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INTRODUCTION TC \l1 "INTRODUCTION
One of the alternatives being considered as part of the South Lee County Watershed Plan (SLCWP) update is the installation of additional culverts under I-75 in the two-mile stretch south of the Estero River.  Although there are existing culverts beneath this section of I-75, management of regional surface flows may be facilitated by increasing the capacity of the existing culvert system.  Although site hydrology will be a primary determinant of whether this alternative is feasible and desirable, the potential for adverse ecological effects also requires evaluation, particularly with regard to the potential for altering wetland hydrologic regimes on the upstream (i.e., eastern) side of I-75.
As part of this evaluation process, Winchester Environmental Associates, Inc. (WEA) was requested to conduct a hydroecological assessment of the SLCWP study area (Figure 1).  The study area is bounded by the Estero River to the north and I-75 to the west, and extends roughly two miles south and one mile east from the northern and western boundaries, respectively. 

The primary objectives of the WEA assessment were to: 1) characterize the health and hydroecology of the natural and disturbed wetland communities within the study area, 2) provide estimated seasonal high water (SHW) elevations and flooding depths for various locations within the study area, 3) compare the field-estimated hydroecological data with hydrologic model outputs, and 4) evaluate whether the proposed expansion of culvert capacity is likely to have an adverse effect upon on-site wetlands.
METHODOLOGY TC \l1 "INTRODUCTION
WEA carried out field evaluations of the SLCWP study area during the December 5-8, 2008 period.  During that period WEA examined field hydroecological indicators at 60 locations distributed throughout the study area.  Using various hydrobiological indicators (e.g., stain lines, lichen lines, melaleuca bark rot lines, fence rust lines, moss collars, drift lines), estimated normal SHW elevations were identified for each of these locations.  A laser level was used to establish the relative elevations of these estimated SHWs relative to a field benchmark.  Using the NAVD 1988 datum, elevations of the field benchmarks were subsequently provided by a professional land surveyor, allowing WEA to calculate the actual NAVD elevations of each SHW point.
Ideally, the hydroecologic evaluation of a site should be based on both field hydrobiological indicators as well as stage/piezometer data, which provides for site-specific referencing of hydrobiological indicators.  Hydroecologic evaluations can still be performed on sites where hydrologic monitoring data are not available, but there is invariably some loss in precision in the estimates developed from the various field hydrobiologic indicators.  In the case of the SLCWP study area, the occurrence of a major storm event in 2008 added complexity because it established field indicators reflecting this high-high water event in addition to the normal SHW indicators.  Nonetheless, on-site field indicators were still considered adequate to develop reasonable field estimates of normal SHW elevations across much of the study area.
EXISTING HYDROECOLOGICAL CONDITIONS
Site Ecological Characteristics TC \l2 "General Site Characteristics
The SLCWP study area supports three major native plant communities: cypress-pine- palm forest, cypress swamp, and pine flatwoods.  Of these three communities, only pine flatwoods is considered an upland community that does not typically inundate for extended periods during the wet season.  Depending on the location within the study area, all three of these native plant communities have been invaded to varying degrees by melaleuca (Melaleuca quinquenervia), an aggressive exotic species that often displaces native plant species and sometimes forms dense monotypic stands in which virtually no other plant species are present.  
Melaleuca tend to be particularly invasive where natural hydrologic regimes have been altered by surface drainage and/or lowered water tables, and also where the soil surface has been physically disturbed.  They are slower to invade the deeper native wetlands that still retain their natural hydrologic regimes.  On the SLCWP study area, melaleuca-dominated communities are more prevalent along the western and northern portion of the study area, presumably due to the presence of the I-75 corridor (and its historic soil disturbance) and the altered hydrologic regimes in this same area.
The aerial photograph in Figure 1 shows that the cypress-pine-cabbage community (gray photographic signature) is the most common community within the SLCWP study area, with scattered pine flatwoods uplands (green photographic signature) usually occurring as “islands” within the wetland landscape.  A secondary green signature occurs in the northwestern and west-central portions of the study area where melaleuca has become the dominant tree species.  An excerpt from a recent vegetation map prepared by Agnoli, Barber and Brundage (2008) shows the distribution of native plant communities on the study area along with an overlay indicating the degree of melaleuca infestation (Figure 2).  This figure is in good agreement with WEA’s on-site field observations in December 2008.

A melaleuca removal/control program has recently been carried out on the tract of land immediately north of the study area.  This control program has drastically altered the vegetation composition of this area, and has been effective in restoring a much more natural assemblage of plant species.  Figures 3-5 provide a series of photographs comparing the melaleuca dominated communities on the SLCWP study area with the adjacent restored lands to the north.  These photos are useful both in showing the extent to which some areas within the study area have been adversely affected by melaleuca, and in showing what a successful melaleuca elimination program can achieve.  

Site Hydroecological Conditions
From a qualitative standpoint, WEA’s field studies on the SLCWP study area found that the degree of vegetation disturbance and modification of natural hydrologic regimes generally decreased on west-to-east and north-to-south gradients.  There were many areas in the eastern half of the study area that supported very natural wetland plant communities with either minimal or no melaleuca invasion.  Representative photos of these wetland areas are provided in Figures 6 and 7.
Hydroecological indicator data collected by WEA in December 2008 are presented in Table 1; field data collection points are shown in Figure 8.  Because these data were collected from the study area over a three-day period rather than over an annual or multi-year period with water level monitoring data, they are not sufficient to develop precise estimates of hydroecological conditions within the study area.  However, when evaluated in concert with the review of historic and recent aerial photography, the data do support the development of preliminary conclusions regarding the general hydroecological characteristics of the site.  WEA’s hydroecological evaluation also included the comparison of modeled average SHW elevations and site topography provided by A.D.A. Engineering Inc. (ADA).  Figure 9 compares WEA’s field-estimated average SHW elevations with available topographic data for the site.  Figure 10 compares WEA’s field-estimated average SHW elevations with ADA’s modeled average SHW elevations for 2008.

A summary of the preliminary findings from WEA’s hydroecological evaluation are provided below:  

Normal SHW Elevations

 TC \l2 "General Site Characteristics
· Normal SHW elevation is defined as the high water level elevation normally encountered at a particular location during the wet season of a normal water year.  It is distinct from the episodic high-high water levels that are typically associated with major storm events occurring on an average frequency of once every 10 years or more.

· WEA’s estimated normal SHW elevations across the SLCWP study area ranged from 14.3 to 15.5 feet NAVD.  Normal SHW elevations were generally higher in the southern third of the study area (15.0 to 15.4 feet NAVD) than in the northern two-thirds of the study area (14.5 to 15.0 feet NAVD)
· The lowest normal SHW elevations were generally found in the west-central portion of the study area in the vicinity of Halfway Creek, and just to the north between Halfway Creek and the Estero River.  Although these lower SHW elevations may be attributable in part to lower ground surface elevations in this area, WEA’s hydroecological field observations suggest that this area currently has an altered hydrologic regime compared to natural, historic conditions.  This altered hydrologic regime is likely expressed in both lower average SHW elevations as well as reduced average hydroperiods, though no direct data are available to support this later supposition.  The existing drainage system under I-75 in the vicinity of Halfway Creek is the most likely causative factor for these observed indicators of a reduced hydrologic regime.
· It should be noted that the currently-available topographic data for the study area are not completely reliable.  Available topographic data indicate an elevationally higher area in the south-central portion of the site (shown in dark green in Figure 9).  While small elevationally-higher areas occur throughout the study area in association with pine flatwoods “islands,” the presence of the large south-central rise shown in Figure 9 is not supported by WEA’s field observations and elevation measurements, or by available aerial photography.  Figure 9 indicates that ground surface elevations in this area are in the range of 15.5 to 16.0 feet NAVD.  WEA’s referenced spot elevations in this same area are consistently below 14.0 feet NAVD.  The elevationally-lower nature of this area is also clearly seen in color infrared aerial photography of the study area, which shows large areas of seasonal inundation and with greater flooding depths (Figure 11).
· A comparison was made of WEA’s estimated normal SHW elevations with those produced by the ADA modeling effort (Figure 10).  There was close agreement between the WEA estimates and the model estimates for the southern and northernmost portions of the study area.  In the central portion of the study area WEA’s estimated normal SHW elevations were somewhat lower, indicating that field observations are showing more of a drainage effect in this area than the model results are. 
Normal Flooding Depths

· Normal flooding depth is defined as the depth of water above the ground surface when a site is exhibiting normal SHW levels.  Normal flooding depths within the SLCWP study area can be derived by comparing WEA’s field-estimated normal SHW elevations with the measured ground surface elevations at the same location.  The discussion below concerning normal flooding depths is all in relation to the cypress-pine-palm community (with or without melaleuca).  Cypress swamps tend to occur in elevationally-lower depression and basins within the study area, and would therefore be expected to have greater flooding depths than the cypress-pine-palm community.  Consequently, it would not be appropriate to compare normal flooding depths across these two community types.
· Normal flooding depths were generally greater than 1.0 feet in the southern portion of the study area but less than 0.5 feet in the west-central portion of the study area.  The existing culvert drainage system beneath I-75 has likely caused these reduced normal flooding depths in the west-central portion of the study area.  In the southwestern portion of the study area where greater normal flooding depths occur, it is possible that the historic construction of I-75 altered sheet flow patterns and that there is now a minor impoundment effect east of I-75.  Regardless of the cause, the net result is that the wetlands in the southwestern portion of the study area appear to be less drained than their counterparts in the west-central and northwestern portion of the study area.
· Normal flooding depths appear to consistently increase on a gradient from west to east across the study area.  Normal flooding depths are often in the 1.0-1.3 foot range in the eastern half of the study area, and in the 0.4-0.8 foot range in the westernmost portion of the study area (excepting the southernmost area, as discussed above).  This suggests that the existing drainageways under I-75 are having a substantial drainage effect on the westernmost portion of the study area.  This drainage effect is most pronounced in the westerly portion of Halfway Creek and in the area immediately to the north, where normal flooding depths are generally below 0.5 feet.
Site Hydrology and the Distribution/Density of Melaleuca
· Field observations indicate that the thickest melaleuca stands occur in the northwestern and west-central portions of the study area.  These general observations are supported by the observations of Agnoli, Barber & Brundage (2008), as shown in Figure 2.   There appears to be a general correlation between melaleuca density on the site and the degree of drainage as indicated by normal flooding depths, with the areas more affected by drainage supporting older, denser melaleuca stands.  However, the areas of greater melaleuca invasion within the study area may also be related simply to their proximity to the I-75 corridor, where historic melaleuca colonization was presumably facilitated by soil disturbance and importation of seeds on construction equipment.  Even in the absence of any effect from altered hydrologic regimes, the direction of melaleuca invasion would be expected to be west to east for this particular site.
· Model predictions have not yet been developed for normal SHW levels and hydroperiods after installation of the proposed culvert improvements.  To the extent that the additional culverts lower normal SHW elevations, normal flooding depths, and average hydroperiods in those portions of study area where melaleuca is not dominant, the encroachment of melaleuca will likely be facilitated.  If the additional culverts have no significant effect upon the hydrologic regimes of the eastern half of the study area due to the distances involved, then no change in the rate of melaleuca invasion would be expected for these areas.

· In the westernmost portion of the study area where melaleuca is well-established as a dominant or co-dominant species, further reduction of hydrologic regimes is not likely to have much incremental effect.  In these areas historic drainage has already allowed/facilitated melaleuca establishment, and even restoring the former natural hydrologic regimes would not eliminate these melaleuca stands.
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Figure 1.  SLCWP study area location map 
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Figure 2.  SLCWP study area vegetation map
(adapted from map prepared by Agnoli, Barber and Brundage, 2008)
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Figure 3.  Ground photographs at WEA Field Site 7-1

(Top photograph looking north at restored area with dead melaleuca trunks still standing; bottom photograph looking south at unrestored area)
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Figure 4.  Ground photographs at WEA Field Site 7-2

(Top photograph looking north at restored area with dead melaleuca trunks still standing; bottom photograph looking south at unrestored area)
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Figure 5.  Ground photographs east of WEA Field Site 7-2

(Top photograph looking north at restored area with dead melaleuca trunks still standing; bottom photograph looking south at unrestored area)
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Figure 6.  Ground photographs of the cypress-pine community within the SLCWP study area
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Figure 7.  Ground photographs of the cypress swamp community within the SLCWP study area
[image: image14.jpg]



[image: image15.jpg]



Figure 8.  WEA hydroecological field sites within the SLCWP study area
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Figure 9.  Estimated normal SHW elevations versus topography

within the SLCWP study area 

(topographic information provided by A.D.A. Engineering, Inc.)
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Figure 10.  Estimated normal SHW elevations versus modeled 

SHW elevations within the SLCWP study area 

(modeled elevations provided by A.D.A. Engineering, Inc.)
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Figure 11.  1999 color infrared aerial photograph of the SLCWP study area
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