3)   Ratio of pool slope to average water surface slope ( Sp / S )

(4)   Ratio of pool slope to riffle slope ( Sp / Srif )

Validation

(1)   Channel pattern, transverse bar or split channel/central bar creating NBS

(6)   Ratio of near-bank shear stress to bankfull shear stress ( τnb / τbkf )

Reconaissance

General prediction

…………....NBS = Extreme

(2)   Ratio of radius of curvature to bankfull width ( Rc / Wbkf )

General prediction

General prediction

Detailed prediction

Detailed prediction

Le
ve

l I
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Stream: Location:

Date: 6/5/2012

Observers: Valley Type: VI Stream Type:  F 6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Low  Low 0.003 312.0 3.0 2.81 0.00040

2. Low  Low 0.003 312.0 2.3 2.15 0.00030

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 4.96
Total 

Erosion 
(yds3/yr) 0.18

Total 
Erosion   
(tons/yr) 0.24

Unit Erosion 
Rate 

(tons/yr/ft) 0.0008
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

RB - Entire 
reach
LB - Entire 
reach

(1)
Station (ft)

Warm Mineral Springs Creek

312NC Erosion Data

Classification reach

Total Stream Length (ft):

SJH, CRM

Graph Used:
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Stream: Location:

Date: 6/5/2012

Observers: Valley Type: VI Stream Type:  F 6/1
(2) (3) (4) (5) (6) (7) (8)

BEHI rating 
(Worksheet 
3-11) 
(adjective)

NBS rating 
(Worksheet 
3-12) 
(adjective)

Bank 
erosion 
rate 
(Figure 3-9 
or 3-10) 
(ft/yr)

Length of 
bank (ft)

Study bank 
height (ft)

Erosion 
subtotal 
[(4)×(5)×(6)] 
(ft3/yr)

Erosion 
Rate 
(tons/yr/ft) 
{[(7)/27] × 
1.3 / (5)}

1. Low  Low 0.036 312.0 3.0 33.42 0.00520

2. Low  Low 0.036 312.0 2.3 25.62 0.00400

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
Total 

Erosion 
(ft3/yr) 59.03
Total 

Erosion 
(yds3/yr) 2.19

Total 
Erosion   
(tons/yr) 2.84

Unit Erosion 
Rate 

(tons/yr/ft) 0.0091
Calculate erosion per unit length of channel  {divide Total Erosion 
(tons/yr) by total length of stream (ft) surveyed}

Convert erosion in ft3/yr to yds3/yr  {divide Total Erosion (ft3/yr) by 27}

Sum erosion subtotals in Column (7) for each BEHI/NBS combination

Convert erosion in yds3/yr to tons/yr  {multiply Total Erosion (yds3/yr) 
by 1.3}

RB - Entire 
reach
LB - Entire 
reach

(1)
Station (ft)

Warm Mineral Springs Creek

312CO Erosion Data

Classification reach

Total Stream Length (ft):

SJH, CRM

Graph Used:
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SS-AGR-17

Brazilian Pepper-tree Control 1

Ken Gioeli and Ken Langeland2

1. This document is SS-AGR-17, one of a series of the Agronomy Department, Florida Cooperative Extension Service, Institute of Food and Agricultural 
Sciences, University of Florida. Original publication date April 1997. Revised February 2009, May 2012. Visit the EDIS website at http://edis.ifas.ufl.edu.

2. Ken Gioeli, courtesy Extension agent I, St. Lucie County and Ken Langeland, professor, Agronomy Department, Florida Cooperative Extension Service, 
Institute of Food and Agricultural Sciences, University of Florida, Gainesville, FL 32611. 

The use of trade names in this publication is solely for the purpose of providing specific information. UF/IFAS does not guarantee or warranty the 
products named, and references to them in this publication do not signify our approval to the exclusion of other products of suitable composition. Use 
herbicides safely. Read and follow directions on the manufacturer’s label. 

The Institute of Food and Agricultural Sciences (IFAS) is an Equal Opportunity Institution authorized to provide research, educational information and other services only to 
individuals and institutions that function with non-discrimination with respect to race, creed, color, religion, age, disability, sex, sexual orientation, marital status, national 
origin, political opinions or affiliations. U.S. Department of Agriculture, Cooperative Extension Service, University of Florida, IFAS, Florida A&M University Cooperative 
Extension Program, and Boards of County Commissioners Cooperating. Millie Ferrer-Chancy, Interim Dean

Common Name: Brazilian Pepper-tree 

Scientific Name: Schinus terebinthifolius

Family Name: Anacardiaceae, Sumac Family 

Florida’s natural ecosystems are being degraded by an 
invasion of non-native plants. This invasion is partially 
responsible for the declining numbers and quality of native 
biotic communities throughout Florida. 

Brazilian pepper-tree is one of the most aggressive of these 
non-native invaders. Where once there were ecologically 
productive mangrove communities, now there are pure 
stands of Brazilian pepper-trees. Scrub and pine flatwood 
communities are also being affected by this invasion. Nearly 
all terrestrial ecosystems in central and southern Florida are 
being encroached upon by the Brazilian pepper-tree. 

Land managers and home owners now are realizing 
the need to remove and stop the spread of Brazilian 
pepper-trees. 

HISTORY
Brazilian pepper-tree is a native of Argentina, Paraguay, and 
Brazil. It is thought to have been introduced into Florida 
around 1842-1849 as a cultivated ornamental plant. Schinus 
is the Greek word for mastic-tree, a plant with resinous sap, 

which this genus resembles. The species name terebinthi-
folius  is a combination of the genus name Terebinthus and 
the Latin word folia, leaf. It refers to the leaves of Brazilian 
pepper-tree that resemble the leaves of species in the genus 
Terebinthus. 

HABITAT
Brazilian pepper-tree is sensitive to cold temperatures, 
so it is more abundant in southern Florida and protected 
areas of central and north Florida. Brazilian pepper-tree 

Figure 1.  The Brazillian pepper-tree is an aggressive non-native 
invader that needs to be controlled throughout Florida.
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successfully colonizes native tree hammocks, pine flatlands, 
and mangrove forest communities. 

IDENTIFICATION
Seedlings
The cotyledons are simple with both the apex and the base 
having an obtuse outline. The margin is generally curved 
inward on one side. The first true leaves are simple with a 
toothed margin (Figure 2). The later leaves are compound 
(Figure 3). 

Mature Plant
Brazilian pepper-tree is a shrub or small tree to 10 m (33 
ft) tall with a short trunk usually hidden in a dense head of 
contorted, intertwining branches. The leaves have a reddish, 
sometimes winged midrib, and have 3 to 13 sessile, oblong 
or elliptic, finely toothed leaflets, 2.5 to 5 cm (1 to 2 in) long 
(Figure 3). Leaves smell of turpentine when crushed. The 
plants have separate male or female flowers and each sex 
occurs in clusters on separate plants. The male and female 
flowers are both white and are made up of five parts with 
male flowers having 10 stamens in 2 rows of 5 (Figure 4). 
Petals are 1.5 mm (0.6 in) long. The male flowers also have 
a lobed disc within the stamens. The fruits are in clusters, 
glossy, green and juicy at first, becoming bright red on 
ripening, and 6 mm (2.4 in) wide. The red skin dries to 
become a papery shell surrounding the seed.  The seed is 
dark brown and 0.3 mm (0.1 in) in diameter. 

Biology
Seedlings are flood-tolerant, but rapid change of water 
level up or down causes some mortality. About 20 percent 
of seedlings exposed to fire re-sprout. Flowering occurs 
predominantly from September through November. Male 
flowers last only 1 day. Female flowers last up to 6 days 
and are pollinated by insects. Fruits usually are mature by 
December. Birds and mammals are the chief means of seed 
dispersal. Seed viability is 30 to 60 percent and can last up 
to 2 months, but declines to 0.05 percent at 5 months. Many 
native species have a lower percentage of germination than 
Schinus. The high seed viability combined with animal 
dispersing agents may explain colonization by Brazilian 
pepper-tree in our native plant communities. 

Seedlings have a high rate of survival and some can 
be found all year. Any break in the tree canopy can be 

Figure 2.  Brazilian pepper seedlings.

Figure 3.  Leaves and fruits of mature Brazilian pepper-tree.

Figure 4.  Male and female flowers of mature Brazilian pepper-tree.
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exploited by seedlings. Reproduction can occur 3 years after 
germination. Some trees can live for about 35 years. 

CONTROL
Using Herbicides
Herbicides are available that aid in the control of Brazilian 
pepper-trees (Table 1). Only those herbicides that are 
recommended for Brazilian pepper-tree control should be 
used. They are safe and effective when used correctly. It is 
illegal to use an herbicide in a manner inconsistent with 
the label’s instructions; therefore, read the label carefully 
and follow the instructions. 

Herbicide Application to Cut-Stump
Brazilian pepper-trees can be controlled by cutting them 
down and treating the stumps with herbicide. A saw should 
be used to cut the trunk as close to the ground as possible. 
Within 5 minutes, an herbicide that contains the active 
ingredient glyphosate or triclopyr should be applied as 
carefully as possible to the thin layer of living tissue, called 
the cambium, which is just inside the bark of the stump 
(Figure 5). 

The best time to cut Brazilian pepper-trees is when they 
are not fruiting because seeds contained in the fruits have 
the capability of producing new Brazilian pepper-trees. If 
Brazilian pepper-trees that have fruits attached are cut, care 
should be taken not to spread the fruits to locations where 
they can cause future problems. Fruiting Brazilian pepper-
trees can be controlled using a basal bark herbicide applica-
tion. Information about basal bark herbicide applications is 
described in the next section. 

Caution:  Avoid touching the tree’s cambium. A rash can 
result. Some individuals are very sensitive to touching only 
the leaves. Use proper protective gear when sawing the tree 
and applying the herbicides. 

Basal Bark Herbicide Application
Brazilian pepper-trees can be controlled using basal bark 
herbicide application. An application of an herbicide 
product that contains triclopyr ester is applied to the 
Brazilian pepper-tree’s bark between one half and one foot 
from the ground. Garlon 4® is diluted with a penetrating 
oil. Pathfinder II® is pre-mixed with a penetrating oil. The 
herbicide will pass through the bark. Therefore, girdling 
the tree’s trunk is not necessary and, in fact, may reduce 
the effectiveness. Once the basal bark treatment has 
been completed, it may take several weeks before there is 
evidence that the tree has been controlled. Defoliation and 
the presence of termites are indicators that the treatment  
has been successful.  

Basal bark treatments are most effective in the fall when 
the Brazilian pepper-trees are flowering. This is due to 
the high level of translocation occurring within the tree. 
Fruiting occurs during winter, and Brazilian pepper-trees 
that have been controlled using a basal bark  treatment may 
retain their fruit. This situation will require that the area be 
checked for seedlings on a regular basis.

Foliar Herbicide Application
Foliar herbicide application can be used on Brazilian 
pepper-tree seedlings.  An herbicide containing triclopyr or 
glyphosate is applied directly to the tree’s foliage. Results of 
a foliar application will be wilting of leaves. The herbicide 
will be translocated to other parts of the tree, thus effec-
tively controlling the Brazilian pepper-tree. 

Caution: Foliar applications require considerably more 
herbicide to control Brazilian pepper-tree. Also, damage 
to nearby plants resulting from wind drift of the herbicide 
should be avoided.

Biological Control
Currently, there are no biological controls that have been 
released in the United States for Brazilian pepper-tree. 
Over 200 insects have been identified that feed on Brazilian 
pepper-trees in the tree’s native land. However, in order for 
them to be considered as possible biological control agents, 
scientists must prove that they are specific to Brazilian 
pepper-trees. Effective biological control agents must be 
able to reproduce after introduction into the United States. 

Figure 5.  Brazilian pepper-tree stump showing location of the 
cambium layer.
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University of Florida scientists have identified two insect 
species that may prove to be effective biological control 
agents, a sawfly and a thrips. The sawfly causes defoliation 
and the thrips feeds on new shoots. UF scientists expect au-
thorization to release these insects in the future. However, 
their effectiveness for controlling Brazilian pepper-trees in 
Florida is as yet unknown. 

For more information, see UF/IFAS EDIS publication ENY-
820 Classical Biological Control of Brazilian Peppertree 
(Schinus terebinthifolius) in Florida at http://edis.ifas.ufl.
edu/IN114 and EENY-270 Brazilian Peppertree Seed Wasp, 
Megastigmus transvaalensis (Hymenoptera: Torymidae) at 
http://edis.ifas.ufl.edu/IN453.

Table 1.  Herbicides and application methods for Brazilian pepper-tree control.
Active ingredient1 Application Methods Comments

Glyphosate Cut stump
Foliar

Some products available in small containers from retail garden 
suppliers.  Some products may be applied directly to water

Imazapyr (2 lb/gallon) Cut stump
Foliar (low volume)

Should only be applied by licensed herbicide applicators.

Triclopyr amine Cut stump
Foliar

Some products available in small containers from retail garden 
suppliers.  Some products may be applied directly to water

Triclopyr ester Cut stump
FoliarBasal bark

Available from agricultural suppliers. May not be applied directly to 
water.

1  Based on the acid.
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