Submerged Aquatic Vegetation (SAV) Assessments
Annual Mapping 

On a yearly basis, the entire submerged plant community of the Lake is mapped with an intensive program. Sampling starts in late August during the peak of the growing season and is complete by mid-September. A GIS coverage of the lake surface is overlaid onto a rectangular grid of 1,000 x 1,000 m cells in ARC/INFO. A GIS coverage of the littoral zone is laid onto the map, and common cells are clipped from the final coverage, as is the deeper central pelagic region. This results in a near-shore grid of approximately 700 sampling sites (Fig. 1). Coordinates for the grid cell center-points are loaded into Trimble Pathfinder Global Positioning System (GPS) units (differentially corrected). The boat operator navigates to the mid-point of each grid cell by GPS, where water depth is measured with a calibrated plastic rod and Secchi depth is measured with a 20-cm black and white disk. Plants are sampled using a tool constructed of two standard garden rakes bolted together at midpoint to create a tonglike device. The degree of opening is constrained by placing a chain between the two handles, such that three replicate samplings with the device removes ~1 m2 of bottom cover.  Plants are placed into a plastic tray and sorted by species, and the information described above is entered into a data logger. Sediment type is determined by inspection of material brought up in the rakes or by observation from the boat where water transparency is good. Sampling with this method is possible up to a maximal depth of approximately 3 m.  Sample runs begin near the shoreline and proceeds lake ward along row of cells until two consecutive cells are encountered with no SAV.  Field data are downloaded from the GPS logger into ARC/INFO, where maps are developed for each of the measured attributes and spatial extents are calculated in hectares. It is assumed that data collected at the center-point of a grid cell represents that of the entire cell. While this may introduce error into the results, it is a necessary assumption given the large spatial scale of sampling. These maps allow us to determine the total number of acres of each dominant plant species (eelgrass, peppergrass, hydrilla, and chara), and how this acerage changes from year-to-year with variations in lake stage and other conditions.
Results of the aquatic vegetation sampling in Lake Okeechobee are used to generate scores for a key performance measure of CERP -- in this case the total spatial extent of submerged aquatic vegetation and bulrush in the lake. The long-term restoration goals are to consistently have over 40,000 acres of submerged vegetation and over 10,000 acres of bulrush, in order to provide abundant habitat for fish and wildlife that use the lake, and to help maintain good water quality in the shoreline area. 
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Figure 1.  Submerged Aquatic Vegetation (SAV) annual mapping sampling grid (grid cell size = 1km2).
Results
2009 (Fig. 2)
The total SAV in August 2009 covered 46,418 acres of the lake. This compares with a total of 35,834 acres in late summer 2008. The increase in SAV was a response to better light conditions that resulted from low water levels during the 2007 to 2009 growing season. The acreages of dominant plants in 2009 are as follows: Chara (shrimpgrass) –25,278 acres, compared to 28,515 acres in 2008; Vallisneria (eelgrass) – 6,497 acres, compared to 9,405 acres in 2008; Hydrilla – 15,816 acres, compared to 1,150 acres in 2008; Potamogeton (peppergrass) – 1,380 acres, compared to 247 acres in 2008; Ceratophyllum – 12,489 acres, compared to 477 acres in 2008. Below is the total and species coverage map generated from these data (Fig. 2).

In summary, there was a substantial increase in the spatial extent of submerged plants in the lake between August 2008 and 2009 in concert with favorable low water levels. The community also contained a high percentage of desirable vascular plants that provide good habitat for fish and other wildlife. 

2008 (Fig. 3)

SAV in August 2008 covered 35,834 acres of the lake.  This compares with a total of 28,180 acres in late summer 2007, when the last map was done.  The increase in SAV was a response to low water levels and improved light conditions (caused by drought conditions) during the year prior to sampling. Chara, a macroalgae with a competitive advantage under these conditions, became the dominant species and rapidly expanded across the southern and western shoreline accounting for 79% of the submerged plant community during the August mapping. The acreages of dominant plants in 2008 are as follows: Chara (shrimpgrass) -  28,515 acres, compared to 27,686 acres in 2007; Vallisneria (eelgrass) – 9,405 acres, compared to 494 acres in 2007; Hydrilla – 1,150 acres, compared to 0 in 2007; Potamogeton (peppergrass) 247 acres, compared to 0 acres in 2007; Ceratophyllum – 477 acres, compared to 0 acres in 2007. Below is the total and species coverage map generated from these data (Fig. 3).
2007 (Fig. 4)

SAV in August 2007 covered 28,180 acres of the lake.  This compares with a total of 2,965 acres in late summer 2006, when the last map was done.  The increase in SAV was a response to low water levels and improved light conditions (caused by drought conditions) during the year prior to sampling. Chara, a macroalgae with a competitive advantage under these conditions, became the dominant species and rapidly expanded across the southern and western shoreline accounting for 98% of the submerged plant community during the August mapping. The acreages of dominant plants in 2007 are as follows: Chara (shrimpgrass) -  27,686 acres, compared to 2,470 acres in 2006; Vallisneria (eelgrass) – 494 acres, compared to 740 acres in 2006; Hydrilla – 0 acres, compared to 0 in 2006; Potamogeton (peppergrass) 0 acres, compared to 0 acres in 2006; Ceratophyllum (coontail) – 0 acres, compared to 495 acres in 2006.  Below is the total and species coverage map generated from these data (Fig. 4).

2006 (Fig. 5)

SAV in August 2006 covered 2,965 acres of the lake.  This compares with a total of 10,872 acres in late summer 2005, when the last map was done.  The decrease in SAV was a response to poor light conditions, and high water levels (caused by Hurricane Wilma) during the year prior to sampling. It appears that the hurricane stirred up fine sediments in the lake resulting in a long exposure to very turbid, deep water.  After the hurricane it was common to have Secchi depths (a measure of water transparency) of less than 30 cm.  The acreages of dominant plants in 2006 are as follows: Chara (shrimpgrass) -  2,470 acres, compared to 247 acres in 2005; Vallisneria (eelgrass) – 740 acres, compared to 494 acres in 2005; Hydrilla – 0 acres, compared to 7,166 in 2005; Potamogeton (peppergrass) 0 acres, compared to 494 acres in 2005; Ceratophyllum (coontail) – 495 acres, compared to 7,166 acres in 2005. Below is the total and species coverage map generated from these data (Fig. 5).
2005 (Fig. 6)
SAV in August 2005 covered 10,872 acres of the lake. This compares with a total of 54,857 acres in late summer 2004. The large decrease in SAV was a response to poor light conditions, and high water levels caused by the three hurricanes. It appears that the hurricanes stirred up fine sediments in the lake resulting in a long exposure to very turbid, deep water. After the hurricanes it was common to have secchi depths of less than 30 cm.  The acreages of dominant plants in 2005 are as follows: Chara – 247 acres, compared to 29,158 acres in 2004; Vallisneria – 494 acres, compared to 8,154 acres in 2004; Hydrilla – 7,166 acres, compared to 24,363 acres in 2004; Potamogeton – 494 acres, compared to 6,671 acres in 2004; Ceratophyllum – 7,166 acres, compared to 12,602 acres in 2004. Below is the total and species coverage map generated from these data (Fig. 6).
2004 (Fig. 7)
The total SAV in August 2004 covered 54,857 acres of the lake. This compares with a total of 31,135 acres in late summer 2003. The large increase in SAV was a response to better light conditions that resulted when water levels dropped to around 12.5 ft in spring to early summer of 2004. The acreages of dominant plants in 2004 are as follows: Chara – 29,158 acres, compared to 8,895 acres in 2003; Vallisneria – 8,154 acres, compared to 6,424 acres in 2003; Hydrilla – 24,363 acres, compared to 15,320 acres in 2003; Potamogeton – 6,671 acres, compared to 6,178 acres in 2003; Ceratophyllum – 12,602 acres, compared to 11,120 acres in 2003; and Najas – 4,448 acres, compared to 2,965 acres in 2003. Below is the total and species coverage map generated from these data (Fig. 7).
In summary, there was a substantial increase in the spatial extent of submerged plants in the lake between August 2003 and 2004 in concert with favorable low spring-summer water levels. The community also contained a high percentage of desirable vascular plants that provide good habitat for fish and other wildlife. It is important to note that the acreages presented here, from the month of August, may be markedly different from what remained in October, after Lake Okeechobee was impacted by wind, wave energy, and subsequent deep water from Hurricanes Charley, Frances, and Jeanne. There is ongoing work to estimate the extent of those impacts to the SAV community.

2003 (Fig. 8)
A total of 271 stations were sampled this year. The total SAV in August 2003 covered 31,135 acres of the lake. This compares with a total of 43,000 acres in late summer 2002. It translates into a 28% reduction in total acreage, most likely due to the sustained high water that has occurred in the lake this year. High water reduces the amount of underwater light, which in turn, reduces the growth of SAV. The acreages of dominant plant species in 2003 are as follows: Chara – 8,895 acres in 2003, compared to 21,500 acres in 2002 (59% reduction); Vallisneria – 6,424 acres in 2003, compared to 7,910 acres in 2002 (20% reduction); Hydrilla – 15,320 acres in 2003, compared to 8,155 acres in 2002 (88% increase); Potamogeton – 6,178 acres in 2003, compared to 2,200 acres in 2002 (180% increase); Ceratophyllum – 11,120 acres in 2003, compared to 7,165 acres in 2002 (55% increase); and Najas – 2,965 acres in 2003, compared to 6,175 acres in 2002 (52% decline). Below is the total and species coverage map generated from these data (Fig. 8).
In summary, the results indicate a significant loss of total acreage of SAV this year, with most of the loss being due to Chara, Najas, and Vallisneria. The relative importance of Hydrilla, Potamogeton, and Ceratophyllum increased in the community in 2003. 

2002 (Fig. 9)
A total of 368 stations were sampled this year. The total SAV in July 2002 covered 43,000 acres of the lake. This compares with a total of 34,800 acres in late summer 2001. The coverages of dominant plant species were as follows: Chara -- 21,500 acres in 2002, compared to 29,900 acres in 2001; Vallisneria -- 7,910 acres in 2002, compared to 6,920 acres in 2001; Hydrilla -- 8,155 acres in 2002, compared to 2,270 acres in 2001; Potamogeton -- 2,200 acres in 2002, compared to 0 acres in 2001; Ceratophyllum -- 7,165 acres in 2002, compared to 0 acres in 2001; and Najas -- 6,175 acres in 2002, compared to 0 acres in 2001. Below is the total and species coverage map generated from these data (Fig. 9).
In addition to a greater overall acreage, the 2002 data indicate a rise in importance of plants that provide good fish habitat, including Hydrilla and Potamogeton. Overall, these results indicate a continued positive response of the SAV community of Lake Okeechobee to the favorable range of water levels that has occurred since fall 2001. The community observed in the lake during 2000 and 2001, mostly dominated by small Chara, was a "pioneer community" that colonized the lake bottom as it began to recover from the harm caused by high water levels in the late 1990s. Once the Chara became established, it helped clear the water and stabilize the sediments. This allowed the other, more desirable, plants to germinate from buried seeds and then expand their coverage. Now they are replacing Chara as the SAV community develops into a more mature state. 

2001 (Not Shown)
In September 2001, just 3-4 weeks after lake stage rose and inundated previously dry near-shore areas, there was approximately 35,000 acres of SAV. This compares with approximately 44,000 acres of SAV in September 2000, when more favorable (lake stage near 12 ft for three months) conditions existed for plant growth. Of the total SAV observed in September 2001, there was approximately 30,000 acres of Chara, 7,000 acres of Vallisneria, and 3,000 acres of Hydrilla. These results compare with 35,000, 11,000, and 7,000 acres of the same three plants, respectively, in September 2000. The 2001 sampling did not detect any Potamogeton, while in 2000, approximately 2,500 acres was observed. Potamogeton does presently occur in the lake, but at a very low density and spatial extent. 

2000 (Not Shown)
At the end of the 2000 growing season, there are over 43,000 acres of submerged plants in the lake. Included in this acreage is approximately 34,500 acres of Chara, 6,500 acres of Hydrilla, 10,600 acres of Vallisneria, 2,500 acres of Potamogeton, and 2,600 acres of Ceratophyllum. In many locations, more than one plant occurred. Hence the acreages for individual species do not add up to the total provided above.
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Figure 2.  Annual Mapping results for August 2009.
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Figure 3.  Annual Mapping results for August 2008.
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Figure 4.  Annual Mapping results for August 2007.


[image: image5.emf]August

2006

Grid cell size = 1km

2


Figure 5.  Annual Mapping results for August 2006.
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Figure 6.  Annual Mapping results for August 2005.
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Figure 7.  Annual Mapping results for August 2004.
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Figure 8.  Annual Mapping results for August 2003.
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Figure 9.  Annual Mapping results for August 2002.
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