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Executive Summary
Silver Springs and the Silver River are located east of Ocala in Marion County and near the
center of the Florida peninsula. Silver Springs includes at least 25 named artesian springs that
comprise a first magnitude spring group, and forms the head waters of the Silver River. The
Silver River terminates at its confluence with the Ocklawaha River approximately 5.5 miles
downstream from the principal springs. The Silver Springs System includes the springs’ group
and the river or spring run as well as more than 1,350 square miles in the estimated maximum
extent springshed. In 2013 the former Silver Springs attraction property was combined with the
4,418-acre Silver River State Park to become the 4,660-acre Silver Springs State Park (SSSP). The
SSSP is managed by the Florida Division of Recreation and Parks, a branch of the Florida
Department of Environmental Protection (FDEP).
This Silver Springs Restoration Plan provides a detailed description of the Silver Springs
System; its contributing groundwater basin or springshed and geologic origins; its physical,
chemical, and biological characteristics; its historical, existing, and predicted future trends; and
ongoing threats to its ecological integrity. Most importantly, this Silver Springs Restoration Plan
provides a realistic and technically sound roadmap for actions that will be required to return
Silver Springs and the Silver River to their former healthy environmental status.
The Silver Springs System represents Florida’s largest (in terms of measured long-term average
flow), most visited, and most comprehensively studied spring ecosystem. Approximately
500,000 acres of publically-owned and managed land are located in the vicinity of Silver Springs
State Park. A canoe and kayak access point near the head spring area was opened in October
2013. Glass-bottom boat rides continue to be available for visitors to the state park. Additional
watercraft access to the springs and river is available downstream near the Silver River
Museum and just above the confluence of the Silver and Ocklawaha rivers at the Rays Wayside
County Park. The entire length of the Silver River is open to recreational boating. In-water
recreation is prohibited in the upper mile of the Silver River but swimming in the river is
allowed downstream.
Silver Springs is a group of large submerged spring vents and smaller springs in the bed and
coves of the Silver River. The largest spring in the Silver Springs Group is Mammoth Spring
(also called the Silver Main Spring), whose two vents form the main pool. Mammoth Spring
provides approximately half the total Silver River discharge, with multiple (at least 24) smaller
springs located in the upper 0.75 miles of the spring run. The Silver River flows eastward
through a hardwood and cypress swamp before joining the Ocklawaha River and ultimately the
St. Johns River which empties into the Atlantic Ocean near Jacksonville, Florida. Depths in the
spring run vary between about 3 feet, to 80 feet over the deepest spring vent. Sand and
limestone substrate are observable around some spring vents, but most of the substrate is
currently obscured by benthic algae and submerged aquatic vegetation.
The geology of the Silver Springshed area generally consists of surficial sands and clays, lying
above the porous and cavernous limestone formations that comprise the Floridan Aquifer.
Much of the springshed has active sinkhole development and is a significant recharge area of
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the Floridan Aquifer. Groundwater flow in the Floridan Aquifer occurs in both matrix and
conduit pathways, resulting in relatively rapid transport of groundwater and dissolved
pollutants.
The Silver Springshed has been variously estimated using maps of the potentiometric surface of
the Upper Floridan Aquifer as well as by groundwater flow models. A broad range of
springshed areas and outlines were consolidated for this report as the “maximum extent”
springshed with an estimated area of about 1,360 square miles. The Silver Springshed extends
from Alachua County on the north to Lake County on the south and includes the eastern half of
Marion County. The maximum extent springshed is used for this restoration plan to incorporate
all areas of the land surface that may under any present and future conditions contribute flow
and pollutants to Silver Springs.
Between 1949 and 2005 the land use/land cover within the Silver Springshed changed from a
predominately natural landscape to a more developed one. In 1949, the predominant land cover
designation was forested and natural vegetative areas (68%), and urban land uses covered only
3.3%, agricultural land covered 9%, and pastures covered 7% of the area. By 2005, the portion of
the area with forested and/or natural land cover had decreased to 31%, while urban areas
increased to 37% of the study area, and the percentages of land covered by agriculture and
pasture remained fairly constant. The majority (about 89%) of the Silver Springshed is
considered “vulnerable”, “more vulnerable” or “most vulnerable” to contamination from
pollutant sources at the surface of the ground such as nitrogen fertilizers.
In 2010, an estimated 1.3 million people resided in the seven counties that overlap the Silver
Springshed or about 7% of Florida’s population. An estimated 281,000 people live within the
maximum extent springshed for Silver Springs.
Groundwater extraction is the primary source for all water uses in the counties that encompass
the Silver Springshed. Many of these extractions are not monitored or reported and estimation
methods are not uniform. Average estimated groundwater pumping in this area reached a
maximum of about 537 million gallons per day (MGD) in 1989 and more than doubled between
1965 and 2010. Groundwater pumping in Marion County increased from about 28 MGD in 1965
to a maximum annual average of 124 MGD in 2006, more than a four-fold increase.
During the most recent decade, estimated average nitrogen loading to the Floridan Aquifer in
the Silver Springshed is comprised of the following sources:
•

Inorganic fertilizer (agricultural and urban) - 51%;

•

On-site wastewater disposal - 24%;

•

Rainfall and recharge - 15%;

•

Wastewater disposal - 7%;

•

Stormwater inflow - 3%.

Estimated average nitrogen inputs to the Floridan Aquifer in the springshed were about 1,440
tons per year.
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The median rainfall for the Silver Springshed during the period-of-record was 51.3 inches per
year, with a range of annual values between 28.4 and 74.9 inches per year. Rainfall trends
during this period include declining rainfall totals from 53 inches per year in 1900 to about 52
inches per year in 1915, increasing annual totals from 1915 to about 56 inches per year in 1928,
and gradually declining rainfall totals from the 1930s to about 46 inches per year in 2012.
Significant total annual rainfall variability has occurred throughout the period-of-record.
Evapotranspiration or ET (the sum of evaporation and transpiration) is second only to rainfall
in importance for estimating the Silver Springs System water budget. For the 29-year period
from 1965-94, the U.S. Geological Survey (USGS) estimated an average ET rate of 37.9 inches per
year with a range of annual estimates from 30 inches in 1978 to 50 inches in 1979.
The earliest recorded spring flow at Silver Springs from 1898 was 822 cubic feet per second (cfs)
(531 MGD). The USGS reported the average discharge at Silver Springs as 780 cfs (504 MGD) for
the period from 1965 to 1994, an average 796 cfs (514 MGD) for the period from 1932 to 2002,
and 670 cfs (433 MGD) during August 1993 to July 1994.Daily discharge estimates are highly
variable at Silver Springs, with a maximum discharge of 1,280 cfs (827 MGD) measured in
October 1960 and a minimum discharge of 141 cfs (91 MGD) measured in June 2012. The mean
and median daily average discharges for the period-of-record from 1932 through April 2013 are
752 and 755 cfs (486 and 488 MGD), respectively. Spring flow at Silver Springs is closely
correlated with groundwater levels in neighboring Floridan Aquifer wells.
In 2010 and 2011, average annual flows at Silver Springs were less than one half of the former
long-term average flows, and during the period from 2000 to 2009 were more than 30% lower
than the period-of-record flows prior to 2000, independent of changes in rainfall totals. This
decline equates to a lost flow at Silver Springs of more than 250 cfs (160 MGD) and continuing
flow reductions are evident. These data show that the rainfall-discharge relationship has
fundamentally changed through time with similar magnitude rainfall currently generating less
flow at Silver Springs than during earlier times.
As groundwater levels change, springshed boundaries can move, changing the areas
contributing recharge and flow to springs. In some cases large groundwater withdrawals, or
significant changes in rainfall and ET, have resulted in springshed boundaries shifting, resulting
in unintentional groundwater transfers between adjacent water management districts. In the
vicinity of Silver and Rainbow Springs (both located in Marion County but in two different
water management districts), it appears that there has been a general increase in the springshed
area feeding groundwater to Rainbow Springs, with a concomitant reduction in the springshed
area feeding flow to Silver Springs. It appears that a significant portion of the recharge that used
to feed Silver Springs now finds its way to Rainbow Springs.
Silver and Rainbow springs annual discharge totals generally tracked rainfall totals and each
other until the mid-1980s. For the period-of-record from 1950 through 1985 the flow at Silver
consistently averaged about 76 cfs (49 MGD) greater than the Rainbow Springs discharge. In
1985 this difference began to narrow noticeably as Silver Springs’s flows started to decline at a
faster rate than flows at Rainbow Springs. This trend has continued and Rainbow Springs now
consistently has a higher flow rate than Silver Springs. The “preference” or “pirating” of
groundwater flows to Rainbow Springs at the expense of Silver Springs is likely due to the fact
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that the elevation of the water surface at the Rainbow Springs System are about 10 feet lower
than at the Silver Springs System.
The water chemistry of the Silver Springs group has been relatively constant over the past 100+
years. Notable exceptions to this generalization include rapidly rising concentrations of nitratenitrogen, gradual increases in chlorides and electrical conductivity, and declines in water clarity
and nighttime dissolved oxygen concentrations. Average nitrate-nitrogen concentrations in
Silver Springs have increased by more than 3,100% during the past century.
Silver Springs has long been recognized as an ecosystem with an abundant community of
primary producers. Empirical accounts of the spring dating back to the mid-1800s describe a
system with extensive “moss-like plants on long waving grass blades”. Subsequent studies of
Silver Springs suggest that the overriding structure of the primary producer community has
retained many of its basic characteristics. The aquatic macrophyte, strap-leaf sagittaria
(Sagittaria kurtziana), has been the most clearly defined biotic feature of the spring over the
period-of-record, and epiphytic algae growing on the sagittaria leaves have long been a major
element of the photosynthetic community.
Recent observations reveal that while the submerged macrophyte community is still dominated
by strap-leaf sagittaria, the algae community, in the form of epiphytic and benthic algae, has
been more responsive to nutrient enrichment as evidenced through an increase in the biomass
and coverage of filamentous algae. It is hypothesized that this increase in algal dominance in
Silver Springs may herald an undesirable trajectory towards eventual displacement of the
native sagittaria.
A limited number of quantitative faunal studies have been conducted at Silver Springs.
Macroinvertebrate communities, while abundant in numbers of organisms, have relatively low
diversity and declining productivity. Turtles have always been a visible part of the animal
community at Silver Springs but have not been quantitatively studied since the 1950s. A
number of fish counts have been conducted at Silver Springs over the past 50+ years, indicating
relatively high diversity but also a substantial reduction in fish biomass. Alligators and many
water dependent birds continue to play an important role in the ecology of the springs and
spring run. Otters are relatively abundant in the Silver River and manatees are very rare. The
closing of the Kirkpatrick Dam and formation of the Rodman Pool as part of the ill-fated CrossFlorida Barge Canal are linked to the lost or reduced movement of wildlife (especially fish and
manatees) between Silver Springs and downstream waters, including the St. Johns River and
the Atlantic Ocean.
Ecosystem-level studies at Silver Springs have documented high levels of aquatic productivity
and respiration. Silver Springs (and other springs) are thought to have high productivity due to
their physical, chemical, and biological consistency over long time intervals. High flow, low
nitrogen, and abundant consumer populations are thought to maximize aquatic productivity at
Silver Springs. Ecosystem research conducted at Silver Springs over the past 60 years has
indicated that the primary productivity of the upper Silver River and springs had declined in
response to changing physical and chemical conditions.
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During its heyday, the Silver Springs Theme Park Attraction was visited by more than one
million people per year and accounted for more than $60 million in direct economic activity.
While attendance records for the Silver Spring theme park were not publicly available,
attendance data for the downstream Silver River State Park indicate that total annual
attendance steadily increased following the 1995 park opening, with the highest annual use
recorded in 2008 with more than 250,000 visitors. It is expected that the change in park
management to include the head spring is likely to increase visitation at the Silver Springs State
Park in the future.
As Silver Springs has suffered increasing pollutant loads and decreasing water quantity in
recent years, its protection has become an issue for policy-makers and local springs’ advocates.
In fact, an array of Federal, State, and local laws and policies aimed, directly or indirectly, at
protecting the springshed and the springs have been in place for several decades. However, as
indicated by the information collected for this report, existing regulations, combined by
inconsistent and lax enforcement, have not been successful at halting the continuing decline in
the health of Silver Springs or the Floridan Aquifer it depends on for nourishment. Examination
of existing policies and evaluation/correction of their inadequacies is necessary to reverse the
ongoing decline of Silver Springs.
The St. Johns River Water Management District (SJRWMD) is finally setting minimum flows
and levels (MFLs) in the Silver River, more than 40 years after the enabling legislation was
passed. MFLs are intended to identify the point at which further groundwater withdrawals will
cause “significant harm” and to protect the hydrological and ecological integrity of lakes,
streams, and springs. MFLs apply to decisions affecting water withdrawal permits, declaration
of water shortages, environmental resource permitting, and assessment of water supply
sources. Each district is required to develop recovery or prevention strategies in cases where a
water body currently does not or will not meet an established MFL. The SJRWMD has
determined that a prevention and recovery strategy will be required for Silver Springs due to
their determination that existing groundwater pumping rates are excessive and likely to cause
significant harm to protected human use and water resource values.
Of Florida’s 1,700 rivers, the Silver River was designated in 1987 as one among only 41 which
are recognized as Outstanding Florida Waters (OFW). The OFW designation recognizes diverse
ecosystems and is meant to protect the water body from degradation of ambient water quality
“under all circumstances”. By rule this water quality designation is intended to prohibit any
activities that would lower the ambient water quality based on the quality at the time of the
designation, or the year prior to designation, whichever is better.
In 2009 FDEP verified that three segments of the Silver River were impaired by nitrate-nitrogen
as evidenced by the prevalence of algal mats. According to FDEP, achieving a monthly average
nitrate nitrogen concentration target of 0.35 mg/l will be sufficient to protect the aquatic flora
and fauna in Silver Springs, the Silver Springs Group, and the Upper Silver River. Achieving
this target will require large reductions in nitrogen loading from non-point sources. For
example, the nitrate-nitrogen load in the groundwater feeding the Silver Springs Group, whose
current nitrate concentration is 1.69 mg/l, will need to be reduced on average by 79 percent.
FDEP is preparing a Basin Management Action Plan (BMAP) to summarize and direct the
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activities that will reduce pollutant loads and achieve the nitrate-nitrogen criterion at Silver
Springs and the Silver River.
Silver Springs has been recognized as an important natural feature by formal designations at
the state and federal level – designations which are meant to provide recognition as well as
protection. In 1971, the National Park Service listed Silver Springs as a National Natural
Landmark (NNL), recognizing the site for its geological or biological resources that should be
conserved, but without specific plans for acquisition or protection beyond voluntary
conservation. In 2013 the National Park Service labeled Silver Springs as “threatened” and
downgraded its status in the NNL program. This threatened status is a result of decreased
water quality and water quantity documented at Silver Springs. The National Park Service has
indicated that this listing is intended to boost awareness in the hope that local agencies and
advocates will take action to correct the impairments.
Comprehensive restoration will be dependent upon returning the Silver Springs and Silver
River as closely as possible to the physical, chemical, and biological conditions they had
historically, and re-establishing connectivity with the St. Johns River through removal of the
Kirkpatrick Dam and Rodman Pool on the Ocklawaha River. None of these goals has been
achieved to-date. This restoration plan concludes that significant restoration of this surface
water body will, at a minimum, require:


Restoration of historic spring discharges;



Reduction of nitrate-nitrogen concentrations and loads;



Reduction in the intensity of certain recreational activities in the Silver River;



Breaching or removal of the Kirkpatrick Dam and reconnection of the Silver Springs
System to the St. Johns River/Atlantic Ocean via the restored Ocklawaha River; and



Additional protections for the river in the face of continuing urban development along
its banks and in the springshed

The preliminary goal of this comprehensive Silver Springs Restoration Action Plan is to develop
a specific set of actions that will begin to improve the natural condition of the river in the shortterm (next five years), and will ultimately (next 20 years) restore it to a more pristine historical
condition. The ultimate goal for this OFW springs and river is to provide an even higher level of
restoration so that it is essentially in near-pristine ecological health.
The preliminary water quantity restoration goal for Silver Springs and Silver River is to restore
average flows to >90% of its historic average flow (restore average flow to >738 cfs or >477
MGD) based on a five-year rolling average. The average flow of the Silver River over the past
decade (2003-2012) was about 534 cfs (345 MGD), so an interim five-year recovery goal of 80%
of historic flow of 656 cfs (424 MGD), followed by the >90% goal over ten years appears to be
realistic. This preliminary flow recovery goal will require an estimated average groundwater
pumping reduction of more than 204 cfs (132 MGD) in the regional area that affects flows at
Silver Springs. Additional flow recovery in excess of this preliminary goal is recommended.
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The preliminary target for nitrate-nitrogen concentrations at Silver Springs is achieving a
maximum monthly average of 0.35 mg/L as determined by FDEP in the Nutrient TMDL for
Silver Springs. Evidence from Silver Springs as well as other Florida springs indicates that full
recovery is not likely to occur until nitrate-nitrogen concentrations are at 0.2 mg/L or lower.
Achieving the 0.35 mg/L nitrate goal will require an estimated 79 percent reduction in nitrogen
loads to the vulnerable portions of the springshed. To achieve this goal it may be necessary to
reduce all uses of nitrogen fertilizer in the Silver Springshed and to connect a significant
number of on-site sewage systems to central sewer with advanced levels of nitrogen reduction.
A substantial portion of this nutrient reduction could probably be accomplished in concert with
the water quantity restoration described above.
One approach would be to phase in cuts to all nitrogen fertilizer use in the springshed at about
50 percent reduction in the first five years, followed by a second phased reduction of an
additional 50 percent over the next five years, and consideration of one additional phased
reduction if found to be necessary based on the measured nitrate-nitrogen levels in Silver
Springs. A partial ban on fertilizer use would allow greater flexibility for agricultural producers
to develop less polluting cropping strategies.
Human wastewater nitrogen loads in the springshed can be reduced by implementing
advanced nitrogen removal for all central wastewater plants and by providing centralized
collection and wastewater treatment for all high-density septic tank areas. A detailed analysis
evaluating and comparing nitrogen removal measures using advanced nitrogen removal
technologies such as constructed wetlands, biological nutrient removal processes, and nitrogenremoval on-site systems should be prepared as part of the current BMAP process. Additional
nitrate-nitrogen reductions will likely be required beyond the goals of the BMAP to achieve true
ecological restoration at Silver Springs.
Removing the Kirkpatrick Dam on the Ocklawaha River deserves the highest priority to
provide open passage for aquatic wildlife between the Atlantic Ocean and St. Johns River and
Silver Springs. The Eureka Lock and Dam on the Ocklawaha River downstream of the Silver
River are not impassable, as the dam itself was never completed. However, the existing
structures at Eureka are still an impediment to some fish and wildlife use and should also be
removed. Breaching or removing these dams would likely increase the diversity and dominance
of fish and other aquatic wildlife species within the river ecosystem. In addition, dam breaching
will likely increase the forage fish food base for many larger fish, wading and seabirds, reptiles
and mammals that utilize the Silver Springs System.
Unlike the Rainbow River, Ichetucknee River and some other spring runs, the Silver River
receives little in-water, human-contact recreation and instead is dominated by watercraft
recreation. In the case of the Silver River, the lack of in-water recreation in combination with the
deeper water depths helps protect the submerged aquatic biological and cultural resources from
some of the pressures of contact recreation. No facilities exist on the water to facilitate human
use via tubing or swimming. In-water recreation, with the exception of research with a permit,
is prohibited in the upper mile of the river. Furthermore, motorboat access is limited to a boat
ramp at the Ray Wayside Park more than 5 miles downstream of the head spring. However,
motorboats do access the river and have in some shallow areas caused damage as evidenced by
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prop scars in shallow vegetation and shoreline erosion. A size limit on motorboats on the Silver
River should be considered to reduce these impacts.
The effects of reduced flows, increasing concentrations of nitrate-nitrogen, a downstream dam
impeding the movement of aquatic fauna, invasions by exotic species, and increasing
recreational uses are resulting in visible long-term changes to the natural flora and fauna of
Silver Springs. Ecological restoration will require a holistic approach to dealing with all sources
of impairment simultaneously, rather than a piecemeal approach of divided responsibilities by
an array of state and local agencies. A detailed and on-going, comprehensive monitoring
program is sorely needed in the entire Silver Springs System to document the changing health
of this priceless natural resource.
Ongoing public education about the threats facing the long-term health of Silver Springs and
the Silver River will be essential for achieving ultimate restoration. This Silver Springs
Restoration Plan provides a preliminary roadmap to fully accomplish restoration goals.
However, getting this information out to the public and to the State officials who are most
concerned with springs’ protection is an important part of this educational process. This will
require public presentations, public meetings, newspaper and television reporting, rallies at
Silver Springs, and many partnerships. The Silver Springs Alliance, Inc. will most likely be the
leader in this effort, with technical support from the Howard T. Odum Florida Springs Institute
and other springs alliance advocacy groups throughout North Florida.
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Section 1.0 Introduction
The Silver River is located near the center of Marion County, and near the center of the Florida
peninsula (Figure 1-1). The river starts at Silver Springs, a group of at least 25 named artesian
springs that comprise a first magnitude spring group that forms the head waters of the Silver
River. The Silver River terminates at its confluence with the Ocklawaha River approximately 5.5
miles downstream from the principal springs. The Silver Springs System encompasses over
1,300 square miles in the estimated maximum extent springshed, the individual spring vents,
and the Silver River (Figure 1-1).
The largest of the Silver Springs, Mammoth Spring is located at latitude 29°12'58.2" N, longitude
82°03'10.0" W, provides about one half of the entire flow in the Silver River (Munch, et al. 2006),
and was formerly (prior to October 1, 2013) surrounded by the 242-acre, privately-operated
Silver Springs tourist attraction. In 2013 the former Silver Springs attraction property was
combined with the 4,418-acre Silver River State Park to become the 4,660-acre Silver Springs
State Park (SSSP). The SSSP is managed by the Florida Division of Recreation and Parks or
Florida Park Service (FPS), a branch of the Florida Department of Environmental Protection
(FDEP). Silver Springs is located approximately 6 miles east of Ocala, Florida, on the south side
of State Road 40 (Silver Springs Boulevard). Figure 1-2shows the location of Silver Springs, the
Silver River, the boundaries of the SSSP, and the surrounding vicinity.
This Silver Springs Restoration Plan was prepared by Wetland Solutions, Inc. (WSI) for the
Howard T. Odum Florida Springs Institute (FSI) and provides a detailed description of the
Silver Springs and Silver River system (Silver Springs System); its contributing groundwater
basin or springshed and geologic origins; its physical, chemical, and biological characteristics;
its historical, existing, and predicted future trends; and ongoing threats to its ecological
integrity. Most importantly, this Silver Springs Restoration Plan provides a realistic and
technically sound roadmap for actions that will be required to return Silver Springs and the
Silver River to their former healthy environmental status. Since a healthy economy is dependent
upon a healthy environment, impairments evident at the Silver Springs System and other North
Florida springs, cloud the economic future of both Marion County and North Florida.
Furthermore the degradation that is evident at Silver Springs is a clear indication of
groundwater quality and quantity issues that are of import to any Florida resident, tourist, or
other consumer of potable water produced from the Floridan Aquifer.
This document builds upon the work of dozens of researchers. It also represents an attempt by
the FSI with technical assistance from WSI to finish the effort started by the Silver Springs Basin
Working Group and the FDEP Springs Initiative to develop a water quality restoration plan
(Normandeau Associates, Inc. 2011).
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Figure 1-1. Silver Springs and River are located near the center of Marion County, Florida. The
approximate extent of the maximum-extent springshed for Silver Springs, as well as regional
topographic elevations are illustrated on this map.
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Figure 1-2. Silver Springs and River location east of the City of Ocala. The Silver Springs form the
headwaters of the Silver River which joins downstream with the Ocklawaha River that flows north to
join with the St. Johns River.
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Section 2.0 Description of the Silver
Springs System
2.1 General
The Silver Springs System is located in Marion County, and represents Florida’s largest (in
terms of measured long-term average flow), most visited, and most comprehensively studied
spring ecosystem. Approximately 500,000 acres of publically-owned and managed land is
located in the vicinity of Silver Springs State Park (Figure 2-1). The former 242-acre Silver
Springs attraction and nature theme park included most of the principal springs in the Silver
Springs Group (Figure 2-2) and had a range of animal exhibits, amusement rides, glass-bottom
boat tours, and a variety of dining and shopping opportunities. On October 1, 2013 the Florida
Park Service assumed control of the property around the head springs and formed the Silver
Springs State Park (F. Smith 2013).
Because of the long-term management of the head springs area as an amusement and nature
theme park, the majority of the land immediately surrounding the Silver Springs Group was
highly landscaped and significant areas of the immediate surface watershed had been converted
to vehicle parking lots. Plans for re-development of this area as part of the state park are being
developed at the time of this writing. Initially changes in the former attraction area included
removal of landscaping, parking lots, animal displays, and a number of buildings. A canoe and
kayak access point to the head spring area was opened in October 2013. Glass-bottom boat rides
continue to be available for visitors to the state park. Additional watercraft access to the springs
and river is available downstream near the Silver River Museum and just above the confluence
of the Silver and Ocklawaha rivers at the Rays Wayside County Park over 5 miles downstream
(Figure 2-3). In-water, human-contact recreation is prohibited in the upper mile of the Silver
River but swimming in the river is allowed downstream.
The 4,660-acre Silver Springs State Park includes the 242-acre former attraction around the
headsprings (Figure 2-2) and the 4,418 acres surrounding the former Silver River State Park.
(Figure 2-3) The entire Silver River and most of the property that surrounds it are included in
the Silver Springs State Park. The property that formerly comprised the Silver River State Park
includes camping, ten rental cabins, trails, canoe rentals, and features a pioneer cracker village
and the Silver River Museum and Environmental Education Center (operated in cooperation
with the Marion County School District).
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Figure 2-1. Publicly-managed lands in the vicinity of Silver Springs, the former Silver Springs
Attraction, and the Silver River State Park (Florida Department of Environmental Protection 2012).
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Figure 2-2. Aerial view of the former 242-acre Silver Springs Attraction (2012 aerial) showing the land uses prior to the State’s action to
incorporate the area into the neighboring Silver River State Park.
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Figure 2-3. Map showing the location of Silver Springs east of Ocala in Marion County, Florida and
the location of the historic tourist attraction (Silver Springs Theme Park) located near the intersection
of Silver Springs Boulevard (SR 40) and Baseline Road or SR 35 (Florida Park Service 2013).

2.2 Physical
Silver Springs collectively refers to the group of submerged springs which form the headwaters
of the Silver River. Silver Springs is a group of large spring vents and smaller springs in the bed
and coves of the Silver River. The largest spring in the Silver Springs Group is Mammoth Spring
(also called the Silver Main Spring), whose two vents form the main pool. The larger vent is a
horizontal, oval-shaped opening about 5 feet high and 135 feet wide beneath a limestone ledge
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at approximately 30 foot depth; with the second vent located in the northwestern part of the
main pool (St. Johns River Water Management District 2008). The spring pool measures about
300 feet north to south and 200 feet east to west and contains water with a light blue apparent
color (St. Johns River Water Management District 2013). Detailed descriptions of the smaller
vents are provided on the SJRWMD springs website (St. Johns River Water Management
District 2008).
The main vent (Mammoth Spring) provides approximately one half of the total Silver River
discharge, with multiple (at least 24) smaller springs located in the upper 0.75 miles (4,000 feet)
of the spring run (St. Johns River Water Management District 2008) (Figure 2-4). The Silver
River flows eastward through a hardwood and cypress swamp for approximately 5.5 miles
before joining the Ocklawaha River and ultimately the St. Johns River which empties into the
Atlantic Ocean near Jacksonville, Florida. Depths in the spring run vary between 3 feet to more
than 80 feet over the deepest spring vent (Bridal Chamber/Abyss). Sand and limestone
substrate are observable around some spring vents, but most of the substrate is currently
obscured by benthic algae and submersed aquatic vegetation. The underwater cave system of
Mammoth Spring has been partially explored and mapped by cave diver Eric Hutchinson
(Figure 2-5).

2.3 Geology
The geologic formations in and around the Silver Springs System, in ascending order from
deepest and oldest to shallowest and youngest, are the Avon Park Formation, the Ocala
limestone, the Hawthorn Group, and surficial, unconsolidated post-Miocene deposits (Scott,
Campbell, et al. 2001). Surficial deposits in the vicinity of Silver Springs are dominated by sand
dunes and well sorted fine sand of the Pleistocene and Holocene deposits (Brooks 1981) with
underlying Pliocene age material (Figure 2-6). The area is contained in the Central Lakes
division of the Central Lake District; and contains uplifted limestones of the Floridan Aquifer
below surficial sands, has active sinkhole development, ground elevations between 60 and 160
feet above mean sea level, and is a significant recharge area of the Floridan Aquifer (Brooks
1981).
2.3.1

Hydrogeologic Setting

The hydrogeology of the Silver Springs springshed basin (Silver Springshed) is described in
detail by Faulkner (1973). The principal hydrogeologic unit in the Silver Springshed is the
Upper Floridan Aquifer. In this region, the aquifer is about 300 feet thick and occupies the Avon
Park Formation and Ocala Limestones. Both formations have high porosity (water-filled void
spaces in the limestone) and resulting high hydraulic conductivity as groundwater flow occurs
in both matrix and conduit pathways. Transmissivity is a measure of how much water can be
transmitted horizontally, such as to a pumping well. Transmissivity has been calculated for the
entire Upper Floridan Aquifer and ranges from 10,700 to 25,500,000 ft2/day, with an average
value of about 2,000,000 ft2/day (Faulkner 1973). Subsequent transmissivity estimates, using
three different models, reported average values that ranged from 2,400,000 to 8,300,000 ft2/day
(Shoemaker, et al. 2004).
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Figure 2-4. Locations of 25 named spring vents on the Silver River (St. Johns River Water Management District 2008).
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Figure 2-5. Partial map of Mammoth Cave as illustrated by Eric Hutchinson (Normandeau Associates,
Inc. 2011).
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Silver Springs

Silver Springs

Figure 2-6. Geologic map of the Silver Springs area (Scott, Campbell, et al. 2001).
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These high transmissivity values suggest that relatively rapid transport of groundwater occurs
in the Silver Springshed. However, the assumption of an average transmissivity in the aquifer is
a fatal flaw that is inherent in many groundwater models. This assumption is invalid because it
implies that water from any direction travels at the same rate through a uniform porous media
and does not account for underground caves and fissures (conduits) that are capable of
conveying water at rates hundreds or thousands of times faster than occurs through the
limestone matrix. The existence of these conduits has been demonstrated in dye traces in the
Silver Springshed where hydraulic conductivities (groundwater flow rates) of 30 to 2,000 feet
per day were observed (URS 2011).

2.4 Springshed Characteristics
2.4.1

Aerial Extent

A spring recharge basin (springshed) is defined as the area that contributes groundwater, via
pressure, to a spring vent or series of vents. Springsheds can be defined based on the
potentiometric surface (water elevation map) of the contributing aquifer. Potentiometric surface
maps are developed based on monitoring wells developed into the aquifer of interest. While
surface watershed boundaries are generally fixed based on ground surface topography,
springsheds are variable based on the balance between groundwater recharge and discharge,
and the hydraulic water conveyance properties of the aquifer.
As with watersheds the potentiometric surface allows water to “flow downhill” from areas of
higher artesian pressure to areas of lower pressure generally located at outlets from the aquifer
at spring vents and pumping wells. Water pressure as indicated by the potentiometric aquifer
surface and the ease or difficulty of groundwater movement towards and through preferential
flow paths causes changes in flow at spring vents. Without a positive artesian pressure near a
spring vent there is no spring flow. Thus, when aquifer potentiometric surfaces are lowered due
to low recharge and/or high groundwater pumping rates, springflow declines and eventually
ceases.
Groundwater travel times and the age of water discharged at a spring can be highly variable
based on preferential flow paths also referred to as conduits. These conduits can in some cases
be very large in size (adequate for human divers to traverse them) and travel for many miles.
Some karst features, including sinkholes and swallets are examples of surface connections with
the Floridan Aquifer. These features are often caused by collapsed voids in the underlying
limestone that may indicate fractures and conduits that favor rapid movement of water to
springs. In their dye trace study of the Silver Springshed, URS (2011) chose several locations
with sinkholes to deploy dye for tracing groundwater movement to springs and groundwater
wells. Several of these sites had migration of dye at rates of more than 500 feet per day. This
makes these surface features prime indicators of areas that might have high recharge capacities
(good for water quantity) and significant potential for contamination (potentially bad for water
quality).
Springshed areas can be estimated by use of groundwater flow models or by mapping the
potentiometric surface of the Floridan Aquifer System using actual water level data from wells
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developed into the aquifer. Groundwater flow models provide a convenient tool for estimating
approximate groundwater flows and levels but are dependent upon numerous assumptions
and limited data concerning the depth, transmissivity, and the presence or absence of conduits
that are a part of the aquifer. Also, as with all models, groundwater flow model calibration may
not necessarily be representative of actual physical conditions.In many instances, including the
North Central Model used by the SJRWMD for groundwater level and flow predictions, it is
assumed that the aquifer is best modeled as a porous matrix, lacking any larger conduits. This
unrealistic assumption results in the need to artificially increase aquifer transmissivity in the
vicinity of spring vents. This assumption may result in approximating the correct flow
discharging at the spring vent, but fails at modeling the actual movement of water in the aquifer
and the area contributing flow. These fundamental problems in the groundwater models
typically used by Florida’s water management districts cause predicted groundwater levels at
wells and springs used for calibration to be off by multiple feet in some instances. An additional
problem with these groundwater models is that spring groups are typically treated as a single
vent. This assumption is analytically simpler, but does not adequately represent the water that
is discharged at individual spring vents. For example in the Silver Springs Group, Christmas
Tree Spring has different water quality than the other springs, indicating that discharge
originates from different contributing areas and aquifer depths.
Potentiometric maps are often the preferred empirical method of assessing groundwater flow
directions, aquifer transmissivity, and springshed basin boundaries, but their precision may be
limited by the number and/or density of monitoring wells that provide data for actual
groundwater levels, and the lack of understanding of preferential flowpaths in the aquifer.
Also, as discussed for models previously, it is not possible to use potentiometric maps to
accurately differentiate flow sources to individual spring vents.
As shown in Figure 2-7, the U.S. Geological Survey (Phelps 2004) estimated the “predevelopment” Silver Springshed as about 1,118 square miles (mi2). Rosenau et al. (1977)
reported that the Silver Springshed was about 730 mi2 based on a potentiometric surface map
from May 1968. The SWFWMD estimated the 1996 springshed as 656 mi2 and the USGS (Phelps,
Chemistry of Groundwater in the Silver Springs Basin, Florida with an Emphasis on Nitrate
2004) estimated the 1999 springshed as 1,137 mi2. Based on 2004 data the USGS estimated the
“FGS current” springshed area as 764 mi2.
The springshed of Silver Springs has also been variously estimated using a variety of
groundwater flow models. Shoemaker et al. (2004) reported the Silver Springshed estimates
based on three differing assumptions and concluded that the land area contributing recharge to
Silver Springs was between 450 to 590 mi2 (Figure 2-8). By combining the areas estimated by the
three models, a composite area for the Silver Springs groundwater basin was generated which
encompasses about 730 mi2. The composite model area indicates that although some of the
groundwater discharging to Silver Springs originates from areas east of the spring, most of the
area contributing recharge lies west, north, and south of the spring, an area of generally higher
recharge to the Upper Floridan Aquifer than the area east of the spring (Shoemaker, et al. 2004).
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Using particle tracking simulations, Munch et al. (2006) produced springshed delineations of the
2, 10, 100, and 1,000 year groundwater capture zones for Silver Springs (Figure 2-9). The area of
the model estimated 1,000-year capture zone reported by Munch et al. (2006) was 726 mi2.
Larger (and presumably more realistic) springshed areas are typically estimated based on maps
of the actual groundwater potentiometric surface. For example, a composite map prepared by
the St. Johns River Water Management District (SJRWMD) (Figure 2-11) illustrates the
difference between springshed delineations based on models versus potentiometric maps.
Using the SJRWMD’s groundwater model the minimum springshed area was estimated as 345
mi2 and the maximum as 741 mi2 for groundwater travel times of up to 100 years (Munch, et al.
2006).
The actual area of the Silver Springshed varies from year-to-year due to changes in
groundwater levels which are impacted by rainfall, recharge, and groundwater pumping. In
preparation for development of the Silver Springs Basin Management Action Plan (BMAP),
springsheds from various data sources were compiled as shown in Figure 2-10.
In summary, groundwater models are useful for indicating areas of higher and lower recharge,
and resulting faster and slower travel times to Silver Springs. However, these models do not
adequately incorporate the actual porosity of the limestone units of the Floridan Aquifer System
due to uncertainty about where small and large pathways and conduits occur. For these reasons
it is concluded that the springshed delineations based on the potentiometric surface of the
aquifer are a better guide to the actual land area providing recharge to Silver Springs, both fast
and slow.
Based on the available Silver Springshed delineations reviewed, it appears that there may be a
relatively recent substantial reduction in the springshed feeding recharge to Silver Springs.
Based on the difference in areas between the FGS “current” springshed and the USGS “predevelopment” springsheds, the lost recharge area is estimated as 354 mi2, a 32% reduction.
Much of this area is in the highest recharge zone between the Silver and Rainbow springsheds
(Figure 2-12).
The maximum extent of the Silver Springshed based on all of the delineations reported to-date
is about 1,363 mi2. The maximum extent springshed is used in this report with the
Precautionary Principal in mind to be sure to consider all areas of the land surface that may
under any present and future conditions contribute flow and pollutants to Silver Springs. The
Precautionary Principle can be defined as having four central components meant to decrease the
risk of adverse environmental impacts (Kriebel, et al. 2001):
“…taking preventive action in the face of uncertainty; shifting the burden of proof to the
proponents of an activity; exploring a wide range of alternatives to possibly harmful actions; and
increasing public participation in decision making.”
This estimated maximum Silver Springshed area is illustrated in Figure 2-13 and is used
throughout this report to estimate effects of pumping and land use changes on flows and
nitrogen loads at Silver Springs.

15

Silver Springs Springs Restoration Plan

Figure 2-7. Modeled springsheds of Silver Springs based on travel times up to 100 years as simulated
by (A) Lake County/Ocala National Forest; (B) Peninsular Florida; (C) North-Central Florida models
for the average hydrologic conditions of the calibration period; and (D) composite area of all three
models (Shoemaker, et al. 2004).
16

Silver Springs Springs Restoration Plan

Figure 2-8. Delineations of the Silver Springshed capture areas based on particle track simulation
(Munch, et al. 2006).
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Figure 2-9. Silver Springs groundwater basin estimated from models and potentiometric surface maps
(Munch, et al. 2006).
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Figure 2-10. Large number of springshed delineations based on potentiometric surfaces prepared for
the Silver Springs BMAP Process (Florida Department of Environmental Protection 2013).

19

Silver Springs Springs Restoration Plan

Figure 2-11. Various alternative delineations of the Silver Springshed (Munch, et al. 2006) and
maximum extent springshed estimated by FSI as the combined area of the other delineations.
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Figure 2-12. Approximate extent of the Silver Springs and adjacent Rainbow Springs springsheds in
Marion and adjacent counties, Florida.

2.4.2

Groundwater Flow Paths and Travel Times

Groundwater travel times can be estimated from particle tracking using groundwater flow
models. By using the models to track hypothetical particles carried in the groundwater from
numerous points of entry into the underground aquifer, the percentage of spring discharge that
has traveled to Silver Springs in a given amount of time from the water source can be estimated
(Shoemaker, et al. 2004) (Figure 2-14). Based on this particle tracking approach, Shoemaker
concluded that about 80 percent of the total discharge of Silver Springs simulated by the North
Central Florida Model reaches the spring within 100 years. For the Lake County/Ocala National
Forest (LCONF) and the Peninsular Florida (PF) models, it was estimated that about 85 percent
of the total discharge of Silver Springs reaches the spring within 100 years (Shoemaker, et al.
2004).
Based on a computer model of groundwater flow in peninsular Florida, a significant area
contributing recharge to the spring falls within a 10-year travel time, as delineated using
particle tracking (Sepúlveda 2002). Based on this same groundwater flow model, it was
concluded that about 17 percent of the flow to Silver Springs is recharged within the 10-year
21

Silver Springs Springs Restoration Plan

contributing area and about 48 percent within the 30-year contributing area (Shoemaker, et al.
2004).

Figure 2-13.Estimated maximum extent of the Silver Springs groundwater basin (approximately 1,363
square miles).
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Figure 2-14. Particle travel time as a percentage of total spring discharge to Silver Springs based on
average hydrologic conditions of the calibration period (Shoemaker, et al. 2004).

The North Central Florida Regional Groundwater Flow Model was developed by the University
of Florida for use by the SJRWMD (Motz and Dogan 2004). The North Central Florida Model
was used to determine the hydraulic heads and flow field direction to Silver Springs and is also
regularly used by the SJRWMD for estimating the effects of permitted groundwater extractions.
The calibrated 1995 NCF MODFLOW head distributions and hydrological parameters were
applied to the USGS MODPATH particle tracking model to determine the positions and
distances of the particles as they are tracked backward from Silver Springs during two years of
travel time (Munch, et al. 2006). Results of the MODPATH particle track analyses indicated
about 75% of water discharging from Silver Springs originates from this two-year contributing
zone. This conclusion is wildly different from the results summarized by Shoemaker et al.(2004)
described above and these differences should be evaluated further.
As discussed previously most of the groundwater models used in the Silver Springshed have a
fundamental flaw in their representation of matrix and conduit flows. This is a short-coming of
many groundwater models that make an assumption of homogeneity for each cell in the model.
This assumption is valid in areas that have relatively uniform subsurface conditions. However
in the Floridan Aquifer this assumption is not valid as it is known that many conduits exist and
provide preferential flow paths that converge in the vicinity of large springs. In a recent study
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(URS 2011) that involved dye traces, mean velocities of 30 to more than 2,300 feet per day were
observed. These velocities span two orders of magnitude and demonstrate the challenge in
assigning average transmissivities in a groundwater model (Pittman 2013).
Phelps (2004) noted that most of the flow to Silver Springs is relatively rapid. Based on
analyzing isotopes there have been several estimates of age of water at different vents in the
Silver River. Based on measurements taken in 2001 the water age was estimated to be “less than
48 years old” for Mammoth Spring (St. Johns River Water Management District 2013). Readings
taken by the USGS in 2002 indicated ages of 27, 10, and 19 for Mammoth Spring, Catfish
Reception Hall, and Blue Grotto, respectively (Phelps 2004). This variability in water age is also
indicative of preferential flowpaths and different sources of water to different spring vents.
2.4.3

Springshed Land Use

Phelps (2004) compared land use changes in the Silver Springshed based on 1977 and 1995 GIS
land use classifications. Despite differences in land use detail between these two dates, the
estimated urban residential land use in the springshed area increased from about 38 mi2 in 1977
to about 164 mi2 in 1995 or 334% (Phelps 2004) (Figure 2-15).
Munch et al.(2006) prepared a detailed examination of the land use changes which have
occurred in the modeled two-year Silver Springs groundwater capture zone, an area of 33,720
ac, using aerial images from 1949, 1957, 1964, 1972, 1979, 1989, 1995, and 2005 (Figure 2-16)
(Munch, et al. 2006). In this land use analysis, between 1949 and 1989 the land use/land cover
within the Silver Springs two-year capture zone changed from a predominately natural
landscape to a more developed one (Munch, et al. 2006) (Figure 2-16, and Figure 2-17). In 1949,
the predominant land cover designation was forested and natural vegetative areas, which
occupied 68% of the area, and when included with other natural land covers such as wetlands
and open water, the portion of the two-year capture zone covered by natural areas was 74%.
Urban areas covered only 3.3%, agricultural land covered 9%, and pastures covered 7% of the
area. By 1989, the portion of the area with forested and/or natural land cover had decreased to
38% (all natural land covers declined from 74% to 45%), while urban areas increased to 29% of
the study area, and the percentages of land covered by agriculture and pasture remained fairly
constant, with declines of 1.5% each (Figure 2-17).
The trend to urbanization within the two-year capture zone continued during the period from
1989 to 2005. During this time period, forested and vegetative areas declined from 38% to 31%
(all natural land covers declined from 74% to 36%), and the urban areas increased to 37% of the
springshed in 2005 (Munch, et al. 2006) (Figure 2-17). Figure 2-18, Table 2-1, and Table 2-2
provide an analysis of the 2005 land use data for the land area within the Silver Springshed.
Approximately 23 percent or 315 mi2 of the springshed is in urban and built up land uses, 28%
in agriculture and non-forested uplands, 27% in forested uplands, and 16% in wetlands.
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Figure 2-15. Urban and residential land use patterns with 1995 data overlain on 1977 data (Phelps
2004).
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Figure 2-16. Land cover changes from 1949 to 2005 in the Silver Springs two-year capture zone (Munch,
et al. 2006).

Figure 2-17. Land Cover Change for the 1949 to 1989 and 1989 to 2005 time periods in the Silver Springs
two-year capture zone (Munch, et al. 2006).
26

Silver Springs Springs Restoration Plan

Figure 2-18. Map of land uses (2005) in the maximum springshed area contributing groundwater flows
to Silver Springs.
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Table 2-1.Summary of land use areas within the maximum extent Silver Springshed (2005 data from
the SJRWMD).
Level 1 Land Use Type
Urban and Built-Up
Agriculture
Upland Non-Forested
Upland Forested
Water
Wetlands
Barren Lands
Trans., Comm., and Util.
Total

FLUCCS Code Area (ac) Area (sq. mi.)
1000
201423
314.72
2000
236355
369.30
3000
20586
32.17
4000
248705
388.60
5000
44181
69.03
6000
140368
219.33
7000
1425
2.23
8000
11814
18.46
904858
1414

Percent
22%
26%
2%
27%
5%
16%
0%
1%
100%

Table 2-2.Summary of land use areas by county within the maximum extent of the Silver Springshed
(2005 data from the SJRWMD).

Level 1 Land Use Type (Acres)
Urban and Built-Up
Agriculture
Upland Non-Forested
Upland Forested
Water
Wetlands
Barren Lands
Trans., Comm., and Util.
Total

2.4.4

FLUCCS Code Alachua Bradford Clay Lake Marion Putnam Sumter Total
1000
6979
169
280 21597 149966 7094
15339 201423
2000
16747
0
208 18122 173650 4544
23084 236355
3000
2388
0
5 3719 13336
670
468
20586
4000
49844
105
958 9517 160858 20745
6677 248705
5000
10363
0
79 15051 13596
3684
1409 44181
6000
44335
103
435 15999 66146 11072
2278 140368
7000
28
0
0
269
749
13
366
1425
8000
947
0
16 1532 8506
120
693
11814
131631
377
1981 85806 586808 47942 50313 904858

Aquifer Vulnerability

The Florida Geological Survey and several county governments have published a series of maps
that estimate aquifer vulnerability based on recharge rates, presence of confining layers, and
depth to the surface of the underlying aquifer. The combined aquifer vulnerability map for the
maximum extent Silver Springshed is provided in Figure 2-19. This map was based on state
wide analysis by FGS (2012) combined with higher resolution data developed for Marion
County by Advanced Geospatial (2007). Based on the overlap between the Silver Springshed
(maximum extent) map described above, Table 2-3 provides a summary of the vulnerability of
the springshed to land use activities at the land surface. This table indicates that the majority
(about 85%) of the springshed is considered “more vulnerable” or “most vulnerable”, and 89%
of the Silver Springshed is “vulnerable”, “more vulnerable”, or “most vulnerable” to
contamination originating from polluting activities on the overlying land surface.
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Figure 2-19. Estimated aquifer vulnerability in the maximum springshed area contributing
groundwater flows to Silver Springs.

29

Silver Springs Springs Restoration Plan

Table 2-3.Summary of the area (acres) of each county within the maximum extent Silver Springshed
boundary and percentage of the area in each aquifer vulnerability class.

County

Less Vulnerable

Alachua
Bradford
Clay
Lake
Marion
Putnam
Sumter
Total
% by Type

0.44
94082
0.14

2.4.5

94082
11%

Aquifer Vulnerability
Vulnerable More Vulnerable
7358
101125
339
1825
21469
55910
88138
286488
640
41674
0.42
49458
117606
536819
14%
63%

Most Vulnerable
0.10

105225
0.14
105225
12%

Total Area
108483
339
1825
77379
573932
42313
49459
853731
100%

Population

In 2010, the estimated population of Florida was 19 million. An estimated 1.3 million people
resided in the seven counties that overlap the Silver Springshed or about 7% of the state’s entire
population (Table 2-4). Based on the simplifying assumption that humans are evenly distributed
across these seven counties, an estimated 281,000 people live within the maximum extent
springshed for Silver Springs. The 2010 human population of the SJRWMD was estimated as 4.7
million.
Table 2-4.Human population (2010) in the counties that overlap with the Silver Springshed and
estimated population in the maximum extent springshed.

County

Alachua
Bradford
Clay
Lake
Marion
Putnam
Sumter
Total
1
2

County
Area (ac)

620233
192131
396186
738562
1063080
483128
371387
3864707

2010
County
Population1

247336
28520
190865
297052
331298
74364
93420
1262855

2010 Estimated
Area
% Springshed % County in
Springshed
Springshed
in County
Springshed
(ac)
Population2

130499
377
1981
84472
560168
47922
46811
872230

52040
56
954
33975
174571
7376
11775
280747

Population estimate for 2010 from US Census Bureau
Springshed population estimate based on % of county in springshed
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0.04%
0.2%
10%
64%
5%
5%
100%

21.0%
0.2%
0.5%
11%
53%
10%
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2.4.6

Water Use

Groundwater extraction is the primary source for all water uses in the counties that encompass
the Silver Springshed. Many of these extractions are not monitored or reported and estimation
methods are not uniform. For this reason there is considerable variation between water use
estimates prepared by different organizations.
Knight et al. (2013) consulted various published data sources to summarize the annual
groundwater use in the seven counties surrounding Silver Springs for the period from 1965
through 2010 (Table 2-5). These data indicate that groundwater pumping in this area reached a
maximum annual average of about 537 MGD in 1989 and more than doubled between 1965 and
2010. Groundwater pumping in Marion County increased from about 28 MGD in 1965 to a
maximum annual average of 124 MGD in 2006, more than a four-fold increase.
Table 2-5. Total groundwater pumping (MGD) by county based on published data
for the region surrounding Silver Springs (Knight, Kincaid and Lewis 2013)
Year
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995

Alachua
25.0
26.7
28.3
30.0
31.6
33.3
33.5
33.8
34.1
34.4
34.7
35.2
35.6
45.5
39.8
43.2
48.4
48.4
47.0
49.7
44.2
46.0
46.9
48.1
50.3
55.0
48.2
46.5
49.8
50.1
49.1

Putnam
27.5
30.9
34.2
37.5
40.8
44.2
47.9
51.6
55.4
59.1
62.8
63.5
64.2
79.4
121.7
81.0
102.8
82.1
76.6
92.5
113.1
106.9
111.1
118.2
119.2
100.4
74.2
76.9
66.9
48.3
60.0

Marion
28.0
27.5
27.1
26.6
26.1
25.6
30.2
34.7
39.2
43.7
48.3
49.8
51.4
58.5
57.8
65.6
68.7
62.0
65.5
85.4
81.1
78.8
67.3
65.5
78.2
82.2
70.6
83.9
78.2
80.3
83.0

Lake
66.7
67.6
68.5
69.4
70.3
71.2
79.7
88.1
96.5
104.9
113.3
167.8
222.3
182.1
214.7
166.9
214.0
183.2
184.3
194.7
100.2
107.7
139.2
136.2
148.9
131.1
149.5
108.3
113.1
118.9
115.6

Sumter
48.4
46.5
44.6
42.6
40.7
38.8
37.9
36.9
36.0
35.0
34.0
34.3
34.6
10.1
32.9
32.6
51.4
95.2
72.0
87.2
122.0
90.5
86.3
145.4
128.8
111.7
145.3
148.6
69.6
30.8
33.8
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Levy
1.5
1.5
1.5
1.5
1.5
1.5
1.6
1.8
2.0
2.1
2.3
2.4
2.4
2.5
2.6
3.0
3.4
5.7
8.0
13.3
14.2
14.0
22.7
17.0
11.3
19.7
12.3
13.2
10.7
13.7
14.5

Total-1
144.6
143.1
141.6
140.1
138.7
137.2
149.3
161.5
173.6
185.7
197.9
254.4
310.8
253.1
308.1
268.1
337.6
346.0
329.9
380.7
317.5
291.1
315.5
364.0
367.3
344.7
377.8
354.0
271.6
243.7
246.8

Total-2
197.2
200.6
204.1
207.6
211.1
214.6
230.8
246.9
263.1
279.2
295.4
353.0
410.6
378.0
469.6
392.3
488.8
476.5
453.5
522.9
474.8
444.0
473.4
530.3
536.8
500.1
500.2
477.5
388.2
342.1
355.9
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Table 2-5. Total groundwater pumping (MGD) by county based on published data
for the region surrounding Silver Springs (Knight, Kincaid and Lewis 2013)
Year
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

Alachua
49.2
46.9
56.6
52.3
57.1
51.7
49.3
54.2
58.4
48.8
60.0
56.3
52.5
47.6
45.2

Putnam
79.4
64.5
73.8
76.0
62.4
41.0
38.2
37.9
36.3
36.3
98.7
78.7
74.1
75.2
88.1

Marion
90.8
87.2
95.4
95.4
103.1
85.5
78.2
84.9
88.7
85.7
124.5
119.3
113.4
108.1
109.5

Lake
122.7
119.8
157.8
121.0
137.1
130.6
125.1
120.6
127.7
115.8
179.9
179.1
162.7
151.9
161.2

Sumter
21.8
63.9
82.8
85.2
69.4
66.0
43.3
50.7
38.3
29.7
54.6
48.4
54.3
61.6
53.1

Levy
14.3
14.3
20.7
17.6
22.2
19.1
22.0
16.5
18.3
14.6
21.5
16.6
13.7
16.7
14.1

Total-1
249.6
285.1
356.8
319.3
331.8
301.2
268.7
272.7
273.0
245.8
380.4
363.4
344.2
338.2
337.9

Total-2
378.2
396.5
487.2
447.6
451.4
393.9
356.2
364.8
367.7
330.8
539.1
498.3
470.7
461.1
471.2

Notes:
Orange indicates the counties surrounding the Silver Springs springshed.
Blue indicates the counties surrounding the Silver Springs springshed down-gradient (south) of the
natural groundwater divide that forms its northern boundary.

The USGS estimates Florida water uses by county every five years (Marella, Water-Use Data
Tables, 2010 2013)(Marella, Florida Water-Use Program 2013). Table 2-6 summarizes these water
use estimates in the Silver Springs System study area for the most recently published period,
2010. Based on USGS 2010 estimated data, annual groundwater use in the maximum extent
Silver Springshed between 2001 and 2010 was about 62 MGD (96 cfs). This water use represents
an increase of more than 36% since the period from 1971 to 1980 although current estimated use
is similar to levels estimated for the period from 1981 to 1990.
Consumptive use permits (CUPs) are issued by the Water Management Districts for
withdrawals of water above a specified threshold. In general, wells with an inside diameter of
six inches or more and withdrawals of 100,000 gallons per day or more are required to get a
CUP permit. Existing CUP permits within and surrounding the Silver Springshed are shown on
Figure 2-20. The 2010 estimated groundwater extraction in the entire SJRWMD was about 979
MGD (1,515 cfs) from a total of about 2,444 existing Consumptive Use Permits (CUPs) (Marella,
Water-Use Data Tables, 2010 2013). In two neighboring water management districts (Suwannee
River and Southwest Florida) the estimated 2010 freshwater use (primarily Floridan Aquifer)
was about 1,184 MGD (1,832 cfs) (Marella, Water-Use Data Tables, 2010 2013).
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County
1965-1970 1971-80 1981-90 1991-2000 2001-10
Alachua
29.89
37.28
51.33
51.96
58.36
Bradford
2.04
7.08
9.22
6.69
6.45
Clay
8.95
15.63
21.72
23.44
20.72
Lake
44.58
108.55 101.1
82.66
92.60
Silver Springs
Plan
Marion
17.34
33.49
47.3 Springs
55.3 Restoration
61.3
Putnam
23.2
54.4
63.7
43.6
30.51
Sumter
28.19
18.65
64.60
19.93
31.65
Table 2-6.Estimated groundwater withdrawals in the Silver Springshed (Marella, Water-Use Data
Total
154.2
275.1
358.9
283.5
301.6
Tables, 2010 2013)
Estimated Groundwater Withdrawals in the
Springshed (MGD)

County
Alachua
Bradford
Clay
Lake
Marion
Putnam
Sumter
Total

2.4.7

1965-1970 1971-80 1981-90 1991-2000 2001-10
6.29
7.84
10.80
10.93
12.28
0.00
0.01
0.02
0.01
0.01
0.04
0.08
0.11
0.12
0.10
5.10
12.42
11.56
9.45
10.59
9.14
17.65
24.90
29.11
32.29
2.30
5.40
6.31
4.33
3.03
3.55
2.35
8.14
2.51
3.99
26.4
45.7
61.8
56.5
62.3

% County in
Springshed
21%
0.2%
0.5%
11%
53%
10%
13%

Nitrogen Loading

Phelps (2004) estimated total nitrogen loads from various sources in Marion County and how
much of this load was reaching the groundwater. For the entire county, Phelps (2004) estimated
about 3,640 tons per year of total nitrogen to the groundwater in 2000 with about 61%
contributed by agricultural and urban fertilizer uses, 30% from wastewater disposal, and 8.4%
from atmospheric inputs. Phelps (2004) further examined the portion of the Silver Springshed
within the 10-year capture zone and calculated nitrogen loading from natural and
anthropogenic sources. This calculation resulted in an estimated total nitrogen load of
approximately 439 tons per year of nitrogen primarily from public and private wastewater
disposal, including septic tanks and with a minimal contribution from residential fertilizer
(Phelps 2004).
Munch et al.(2006) estimated nitrate-nitrogen loading rates into the aquifer as a function of land
uses for the 53 mi2 modeled two-year travel zone to Silver Springs. These values represent a
calibration based on a series of eight land use maps for the period spanning 1949 to 2005 (see
land use data summarized above), and the measured nitrate-nitrogen load in the groundwater
issuing from Silver Springs. The estimated land uses for 1949 and 2005 and their unit nitratenitrogen loading rates into the aquifer are illustrated on Figure 2-21 and Figure 2-22. Estimated
annual unit nitrate-nitrogen loading rates varied between 0.57 pounds per acre (lbs/ac) for
forested lands to 260 lbs/ac for golf courses. Medium density residential (66 lbs/ac) and
agriculture/pasture (48 lbs/ac) annual nitrogen loadings were also significant contributors to
groundwater contamination by nitrate (Munch, et al. 2006). The estimated nitrate-nitrogen load
to the groundwater reaching Silver Springs in 2005 was about 560 tons per year and the
observed nitrate-nitrogen load measured at Silver Springs in 2005 was 529 tons per year.
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Figure 2-20. Existing consumptive use permits within and surrounding the Silver Springshed.
Groundwater use permits issued by SJRWMD (green), SWFWMD (red), and SRWMD (black).
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1949

Figure 2-21. Annual rates of nitrogen loading by land use and land cover classification for 1949 in the
2-year travel zone (Munch, et al. 2006).
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2005

Figure 2-22. Annual rates of nitrogen loading by land use and land cover classification for 2005 in the
2-year travel zone (Munch, et al. 2006).
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FDEP (Hicks and Holland, Nutrient TMDL for Silver Springs, Silver Springs Group, and Upper
Silver River (WBIDs 2772A, 2772C, and 2772E) 2012) in their Silver Springs Total Maximum
Daily Load (TMDL) report concludes that: “the elevated and increasing levels of nitrate in the
environment are attributable to anthropogenic sources”. These human-derived nitrogen sources
originate from inorganic and organic fertilizers used both for agriculture and for urban
landscaping (e.g., yards, landscaping, and golf courses), domestic/industrial wastewater and
biosolids (i.e., sewage sludge), septic tanks (i.e., on-site sewage disposal), and animal wastes
(manure and urine, primarily from cattle and equine operations).
Hicks and Holland (2012) reported that there are about 97,371 septic tanks in Marion County
and about 48,617 in the estimated 502 square mile 100-year capture zone (less than one half of
the entire maximum extent Silver Springshed) used for their TMDL analysis. Based on their
reported number of on-site systems in the modeled 100-year capture zone and a reported
nitrogen loading rate of 14 pounds per year for each on-site disposal system (MACTEC 2010),
the estimated loading to the groundwater from septic tanks in the entire Silver Springshed is
about 342 tons per year.
FDEP (Hicks and Holland, Nutrient TMDL for Silver Springs, Silver Springs Group, and Upper
Silver River (WBIDs 2772A, 2772C, and 2772E) 2012) mapped 104 domestic and industrial
wastewater treatment and disposal facilities within the Silver Springs 100-year capture zone
(Figure 2-23). All of these facilities dispose of their treated wastewater effluent to the surface of
the ground, either through rapid infiltration basins (RIBs), through spray fields (slow-rate
irrigation systems, generally with a crop or as reuse on landscaped areas for partial nutrient
uptake), and on-site septic system drain-fields (sub-surface discharges into highly permeable
soils). The locations of the largest wastewater facilities in the modeled 100-year capture zone are
illustrated in Figure 2-24 and include Ocala Reclamation Facilities #1 (permitted for 2.46 MGD)
and #2 (permitted for 6.5 MGD). The combined permitted capacity of these municipal and
private wastewater disposal facilities is about 13.7 MGD (21 cfs) (Hicks and Holland, Nutrient
TMDL for Silver Springs, Silver Springs Group, and Upper Silver River (WBIDs 2772A, 2772C,
and 2772E) 2012).
FDEP (Hicks and Holland, Nutrient TMDL for Silver Springs, Silver Springs Group, and Upper
Silver River (WBIDs 2772A, 2772C, and 2772E) 2012) does not quantify the amount of nitrogen
discharged to the aquifer from these subsurface point sources. Based on a review of the
groundwater nitrate concentrations under similar facilities in Alachua County summarized by
Alachua County Environmental Protection Division (2011), it is estimated that the average
nitrate nitrogen from these facilities is about 5 milligrams per liter (mg/L) in monitoring wells
that are screened near the top of the Floridan Aquifer. Based on the permitted flows and this
nitrate nitrogen estimate, the discharges of these facilities are estimated to contribute about 105
tons per year.
In their TMDL document for Silver Springs, FDEP (Hicks and Holland, Nutrient TMDL for
Silver Springs, Silver Springs Group, and Upper Silver River (WBIDs 2772A, 2772C, and 2772E)
2012) states that there is minimal discharge of untreated stormwater from regulated facilities
into the Silver River. One former unregulated discharge (the “Monster Pipe”) has recently been
addressed with a wet detention system at the outfall to Half Mile Creek. The City of Ocala does
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have a significant number of drainage wells (over 40) and sinkholes that discharge stormwater
runoff directly into the top of the Floridan Aquifer. The nitrogen load from these drainage
points has not been quantified. For purposes of estimating the nitrogen loading from
stormwater runoff, it is assumed that Ocala is the only significant contributing area in the Silver
Springshed, and that about 10% of local rainfall in the Ocala city limits (about 39 mi2) enters the
aquifer through drainage wells and natural swallets/sinkholes at a mean nitrogen concentration
of 3 mg/L. Based on these assumptions the estimated nitrogen load from stormwater runoff in
Ocala is about 43 tons per year.
Natural rainfall carries a significant load of nitrogen (Phelps 2004, Munch et al. 2006, MACTEC
2010). A significant fraction of this dissolved and particulate nitrogen is assimilated in biological
growth in natural landscapes dominated by forest. Estimated nitrogen loading rates from
rainfall to the groundwater are in the range of 0.35 to 0.70 pounds per acre per year (lbs/ac/yr)
(MACTEC 2010), with an average of about 0.5 lbs/ac/yr. For the entire maximum extent Silver
Springshed this nitrogen load is estimated to be about 218 tons per year.
The Florida Department of Agriculture and Consumer Services (FDACS) publish records for
nitrogen fertilizer sold by county and year for the entire state of Florida. The estimated fertilizer
nitrogen use within the maximum extent Silver Springshed was estimated by multiplying the
county totals by the area of each county in the springshed basin. Table 2-7 summarizes these
fertilizer nitrogen load estimates to the springshed for two recent time periods. The total
estimated nitrogen fertilizer load declined between the 1990s and the 2000s. The total annual
estimated loads were 3,087 tons per year for 1997-2000 and 2,781 tons per year for 2000-2010.
More than one half (57%) of this fertilizer was presumably applied in Marion County.
Significant nitrogen fertilizer loads also occur in the portion of the springshed located in
Alachua (19%) and Lake (14%) counties.
A variable percentage of applied nitrogen fertilizer is taken up by crops and pasture in the
Silver Springshed. The fraction of the applied fertilizer that leaches to the underlying Floridan
Aquifer is also variable depending on the type of plants, crop uptake, rainfall intensity and
quantity, soil organic matter, and soil saturation. FDACS (2005) estimates that 30 to 50% of the
applied nitrogen in agricultural fertilizer is not taken up by vegetable and other agronomic
crops in Florida. In unconfined areas it is not uncommon for more than 50% of the applied
fertilizer nitrogen to reach the underlying groundwater, even with FDACS recommended Best
Management Practices (BMPs) (IFAS and SRWMD (2008). In areas where the Floridan Aquifer
is confined there is typically a surficial aquifer at moderate depth and saturated soils present in
this surficial aquifer are generally effective for denitrifying or transforming the dissolved
nitrogen to nitrogen gas. This natural process may further reduce the fraction of the leached
nitrogen that reaches the deeper aquifer in these less vulnerable areas. This additional nitrogen
loss is assumed to reduce fertilizer nitrogen inputs by an additional 50%. Based on these
assumptions, the estimated average load of nitrogen derived from fertilizer use that reaches the
Floridan Aquifer in the Silver Springshed is 733 tons per year.
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Figure 2-23.Domestic and industrial wastewater facilities in the modeled Silver Springs 100-year
capture zone (Hicks and Holland, Nutrient TMDL for Silver Springs, Silver Springs Group, and
Upper Silver River (WBIDs 2772A, 2772C, and 2772E) 2012).
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Figure 2-24.Domestic wastewater facilities in the modeled 100-year capture zone for Silver Springs by
design capacity (Hicks and Holland, Nutrient TMDL for Silver Springs, Silver Springs Group, and
Upper Silver River (WBIDs 2772A, 2772C, and 2772E) 2012).
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A summary of estimated average nitrogen loading to the Floridan Aquifer in the Silver
Springshed indicates the following distribution of sources:


Inorganic fertilizer (agricultural and urban) is 51% or 731 tons per year;



On-site wastewater disposal is 24% or 342 tons per year;



Rainfall and recharge is 15% or 218 tons per year;



Wastewater disposal is 7% or 105 tons per year;



Stormwater inflow is 3% or 43 tons per year;



Total estimated nitrogen inputs to the Floridan Aquifer in the springshed 1,439 tons per
year.

This estimated average total nitrogen mass is approximately twice as high as the observed
quantity of total nitrogen currently discharging from Silver Springs (Table 2-8). While observed
nitrate concentrations in the Silver River are increasing (Hicks and Holland 2012) the average
flows have been declining, resulting in the observed load ranging from 403 to 961 tons per year
over the past two decades. The estimated nitrogen loads may not have reached Silver Springs
yet due to the potentially lengthy travel time and the mix of older and younger water issuing
from the springs, or one or more of the assumptions used above may have over-estimated the
amount of nitrogen reaching the groundwater.
Table 2-7. Estimated nitrogen fertilizer sold in the Silver Springshed during two recent time periods.

Average Annual Fetilizer Use in the Silver
1

County
Alachua
Bradford
Clay
Lake
Marion
Putnam
Sumter
Total

Springshed (Tons N)
July 1997- June 2000 July 2000- June 2010
647
489
1.0
1.0
3.1
2.9
401
419
1774
1594
136
153
125
123
3087
2781

% of Fertilizer Load
19.35%
0.03%
0.10%
13.96%
57.39%
4.94%
4.221%
100%

1

Fertilizer sold in the county was assumed to be applied in the county based on
the proportion of the county in the Springshed
Data source: Florida Department of Agriculture and Consumer Services
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Table 2-8.Estimated Total Nitrogen Mass Balance for Silver Springshed

Source
Inorganic Fertilizer
On-Site Wastewater
Rainfall/Recharge
Wastewater
Stormwater
Total
Avg. Silver Springs Load
1980-2010

Mass (tons)
733
343
218
105
43.0
1,442

Percentage
51%
24%
15%
7%
3%
100%

562

---
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Section 3.0 Hydrology
3.1 Water Balance
3.1.1

Introduction

A water balance for the Silver Springshed is necessary to quantify the importance of human
groundwater extractions on historic and existing flows at Silver Springs. A water balance is an
accounting of all water that comes into a defined volume and all water that leaves. When
applied to a springshed the volumetric flow components can be summarized as shown in
Equation 1.
Equation 1

where, S is change in aquifer storage, P is precipitation, I is infiltration, ET is
evapotranspiration, R is runoff, and Qs is spring flow, G is groundwater withdrawals
For determination of the spring water balance most of the desired parameters are known with
varying levels of certainty. Two general periods are of greatest interest – pre-development
conditions (assumed to be before about 1950) and recent conditions (2000 to the present).
Changes in the water balance over a shorter period are also of interest to understand the effects
of seasonal rainfall variations and groundwater withdrawals. At a minimum this water balance
must include estimates for: total recharge to the Floridan Aquifer System, total discharge from
Silver Springs, direct groundwater extractions in the springshed, net exchanges across the
springshed boundary, and change in storage in the FAS within the springshed.
3.1.2

Precipitation

Figure 3-1 summarizes the historic annual average rainfall (1900 to 2012) measured within the
Silver Springshed at a total of eight stations ranging from Melrose on the north to Leesburg on
the south. The median rainfall during this period-of-record was 51.3 inches per year, with a
range of annual values between 28.4 and 74.9 inches per year. The smoothed (LOESS) curve for
this rainfall record shows a period of declining rainfall totals from 53 inches per year in 1900 to
about 52 inches per year in 1915, increasing annual totals from 1915 to about 56 inches per year
in 1928, and gradually declining rainfall totals from the 1930s to about 46 inches per year in
2012. Significant total annual rainfall variability has occurred throughout the period-of-record.
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Figure 3-1. Annual average rainfall totals in the Silver Springshed from 1900 through 2012.
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3.1.3

Evapotranspiration

Evapotranspiration or ET (the sum of evaporation and transpiration) is second only to rainfall
in importance for constructing water budgets for Florida (Knowles Jr. 1996). However, ET is
difficult to estimate accurately. Knowles (1996) used a water balance approach to estimate
actual ET rates in the Rainbow Springs and Silver Springs Basins. For the 29-year period from
1965-94, Knowles (1996) estimated an average ET rate of 37.9 inches per year (Figure 3-2).
Annual estimates ranged from 30 inches in 1978 to 50 inches in 1979. These estimates generally
confirmed other estimates in this same range by Knochenmus and Hughes (1976) and Visher
and Hughes (1975). The lowest ET estimates generally followed years with low rainfall. For
example in 1985 when the rainfall total was about 45inches the estimated ET was about 32
inches.
ET rates have been estimated in North Central Florida by a number of researchers. Figure 3-3
shows a relationship between ET and rainfall indicating decreasing ET as a function of rainfall
(personal communication, Ron Basso, SWFWMD 2012). The verification data indicate that
actual estimated ET correlates directly with annual rainfall and varies within the range of 31 to
40 inches per year.
3.1.4

Groundwater Recharge

Faulkner (1973) estimated the annual average recharge in the Silver Springshed as 15.3 in based
on an average spring discharge of 822 cfs (531 MGD) and an estimated springshed area of 730
mi2. Knowles (1996) estimated annual average recharge as about 14.1 inches for the period from
1965 to 1994. Sepulveda as cited by Phelps (2004) estimated annual average groundwater
recharge in the Silver Springshed to average 12.9 inches for the period from August 1993 to July
1994.
3.1.4

Silver Springs Discharge

Routine discharge measurements at Silver Springs have been made by the U.S. Geological
Survey since 1906, with more than 300 physical measurements to date, mostly after 1932. The
majority of discharge measurements from the Silver River have been made about 0.75 miles
(4,000 feet) below Mammoth Spring (German 2009). Continuous discharge in the upper Silver
River is estimated from the relationships between stage elevation and water levels in nearby
Floridan Aquifer wells (German 2009). The US Geological Survey has two stations on the upper
Silver River; with station #02239500 monitoring stage at 1,400 feet downstream and station
#02239501 monitoring stage at 3,900 feet downstream (German 2009).
The earliest recorded flow at Silver Springs from 1898 is reported as 822 cfs (531 MGD) as cited
by Fernald and Purdum (1998). Faulkner (1973) reported average discharge at Silver Springs to
also be 822 cfs (531 MGD). Knowles (1996) reported discharge at Silver Springs to average about
780 cfs (504 MGD) for the period from 1965 to 1994. Phelps (2004) reported Silver Springs
discharge to average 796 cfs (514 MGD) for the period from 1932 to 2002 and 670 cfs (433 MGD)
during August 1993 to July 1994.
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Figure 3-2. Marion County estimated annual average evapotranspiration and rainfall for the study
period from 1965 through 1994 (Knowles Jr. 1996)

Daily discharge estimates are highly variable at Silver Springs, with a maximum discharge of
1,280 cfs (827 MGD) measured in October 1960 and a minimum discharge of 141 cfs measured
in June 2012. The mean and median daily average discharges for the period-of-record from 1932
through April 2013 are 752 and 755 cfs (486 and 488 MGD), respectively (Figure 3-5). The
minimum average daily flow during this period-of-record was 231 cfs (149 MGD) and the
maximum average daily flow was 1,280 cfs (827 MGD).
Figure 3-6 provides a summary of the annual average flows at Silver Springs for the period-ofrecord from 1932 through 2012. The mean and median annual average flows for this period
were 753 and 766 cfs (486 and 495 MGD), respectively. The minimum annual average flow
during this period-of-record was 383 cfs (247 MGD) and the maximum annual average flow was
1,108 cfs (716 MGD).
In 2012, the LOESS average flow estimate at Silver Springs was about 450 cfs (291 MGD). In
2010 and 2011, average annual flows at Silver Springs were less than one half of the former
long-term average flows. WSI (2010) reported that Silver Spring flows during the period from
2000 to 2009 were 32% lower than the period-of-record flows prior to 2000. Figure 3-4 illustrates
how the relationship between annual average Silver Springs flow and rainfall has changed
through the period-of-record. This figure also indicates that an average flow decline of about
31% for the last decade is independent of changes in rainfall totals that have remained relatively
constant. This lost flow at Silver Springs is equal to more than 250 cfs (160 MGD) and further
losses are continuing. Further examples of a change in the rainfall discharge relationship are
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shown in Figure 3-7 and Figure 3-8. Figure 3-8 shows the rainfall and discharge by decade.
These data show that the rainfall-discharge relationship has fundamentally changed with
similar magnitude rainfall generating less flow at Silver Springs.

Figure 3-3.Relationship between annual rainfall and evapotranspiration used for model calibration
(personal communication, Ron Basso SWFWMD 2012)
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Figure 3-4.Flow and rainfall relationship at Silver Springs
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3.1.5

Relationship between Groundwater Levels and Spring Discharge

Groundwater levels and discharge at Silver Springs are inextricably linked. Groundwater levels
within the springshed directly contribute to discharge at the spring vents on the river. This
relationship is used for Silver Springs by the USGS to predict flow in the river by comparing
level differences between stage recorders on the river and in nearby groundwater wells. This
relationship and methodology has come under increased scrutiny recently as water levels have
remained relatively constant in the Silver River despite declining flows. To evaluate the
potential for an altered flow relationship many field measurements have been taken to verify
the existing flow model (St. Johns River Water Management District 2010). Figure 3-9 shows the
relationship between monthly average groundwater levels from two neighboring wells and
Silver Springs discharge. These data show a 2 foot reduction in groundwater levels would result
in a flow decline of approximately 100 to 160 cfs (65 to 103 MGD).
3.1.6

Inter-Basin Groundwater Transfers

Springsheds are defined based on potentiometric surfaces in the Floridan Aquifer. As water
levels change boundaries can move for areas contributing to springs. In some cases large
withdrawals, or significant changes in rainfall and ET have resulted in the boundaries between
Water Management Districts shifting. This has occurred near the Suwannee River in North
Florida where areas formerly part of the SRWMD have shifted and are now contributing to the
SJRWMD (Grubbs and Crandall 2007). In this area large groundwater withdrawals in and near
Jacksonville are implicated for increasing the area of the SJRWMD and depriving spring flows
on the Suwannee River. In the vicinity of Silver and Rainbow Springs it appears that a similar
transfer may be occurring as water is preferentially being discharged at the Rainbow Springs
vents which have approximately 10 feet less head on them (St. Johns River Water Management
District 2010). This divide is discussed further in Section 3.2.
3.17

Estimated Silver Springs Water Balance

A number of researchers have estimated the overall water balance for Silver Springs, using
either empirical data or groundwater flow models (Faulkner 1973, Knowles Jr. 1996, Sepúlveda
2002). These estimates are reviewed and followed by an updated analysis to better distinguish
between the effects of rainfall/recharge vs. human groundwater withdrawals on the observed
flow reductions at Silver Springs.
Knowles (1996) prepared individual annual water balances for Silver and Rainbow springs for
the period-of-record from 1965 to 1994, as well as a combined water balance for these two
overlapping springsheds. The average water balance for Silver Springs during this 29-year
period was: rain 51.7 inches, ET 37.6 inches, springflow 11.6 inches, stream and consumptive
use losses 1.9 inches, and change in groundwater storage -0.6 inches. Since stream flows are
essentially zero in this karst springshed, the total water loss to pumping and loss of storage was
about 2.5 inches which is nearly 18% of recharge (estimated as the difference between rain and
ET or 51.7 – 37.6 = 14.1 inches). Thus the estimated reduction in Silver Spring flows and
groundwater storage due to pumping averaged 18% as early as 1979 (the middle of the
observation period) or about 168 cfs (108 MGD).
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Phelps (2004) utilized the Peninsular Florida groundwater flow model developed by Sepulveda
(2002) to estimate a water balance for the estimated 500-year contributing area to Silver Springs.
The water balance was estimated for the period from 1993-1994, a time of essentially no change
in aquifer storage (Phelps 2004). Total recharge was estimated as 13.02 inches, springflow as
11.14 inches, pumping as 1.36 inches, and lateral groundwater losses out of the springshed area
of 0.46 inches. Assuming that pumping and lateral groundwater flows can be averaged to assess
human-induced changes, the total of 1.82 inches is about 14% of the estimated recharge and
about 109 cfs (71 MGD).
The two USGS studies cited above indicate that groundwater extractions were reducing flows at
Silver Springs by 14 to 18%, as early as the 1960s and 70s. However, the SJRWMD estimates that
groundwater pumping in 1995 accounted for only about 5% of the observed flow reduction at
Silver Springs or 37 cfs (24 MGD) and that “end-of-permit” pumping would be equal to 10.3%
of flow or 76 cfs (49 MGD) (Southwest Florida Water Management District and St. Johns River
Water Management District 2012). This is the pumping effect estimated by the SJRWMD’s
North Central Florida Groundwater Flow Model.
Groundwater pumping in Marion County has been estimated from existing published records
and has reportedly increased by about 94% since 1979 and about 39% since 1994 (Knight,
Kincaid and Lewis 2013). From these data it appears that the SJRWMD’s model is not in
agreement with the actual water balance data and is significantly underestimating the effects of
groundwater pumping on reduced flows at Silver Springs. While the SJRWMD’s groundwater
flow model estimates that average flow has declined by about 5% at Silver Springs due to
pumping, the data reviewed and analyzed in this report indicates the flow reduction
independent from rainfall is presently more than 30% and is readily explained by the effects of
regional groundwater pumping.
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Figure 3-5.Daily flow data for the Silver River with statistics for 1932 to 2012.
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Figure 3-6. Annual flow data for the Silver River with statistics.
52

1980

1990

2000

2010

2020

Silver Springs Springs Restoration Plan

4

Standardized Discharge (cfs) / Rainfall (in)

2

0

-2

-4
Flow
Flow LOESS

-6

Rainfall
Rainfall LOESS

-8
1920

1930

1940

1950

1960

1970

1980

1990

2000

Year

Figure 3-7.Marion County rainfall and USGS 02239501 Silver River discharge standardized using 1933-1952 data.
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Figure 3-8. Decadal correlations between annual rainfall and annual Silver Springs discharge. The observed flow yield for an average ra infall
of 50 inches has declined from about 793 cfs (512 MGD) for the period prior to 1989, to about 715 cfs (462 MGD) for 1990 to 1999, and 550 cfs
(355 MGD) in 2000 to 2009, for an overall flow reduction of 31% independent of rainfall.
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Figure 3-9. Relationship between monthly average groundwater levels at Sharpes Ferry / CE-76 wells and Silver Springs discharge

55

54

Silver Springs Springs Restoration Plan

3.2 Silver Springs and Rainbow Springs Interaction
Silver and Rainbow Springs annual discharge totals generally tracked rainfall totals and each
other until the mid-1980s (Figure 3-10). The average discharge at Silver Springs was reported by
Faulkner (1973) to be approximately 98 cfs (63 MGD) greater than the Rainbow Springs
discharge before about 1970. For the period-of-record from 1950 through 1985 the flow at Silver
averaged about 76 cfs (49 MGD) greater than the Rainbow Springs discharge. In 1985 this
difference began to widen noticeably as Silver Springs’s flows started to decline at a faster rate
than flows at Rainbow Springs. This trend has continued and Rainbow Springs now
consistently has a higher flow rate than Silver Springs.
The divide between the Silver River and Rainbow River springsheds is poorly defined. This
overlapping area is at least 286 square miles based on the maximum extent springsheds
mapped for Silver Springs and Rainbow Springs. In this area the potentiometric surface is
assumed to be nearly flat as demonstrated by Faulkner (1973). Because of the flatness of the
potentiometric surface of the Floridan Aquifer surface in this area, slight decreases in the
aquifer water level can cause shifts in the springshed boundaries by miles and changes in the
areas contributing recharge to the springs by hundreds of square miles. This overlap between
the springsheds is approximately 42% of the total area of the Rainbow Springshed or 21% of
total area of the Silver Springshed. The Silver Springshed gains area at the expense of the
Rainbow Springshed during wet years and Rainbow gains at the expense of Silver during dry
years (Faulkner 1973). This observed shift in contributing areas to these two adjacent springs is
illustrated in Figure 3-11 and Figure 3-12 that show the approximate movement of the divide
for a wet and dry year (St. Johns River Water Management District 2010).
The elevation of the Mammoth Spring boil (water surface) at the Silver River is approximately
38 feet above mean sea level (MSL) and about 10 feet higher than the Rainbow River boil water
surface (28 feet MSL). In Figure 3-11 the wet year groundwater divide is shown to be 48 feet or
approximately 10 feet higher than the Silver Springs water surface elevation (~20 feet higher
than Rainbow Springs water surface) (St. Johns River Water Management District 2010). In light
of cumulative increases in pumping and declining rainfall totals, groundwater levels in the
Floridan Aquifer have been declining over five decades, resulting in shrinkage of the
contributing area in the Silver Springshed. This lowering of aquifer levels combined with the
difference in elevation between these two spring boil levels, likely results in Rainbow Springs
“pirating” flow from Silver Springs. This hypothesis is supported by the greater decrease in
flow that has occurred at the Silver River compared to the Rainbow River (Figure 3-10).
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Figure 3-10. Comparison of Silver River and Rainbow River annual average and LOESS smoothed
flows since 1950. The average difference in flows between these two large spring systems was about 78
to 98 cfs (50 to 68 MGD) throughout the entire period-of-record until the early 1980s when it began a
noticeable decline. By 1995 the average flows for the two systems crossed and in 2012 the LOESS
smoothed flow at Rainbow was about 80 cfs (52 MGD) greater than at Silver. The combined LOESS
smoothed discharge for the two spring systems has declined from about 1,600 cfs (1,034 MGD) before
1970 to about 995 cfs (642 MGD) in 2012, a reduction of about 605 cfs (393 MGD) or 38%.
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Figure 3-11.Top of Floridan Aquifer cross-section between Rainbow Springs and Silver Springs
illustrating typical wet year potentiometric surfaces in the Floridan Aquifer (St. Johns River Water
Management District 2010).
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Figure 3-12.Top of Floridan Aquifer cross-section between Rainbow Springs and Silver Springs
illustrating typical dry year potentiometric surfaces in the Floridan Aquifer (St. Johns River Water
Management District 2010).

Beginning in about 1985, the relationship between flows in the Silver and Rainbow Rivers began
to diverge from their historic parallel trends. Combined the two springs have lost about 500 cfs
(323 MGD) since the early 1980s. Based on changes in its annual average flow Silver lost
approximately 335 cfs (216 MGD) or 42% of its flow between 1985 and 2012, and Rainbow lost
approximately 165 cfs (107 MGD) or 24% of its flow. If it assumed that the entire overlap area
for the two adjacent springsheds is currently feeding the Rainbow River rather than the Silver
River, this is equal to about 21% of the Silver Springshed area, and this lost flow at Silver (0.21 x
335 cfs or 70 cfs [45 MGD]) has been transferred to Rainbow. This in turn indicates that the true
flow reduction at Rainbow is greater than the observed amount, about 165 cfs + 70 cfs = 235 cfs
[152 MGD]) total average flow reduction, or about 34% of Rainbow’s historic (pre-1980) average
flow. By contrast, the Southwest Florida Water Management District has estimated that based
on their Northern District Groundwater Flow Model, only 1.1% of the observed flow reduction
at Rainbow Springs is due to groundwater pumping (Ron Basso, SWFWMD, personal
communication, August 31, 2012).
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Figure 3-13.Silver and Rainbow Springs Springsheds showing significant overlap and minimal
potentiometric topography.
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Section 4.0 Water Quality
4.1 General
The water chemistry of the Silver Springs group has been sampled and reported for numerous
projects. Phelps (2004) characterized the chemistry of groundwater discharged from the springs
group. Phelps et al.(2006) characterized the water chemistry (as well as the hydrology and
aquatic communities). Toth (1999) and (2003) reported on the water quality and isotope
concentrations of Silver and other springs in the St. Johns River Water Management District;
and the work of Knowles et al.(2010) involved the determination of the nitrate source (fertilizer
versus septic), age of the young fraction of the groundwater, and whether organic constituents
indicative of anthropogenic activities are present in the groundwater of Silver Springs. A
comprehensive review of Silver Springs’ water chemistry by decade for all parameters is
presented in Munch et al.(2006). Hicks and Holland (2012) provide an update on nitrate levels in
Silver Springs and the Silver River.
Munch et al. (2006) summarized existing STORET water quality data from Silver Springs for the
period from December 1907 through May 2008. The numbers of samples collected for each
parameter were highly variable, ranging from 1 to over 9,000 records. Sample locations
included multiple springs and a number of locations along the Silver River.
The Silver Springs main boil average water quality for several key parameters and the numbers
of samples in parenthesis were reported by WSI (2010):


Water temperature – 23.2 °C (n = 7,719)



Dissolved oxygen – 2.34 mg/L (n = 6,322)



pH – 7.07 SU (n = 5,036)



Specific conductance – 427 umhos/cm (n = 4,020)



Turbidity – 0.417 NTU (n = 1,719)



Color – 1.87 CPU (n= 2,498)



Total chloride – 9.88 mg/L (n = 2,711)



Sulfate – 42.3 mg/L (n = 1,160)



Nitrate+nitrite nitrogen – 1.00 mg/L (n = 1,030)



Total phosphorus – 0.044 mg/L (n = 1,379)

During a July 29, 2008 site visit (Wetland Solutions, Inc. 2010), field parameters were measured
over eight of the largest spring vents, as well as in the spring run down to the USGS gauging
station (0.75 miles downstream) by boat. Water discharging from individual spring vents
exhibited variability in field parameters with specific conductance ranging from approximately
300 to 500 micro Siemens per centimeter (µS/cm), dissolved oxygen (DO) ranging from less
than 1 to more than 4 mg/L, and pH varied around neutral (7.0) (Figure 4-1).Downstream
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increases in DO due to atmospheric diffusion and photosynthesis were evident in the Silver
Springs ecosystem and afford the opportunity to estimate ecosystem metabolism based on these
changes. During the WSI reconnaissance, average DO concentrations at the spring vents were
roughly 2 mg/L and increased to approximately 6 mg/L within 4,000 feet downstream (Figure
4-1). These values were measured during early afternoon in cloudy summer conditions, and
correspondingly higher DO concentrations are observed between 16:00 to 18:00 hours on days
without cloud cover.

4.2 Water Age
Faulkner (1973) conducted detailed hydrogeologic investigations in the vicinity of Silver
Springs while assessing the possible effects of the Cross-Florida Barge Canal. Faulkner’s work
found that the water discharging from Silver Springs was a mixture of shallow (about 100+ feet
from the Ocala Formation) and deep from the Avon Park Formation, with the shallow water
predominating (86 to 92% shallow). Faulkner concluded that the majority of Silver Springs’
water is relatively young in age, but older than water at Rainbow Springs as indicated by higher
content of dissolved minerals.
Water samples were collected from the Main (Mammoth) Spring, the Abyss, and the Blue
Grotto of the Silver Springs Group during January 2002 and analyzed for the purpose of dating
the groundwater (Phelps 2004). Estimated age of water from the Main Spring was
approximately 27 years for tritium/helium-3 data compared to about 15 years based on sulfur
hexafluoride; for the Abyss, the tritium/helium-3 age was about 9 years while the sulfur
hexafluoride age was about 8 years; and for the Blue Grotto, tritium/helium-3 age was about 19
years, and the sulfur hexafluoride age was about 6 years (Phelps 2004). It should be noted that
the apparent ground-water ages are based on a piston-flow model, which likely does not
adequately represent the complex flow system believed to exist in the karst Floridan Aquifer,
and may underestimate average water ages.

4.3 Water Clarity
Assessing water clarity in spring systems is challenging because of the extreme clarity in many
of the springs. Because of the low levels of turbidity (typically ≤0.3 NTU) one method to
provide a semi-quantitative estimate of water clarity is using horizontal secchi measurements.
Vertical secchi readings are typically infeasible because of the extreme water clarity and the
modest depths. At Silver Springs horizontal secchi readings at Mammoth Spring have
approached 328 feet on multiple occasions (Munch, et al. 2006, Wetland Solutions, Inc. 2010)
while water depth is on the order of 80 feet in the deepest areas.
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Figure 4-1. Field parameters along an upstream to downstream transect in Silver Springs run measured
on July 29, 2008.
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Figure 4-2 shows the results of secchi measurements in the Silver Springs and river taken
during six separate field sampling events in 2004 and 2013. These measurements in some cases
are less than the maximum value because of glass bottom boat traffic. However, these data
document a measurable decrease in water clarity that typically occurs from upstream to
downstream in the river as sloughed particulates and algae (“pseudoplankton”) become more
prevalent in the water column.

Horizontal Secchi Distance (m)
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60
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40

10/17/2004

4/23/2013

20
0
MB
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1200m

Station
Figure 4-2. Horizontal secchi measurements in the Silver River for six events at the Main Boil (MB),
Turtle Meadows (TM), and the 0.75 mile stations (Munch et al. 2006)

Water clarity was also assessed at seven stations along the spring run by FDEP from 2007 to
2011 using secchi disk visibility (Jeff Sowards, FDEP). Figure 4-3 presents the water clarity
estimates along the spring run. The range of measured horizontal secchi distances ranged from
10 to 256 feet, with measurements at SR-3 (below Half-Mile Creek) being the most variable. The
minimum horizontal secchi distance was measured on May 21, 2009 following a storm event
that put tannic-stained water into the Silver River above SR-3. Stations SR-6 and SR-7 had the
lowest horizontal secchi distances with both averaging 33 feet. No clear trend was observed in
water clarity over time at any of the seven stations, however a decrease was observed with
distance downstream (averaging from 220 feet [SR-1] to 33 feet [SR-7]).
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Figure 4-3. Silver River water clarity using horizontal secchi disc measurements (one meter is equal to
3.28 feet)

4.4 Dissolved Oxygen
Dissolved oxygen (DO) concentrations at different spring vents in the Silver Springs System
vary, but concentrations at each individual vent are generally stable over many years.
Christmas Tree Spring exhibits much lower DO than other spring vents along the Silver River
with an average DO concentration of 1.76 mg/L (20.9%) based on 48 field readings by WSI.
Within the Silver River channel, DO concentrations generally increase with distance
downstream from Mammoth Spring due to primary productivity from submerged aquatic plant
and algal photosynthesis. Because of the large biomass of vegetation, DO concentrations exceed
8.50 mg/L and 100% saturation during high productivity periods with long photoperiods. On
multiple occasions deployable data sondes have been used to collect diurnal DO data to
determine community metabolism of the ecosystem. Figure 4-4 illustrates an historical record of
65

Silver Springs Springs Restoration Plan

diurnal DO measurements at the 0.75 mile (4,000-foot) sampling station collected during the
1952-1955, 1978-1979, and 2004-2005 intensive monitoring periods.
A comparison of these three graphs indicates that nighttime DO concentrations at the 0.75-mile
station have declined from about 3.1 mg/L in 1952-55, to 2.8 mg/L in 1978-79, and 2.5 mg/L in
2004-05.This documented gradual decline in DO of about 0.6 mg/L was concluded to be
primarily due to a decrease in the DO at the feeder springs (Munch, et al. 2006) and is
considered to be significant as a possible stressor on the spring run aquatic ecosystem.

Figure 4-4.Comparison of Silver Springs average diurnal DO curves at the 0.75-mile station. These
data were reported by Odum (1957), Knight(1980), and Munch et al.(2006) and analyzed to determine
the rate-of-change in DO mass (reported as parts per million-hours) between the upstream springs and
this downstream point for estimation of daytime gross primary productivity and nighttime
community respiration (see Munch et al.(2006) for a detailed description of data).

4.5 Nitrate-Nitrogen
Nitrate-nitrogen (NO3-N) concentrations continue to rise in the Silver Springs System. This
increase in NO3-N is troubling because increases in other systems (Rainbow Springs, Fanning
Springs, Weeki Wachee Springs, etc.) have been associated with declines in desirable vegetation
and proliferation of undesirable benthic algae. This change in vegetation has also been
associated with changes in the faunal structure of some springs. Some of these changes have
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been observed in the Silver River where some of the native submerged aquatic vegetation has
been replaced or smothered by benthic algae.
Early nitrate-nitrogen concentrations for Silver Springs were reported in 1907 with a value of
0.05 mg/L, and in 1946 with a value of 0.29 mg/L (Ferguson, et al. 1947). Odum (1957) reported
an average nitrate-nitrogen concentration in the upper Silver River of 0.46 mg/L in 1953.
During the period of Knight’s Silver Springs study in 1979-1980, the average nitrate-nitrogen
concentration was 0.67 mg/L. Munch et al.(2006) updated the record of nitrate-nitrogen
concentrations in the Silver River and springs and reported an average value during 2004-2005
of 1.14 mg/L. Select water chemistry parameters for the Silver Springs Group have been
monitored by the St. Johns River Water Management District (2008). Nitrate-nitrogen
concentrations in the water discharged by Silver Springs indicate that concentrations have been
increasing (Figure 4-5). Concentrations have more than doubled during the past 30 years from
approximately 0.5 mg/L to more than 1.0 mg/L in 2005. WSI (2010) reported an average nitratenitrogen concentration of 1.14 mg/L in the upper section of the river. The data collected in 201112 (Wetland Solutions, Inc. 2012) indicated an average nitrate-nitrogen concentration of 1.19
mg/L at the Turtle Meadows upstream station. Downstream in the Silver River near the
confluence with the Ocklawaha River (SS-7) the nitrate-nitrogen concentration was slightly
lower (1.09 mg/L), presumably as a result of assimilatory (plant and microbial uptake) and
dissimilatory (denitrification) sediment/water processes (Cohen, et al. 2011).
Cohen et al.(2011) conducted a comparative study of the nitrogen biogeochemical processes
occurring in nine spring fed streams in Florida. The Silver River was divided into two segments
with 5,084 feet (0.96 miles) in the upstream segment and 3.3 miles in the downstream segment
(roughly equivalent to WSI’s 0.75 mile upstream segment and SS3 to SS7 segments). Silver River
flow at the time of their study was approximately 525 cfs (339 MGD). The stream cross sectional
areas of their two segments averaged 1,097 and 764 ft2, their hydraulic radii were both about 7.2
feet, channel widths were154 and 102 feet, vegetation occupied about 29 to 33% of the channel
cross sections, and substantial sediment deposits were present in both river segments. Diel
nitrate curves were obtained from both Silver River segments. These researchers estimated an
average nitrogen assimilation rate (plant and microbial uptake) of about 88 milligrams of
nitrogen per square meter per day (mg N/m2/d) and a denitrification rate of 514 mg N/m2/d.
The average NO3-Nconcentration in the Silver River declined from an upstream value of about
1.35 mg/L to a downstream value of about 1.26 mg/L (0.09 mg/L), during the period of their
study.
Hicks and Holland (2012) in FDEP’s Silver Springs and Silver River Total Maximum Daily Load
(TMDL) document examined data for nitrate-nitrogen and had similar conclusions to what the
other studies have shown. Specifically, nitrate-nitrogen is the dominant form of nitrogen, and
nitrogen concentrations have increased from background levels of about 0.05 mg/L to more
than 1 mg/L. Sources of the nitrate-nitrogen were also discussed, with both point sources
(wastewater discharges and stormwater) and nonpoint sources (septic tanks, fertilizer, etc.)
implicated. Average groundwater nitrate-nitrogen levels in the portion of the Floridan Aquifer
in Marion County feeding Silver Springs were found to be as high as 3 mg/L. Average nitratenitrogen levels in the silver Springs “Group” (WBID 2772C) were reported at and above 1.6
mg/L in 2005, 2009, and 2010. FDEP’s general conclusion is that the increase in urbanization
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and agricultural development has exceeded the springshed’s assimilative capacity, resulting in
the observed increases in nitrate, and that nitrogen loading in the Silver Springshed will need to
be reduced by about 79% to meet the TMDL.

Figure 4-5. Silver Springs water quality values by time and parameter (St. Johns River Water
Management District 2008).
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Section 5.0 Biology
5.1 Vegetation
5.1.1

Howard T. Odum Research (1951-55)

Silver Springs has long been recognized as an ecosystem with an abundant community of
primary producers (Odum 1957). As noted by Odum (1957), empirical accounts of the spring
dating back to the mid-1800s describe a system with extensive “moss-like plants on long waving
grass blades” (Brinton 1859)(Leconte 1861). Subsequent studies of Silver Springs by Odum
(1957), Knight (1980), Stevenson et al.(2008), Munch et al.(2006), WSI (2010), and WSI (2012) all
suggest that the overriding structure of the primary producer community has retained many of
its basic characteristics. The aquatic macrophyte strap-leaf sagittaria (Sagittaria kurtziana) has
been the most clearly defined biotic feature of the spring over the period-of-record and
epiphytic algae have been a major element of the community, even though early accounts refer
to it as “moss” (Leconte 1861).
Based on the results of a comprehensive study of Silver Springs in the early 1950s, Odum (1957)
highlighted the temporal stability of the primary producer community, on both seasonal and
inter-annual scales. He concluded that the major elements of the primary producer standing
crop, strap-leaf sagittaria(average dry-weight biomass of 628 g/m2) and epiphytic algae
(average dry-weight biomass of 188 g/m2), did not exhibit measurable seasonal or inter-annual
variation and had an observed combined average dry-weight biomass of about 809 g/m2.
However, he did temper that conclusion by pointing out the inherent limitations of the
techniques used for the analyses, as well as his concerns about the potential impacts of future
changes in external inputs to the system. Odum (1957) also stressed the fact that the dynamics
of the primary producer community were incompletely understood.
One of the key issues arising from Odum’s primary production research was the reconciliation
between the putative seasonal stability of standing crop and the disparity between summer and
winter net primary production, with strong positive NPP in the summer and negative NPP in
the winter. As stated by Odum(1957):
“It will be noted that the gross primary production in winter does not equal community
losses so that there must be some retrenchment in total community biomass and
sediments, although it is not conspicuous enough to be noted in rough biomass
measurements made so far.”
Odum(1957) suggested two possible explanations for these observations, with the first most
closely matching his observations of the system:
“Thus the Silver Springs community may maintain its great mass of individual
producers if they maintain a production over their individual compensation points all
the year. This is possible by exporting organic matter representing the excess production
of summer. This situation suggests that communities in order to be stable in a region of
large annual light variation must store or export considerable organic matter during the
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summer. Alternatively the communities must die out during the winter in the familiar
way of many environments.”
5.1.2

Recent Vegetation Studies

A comprehensive review of the SAV community at Silver Springs can be found in Munch et
al.(2006), and includes a detailed re-publication of Odum’s data from the 1950’s. As part of the
Munch et al. (2006) research, and subsequently published by Quinlan et al.(2008), the spatial and
temporal abundance and distribution of the above-sediment primary producer community was
estimated during the 2003-04 period, using a Geographic Information System (GIS) platform
and compared to historical conditions documented by Odum (1957) and others. The objective of
the Munch et al. (2006) study was to re-examine the characteristics and dynamics of primary
producer communities of Silver Springs with two goals in mind: to compare the existing
structure of the community with that observed by Odum (1957) fifty years earlier, as a means of
evaluating the impacts of changes that have occurred over time, and to re-examine the
alternative hypotheses presented by Odum (1957) regarding the abundance and dynamics of
primary producers, as a means of gaining a better understanding of the factors that may drive
future changes in the system.
Recent observations reveal that while the submerged macrophyte community was dominated
by strap-leaf sagittaria, several other species of submersed, emergent, and floating aquatic
macrophytes were also observed (
Table 5-1), but all together represented less than five percent of the total macrophyte biomass.
Two other species of submersed macrophytes were observed in significant quantities at
individual sampling sites, coontail and fanwort (Cabomba caroliniana), but their spatial
distribution did not exceed more than 50% of the bottom at sites where they occurred (Quinlan,
et al. 2008).
A listing of the dominant algal species encountered in Silver Springs for both epiphytes
(periphyton) and benthic algal mats is provided in Table 5-2 (Quinlan, et al. 2008), however,
Lyngbya sp. was the dominant benthic algae. Sampling in the headspring during April 3 and
November 13, 2003 by Stevenson et al. (2008), found that macroalgae coverage was 18.5% and
1.8 inches thick and 33.3% coverage and 5.7 inches thick, respectively and dominated by
Lyngbya sp. and Vaucheria sp.
A summary of SAV biomass found that while the strap-leaf sagittaria component of Silver
Springs was similar to historic estimates, both epiphyte (periphyton) and benthic (growing on
the bottom substrate) algal mat community biomass had increased, particularly in the case of
benthic filamentous algae (e.g. Lyngbya). Further documenting the degradation of vegetative
communities is the FDEP TMDL Report (Hicks and Holland 2012) which cites impairment for
nutrients based on algal smothering of native submerged aquatic vegetation.
The spatial distributions of submersed aquatic vegetation during summer and winter sampling
periods were estimated using a GIS platform and the resulting maps of SAV, by macrophytes,
epiphytes, and benthic macroalgae categories are shown in Figure 5-1, Figure 5-2, and Figure
5-3, respectively. These figures illustrate that higher biomass is observed during summer
periods (compared to winter sampling) for all three SAV community components at Silver
70

Silver Springs Springs Restoration Plan

Springs. Overall, Quinlan et al. (2008) concluded that the submersed aquatic macrophyte
community of Silver Springs appears to have demonstrated resilience to increases in nutrient
load. However, the algae community, in the form of epiphytes and benthic algae, has been more
responsive to eutrophication as evidenced through an increase in biomass and coverage; and it
may be hypothesized that algae biomass increases have not yet reached levels sufficient to
displace the macrophyte community (Quinlan, et al. 2008). The authors also argue for caution in
weighing the significance of long-term comparisons of system-wide biomass in light of the
considerable spatial heterogeneity in aquatic primary producer communities (Quinlan, et al.
2008).
Submersed aquatic vegetation (SAV) within the Silver Spring ecosystem as observed on July 29,
2008, was primarily a mix of strap-leaf sagittaria and multiple varieties of filamentous algae
(Wetland Solutions, Inc. 2010). Other aquatic vegetation types included the macroalgae
muskgrass (Chara spp.), and macrophytes tape grass (Vallisneria americana) and coontail
(Ceratophyllum demersum). Epiphytic growths (periphyton) on strap-leaf sagittaria and tape
grass were abundant as well. Submersed aquatic vegetation coverage is substantial, but appears
to be shifting towards increasing abundance of benthic filamentous algae and epiphytic
biofilms.
During 2011 and 2012, submerged aquatic vegetation was assessed as part of a metabolism
study (Wetland Solutions, Inc. 2012). This study found that the communities were dominated
by Sagittaria kurziana and Vallisneria americana in most areas except in some localized areas
where bare sediments dominated. In the downstream end of the lower segment that were
assessed it was observed that the exotic Hydrilla verticillata has started proliferating upstream,
but had not reached the upstream segment. In addition to this vegetation sampling the Silver
SPRINGWATCH organization takes photos at prescribed photo stations. Observations from this
effort have shown from 0-100% coverage of vegetation with significant spatial variation as
shown in Figure 5-4.
5.1.3

Structure of the Primary Producer Community

The unifying element of all studies carried out over time in Silver Springs is the structural
importance of the aquatic plant strap-leaf sagittaria. It is clear that this “waving grass-like”
species is now and has long been an integral part of the physical structure and biological
function of the Silver Springs ecosystem. Similarly, the epiphytic community living on the
strap-leaf sagittaria has been a major element of the ecosystem over the past century. The lists of
epiphytic species provided by Odum (1957) and Whitford (1956) contain many of the same
species observed during the Munch et al. (2006) study. The largest apparent shift in dominant
species in the system over the past fifty years is the rise in prominence of the algal-mat-forming
filamentous blue-green alga (i.e. cyanobacterium) Lyngbya. While a similar filamentous bluegreen alga, Plectonema, was observed in the 1950s, it was not identified as forming extensive
benthic algal mats. In fact, Odum (1957) largely discounted the importance of benthic algal mats
in Silver Springs. The importance of Lyngbya in Silver Springs is corroborated by a
contemporaneous study of the system by Stevenson et al.(2008). Stevenson et al.(2008) further
highlights the widespread importance of this taxon throughout many of the other spring
systems of Florida.
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Table 5-1.Dominant aquatic macrophytes in Silver Springs (Quinlan, et al. 2008).

Type
Submersed

Common Name
Strap-leaf sagittaria
Coontail
Fanwort
Tape grass
Southern naiad

Scientific Name
Sagittaria kurziana
Ceratophyllum demersum
Cabomba caroliniana
Vallisneria americana
Najas guadalupensis

Floating

Water lettuce
Spatterdock
Water hyacinth
Duckweed

Pistia stratiotes
Nuphar luteum
Eichhornia crassipes
Lemna minor

Emergent

Pickerelweed
Water primrose
Cattail
Water hemlock
Wild Taro
Maidencane

Pontederia cordata
Ludwigia octovalvis
Typha latifolia
Cicuta mexicana
Colocasia esculenta
Panicum hemitomon

Another algal phenomenon observed at Silver Springs during the course of the Munch et al.
(2006) study was a spring-time bloom of epiphytic filamentous green algae, dominated by
Ulothrix. Spring blooms of filamentous green algae were not documented during the 1950s
(Whitford 1956)(Odum 1957), although the importance of filamentous green algae is clearly
described by Whitford (1956).
Similarly, the abundance of diatoms like Aulacoseira (Melosira) in the epiphytic community is a
long-standing feature of Silver Springs (Whitford 1956) (Odum 1957). As noted by Whitford
(1956), the species assemblages of Silver Springs exhibit spatial heterogeneity that in part can be
attributed to spatial differences in flow, light regime and benthic substrate. Certain firmly
attached filamentous green algae, like Cladophora, are common components of the epiphytic
community in high flow regions of the spring, while loosely attached species, like Mougeotia, are
more common in regions of lower flow. For the most part, with the exception of the prominence
of Lyngbya, the general components of the algal community observed by Whitford in 1956
remain in the system today.
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Table 5-2. Dominant algal species encountered in Silver Springs for both periphyton and benthic algal
mats (Quinlan, et al. 2008).
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Table 5-3.Mean primary producer biomass and biomass by area in Silver Springs as dry weight (DW) and ash-free dry weight
(AFDW)(Quinlan, et al. 2008).

74

Silver Springs Springs Restoration Plan

Figure 5-1.Spatial distribution of submerged aquatic macrophytes (g AFDW m 2) for summer 2004 (A), winter 2003–2004 (B) and the overall
change in biomass from summer to winter (C) in Silver Springs (Quinlan, et al. 2008).
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Figure 5-2.Spatial distribution of epiphytic algae (periphyton, g AFDW m 2) for summer 2004 (A), winter 2003–2004 (B) and the overall change
in biomass from summer to winter (C) in Silver Springs (Quinlan, et al. 2008).
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Figure 5-3.Spatial distribution of benthic algae mats (g AFDW m 2) for summer 2004 (A), winter 2003–2004 (B) and the overall change in
biomass from summer to winter (C) in Silver Springs (Quinlan, et al. 2008).
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Station ID
BB
BBC
MB
140M
CS
BG
XMAS
FP1
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FP2
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2200M

Station
BB
BBC
MB
140M
CS
BG
XMAS
FP1
TM
FP2
GH 1
BC 1
1200M
1600M
1900M
2200M
1

Station Name
Boat Basin
Boat Basin Confluence
Main Boil
140m downstream of Main Boil
Creature Spring
Blue Grotto
Christmas Tree Spring
1st Fisherman's Paradise
Turtle Meadows
2nd Fisherman's Paradise
Gar Hole
Back Channel Outlet
1200m downstream of Main Boil
1600m downstream of Main Boil
1900m downstream of Main Boil
2200m downstream of Main Boil

Sagittaria Vallisneria Ceratophyllum filamentous
Bare
Total
kurziana americana
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algae
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photo not clear, unable to estimate vegetation cover

Figure 5-4. Vegetation observations from SPRINGWATCH photo stations (Wetland Solutions, Inc.
2012)

5.1.4

Abundance and Dynamics of Primary Producers

In the early 1950s Odum (1957) described two major components of primary producer standing
crop in Silver Springs, strap-leaf sagittaria and the epiphytes growing on strap-leaf sagittaria.
The average dry-weight standing crop of the two components was estimated to be 578 g/m2
and 188 g/m2, respectively. The dry-weight biomass of other macrophytes was estimated at 43
g/m2. Benthic algal mats were also observed “in a few places but were not large enough to
figure in the overall community estimates” (Odum 1957). Based on multiple year and yearround observations of these four components Odum (1957) concluded that the community
biomass was in steady state, i.e., constant over time, seasonally and inter-annually.
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The results of the more recent Silver Springs plant community studies Munch et al.(2006), WSI
(2010), and WSI (2012) also found strap-leaf sagittaria and the epiphyte community as major
primary producers in Silver Springs. In the Munch et al. (2006) study, estimates of biomass of
strap-leafed sagittaria were almost identical in the summer to those reported by Odum (1957),
but were lower in the winter, which runs contrary to Odum’s observation of temporal
uniformity of primary producer biomass. The average total macrophyte dry-weight biomass
observed in the winter was 70% of the summer average, i.e. 402 g/m2, in contrast to Odum’s
finding of no seasonal differences (Table 6-2). The fact that current estimates of summer strapleaf sagittaria biomass are only 5% different than Odum’s is remarkable, especially considering
the differences in methods used in the two studies.
In contrast to the SAV biomass similarities over the 50-year period, estimates of epiphytic
biomass from the Munch et al. (2006) study deviated from Odum’s observations. Average
summer dry-weight biomass estimates were nearly three times those observed by Odum (1957),
i.e., 572 g/m2 compared to 188 g/m2 (Table 5-4). In the winter, the average epiphytic biomass
was 221 g/m2, close to the value reported by Odum (1957).
Table 5-4.Comparison of Major Primary Producer Communities for 1957 and 2006 (Munch, et al. 2006).

Primary Producer

Season

Odum (1957)

Munch et al.
(2006)

Winter

621

402

Summer

621

580

Winter

188

221

Summer

188

572

Winter

negligible

379

Summer

negligible

601

Macrophytes

Epiphytes

Benthic Mats

It is noteworthy that in 2003-04, summer epiphyte dry weight rivaled strap-leaf sagittaria
biomass. However, care must be taken in interpreting the relative meaning of the biomass
values for macrophytes and epiphytes. For example, the similarity in the summer dry weight
values for macrophytes and epiphytes may not indicate a similarity in primary producer
biomass. The epiphytic community contains many living and non-living elements other than
algae. In part, this is reflected in the large ash content of epiphyte community biomass, which
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averaged 49% ash, compared to an average ash content of 26% for strap-leaf sagittaria. From
another perspective, the relative rates of primary production by macrophytes and epiphytes
must be viewed within the context of the turnover rates of epiphytic algae, which can be much
higher than for macrophytes, as noted by Odum (1957). Odum(1957) reported productivity
values for epiphytes of 4,490 g/m2/y, compared to 1,900 g/m2/y for strap-leaf sagittaria, which,
given the relative standing crops of these two elements, demonstrates the difference in turnover
rates.
One of the major departures from the observations of Odum in the early 1950s is the extensive
benthic algal mats observed in the Munch et al. (2006) study. While Odum (1957) discounted the
importance of benthic algal mats to the overall primary producer biomass in Silver Springs, the
results of the Munch et al.(2006) study indicated a significant role. Estimated average dryweight biomass of benthic algal mats was 379 g/m2 in the winter and 601 g/m2 in the summer,
both very substantial in relation to the estimated values for strap-leaf sagittaria and the
epiphytic elements of the primary producer community. The strong presence of benthic algae is
corroborated by the results of a contemporaneous study by Stevenson et al.(2008), which
reported substantial biomass levels of benthic algae at individual sampling sites within Silver
Springs, although a spring-wide average was not determined.

5.2 Macroinvertebrates
Insect emergence traps were deployed monthly by Munch et al. (2006) for ten months at 3 to 10
stations between the main boil and the 1,200-m station. Typical deployment periods were
between one and seven days. The overall average insect emergence rate for this period-ofrecord was 66.9 organisms/m2/d. Variability between sampling events and between traps was
fairly large (Figure 5-5 and Figure 5-6). The range of average event totals was 10.3 to 368
organisms/m2/d. The minimum and maximum trap numbers were 0 and 1,646
organisms/m2/d.
Figure 5-5 illustrates the average total insect emergence and the breakdown by taxonomic
group for the fourteen sampling events. Total insect emergence numbers were fairly consistent
throughout the study period except for one particularly high event in October 2004 when about
three times the mean emergence was recorded. The predominant insect taxonomic groups that
were represented in these traps were midges (Chironomidae), black flies (Simuliidae), other
unidentified flies (Diptera), aquatic moths (Lepidopteran – Petrophilas antafealis), and caddis flies
(Trichopteran - Hydroptilidae). Midge species identified in a few selected samples included the
following: Ablabesmyia mallochi, Cricotopus bicinctus, Dicrotendipes neomodestus, Labrudinia
johannseni, Microtendipes pedellus, Polypedilium illinoense, Pseudochironomus sp., Rheotantarsus
exiguous, Stenochironomus maceteei, Tanytarsus buckleyi, T. pathudsoni, and Tribelos fuscicorne. A
full taxonomic list of macroinvertebrate species occurring in the Silver River was not
determined for this study; however, considerable diversity appeared to be present based on the
insects observed in these samples.
Figure 5-6 indicates that the numbers of emerging insects collected by the traps generally
increased with distance downstream from the Main Spring. Qualitatively it was observed that
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macroinvertebrate emergence was greater over dense beds of strap-leaf sagittaria than over
areas dominated by benthic mats of filamentous algae.

Figure 5-5. Summary of Silver Springs insect emergence trap data by sampling date (Munch, et al.
2006).

Figure 5-6.Silver Springs period-of-record insect emergence as a function of distance downstream of
the Main Spring Boil (Munch, et al. 2006).
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Odum(1957) inadvertently captured emerging insects in inverted funnels suspended below the
water surface for measurement of bubble release rates from submerged aquatic vegetation
(SAV). Apparently this measurement was made by Odum on only a few occasions over a
diurnal period at four stations arranged at varying depths at a location just below the Main
Spring Boil. He typically only captured emerging insects during his nighttime sampling events.
Odum reported an average insect emergence rate of about 236 insects/m2/d.
Similar funnel emergence traps were utilized in the Munch et al.(2006) study on six dates to
make a direct comparison to Odum’s limited data. Munch et al.(2006) reported a lower average
emergence rate of about 67 insects/m2/d with a maximum value of about 368 insects/m2/d.
Side-by-side comparisons between the larger pyramid insect emergence traps used by Munch et
al.(2006) and funnel traps similar to those used by Odum found similar emergence rates.
Estimated insect emergence was also calculated based on insects trapped in plankton tows and
revealed similar levels to those recorded in the emergence traps. Since Odum’s data are based
on very small sampling areas and fewer traps, it cannot be determined with certainty whether
the lower emergence rates measured in 2004 were significantly different from the measurement
in the 1950s.
During the Munch et al. (2006) study, large insect emergence events were observed every
evening that researchers were on the river. Qualitatively these emergence events were very
similar to those witnessed by Knight in the late 1970s (Knight 1980). Although the absolute
numbers of emerging insects appear to be significantly lower than those previously reported, it
is clear that the overall phenomenon of insect emergence is still important at Silver Springs.
Based on taxonomic composition of the emerging insect samples it appears that there has been
relatively little change in the dominant families of aquatic insects using this portion of the Silver
River.
The aquatic macroinvertebrates of Silver Springs have been sampled eleven times as part of
FDEP EcoSummary activities (Florida Department of Environmental Protection 2002), (2002),
(2003), (2003), (2004), (2004), (2005), (2006), (2006), (2007), and (2007). These sampling events
took place in a 328 foot stretch of the spring run, approximately 655 feet east (downstream) of
the headspring. Over the course of these surveys the habitat assessment scores were
consistently in the optimal range, the total number of aquatic macroinvertebrate taxa ranged
from 18 to 27, and the number of sensitive aquatic macroinvertebrate taxa ranged from 1 to 3
(Figure 5-7).
Stream condition index (SCI) scores have been calculated from invertebrate collections during
most of the EcoSummary events. The SCI scoring system has undergone revision during its
utilization by FDEP. Prior to June 2004, SCI values of 21 or greater produced a healthy SCI
rating; while after this date, 34 was the cut-off value for a healthy rating (Florida Department of
Environmental Protection 2008). Prior to June 2004, SCI scores ranged from 19 to 27 (>21
healthy) and after June 2004, SCI scores ranged from 22 to 46 (>34 healthy).
Franz (2002) made a site visit to the Silver Springs (and river) on May 9, 2002 for the purpose of
sampling crustaceans. Crayfish (Procambarus fallax), freshwater shrimps (Palaemonetes paludosa),
and amphipods (Gammarus sp.) were collected from the spring and run, while burrow chimneys
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of the crayfish P. paeninsulanus and P. geodytes were observed along the forested banks of the
Silver River (Franz 2002).
A literature based inventory of rare and endemic snail species utilizing Silver Springs was
conducted by Shelton (2006) who found that no rare or endemic snails have been reported from
Silver Springs.
Walsh and Williams (2003) surveyed mussels during August 2002 from several locations along
the Silver River and at the confluence with the Ocklawaha River. Although mussels were
collected from each site, the numbers collected suggest relatively low abundance and included
only five species of native unionids as well as the non-indigenous Asian clam (Corbicula
fluminea, Table 5-5).

5.3 Macrofauna
5.3.1

Fish

Silver Springs fish observations include those made by Hubbs and Allen (1943), Odum (1957),
Knight (1980), Walsh and Williams (2003), Munch et al.(2006), and 2013 observations by WSI
(unpublished). Historical perspective is provided by Phelps et al.(2006) who noted that based on
material housed in the Florida Museum of Natural History and the collections of Walsh and
Williams (2003); at least 45 fish species have been documented from the Silver River (Table 5-6).
Several fish statistics of note reveal that the most diverse families in the Silver River are
centrarchids (8 species), ictalurids (6 species), fundulids (5 species), and cyprinids (4 species);
while four species collected by Walsh and Williams (2003) accounted for a combined 45 percent
of the sample composition: redeye chub (Notropis harperi), mosquitofish (Gambusia holbrooki),
sailfin molly (Poecilia latipinna), and spotted sunfish (Lepomis punctatus); and the greatest fish
biomass consisted of gar (Lepisosteus spp.), lake chubsucker (Erimyzon sucetta), and centrarchids
(Phelps, Walsh, et al. 2006).
In the 50-year retrospective study of Silver Springs (Munch, et al. 2006), analysis of historic fish
biomass suggests an overall reduction of fish biomass has occurred in this system (Table 5-7).
Other key findings from the comparative study reveal that catfish and mullet were present in
high abundance in Silver Springs fifty years earlier and had largely disappeared during
Knight’s 1978-79 study and also were observed in low abundance in the (Munch, et al. 2006)
study. Knight found gizzard shad to be the most abundant fish species in the late 1970s,
whereas Much et al. (2006) in 2004-2005 found much lower abundance of this species, and
gizzard shad were not reported by Odum in the 1950s (Munch, et al. 2006). Based on counts
conducted by Much et al. (2006) in 2004-2005, overall estimated annual average fish live-weight
biomass declined in Silver Springs since Odum’s study in the early 1950s by about 92%; and by
61% since Knight’s 1978-79 study (Table 5-7). These declines in total biomass were due to large
reductions in a few species, including channel catfish, striped mullet, gizzard shad, largemouth
bass, and Florida gar (Munch, et al. 2006).
A variety of fish were observed by WSI (2010) in the spring pools and run during the July 29,
2008 site visit; including largemouth bass (Micropterus salmoides), several sunfish species
(Lepomis sp.), white catfish (Ameiurus catus), gizzard shad (Dorosoma cepedianum), longnose gar
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(Lepisosteus osseus), bowfin (Amia calva), lake chubsucker (Erimyzon sucetta), blue tilapia
(Oreochromis aurea), and sailfin catfish (Pterygoplichthys disjunctivus).
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Figure 5-7. Time series of habitat assessment scores, total number of aquatic macroinvertebrate taxa,
total number of sensitive taxa, and SCI scores (healthy is > 21 prior to 6/04 and > 34 after 6/04) for
Silver Springs adapted from FDEP (2008).
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Table 5-5. Mussels collected in Silver River State Park and the Ocklawaha River at the mouth of the
Silver River (Walsh and Williams 2003).

Lewis (2012) reported that a total of 69 species of native fish have been documented in Silver
Springs, the Silver River, and the Upper, Middle and Lower Ocklawaha River. Fifty-nine of
these are freshwater fish species, 24 of these were from headwater areas and 35 were found in
the mainstream of the Ocklawaha River, the Rodman Pool, and the tributaries and springs that
flow directly into the river and the Pool. Collections since closure of the Kirkpatrick Dam at the
Rodman Pool suggest that five of these freshwater species are extremely rare or no longer
present in the system, including bluenose shiner (Notropis welaka), dusky shiner (Notropis
cummingsae), sailfin shiner (Pteronotropis hypselopterus), brown darter (Etheostoma edwini), and
snail bullhead (Ameiurus brunneus).
Ten species of native marine or migratory species using marine, estuarine and freshwater
habitats during their life history have also been recorded from this ecosystem. These include
striped bass (Morone saxatilis), American eel (Anguilla rostrata), American shad (Alosa
sapidissima), hogchoker (Trinectes maculatus), striped mullet (Mugil cephalus), sailfin catfish, and
Atlantic needlefish (Strongylura marina).
Historic records indicate that striped bass were seasonally common in the Ocklawaha and Silver
rivers. Clugston (2002) describes a report of large numbers of striped bass in Silver Springs
during the summer months. About 400 were counted by SCUBA divers from the spring to a
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point 4.5 miles downstream in the Silver River. Striped bass were an important attraction to
tourists riding glass-bottom boats near the head springs. The junction of Silver River and the
Ocklawaha River was a popular fishing location for striped bass at that time.
More recently, Jordan (1994) failed to collect striped bass between January and June, 1994, in the
Rodman Pool and Ocklawaha River, but he did collect them from the barge canal downstream
of the lock. He states based upon interviews and his knowledge that:“…the striped bass was
historically common to abundant in the Ocklawaha River up to Moss Bluff Dam, and “the
Ocklawaha River was probably an important spawning area.”
Since closure of the Kirkpatrick Dam in 1968, striped bass have not been reported from the
Silver River and the Ocklawaha River above the dam. However, Clugston (2002) notes that
every spring since the completion of the dam, local newspapers have reported excellent striped
bass fishing in the Ocklawaha River at the base of Kirkpatrick Dam. Striped bass are no longer
seen by tourists riding glass-bottom boats at Silver Springs. Lewis (2012) surmise that the
Kirkpatrick Dam stops upstream migration of striped bass and a variety of other anadromous
fish species in the Silver and Ocklawaha rivers.
5.3.2

Reptiles

During their July 29, 2008 site visit, WSI (2010) reported a variety of aquatic turtles that were
observed at Silver Springs, including cooters (Pseudemys sp.), loggerhead musk turtles
(Sternotherus minor), and Florida softshell turtles (Apalone ferox). Findings from Munch et
al.(2006) suggest that the cooters commonly observed during the early 1950s are still the most
commonly observed species, while smaller populations of soft shelled turtles and musk turtles
continue to be present.
Alligator populations were not estimated by Odum in the 1950s but were estimated at night to
have a density of about 3.4/ha by Knight (1980) and in the day at 0.91/ha during the Munch et
al.(2006) study. See Table 5-8 for a listing of the reptile species observed along the Silver River.
5.3.3

Birds

Some historical perspective for Silver Springs’ birds is provided in Munch et al.(2006), as the
total species richness for birds (as well as fish and reptiles) were similar in 2004 compared to
historical records at the Silver River. However, populations of fish-eating birds such as the
double-crested cormorant may have increased at Silver Springs since the 1950s study period
(Munch, et al. 2006). See Table 5-8 for a listing of bird species reported by Munch et al.(2002)
along the Silver River.
5.3.4

Manatees

Modern published observations of manatees in this system are rare and include observations in
the Silver River by Campbell (1976); by Beeler and O’Shea (1988) at the confluence of the Silver
and Ocklawaha Rivers; and by Warr et al.(1994) who reported observation of two manatees in
the Main Spring in July 1987 by a former director of the Silver Springs attraction. During 2011,
2012, and 2013, individual sightings of manatees were made on the Silver River by many
individuals.
86

Silver Springs Restoration Plan

Table 5-6. Fishes collected or observed in Silver Springs State Park (Walsh and Williams 2003),
deposited in the Florida Museum of Natural History (FLMNH), and reported (x) by Hubbs and Allen
(1943), from Phelps et al.(2006).
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Table 5-7. Comparison of biomass estimates (kg live weight/ha) of fishes in the Silver River based on
results of visual surveys from Odum(1957), Knight (1980), and Munch et al.(2006). Methods used for
visual surveys were different among studies. Anguilla rostrata was listed as A. bostoniensis in Odum
(1957). Biomass was derived from grams dry weight per meter ² estimates in Odum (1957) and in
Knight (1980) using standard wet weight/dry weight conversion factors (Munch, et al. 2006).
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Silver Springs and the Silver River would appear to provide ideal warm water and feeding
habitat for manatees. However, the Silver Springs Group is currently not listed on the Florida
Manatee Recovery Team Warm-Water Task Force list of important manatee warm-water sites.
This designation is likely the result of inaccessibility to the spring system from the St. Johns
River due to the impoundment (Rodman Pool) of the connecting Ocklawaha River which
became operational in December 1968. There are three artificial structures associated with the
Rodman Pool and the Cross-Florida Barge Canal: the Kirkpatrick Dam, the Buckman Lock, and
the Eureka Dam (which was never operationally completed). Access to the lower Ocklawaha
River from the St. Johns is blocked by the Kirkpatrick Dam, leaving the Buckman Lock as the
only manatee access from the St. Johns River to the Rodman Pool and ultimately the upper
Ocklawaha and Silver Rivers (Taylor 2006). In light of the reduction of warm-water manatee
refuges provided by power plant discharges, Laist et al.(2013) have recommended breaching or
removal of the Kirkpatrick Dam on the Ocklawaha River to encourage manatee use of the Silver
River and Silver Springs for cold weather habitat.
In addition to preventing upstream access, both the Kirkpatrick Dam and Buckman Locks have
been responsible for manatee mortality due to water turbulence at the base of the dam (seven
verified manatee deaths from 1974 to 1997 FWC Manatee Mortality Database)(K. Smith 1997);
the operation of the dam spillway gates (two manatee deaths documented in August 1995); and
four manatee fatalities have been verified at the lock structure (Taylor 2006). Six additional
manatee mortalities of undetermined cause have been documented in the vicinity of the
Buckman Lock and Kirkpatrick Dam as well (Taylor 2006).
No manatees were observed during an aerial survey in January 1996 of the Silver River,
Ocklawaha River, and Rodman Pool (Taylor 2006), suggesting that the Silver Springs system is
largely inaccessible to manatees due to the aforementioned structural alterations of the
Ocklawaha River.

5.4 Ecosystem Functions
Aquatic ecosystem metabolism studies were pioneered by H.T. Odum (1956) (1957) and others
(Odum, Galindo, et al. 1953) utilizing Silver Springs as a natural study system. Preliminary
research in Silver Springs began in 1953, and a progress report by Odum et al.(1953) describes
the initial results from his measurements of community metabolism. Odum found springs to be
ideal experimental units because of temporal consistency; allowing exploration of community
ecology, trophic status, and food webs.
Odum’s(1956) publication of Primary Production in Flowing Waters described the upstreamdownstream DO change method for measuring community metabolism as well as the ecological
implications these measurements facilitate, i.e., determination of gross primary productivity
(GPP), community-wide respiration (CR), GPP/CR ratios, and heterotrophic versus autotrophic
states from a variety of lotic systems. Odum’s (1956) results demonstrated that higher
productivity can be achieved in flowing waters compared to static or stagnant aquatic
ecosystems, and that autotrophic and heterotrophic states exist in a gradient, and that primary
production and community respiration can be used to characterize whole ecological
communities.
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In 1957, Odum published his multi-year springs’ research at Silver Springs: Trophic Structure
and Productivity of Silver Springs, Florida. This monograph arguably represents Odum’s
landmark publication – an important distinction, considering the number and breadth of
publications produced in his lifetime. In brief, it is a study of Silver Springs which uses the
metric of energy to quantify and qualify the community ecosystem. Rates are presented, often in
terms of oxygen or as organic matter produced per unit area and time, rather than just counts or
amounts per area. Concepts fundamental to the study of ecology are expounded upon in
Odum’s Silver Springs monograph, which in turn, shaped modern ecological paradigms. These
include community ecology, food webs, trophic levels, and energy flow.
Table 5-8. Species of birds and reptiles observed utilizing the spring run of Silver River, studies by
Odum(1957) and Munch et al.(2006).

Odum’s work in Silver Springs (and other springs) illustrates the value of springs as study sites
to test ecological theory given these systems can be individually thermostatic, chemostatic, and
biostatic ecological communities in a climax steady state that exhibit seasonally pulsing of
production and consumption due to variations in solar inputs. Odum’s work in Silver Springs
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also provides a baseline assessment of the ecosystem, allowing a quantitative comparison to the
current state of Silver Springs more than fifty years later (Munch, et al. 2006).
Some of the key conclusions provided by Odum’s work at Silver Springs revealed:


Community primary production was efficient at 5% of usable light and rates of
production are proportional to light intensity with springtime having 2 to 3 times the
levels of winter production;



Most of the production was utilized by community respiration;



About one third of primary production is due to photosynthesis by strap-leaf sagittaria
even though this plant community represented about three quarters of the standing
biomass;



The balance of production was due to the aufwuchs or periphyton community whose
abundance was estimated as 2.95 g chlorophyll/m2 concentrated about 1/3 of the
distance from the ends of the sagittaria leaves;



The primary producer community experienced an annual turnover of eight times
although apparent stability of gross features constitutes a climax community;



Nitrate and inorganic phosphorus were found to be assimilated from the water during
both the day and night; and



Nitrogen to phosphorus ratio and rates of utilization suggests that nitrogen is the more
limiting nutrient.

A thorough comparison of the recent ecosystem-level functions and community composition of
Silver Springs was conducted during 2004-2005 by Munch et al.(2006). This study of the
physical, chemical and biological components of the Silver Springs ecosystem (from the main
boil to the 0.75-mile downstream) had particular emphasis on water quality and measures of
ecosystem metabolism as compared to measures of these parameters made 50 years earlier by
H.T. Odum and 25 years earlier by Knight (1980). Findings from Munch et al. (2006) reveal that
while water chemistry has remained generally stable, with the exception of increases in nitrate
concentration, declines in water clarity, and possible reductions in DO levels from the main
boil; ecosystem metabolism estimates (i.e., GPP, Net Primary Productivity [NPP], CR, and
Photosynthetic Efficiency [PE]) appear to have declined since Odum’s and Knight’s previous
estimates. Additional ecosystem metabolism estimates have been developed by WSI (2010) and
(2012) for the Silver River based on measurements taken during 2009 and 2011-12. The single set
of measurements in May 2009 was typical of other values recorded during this peak month of
ecosystem productivity. Ecosystem metabolism values collected by WSI (2012) from 2011-12
were in the range of previous estimates from the Munch et al.(2006) study.
Ecological measurements made by WSI as reported in Munch et al.(2006), resulted in the
following observations:


Annual average gross primary productivity (GPP) declined from about 15.6 grams
oxygen per square meter per day (g O2/m2/d) in the 1950s and late 1970s to about 11.2 g
O2/m2/d during the Munch et al.(2006) study, a decline of about 27% (
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Table 5-9).



In the WSI (2010) study GPP was 19.0 g O2/m2/d for the run, and in the WSI (2012)
study was 11.3 g O2/m2/d. Community respiration also declined from about 14.8 g
O2/m2/d during the earlier studies to about 10.9 g O2/m2/d during the Munch et
al.(2006) study, but increased during the WSI (2010) to 16.9 g O2/m2/d and 11.9 g
O2/m2/d in the WSI (2012).



Resulting net community primary productivity declined from about 1.0 g O2/m2/d in
the 1950s, to 0.80 g O2/m2/d in the late 1970s, to about 0.42 g O2/m2/d during the
Munch et al.(2006) study, to 1.6 g O2/m2/d during the WSI (2010) study, to -0.7 g
O2/m2/d during the WSI (2012) study.



The production to respiration (P/R) ratio remained relatively consistent between the
four study periods, ranging from about 1.11 during Odum’s study in the 1950s to about
1.06 during Knight’s study in the late 1970s, to 1.06 in the Munch et al.(2006) study, to
1.09 in the WSI (2010) study, to 1.14 in the WSI (2012) study.



Ecological efficiency declined from about 1.09 grams of oxygen per mole (g O2/mol) of
Photosynthetically Active Radiation (PAR) during Odum’s study to about 0.94 g O2/mol
of PAR during the Munch et al.(2006) study, and declined further to 0.59 g O2/mol of
PAR during the WSI (2010) study and to 0.78 g O2/mol of PAR during the WSI (2012)
study.



Higher metabolism values during the WSI (2010) study are likely due to light conditions
during the May 2009 period that allowed for high productivity during days with long
photoperiods.

Table 5-9. Comparison of Silver Springs gross primary productivity estimates.

92

Silver Springs Restoration Plan

Odum (1957)
GPP
Date
(g O2/m2/d)
2/19/1953
12.4
3/7/1953
14.0
3/25/1953
17.5
1/7/1954
10.1
5/23/1954
24.4
7/12/1955
12.1
8/11/1955
19.7

Average

15.7

Knight (1980)
GPP
Date
(g O2/m2/d)
8/31/1978
19.3
10/5/1978
13.6
12/13/1978
7.8
3/7/1979
10.7
4/15/1979
16.8
5/16/1979
23.4
6/19/1979
20.7
7/17/1979
11.2
8/15/1979
17.1

15.6

Munch et al. (2006)
WSI (2010)
GPP
GPP
Date
Date
2
(g O2/m /d)
(g O2/m2/d)
Feb-04
8.2
5/8/2009
19.0
Mar-04
11.4
Apr-04
13.2
May-04
13.9
Jun-04
12.7
Jul-04
13.6
Aug-04
12.3
Sep-04
10.9
Oct-04
11.7
Nov-04
9.8
Dec-04
8.5
Jan-05
8.6
Feb-05
11.1
Mar-05
10.8
11.2
19.0
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WSI (2012)
GPP
Date
(g O2/m2/d)
Apr-11
15.7
May-11
11.3
Jun-11
10.5
Jul-11
14.3
Aug-11
15.2
Sep-11
11.5
Oct-11
9.7
Nov-11
8.5
Dec-11
7.7
Jan-12
9.1
Feb-12
10.5
Mar-12
11.4

11.3
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Section 6.0 Human Use
6.1 Introduction: Historic and Modern Attraction
The Silver Springs Group has experienced human use for thousands of years. In the mid-1800s
commerce using the Silver River began. In the 1870s the first glass-bottom boats (now a symbol
of Silver Springs) appeared on the river. Between the 1870s and 1930s the prominence of the
park grew as the land around the spring changed hands multiple times. In the early-1930s Ross
Allen established the Silver Springs Reptile Institute.
Beginning in the early 1930s the natural landscapes in and around Silver Springs were used for
the shooting of movies and television shows. Between 1932 and 1942 a total of six Tarzan
movies were filmed along the Silver River. Additionally the Sea Hunt television series filmed
more than 100 shows at Silver Springs in the 1950s. The property surrounding the Silver Springs
spring vents changed hands multiple times in this era with owners including: American
Broadcasting Corporation (ABC), Florida Leisure Attractions, and finally the State of Florida in
1993. In October 2013 the Silver Springs attraction, formerly operated by Palace Entertainment,
was taken over by the State of Florida Department of Recreation and Parks to be operated as a
part of the Silver Springs State Park.

6.2 Silver Springs Attraction
The economic impact of Silver Springs (as well as seven other springs in the SJRWMDAlexander, Apopka, Bugg, Gemini, Green, Ponce de Leon, and Silver Glen,) was investigated by
Bonn (2004) over a 12-month time period to estimate their levels of human visitation and the
associated economic impact of these natural resources on the local economy. Nearly 2,300 user
surveys were analyzed in the process. Seasonality in spring usage was documented as a key
issue, generally the springs experienced peak usage in the spring (April to June) and then
summer periods (July to September). Overall findings for the eight springs indicated that total
annual direct spending by visitors accounted for over $65 million, generated over $13 million in
wages, and created over 1,100 jobs. Silver Springs, which has a large theme park associated with
the natural springs’ environment, accounted for 94% of the total economic impact to the region,
while the remainder of the springs contributed only 6%.It has been reported that in its heyday
under prior management, the Silver Springs attraction hosted at least one million visitors each
year.
The Bonn (2004) study illustrates that the money, jobs, and economic impact generated by Silver
Springs has more to do with its development as a tourist site (with commensurate gate fees and
purchase opportunities) rather than simply being Florida’s largest spring. While natural areas
and the environmental services they provide are highly valuable, these valuations have
generally not been calculated. Also the economic impact generated from the Silver Springs
attraction cannot be directly applied to other springs that are operated by governmental
agencies. Declining use at the Silver Springs attraction has taken place over the last several
decades. In part because of this decline in attendance, Palace Entertainment, the previous
manager of the Silver Springs attraction did not properly maintain the aging facilities and was
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willing to pay to get out of their lease and return management of the Head Spring area to the
state in October 2013. This 242-acre attraction area was combined with the existing Silver River
State Park to form the new, 4,660-acre, Silver Springs State Park on October 1, 2013.

6.3 Silver River State Park
While attendance records for the Silver Spring theme park are not publicly available, attendance
data for the Silver River State Park have been analyzed and are presented in Figure 6-1. These
data reveal that total annual attendance has steadily increased since the 1995 opening of the
park with the highest annual use recorded in 2008 with more than 250,000 visitors during the
year. Use since 2008 has remained relatively flat although the change in park management to
include the head spring is likely to increase visitor attendance in the future. In past years, the
month of November experienced the highest visitation with March having the second highest
visitation. For the last year of separation between the Silver River State Park and the new Silver
Springs State Park (2012-2013), FDEP (2013) reported that Silver River State Park recorded
243,000 visitors, a direct economic impact in the local area of $11,171,134; state sales and use tax
of $737,235; and support for 179 local jobs.

50000

300000

45000
Overnight

250000

Day

35000

Total

30000

Annual

200000

25000

150000

20000
100000

15000
10000

50000

5000
0

0
Jun-13

Jun-12

Jun-11

Jun-10

Jun-09

Jun-08

Jun-07

Jun-06

Jun-05

Jun-04

Jun-03

Jun-02

Jun-01

Jun-00

Jun-99

Jun-98

Jun-97

Jun-96

Jun-95

Jun-94

Date
Figure 6-1.Human use statistics for Silver River State Park (data from Florida Park Service).
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6.4 Ray Wayside County Park
Ray Wayside County Park is a downstream location that allows access by paddle craft or
motorboat to the Silver River. The park has two large paved boat ramps, a boat basin, and
narrow channel that lead to the lower portion of the Silver River slightly upstream from its
confluence with the Ocklawaha River. This park receives a large number of visitors who use
recreational watercraft. The Marion County Parks Department provided vehicle counts for the
park. The counts were then converted to visitors by applying the U.S. Department of Energy
vehicle occupancy rate of 1.59 people per vehicle. Monthly totals varied from about 2,000 to
more than 8,000. Increases in use have been observed over the past 5 years with annual vehicle
counts reaching 60,822 for an estimated 96,700 visitors. Both vehicle counts and estimated
visitor numbers are shown in Figure 6-2.
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Figure 6-2. Human use for Ray Wayside County Park
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Section 7.0 Regulatory Status
As Silver Springs has suffered increasing pollutant loads and decreasing water supplies in
recent years, its protection has not been ignored by policy-makers. In fact, there is an array of
Federal, State, and local laws and policies aimed, directly or indirectly, at protecting the
springshed and the springs. With each passing year additional protections are being considered
and in some cases implemented. As indicated by the information collected for this report,
existing enforcement and regulations have not been successful at halting the continuing decline
in the health of Silver Springs or the Floridan Aquifer it depends on for nourishment.
Examination of existing policies and elimination of their inadequacies and/or lax enforcement
is necessary to reverse the ongoing decline of Silver Springs.
The strength and timing of environmental protections intended to protect the health of Silver
Springs vary significantly across jurisdictions, even within the same county. For example,
Minimum Flows and Levels (MFLs) are being developed on different schedules for Rainbow
Springs (by the Southwest Florida WMD) and for Silver Springs (by the St. John’s River WMD),
both of which are in Marion County. Protections at the county and municipal levels also vary
widely, in part because of the differing levels of their residents’ environmental activism but also
because of variations in their economies, demographics, and geology. Silver Springs lies within
Marion County, which with its economically important springs and urban centers has the most
comprehensive and longstanding springs protections in the area. The Silver Springshed also
includes portions of Alachua and Sumter Counties, and while Alachua County has adopted
limited springshed protections, Sumter County have been slower to act on springs’ protection
measures.
A compendium of legal protections at the Federal, State, and local levels for Silver Springs may
be found in the draft document “Restoration Plan for the Silver Springs and River”
(Normandeau Associates, Inc. 2011). A brief summary of these regulations is provided below.

7.1 Federal Designations
Silver Springs has been recognized as an important natural feature by formal designations at
the state and federal level – designations which are meant to provide recognition as well as
protection.
In 1971, the National Park Service listed Silver Springs as a National Natural Landmark (NNL),
recognizing the site for its geological or biological resources that should be conserved, but
without specific plans for acquisition or protection beyond voluntary conservation. In 2013 the
National Park Service labeled Silver Springs as “threatened” and downgraded its status in the
NNL program (Thompson 2013). Carolyn Davis, the Pennsylvania-based NNL regional
coordinator said the threatened status is a result of decreased water quality and a drop in water
quantity and the listing is intended to boost awareness in the hope that local agencies and
advocates will take action to correct the impairments.
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7.2 State Designations and Protections
Of Florida’s 1,700 rivers, the Silver River was designated in 1987 as one among only 41 which
are recognized as Outstanding Florida Waters (OFW). The OFW designation recognizes diverse
ecosystems and is meant to protect the water body from degradation of ambient water quality
“under all circumstances”. By rule this water quality designation is intended to prohibit any
activities that would lower the ambient water quality based on the quality at the time of the
designation, or the year prior to designation, whichever is better. There is also a requirement
that approved projects that affect OFWs should be in the public interest or at least not contrary
to public interest.
7.2.1

Minimum Flow and Levels

By setting MFLs, water management districts are responsible for determining the point at which
further withdrawals within a watershed will cause “significant harm” and for ensuring that
there is enough water in the Floridan aquifer to protect the hydrological and ecological integrity
of lakes, streams, and springs in the water management district. The establishment of MFLs is
required both by Florida statute and by the state comprehensive plan. MFLs apply to decisions
affecting water withdrawal permits, declaration of water shortages, environmental resource
permitting, and assessment of water supply sources. Each water management district is
required to develop recovery or prevention strategies in cases where a water body currently
does not or will not meet an established MFL.
The SJRWMD began investigations needed to set an MFL at Silver Springs in 2001, nearly 30
years after passage of the Water Resources Protection Act requiring protection of adequate
water in natural systems. MFLs for all first-magnitude springs (including Silver) have been
required by Florida law since at least 1994. Several draft documents with proposed MFLs for
Silver Springs and the Silver River, were released by the SJRWMD in the first half of 2013. A
peer review of the proposed MFLs was completed by Dr. Lee Wilson and Associates and
Environmental Consulting & Technology, Inc. in July 2013, and the SJRWMD Governing Board
voted to move forward with MFL development for Silver Springs in October 2013. As of the
date of this document (March 2014) the SJRWMD has not finalized MFLs for Silver Springs and
the Silver River.
The proposed Silver Springs and River MFL is a median flow of 677cfs (437 MGD) measured at
the 0.75-mile station just above Half-Mile Creek. According to the SJRWMD’s data analysis this
value is 31cfs (20 MGD) below the baseline (i.e., no groundwater pumping) median of median
annual flows estimated as 708cfs (457 MGD). The SJRWMD’s draft MFL analysis indicates that a
5% reduction in average flows would result in significant harm to the floodplain forest along
the Silver River. The proposed MFL indicates that there is still about 2 cfs (1.3 MGD) of
“freeboard”, the available flow reduction allowed that will not result in significant harm.
However, the SJRWMD has stressed that existing permitted water withdrawals are greater than
the actual current groundwater pumping rates, and that if all permits were at their “End-ofPermit” levels of pumping, that total would exceed the proposed MFL. Therefore, the SJRWMD
has indicated that they expect to issue a “Prevention and Recovery Strategy” with adoption of
the proposed Silver Springs and Silver River MFLs.
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There is substantial disagreement among scientists and engineers on the factors which have
contributed to declines in flows in the Silver Springs Group. SJRWMD’s position is that
groundwater pumping currently accounts for only about 5% of the observed flow reduction at
Silver Springs; that the first significant declines in Silver Spring flow began around 2000; and
that an increase in the spring pool elevation over the past decade accounts for approximately
100 cfs (64.6 MGD) of suppressed spring discharge(Southwest Florida Water Management
District and St. Johns River Water Management District 2012). The SJRWMD also believes that
growth in exotic and native submerged vegetation has contributed to a “backwater effect” due
to the resulting hydraulic head-loss in the ecosystem.
Knight, Kincaid, and Lewis (2013) provided an independent analysis that demonstrates that the
decreased flows in the Silver Springs System began around 1980, and that the SJRWMD’s
groundwater flow model over-estimates the impact of annual rainfall variations and
underestimates the importance of groundwater pumping on declining flows. As a result these
scientists found that the SJRWMD is severely underestimating the levels and flows needed to
protect the historic ecological integrity of the Silver Springs System. Those challenging the
SJRWMD’s models cite evidence that flows in 2012 dropped to less than one half of the historic
average, that average flows below 600 cfs have become common, and that Rainbow Springs has
“stolen” so much groundwater from the Silver Springshed that it now surpasses the latter in
average flow rate.
Once the draft MFL for the Silver River is finalized by the SJRWMD, the rule-making process
will begin, probably no earlier than late 2014. Rule-making could conceivably result in new
criteria for consumptive use permits, new prevention strategies, and/or new constraints in
regional water supply planning.
7.2.2

Impaired Waters Rule

The Impaired Surface Waters Rule (IWR) - Rule 62-303, Florida Administrative Code (F.A.C.),
was adopted to satisfy the requirements of the Florida Watershed Restoration Act in April 2001.
The IWR was developed to replace the past listing of waters based on EPA’s Section 303(d). It
relies on a “new science-based methodology to identify impaired waters.” Based on the
definitions within the IWR the Silver River was identified by FDEP in 2009 as a waterway
impaired by nitrate nitrogen.
This designation as an impaired water begins the Total Maximum Daily Load (TMDL)
regulatory process to develop loading estimates to maintain or reduce impairment. The TMDL
process is discussed further in Section 7.2.3.
7.2.3

Total Maximum Daily Load (TMDL)

In 2009 the FDEP verified that three segments of the Silver River were impaired by nitrate, as
evidenced by algal mats and smothering of native aquatic vegetation. In 2012, under the TMDL
requirements of the 1972 federal Clean Water Act and the 1999 Florida Watershed Restoration
Act, FDEP determined the threshold concentration of nitrate for Silver Springs, the Silver
Springs Group, and the Upper Silver River that will allow these water bodies to meet the
applicable water quality criterion for nutrients. A TMDL represents the estimated maximum
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amount of a given pollutant that a water body can assimilate and still meet water quality
standards, including its applicable water quality criteria and its designated uses. TMDLs are
developed for water bodies that are verified as not meeting their water quality standards and
provide important water quality goals that will guide restoration activities. According to FDEP,
achieving a monthly average nitrate nitrogen concentration target of 0.35 mg/l will be sufficient
to protect the aquatic flora and fauna in Silver Springs, the Silver Springs Group, and the Upper
Silver River (Hicks and Holland 2012). Achieving this target will require very large reductions
in nitrate-nitrogen inputs from non-point sources; for example, the nitrate-nitrogen load in the
groundwater feeding the Silver Springs Group, whose current nitrate concentration is 1.69
mg/l, will need to be reduced by at least 79 percent.
Primary sources of impairment that were identified by FDEP (Hicks and Holland 2012)
included both inorganic and organic sources of nitrate-nitrogen. Some of the potential sources
of contamination include wastewater facilities, permitted and unpermitted stormwater facilities,
septic tanks, fertilizer application (agricultural and residential), livestock, and atmospheric
deposition. These sources were described earlier in this document in detail and the State’s
approach to achieving compliance with the TMDL is discussed in additional detail below.
7.2.4

Basin Management Action Plan (BMAP)

The means of achieving the TMDLs for Silver Springs and the Silver River will be the Basin
Management Action Plan (BMAP) – a restoration plan developed by FDEP and basin
stakeholders that formalize the activities that will reduce the pollutant loads and achieve the
TMDL. Stakeholders in these BMAPs include the SJRWMD, local governments, agriculture and
other businesses, and interested local citizens. Given that agricultural activities are a significant
source of the nitrate nitrogen loads, the Florida Department of Agriculture and Consumer
Services (FDACS) must play an important role in the implementation of restoration activities.
The BMAP process for Silver Springs began in late 2012 with the first public meeting held in
January 2013, following completion of the TMDL for the Silver River. At the time of this report’s
release (March 2014), the BMAP process is still in its formative stages. The stated goal of the
BMAP is to return nitrate levels in the Silver River to 0.35 mg/L. Monthly meetings are being
convened by FDEP to bring affected stakeholders together to develop and commit to the BMAP
by 2014.

7.3 County and Municipal Ordinances
Counties and municipalities have a number of regulatory tools that can be used either to protect
or to compromise the health of springs and other water bodies. These tools include
comprehensive plans, zoning, land development regulations (LDRs), and water
quality/quantity ordinances. Many of these tools – for instance regulations on dumping of
hazardous materials – have been on the books for years. However, comprehensive springshed
protection language like that adopted in Marion County is still the exception in North-Central
Florida counties rather than the rule.
In 2009, the Marion County Commission approved the Springs Protection Ordinance, which
added Article 6.4, Springs Protection Overlay Zone (SPOZ), to the LDRs and amended Article
100

Silver Springs Restoration Plan

8.2.10, Landscape Standards, to reflect language in Article 6.4. The SPOZ is considered an
overlay to other zoning districts so its regulations supersede those of other zoning districts.
When the ordinance was adopted, there were two zones within the county, with some portions
of the county not fitting into either zone. After adoption, the County changed the overlay map
so that anything that was not included in the “primary protection zone” was included in the
“secondary protection zone” as shown in Figure 7-1. These delineations are meant to protect
groundwater quality based on the importance of portions of the county as recharge areas for the
Floridan Aquifer and subsequently the springs. Land uses, development, and environmental
regulations may differ between the primary and secondary zones.

Figure 7-1.Marion County’s Special Protection Overlay Zone with Primary Protection Zone in dark
blue and Secondary Protection Zone in light blue.

Land uses and activities which could adversely affect the quality and quantity of groundwater
within the SPOZ are regulated under the Ordinance. A number of activities are prohibited
within the primary zone, and detailed standards are provided for sewer connections,
agriculture, stormwater runoff management, water supply management, and septic tanks. Some
specifics include:


Concentrated animal feeding operations are prohibited within the SPOZ;



Irrigated acreage and BMPs are specified for new golf courses;



Restrictions are applied for mining operations and for construction/demolition debris
operations;
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Manure management practices are specified;



New developments are encouraged to use water-conservation practices (e.g., planting
drought-tolerant species and re-using water);



Criteria are in place for required connections to sewer lines;



Effluent total nitrogen limits for wastewater treatment in new developments; and



Voluntary farm best management practices for manure, crops, and pastures, with advice
to owners provided by the County Extension Service.

Section 19 of the Marion County Code includes an ordinance which codifies the SJRWMD’s
irrigation rules, as well as a residential fertilizer ordinance which provides for training of
applicators, recommended rates of fertilizer application, and fertilizer setback distances from
water bodies.
Although Marion County has been as legislatively active as any North-Central Florida county in
protection of its springs, county requirements for septic systems have actually been weakened
over the years. In recent years, the County Commission repealed a previous requirement that
low-pressure dosing septic systems be used in new construction and for replacement of failing
systems. Also, about five years ago, the County approved a mandatory septic tanks inspection
and pumping program, but repealed the plan when a State-wide version of
inspection/pumping seemed to supersede the County’s program. However, after the State law
was repealed, the County did not act to reinstate its own septic tank inspection program.

7.4 Other Local Activities
The most significant stormwater improvement project affecting the springs is the Silver
Springs/River Pollution Reduction Project, completed in 2011 to treat stormwater discharging
to Half Mile Creek a short distance upstream of the impaired Upper Silver River segment. The
project collects and treats stormwater runoff from a segment of State Road 40 and its 1,243-acre
watershed. Performance sampling was conducted by Marion County Office of the County
Engineer during nine storm events in 2011 and 2012 (Marion County 2012). This sampling
indicated an average removal of 18.9 tons per year of total suspended solids and 0.96 tons per
year of total nitrogen were removed by the system during the first year of operation.
Groundwater sampling indicated that a substantial quantity of the nitrogen removed from the
surface water may have ended up as nitrate-nitrogen in the groundwater flowing to Silver
Springs.
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Section 8.0 Description of Impairments
The Silver Springs System is an important natural and cultural resource in North-Central
Florida. The spring and river attract large numbers of tourists and provide a substantial boost to
the local economy. Additionally the ecosystem that is supported by the springs and river
provide abundant wildlife habitat that is unique. In addition to the unique spring ecosystem the
Silver River has an extensive and well-documented history that includes among other things the
invention of the glass-bottom boat 135 years ago, some of the first eco-tourism in the nation, an
important location for filming movies, and a history of racial exploitation (Seminole Indian
Village) and segregation (Paradise Park).
However, Silver Springs and River have been found to be an impaired water body and a
nutrient TMDL has been established (Hicks and Holland 2012). That designation refers to the
impact of nitrate nitrogen on the spring and spring run. In addition the ecology of the spring
and river are impaired by reduced flows, the presence of invasive and exotic plants and
animals, and excessive recreational use and exploitation. To solve the problems that are
plaguing the Silver Springs System it will be necessary to thoroughly understand and address
all of these impacts and the impairments they produce.

8.1 Introduction
For more than a century Florida has attracted new residents because of the relatively moderate
climate and natural beauty of the state. This attraction has spurred residential, commercial, and
urban development to support the infrastructure necessary to provide for residents and tourists.
Additionally, agriculture has taken advantage of Florida’s moderate climate to produce large
quantities of food including row crops, livestock, and dairy goods. This increasing economic
development has resulted in inevitable stresses on Florida’s natural environment as humans
have altered the environment to suit their needs. While the natural environment of Florida (for
example the beaches, estuaries, rivers, and springs) is in part what attracted many people in the
first place to the State, the inevitable “footprint” of those residents and tourists has taken its toll
on these natural resources.
One of the most striking examples of this environmental alteration has been the ditching and
draining of Florida that has resulted in the desiccation of much of the state to provide arable
land for agriculture and construction. The removal and draining of wetlands altered the
landscape and more importantly the water balance of the state with fewer areas recharging
water to the aquifer, simultaneous with a need for additional water to irrigate the “new” arable
land.
The human population of Florida was approximately 18.8 million in 2010. Given the area of the
state (53,900 square miles or 34.5 million acres) and assuming that these people are evenly
distributed indicates that the average density of Florida residents in 2010 was about 350 people
per square mile. This density represents a significant increase from about 2.8 million residents
in 1950 (51 people per square mile). Population expansion and high intensity life styles
characterized by excessive irrigation, fertilizer use, and recreational activities, are ultimately
responsible for the observed impairments in Florida’s natural environments, including springs.
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Reversal of the negative trends described in this report can occur by a collective
acknowledgement of the detrimental consequences of this human footprint and purposeful
reduction of impacting behaviors.
Springs and spring runs are a unique class of freshwater ecosystems. They are different from
the majority of fresh surface waters due to their following recognized properties (Odum 1957):


Relatively minor variation in flows (hydrostatic) compared to the majority of streams
and rivers;



High water clarity/transparency unlike most streams and rivers, with optimal light
availability for primary productivity; and



Consistent chemistry (chemostatic) and water temperature (thermostatic) due to their
reliance on groundwater inflows.

These unique environmental properties of spring-fed rivers are relatively independent of the
presence or absence of contiguous floodplain habitats. Thus, although adjacent floodplain
wetlands provide additional ecological benefits to some spring ecosystems, they are not
synonymous with springs or a necessary part of their ecological functioning.
The unique combination of physical and chemical properties imparts the following
opportunities for optimizing ecological efficiency and wildlife habitat support in Florida’s
springs and in associated spring runs:


Highly stable environmental conditions that promote the evolution of complex, adapted
plant and animal communities;



Maximum use of available light for conversion to useful gross primary productivity that
supports a high secondary productivity of primary, secondary, and advanced consumer
organisms;



Autotrophic ecosystems that approach a perfect ecological balance as indicated by full
utilization of locally-produced organic carbon; and



Export of internally-produced organic matter that augments downstream aquatic
ecosystems and attracts the immigration of downstream fauna that complete various
portions of their life histories in the springs and spring runs, imparting additional
services that help to maximize photosynthetic efficiency (the conversion of incoming
solar radiation into organic carbon through the process of photosynthesis).

For these reasons spring-fed rivers like Silver Springs are among the most productive
freshwater aquatic ecosystems on earth in terms of the production of wildlife. This wildlife
habitat function of springs is well documented and is largely independent of their association
with or without contiguous floodplain wetlands (Odum 1957, Wetland Solutions, Inc. 2010,
Wetland Solutions, Inc. 2012).
In addition to the importance of spring runs for the support of highly productive warm-water
fisheries, and their support for turtles, alligators, and water-dependent birds, they are critical
for the life history of other large and economically-important migratory wildlife such as striped
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bass, sturgeon, mullet, channel catfish, shad, eels, and manatees. In fact, spring runs in Florida
are essential for the life histories of all of those important species. This importance is a direct
result of the unique physical/chemical properties of springs and their resulting potential to
optimize photosynthetic efficiency.
This section describes the known impairments evident at Silver Springs and some of the
causative factors resulting in those impacts.

8.2 Groundwater Quantity and Flow Reductions
8.2.1

Precipitation and Recharge

There are five primary components of the natural hydrologic cycle that are responsible for a
majority of the movement of water in Florida. These are precipitation, evapotranspiration (ET),
runoff, groundwater recharge, and groundwater discharge. The Florida water budget can be
compared to a household budget with precipitation as income and the outflows as debits. In the
simplest sense rainfall is analogous to gross income. A portion of the rainfall is lost to ET just as
a portion of monetary income must be used to pay unavoidable expenses such as loans,
insurance, utilities, maintenance, etc. If there is any rain (income) left after these inevitable
expenses, then it either runs off as surface water to lakes, streams, and rivers (disposable
income) or it recharges the aquifer (put into a protected savings account for future expenses).
Like a mortgage or car payment, ET tends to be relatively consistent. Utility or food costs
depend on how much is consumed; similarly runoff is dependent on when and how much
precipitation occurs. Finally whatever is left over can infiltrate and be put in savings (Floridan
Aquifer).
The estimated annual average recharge to the entire Floridan Aquifer System in South Carolina,
Georgia, Florida, and Alabama was estimated by Bush and Johnson (1988) as about 13.9 billion
gallons per day (BGD). During dry years when rainfall is as little as 65 percent of average, the
recharge estimate would be reduced to about 9 BGD.
Similar to a bank savings account, water stored in the Floridan Aquifer provides an important
socioeconomic return manifested as artesian springs that naturally provide high quality wildlife
habitat, recreational opportunities, and aesthetic/economic values. Also like a bank account, if
the principal of the account is spent (groundwater pumping) with no regard for future security,
there will be negative consequences for the individual and society as a whole. This is the case
with unchecked pollution and over-exploitation of high quality groundwater as evidenced at
Silver Springs.
Due to its very low topographic relief, the State of Florida has less capacity for storage of
surface waters than many other states. Natural surface water storage systems in the state
include shallow wetlands, lakes, and rivers. While in a few instances these water resources have
been exploited for human water uses, there is very limited opportunity to construct costeffective surface water reservoirs to collect rainfall and runoff as a method to augment water
supplies during seasonal dry periods.
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However, Florida’s hydrogeology provides ample storage volume for groundwater resources.
Unlike many areas with more topographic relief, Florida has highly permeable sandy soils over
much of its area as well as many internally draining basins that direct rainfall and runoff into
limestone aquifers. Throughout much of the northern half of the Florida peninsula the extensive
karst limestone of the Floridan Aquifer is unconfined or poorly confined, resulting in high rates
of infiltration/recharge of rainfall and vulnerability for contamination of the underlying
groundwater.
Florida’s porous limestone formations represent one of the largest groundwater aquifers on the
planet. The Floridan Aquifer System encompasses about 100,000 square miles and extends
under the entire State of Florida and under significant parts of Georgia, South Carolina, and
Alabama (Figure 8-1). The depth of the Floridan Aquifer exceeds 4,000 feet under parts of
Florida. However, this depth is misleading since much of the Floridan Aquifer is filled with salt
or brackish water. The fresh water portion of the Floridan Aquifer provides high quality
drinking water for a large fraction of the state’s residents and provides fresh water for many
other uses and users in the state of Florida. In 2010, it was estimated that the Floridan Aquifer
provided about 62 percent of the 4,150 MGD of groundwater utilized in the state (Marella,
Florida Water-Use Program 2013). In addition to these human uses, the Floridan Aquifer is the
sole source of water to more than 1,000 artesian springs located over much of North and central
Florida.
Groundwater recharge is the primary input of fresh water into the Floridan Aquifer. This
recharge is largely dependent upon direct precipitation but also includes a component of
drainage from wetlands, streams, and human activities such as irrigation, impoundments, and
wastewater disposal systems, including injection and drainage wells. Groundwater recharge
can be reduced by below-average rainfall as well as land use changes. While the annual amount
and distribution of rainfall is still outside the realm of human management, the alteration of
land cover is not. Installation of impervious surfaces such as paving and roof surfaces in cities is
an important factor in altering or reducing natural recharge of rainfall. Surface water drainage
such as construction of drainage ditches in wetlands and wet uplands also reduces stored
surface water that would otherwise be available for recharge of the deeper aquifer. While some
additional recharge of surface waters results from drawdown of the water levels in the Floridan
Aquifer, if surface waters in wetlands or the surficial aquifer are not present, no additional
recharge occurs.
Human-induced changes in recharge to the Floridan Aquifer have not been well quantified. In
some areas it is considered likely that they are a significant source impairment to spring flows.
In these areas, existing land use changes need to be assessed for restoration of natural recharge
rates as part to any springs restoration program.
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Figure 8-1. Extent of the Floridan aquifer system in Florida and portions of Georgia, Alabama, and
South Carolina and estimated annual average recharge rates (Bush and Johnston 1988)
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8.2.2

Groundwater Pumping and MFLs

The USGS has estimated that during an average rainfall year (2000), approximately 26 percent
of the entire average annual recharge to the 100,000 square mile Floridan Aquifer System, or
approximately 3.64 billion gallons per day (BGD) was being pumped (Williams, Dausman and
Bellino 2011). Approximately 2.6 BGD of this total is being pumped in Florida (Marella, Florida
Water-Use Program 2013) and the rest or about 1 BGD is being pumped in Georgia, Alabama,
and South Carolina.
In addition to this 3.64 BGD, another two billion gallons per day has already been promised to
existing water use permit holders in Florida alone. This equates to about 33 percent of the
average annual income of recharge to the entire Floridan Aquifer System and more than 50
percent of the entire recharge during a drought year. This current permitted amount in North
and Central Florida is also more than 50% of Florida’s estimated annual average recharge of
rainfall to the Floridan Aquifer.
As discussed previously, groundwater pumping is analogous to a withdrawal from a bank
account (i.e., the Floridan Aquifer). By withdrawing and reducing the capital (storage of
groundwater in the aquifer), spring flows decline and the services they provide to society are
reduced. Under extreme cases where aquifer levels have been drawn down by more than 20 to
40 feet, springs have stopped flowing during periods of low rainfall. Notable Florida examples
include White Sulfur Springs in Hamilton County and Kissengen Springs in Polk County. Also,
increases in the occurrence of sinkhole formation and of saltwater intrusion occur during
periods of intense groundwater pumping.
With the exception of smaller withdrawals for domestic self-supply, groundwater pumping in
Florida requires a water use permit from one of the five Water Management Districts (WMDs).
The water use permitting process is designed to protect state water resources against ecological
damage by determining the impact of withdrawals. Three criteria must be met to issue a water
use permit:


The use must be reasonable and beneficial,



It must protect existing users, and



It must be in the public interest.

The WMDs utilize steady-state or transient groundwater models to estimate impacts caused by
groundwater pumping permits. Admittedly, the groundwater models that are used to estimate
impacts to aquifer levels and spring flows are extremely complex, but do not accurately or
adequately simulate actual subsurface conditions that are in many cases poorly understood.
This makes the models overly-simplistic by incorrectly representing subsurface conditions that
in many cases dominate flow in karst areas. As a result of this inadequate information these
models tend to under-estimate impacts of pumping to groundwater resources. The basic
assumption used in crafting these models is that the aquifer is a relatively homogeneous matrix
of constant transmissivity (“sand box” analogy). In fact the Floridan Aquifer limestones are
highly variable in porosity with areas of dense rock and areas honeycombed by large caverns
and passageways sufficient for cave divers to travel miles underground.
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Extensive research on groundwater flow travel times using conservative dyes as tracers have
proven that the underlying assumptions in the simplistic WMD models are not realistic (URS
2011). The consequence of using flawed assumptions is excessive uncertainty in model
estimates of groundwater pumping effects on spring flows and levels. And contrary to standard
practice, the WMDs do not report the likely magnitude of uncertainty present in model
predictions used for water use permitting. In fact, the companies and individuals preparing
these models strongly recommend against their use for estimating the effects of groundwater
pumping on individual springs and spring groups (Planert 2007). Nevertheless, the North
Florida Groundwater Flow Model has all of these deficiencies and yet is the primary tool used
by the SJRWMD to estimate groundwater pumping impacts at Silver Springs.
Based on comparison of groundwater level maps for estimated pre-development conditions and
during the last decade (Florida Geological Survey 2013) the groundwater levels in the
springshed that feeds Silver Springs have declined on average between 5 and >20 feet. Since
spring flows come from the top of the aquifer, this decline has resulted in lower average flows
at Silver Springs. The observed total decline of average flows at Silver Springs since the 1960s to
2012 is about 370 cfs (239 MGD) or 45%. The average flow decline at Silver Springs,
independent of rainfall variability, has been about 32% during the past decade compared to the
previous period-of-record. Rainfall in Marion County has also declined during this period by
about 11 percent. These estimates indicate that as much as three quarters of the observed flow
decline at Silver Springs or about 278 cfs (180 MGD) is due to human impacts, including
groundwater extractions from the Floridan Aquifer.
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Figure 8-2.Estimated average drawdown of the potentiometric surface of the Floridan Aquifer system
in North and Central Florida from “pre-development” to 2000. (Map prepared by the Florida
Geological Survey)
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Since Rainbow Springs is topographically lower than Silver Springs by about 10 feet, Rainbow
tends to “pirate” flows from Silver Springs during low recharge/high pumping periods. The
observed overall reduction in combined flows from these two first magnitude springs is about
500 cfs (323 MGD) with more than one half of this amount due to groundwater pumping and
land use alteration. For purposes of springs restoration and protection, these two large spring
complexes should be treated as a unit, regardless of political boundaries. Groundwater
pumping inside and outside of Marion County is clearly taking a big toll on the ecological
health of these spring giants.
Knight et al. (2013) provided an independent technical review of the SJRWMD’s proposed MFL
determination for Silver Springs. This review determined that the SJRWMD’s proposed

MFL would effectively write off an average of 143 cfs (92 MGD), which is 112 cfs or 72
MGD in addition to the flow reduction concluded by the SJRWMD staff to result in
significant harm. This additional flow reduction is justified by the SJRWMD based on a
hypothetical backwater effect caused by the growth of native submerged aquatic
vegetation in the Silver River. Based on a detailed analysis of existing local and regional
pumping in and around Silver Springs described by Knight et al. (2013), this “missing”
water is easily attributed to the effects of regional groundwater pumping (estimated as
more than 4,000 cfs or 2,600 MGD in North-Central Florida in 2010).
The proposed MFL would allow an average loss of 17% of the historic flow at Silver
Springs, a quantity much greater than the flow reduction (4.4%) the SJRWMD estimated
to cause significant ecological harm. Knight et al. (2013) concluded that the SJRWMD’s
proposed MFL for Silver Springs and Silver River flows and their ecological impacts is
flawed, and, if adopted, will not be protective of the Silver Springs and Silver River
ecosystem. The SJRWMDs imperfect groundwater flow model underestimates the
effects of groundwater pumping on spring flows.
The SJRWMD has continued to authorize new groundwater pumping permits and
failed to further restrict current water use practices even as flows from Silver Springs
have plummeted below any level seen in the past 90+ years (average flows at Silver
Springs have been less than one half of historic average flows during the last two years).
The SJRWMD’s proposed MFLs, while appearing to be protective, do not protect the
public interest in restoring Silver Springs and the Silver River to their former ecological
health.
The productivity and wildlife food-chain support of spring runs has been demonstrated to be
closely linked to water velocity (Odum, Trophic Structure and Productivity of Silver Springs,
Florida 1957, Munch, et al. 2006) and to total spring discharge (Wetland Solutions, Inc. 2010,
2011). Figure 8-3 illustrates the observed relationship between total spring discharge and
photosynthetic efficiency (the ratio between gross primary productivity and incident useful
energy from the sun). Increased average gross primary productivity efficiency is highly
correlated with average total spring flow. There is no threshold in this relationship. As average
flow increases, so does the autotrophic production of food for wildlife living in the spring run.
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While there is a slight curve in this relationship at the highest spring flow rates studied, there
was no observed leveling off or diminishment of this relationship at either end of the spring
flow regime. The conclusion of these data is that any reduction of average spring flows will
proportionally reduce wildlife habitat (food availability).
Scientific evidence of the importance of this relationship exists at Silver Springs based on
studies of the biomass and productivity of macroinvertebrates (emergence rates of aquatic
insects) and fish (wet weight fish biomass). Both faunal groups are reliant on the autotrophic
productivity of the spring run. During the 50-year period from 1954 to 2004, average flows at
Silver Springs declined by 13 percent. During that same interval, ecosystem productivity
declined by 27 percent, insect emergence rates declined by 72 percent, and fish populations
declined by 92 percent (Munch, et al. 2006).
In addition to the importance of spring runs for the support of highly productive warm-water
fisheries, and their support for turtles, alligators, and water-dependent birds, they are critical
for the life history of other large and economically-important migratory wildlife such as striped
bass, sturgeon, mullet, channel catfish, shad, eels, and manatees. In fact, spring runs in Florida
are essential for the life histories of all of those important species. This importance is a direct
result of the unique physical/chemical properties of springs and their resulting optimum
photosynthetic efficiency.

Figure 8-3.Average discharge versus average photosynthetic efficiency at Gum Slough and previously
studied spring ecosystems (Wetland Solutions, Inc. 2011).
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While spring run ecosystems are truly unique due to their historic constancy of flow,
clarity, temperature, and water quality, the SJRWMD’s draft Silver Springs MFL
analysis bases its significant harm evaluation on the response of the neighboring
riverine floodplain wetlands to hydrological changes. In fact, the wildlife support
processes in the continuously inundated spring run channel are more unique and likely
more sensitive to changes in flow than the response of the floodplain to intermittent
flooding events.
Based on recent research at Silver Springs, the existing documented flow reductions
have already been implicated in observed reductions of environmental WRVs (Munch,
et al. 2006). For example, water quality declines in Silver Springs and Silver River (both
increased nitrate and lowered dissolved oxygen concentrations) are correlated with
flow reductions. As a direct result of flow reductions at Silver Springs, pollutant
filtration and absorption, transfer of detrital material, sediment load transport, and
estuarine resources are diminished. Routinely flooded fish habitat within the floodplain
as well as downstream-connectivity to the St. Johns River has also been reduced,
resulting in significant declines in the documented fish populations in Silver Springs.
Also, all of the human-related WRVs, including recreation, aesthetics, freshwater
storage and supply, and navigation, have declined as a result of existing groundwater
withdrawals and resulting lower aquifer levels and flows at Silver Springs.
For spring runs and “special waters” such as Silver Springs/River located in a state
park and aquatic preserve, the legal limit for allowable changes was effectively made in
1987 when it was declared to be an Outstanding Florida Water. Florida law specifically
prohibits “…direct and indirect pollutant discharges that would lower existing water
quality” (Rule 62-302.700, F.A.C.). Essentially, in the context of the Clean Water Act
where flow has been linked to water quality, this special protection allows no additional
harm at Silver Springs, the Silver River, or its contiguous floodplain wetlands as a result
of permits issued by state agencies (Giattina 2013). Thus the threshold for significant
harm has been previously set as the hydrologic regime present at Silver Springs/River
prior to 1987.
It is recommended that the SJRWMD subject the NCF model to an independent peer
review to fully quantify its deficiencies and its ability to accurately predict baseline flow
conditions in Silver Springs and the Silver River. A quantitative water balance for the
Silver Springs system should also be prepared to independently validate a refined
groundwater flow model. It is recommended that the SJRWMD re-evaluate the
proposed MFLs based on a refined estimate of uncertainties related to estimation of the
effects of existing groundwater withdrawals on the existing diminished flows evident at
Silver Springs. It is also recommended that the SJRWMD re-evaluate the most limiting
WRVs in terms of the unique functions of the spring-fed Silver River to support a
healthy and productive native flora and fauna.
113

Silver Springs Restoration Plan

If adopted, the draft recommended Silver Springs/River MFLs will effectively preclude
issuance of any new CUPs in the immediate springshed of Silver Springs; provide
justification for the SJRWMD to deny or substantially reduce the 5.3 MGD CUP
application for the proposed Adena Springs Ranch; and require Marion County, the
City of Ocala, Marion Oaks, On Top of the World, the Villages, and other large public
water suppliers in the springshed to aggressively pursue water conservation and to
seek alternative water sources for any additional capacity they may need. This
investigation should provide a wake-up call to SJRWMD management that in order to
restore Silver Springs and the Silver River it is time to implement emergency water
shortage measures and reconsider needs and sources of water throughout the
SJRWMD.

8.3 Water Quality Impairments
Water quality and quantity protection are important components of environmental law in
Florida and in the U.S. The Silver River and its adjacent wetlands are Class III Waters with the
designated uses of: fish consumption, recreation, and propagation and maintenance of a
healthy and well-balanced population of fish and wildlife.
All Florida waters are protected by minimum criteria (Chapter 62-302.500, F.A.C.) against
components of discharges that:
1. Settle to form putrescent deposits or otherwise create a nuisance; or
2. Float as debris, scum, oil, or other matter in such amounts as to form nuisances; or
3. Produce color, odor, taste, turbidity, or other conditions in such degree as to create a
nuisance; or
4. Are acutely toxic; or
5. Are present in concentrations which are carcinogenic, mutagenic, or teratogenic to
human beings or to significant, locally occurring, wildlife or aquatic species, unless
specific standards are established for such components in subsection 62-302.500(2) or
Rule 62-302.530, F.A.C.; or
6. Pose a serious danger to the public health, safety, or welfare.
A total of 70 water quality constituents are regulated in Class III waters with identified numeric
or narrative criteria that cannot be exceeded (Chapter 62-302-530, F.A.C.).
In addition to the standard Class III level of water quality protection, the Silver River and its
contiguous floodplain wetlands are Outstanding Florida Waters (OFWs), Chapter 62-302.700,
F.A.C. The OFW rule states that: “It shall be the Department policy to afford the highest
protection to Outstanding Florida Waters and Outstanding National Resource Waters. No
degradation of water quality, other than that allowed in subsections 62-4.242(2) and (3), F.A.C.,
is to be permitted in Outstanding Florida Waters and Outstanding National Resource Waters,
respectively, notwithstanding any other Department rules that allow water quality lowering.”
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Based on a decision by the U.S. Supreme Court (1994), the U.S. EPA has declared that flow itself
is protected in so far that it affects water quality (Giattina 2013). In a memo to Florida’s
Department of Environmental Protection, Jim Giattina with U.S. EPA Region 4 stated that:


“Anthropogenic disruptions in natural river and stream flows are called hydrologic
alterations and include surface and groundwater withdrawals, dams and
impoundments, channelization and stormwater runoff”; and



“hydrologic alteration may be the primary cause of ecological impairments in the U.S.
and impacts freshwater use for drinking water, agriculture, industrial and municipal
facilities, recreation and tourism and the jobs associated with seafood and shellfish
harvesting”; and



“reductions of freshwater flows create economic concerns, ranging from loss of outdoor
recreation and tourism revenue, the loss of ecosystem services and the loss of jobs…”;
and finally



“hydrologic alterations can be addressed using existing Clean Water Act tools, with a
focus on water quality standards.”

The water quality in the Silver River has been relatively consistent over the period-of-record for
most parameters. However, in addition to the flow declines described above, there have been a
few significant changes in water quality in the river. The most obvious of these changes has
been the increase in nitrate, loss of water clarity, and declining DO concentrations.
8.3.1

Nitrate Nitrogen

Nitrogen is a macronutrient that is essential for all life. Historic concentrations of nitrogen in
Silver Springs were adequate to support highly diverse and productive aquatic primary and
secondary productivity (Odum 1957). Forms of nitrogen that naturally occur in surface waters
include inorganic forms such as nitrate and ammonia, and a variety of organic compounds.
Nitrate-nitrogen concentrations have been rising in many of Florida’s springs and in large areas
of the Floridan Aquifer for over 60 years (Knight and Notestein 2008).
Changes in nitrate nitrogen concentrations in the Silver River have been significant, with
concentrations increasing from 0.04 mg/L to more than 1.6 mg/L, or about 3,900%, since 1907.
Nitrate-nitrogen is one of the primary nutrients required for plant growth and is limiting in
many aquatic and terrestrial ecosystems. FDEP has determined that nitrate-nitrogen
concentrations below about 0.35 mg/L are protective of healthy spring ecosystems (Hicks and
Holland 2012). The marked increase in the dominance of benthic filamentous algae in the Silver
River documented by Quinlan et al. (2008)is attributed in some measure to the large increase in
nitrate-nitrogen concentrations. Cowell and Dawes (2004) found that increased nitrate-nitrogen
levels in combination with increased trace metals caused highly significant increases in
biovolume of phytoplankton in spring runs. Silver Springs and the Silver River were
determined to be impaired by nitrate-nitrogen as evidenced by “algal smothering” of
submerged aquatic vegetation (Hicks, Harrington and Maddox 2009).

115

Silver Springs Restoration Plan

8.3.2

Dissolved Oxygen

The second exception was the nighttime concentration of dissolved oxygen (DO) in the Silver
River. While there was no clear evidence that DO concentrations had decreased in the spring
outflow, possibly due to inadequate data for comparison purposes, there was a clear reduction
in nighttime DO concentrations downstream at the 0.75-mile station where extensive DO
studies were reported from the 1950s, the late 1970s, and the 2004-2005 period. The nighttime
DO decline was about 0.6 mg/L from 3.1 to 2.5 mg/L, levels that are well below the Class III
freshwater standard of 5 mg/L, and a change that is considered significant in prior Florida law.
8.3.3

Water Clarity

Water clarity is one of the key features of the Florida Springs both for tourism and ecological
function. Light availability contributes to the highly productive wildlife food webs found in
Florida Springs that favors submerged aquatic vegetation even at depths greater than ten feet.
Exceptional water clarity is also one of the primary features that attract recreational users to
Florida’s springs.
In the main boil in the Silver River this clarity is manifested by horizontal visibility of up to
more than 300 feet. However, as documented in this report, water clarity in the Silver River
rapidly decreases with distance downstream. As evidenced by microscopic examination by WSI
in Munch et al. (2006) and in WSI (2010), the particulate matter causing a considerable fraction
of this lost clarity is composed of living and dead algal cells, or “pseudo-plankton”. A similar
observation was recorded at Rainbow Springs (Anastasiou 2006). The filamentous blue-green
algae that have proliferated in the Silver River over the past several decades make up an
increasing fraction of these drifting cells (WSI 2010).
Anecdotally, water clarity in the Silver River also appears to be degraded downstream through
the influence of inflows of slightly tannic water from the artesian springs, observed as a slight
greenish tint in the water, and also from tannic and turbid water inflows from Half-Mile Creek
and other stormwater sources.
4.1.1

Pollutant Assimilation

Many aquatic and wetland ecosystems share the ability to effectively filter, absorb, adsorb, and
otherwise transfer and transform pollutants. The Silver River and its associated floodplain
wetlands are no exception. Pollutants that are attenuated include sediments, organic matter,
nutrients, trace metals, pesticides, and other trace organic compounds. These pollutant
attenuation rates have been well documented in both spring runs and in forested wetlands.
Since floodplain wetlands are only effective for these pollutant removal processes when they
are inundated and receiving inflows, they have much less opportunity than the river channel
biotic communities to provide these functions. Minimum flows and levels affect the surface area
and water volume in which these processes occur.

116

Silver Springs Restoration Plan

8.4 Biology
8.4.1

Reduced Dominance by Submerged Aquatic Vegetation

Over the entire Silver River the submerged aquatic vegetation (SAV) communities have
remained strong, but there has been documentation of algae increasing in dominance.
Additionally the TMDL released for the Silver River cites impairment due to algal smothering
(Hicks and Holland 2012).Further damaging the aquatic ecosystem has been the expansion of
Hydrilla verticillata (hydrilla), a non-native, invasive SAV species that can now be observed in
downstream stretches of the river.
The observed plant community changes evident in the Silver River are of concern because of the
possible replacement of the native SAV by filamentous algae. This type of wholesale conversion
has indeed occurred at a growing number of North Florida springs also impacted by elevated
nitrate concentrations and declining flow rates. Some examples include Volusia Blue, Manatee,
Fanning, Ginnie, and Devils Eye. Other springs (e.g., Gilchrist Blue and Wakulla) have
experienced nearly completely replacement of native SAV species by hydrilla, a non-native
invasive aquatic plant. Other springs runs have documented changes occurring to their SAV
species diversity. The best example of a declining number of SAV co-dominant species with a
near mono or duo culture is Ichetucknee Springs where the system is currently dominated by
only two SAV species – strap-leaf sagittaria and eelgrass. The fact that Silver’s SAV is
dominated by these two species may be an indication of a nitrate-induced succession, possibly
culminating in eventual complete dominance by non-vascular plants such as benthic
filamentous algae.
8.4.2

Faunal Impacts

Declining spring flows, structural changes, and degraded vegetative structure have the
potential to impact faunal populations on the Silver River. The construction of the Rodman Pool
and Kirkpatrick Dam on the Ocklawaha River downstream of its confluence with the Silver
River has effectively blocked many large and small migratory fish species from using the Silver
River. This has resulted in documented declines in numbers of channel catfish, striped bass, and
eels. The Silver River is only occasionally used by manatees that are able to pass through the
lock at the Kirkpatrick Dam. Based on use of other springs by manatees (e.g., Volusia Blue
Spring, Three Sisters Springs) it is likely that the Silver River would provide winter refuge for
manatees. Fish biomass has decreased significantly by 92% since Odum’s work in the 1950s and
by 61% since the late-1970s work by Knight (1980).
The Kirkpatrick Dam has altered normal upstream migration of marine, anadromous and
catadromous species that periodically frequented the Ocklawaha River. Two pelagic marine
species, Atlantic needlefish and stripped mullet, continue to find their way into the reservoir via
the Buckman Lock while access by two benthic dwellers, hogchoker and southern flounder,
appears to be blocked. The loss of any of these sporadic marine invaders from the Rodman Pool
probably has minimal effect on their overall populations in the St. Johns River, but their loss as
forage fish likely has had a substantial impact on food availability to larger predatory fish,
reptiles and mammals. Although some striped bass still pass into the Rodman Pool through the
lock, numbers are greatly reduced as evident by their absence at Silver Springs and the large
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numbers stopped at the dam and caught there by fishermen every spring. More important, the
Ocklawaha River is one of the few tributaries of the St. Johns River that met spawning habitat
requirements of striped bass. Construction of the Rodman Pool reduced the length of this freeflowing river to a size no longer suitable for striped bass spawning, and populations of this
species in the St. Johns River and the Lower Ocklawaha River below the Kirkpatrick Dam are
maintained by stocking.
Although data are lacking, anecdotal information indicates American shad were once common
in the river but suggest they never spawned in significant numbers (Jordan 1994a). American
eel elvers, which normally move up freshwater rivers and streams to grow and mature are
concentrated each spring at the dam’s spillway and have been collected there for many years.
The Atlantic States Marine Fisheries Commission has substantial harvest data and limited
assessment data that indicates the American eel populations along the eastern coast of the
United States have declined in recent years. They point out that the blockage or restriction to
upstream migration by dams has reduced the amount of habitat required to support eel
distribution and growth (Atlantic States Marine Fisheries Commission 2000).
8.4.3

Ecosystem Function

The impacts of reduced flows and increased nutrients (primarily nitrate-nitrogen) in the Silver
Springs and River have been studied in some detail over the past 60 years. This work has
included measurement of primary productivity by Odum (1956), Knight (1980), WSI’s work in
Munch et al. (2006), and WSI (2010) and (2012).
In the 1950s, Odum found the average gross primary productivity in the upper section of Silver
Springs to be 15.6 g O2/m2/d. Knight (1980) reported a similar average GPP in 1979. In 2004 and
2005, WSI in Munch et al. (2006) re-evaluated ecosystem metabolism as part of their
comprehensive ecosystem study of the Silver River and found an average GPP value of 11.2 g
O2/m2/d for a 27% decrease. Subsequently in 2011-12, WSI (2012) found an average GPP of 11.3
g O2/m2/d for a nearly year-long deployment. Overall these estimates indicate a history of
declining GPP in Silver Springs that parallels the declining flows and increasing nitrate nitrogen
concentrations, to GPP values from the 1950s and 1970s. WSI (2010) confirmed this decrease in
GPP as an indicator of springs’ health impairment in their comparative study of twelve of
Florida’s largest springs.
8.4.4

Water Supply

The water balance analysis provided above indicates that reduced flows at Silver Springs are in
large part due to the effects of regional groundwater pumping on declining aquifer levels. One
analysis indicates that based on an average rainfall total of 50 inches per year, the resulting
average decade discharge at Silver Springs is currently (2000-2009) about 32 percent less than it
was prior to 1980, an estimated average loss of spring flow of about 260 cfs or 160 MGD.
Reducing this decline to the recommended <5% flow reduction limit proposed by the
SJRWMD’s draft recommended MFL would require an estimated reduction of regional
pumping on the order of more than 210 cfs or about 135 MGD. Since the total estimated
pumping in Marion County is currently about 56 MGD (Marella 2013), it is clear that providing
adequate flow to protect the Silver River from significant harm as defined by the SJRWMD
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cannot be accomplished entirely by changes in water use within Marion County and will
require a regional decline in groundwater pumping.
8.4.5

Estuarine Resources

The Silver River via its connection through the Ocklawaha River is an integral part of the
headwaters of the St. Johns River which in turn feeds freshwater to a critical estuary on the
Northeast Florida Atlantic coast. Diminished flows from the Silver River equate to reduced
flows and freshwater inputs to the St. Johns River estuary that effectively extends from St.
Augustine to Cumberland Island. The presumed ecological and economic value of this estuary
is substantial.
Existing base flows in the St. Johns River at Deland have declined by about 55 percent over the
80-year POR. These declines are the cumulative effect of reduced rainfall and increased
groundwater extraction and dewatering of the aquifer that previously fed the springs that make
up a significant fraction of the headwater sources for the river. Any additional reduction of
flows from Silver Springs will contribute to additional harm to the St. Johns River Estuary.
Baseflow analysis in the St. Johns River at Jacksonville indicates that there was negative annual
average baseflow in the river at Jacksonville during four years in the last 15 years of record. This
phenomenon was only recorded once in the previous 16 years of flow records.

8.5 Recreational Activities and Aesthetics
One of the most important functions of Silver Springs and the Silver River for humans is its
aesthetic and recreational attributes. It has been documented that the Silver Springs Attraction
alone had a direct economic impact of over $60 million per year in 2004. Additional quantitative
data are unavailable for the 80+ years prior to that estimate when Silver Springs was one of the
most popular tourist attractions in Florida, hosted dozens of movies and television shows, and
attracted more than one million tourists each year. Possible recreational impacts may include
erosion and scarring by motorboat propellers, disposal of trash and litter in the river, and
impacts to wildlife that are disturbed by human activity.
Aesthetically, Silver Springs and the Silver River have primarily been degraded by increased
abundance of filamentous algae growing on the river bottom and as extensive epiphytic
growths on the native submerged aquatic vegetation. In some areas the benthic algae has
replaced beds of the native aquatic plants. Drifting algal cells or “pseudoplankton” is visibly
reducing water clarity with distance downstream (Figure 8-4). The explosion of filamentous and
drifting algae is the most noticeable change at Silver Springs mentioned by long-term visitors to
the attraction.
Much of the filamentous algae is either dark brown/gray and obscures the sandy and shelly
bottom that historically reflected sunlight through the crystalline waters. Some of the
filamentous algae species are bright green and look like long strands of hair that cover the
native plants that were a richer green before they were heavily coated with the algae.
In concert with the proliferation of filamentous algae (an estimated increase of about 3,300
percent since the 1950s), is a loss of water clarity. Silver Springs was famous for its unsurpassed
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water clarity and was said to rival Lake Tahoe, the Swiss alpine lakes, and the open ocean in
clarity and light transmission. This is no longer the case and a decline in water clarity with
distance downstream in the Silver River is most likely due to the increased growth and
subsequent sloughing of microscopic algal cells and filaments.

Silver River 1990

Silver River 2013

Figure 8-4. Photo-documented changes in the color and clarity of the Silver River about three
miles downstream from the Head Springs area between 1990 and 2013 (photos reproduced with
permission of John Moran)
The mechanisms by which flow reductions contribute to increased growth of filamentous algae
and loss of water clarity are not well understood, but research has confirmed that declining
flows and increasing nitrate concentrations are significant contributing factors. Human use in
spring ecosystems can be both a positive and/or a negative forcing function. From the positive
standpoint human use creates awareness among the public that can contribute to a desire to
preserve, protect, and restore springs. Unfortunately springs, like most natural areas, can be
overused and damaged if human use is excessive or not well managed. Additionally as human
use increases, the user experience can be diminished because of competition for the resource.
The Silver River is unique among Florida Springs in that users can only recreate via boat or
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from shore (no swimming is allowed in the upper river segment). Only springs researchers are
allowed in the water with a special permit in the upper mile of the river. Significant human use
still occurs, but is restricted to either motorboats or paddle craft that launch downstream in the
river. Additional use occurs through the Silver Springs Attraction and the state park, but is
restricted to riding on a glass-bottom boat or walking on paths or trails near the water. One
observed impact of boating that has been observed in the river is due to prop scarring and
shoreline erosion. The whole Silver River is currently a no wake zone, but these two
impairments continue to some extent.
The Silver Springs State Park opened on October 1, 2013. Kayak and canoe rentals and
launching of private paddle craft are allowed now in the vicinity of the Head Spring. A
swimming beach and scuba diving have been discussed as possible new recreational pursuits
that involve water contact at Silver Springs. It is unknown if this greater accessibility will
increase recreational impacts to the river flora and fauna. It is possible that other recreational
opportunities may be expanded to provide increased access, or that rules may remain the same
or become more restrictive.
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Section 9.0 Recommendations
9.1 Introduction
Based on work by the Silver Springs Working Group organized by FDEP during the period
from 2009 through 2011 a vision statement was crafted by participating members (Normandeau
Associates, Inc. 2011). This vision statement described an optimistic outcome of multi-faceted
restoration efforts affecting the springs and river:
Silver Springs is once again silver. The Main Spring basin glows like a jewel in the warm
Florida sun. A globally significant artesian spring, Silver Springs is a “must see”
destination for any visitor interested in experiencing “Natural Florida.” Silver Springs and
the Silver River form a healthy, sustainable, and diversified ecosystem. Recreational access
is excellent and sustainable, low-impact tourism opportunities allow large numbers of
visitors to enjoy the resources. The springs and river play an important role in the area’s
healthy and diverse economy. There is a deep connection and sense of ownership expressed
by the community, allowing Silver Springs to be managed in a way that includes a diverse
group of stakeholders interested in maintaining its integrity. Plans, policies, regulatory
decisions, and land acquisition projects now protect important recharge areas and limit
point and non-point source pollution. Educational initiatives are responsible for basinwide reductions of impairments including decreased nutrients and increased water
conservation.
Based on this vision, by 2020, the following goals will have been achieved:


Nitrate concentrations will be low enough to support a viable, self-sustaining
community of historically native fish, wildlife, and vegetation



Water flows at a minimum of 90% of the historic levels based on officially recorded
information



Reconnection of Silver Springs to the St. Johns River so that fish and wildlife
populations can move freely and contribute to a healthy ecosystem

The preliminary goal for restoration in this Restoration Plan is to return the Silver Springs and
River as closely as possible to the physical, chemical, and biological conditions it had
historically, and to restore connectivity with the St. Johns River through removal or breaching
of the Kirkpatrick Dam and Rodman Pool on the Ocklawaha River. While a nutrient TMDL has
been developed by FDEP, none of the outcomes identified in the vision statement above have
been achieved to-date. Also, restoration of low nitrate conditions in Silver Springs and the Silver
River will only achieve one aspect of restoration. Significant restoration of this surface water
body will, at a minimum, require:


Restoration of historic spring discharges to pre-1987 (OFW year) flows;



Reduction of nitrate nitrogen concentrations and loads to pre-1987 conditions;



Reduction in the intensity of harmful recreational activities in the Silver River;
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Re-connection of the Silver Springs System to the St. Johns River via breaching or
removal of the Kirkpatrick Dam; and



Additional protections for the river in the face of continuing urban development along
its banks and throughout the Silver Springshed.

The preliminary goal of this comprehensive Silver Springs Restoration Action Plan is to develop
a specific set of actions that will begin to improve the natural condition of the river in the shortterm (next five years), and will ultimately (next 20 years) restore it to a more pristine historical
condition. The ultimate goal for the springs and river is to provide an even higher level of
restoration so that it is essentially in near-pristine ecological health.
These are lofty goals and as such will require the dedicated and combined efforts of individuals,
municipalities, and the state agencies and legislators. Without changes to the ways that the
residents of the state “do business”, Silver Springs restoration will not be possible. However,
existing educational campaigns, grassroots organizations, and scientific research are having a
positive impact on springs statewide. Water conservation efforts and fertilizer reduction
programs are beginning to improve surface water resources statewide. This report is intended
to be an important part of continuing education that will surely be necessary for state and local
governments to be an important part of the solutions.

9.2 Developing a Restoration Roadmap
A holistic restoration roadmap for Silver Springs and the Silver River must include the
following components:




Restoration Plan (this report)
o

Summary of Existing Conditions

o

Specific Goals for Restoration

o

Practical Steps Needed to Achieve Those Goals

o

Responsible Parties

Implementation Plan (future report)
o

A Timeline for Implementing the Restoration Plan

o

Approximate Costs and Funding Sources

o

Monitoring of Progress with Continuing Adaptive Management in Response
to Measured improvements
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9.3 Specific Goals for Restoration and Practical Steps to Achieve
Those Goals
9.3.1

Water Quantity Restoration

The preliminary water quantity restoration goal for Silver Springs and Silver River is to restore
average flows to 90% of its historic average flow (738 cfs or 477 MGD) based on a five-year
rolling average. The average flow of the Silver River over the past decade (2003-2012) was about
534 cfs (345 MGD), so an interim five-year recovery goal of 80% of historic flow of 656 cfs (424
MGD), followed by the 90% goal over ten years appears to be realistic. This preliminary flow
recovery goal will require an average groundwater pumping reduction of more than204 cfs (132
MGD) in the regional area that affects flows at Silver Springs.
The ultimate goal for Silver Springs’ recovery should be to attain 95% of historic flows or a fiveyear rolling average flow of about 779 cfs (503 MGD). Achieving this ultimate goal will require
an estimated average reduction of groundwater pumping region-wide of more than245 cfs (158
MGD). As described above, a rough estimate of the existing pumping in the springshed that
feeds Silver Springs is about 96 cfs (62 MGD). Therefore, these preliminary and ultimate water
quantity goals will require pumping reductions outside the springshed and throughout the
SJRWMD.
Perhaps the most practical alternative that allows this level of reduced groundwater pumping is
to spread it over the entire region that is affecting flows at Silver Springs and other North
Florida Springs. Spring flows across the entire North Florida area are estimated to be reduced
by about 25 percent due to current pumping rates from the Floridan Aquifer System. Additional
analysis needs to be conducted to better quantify the water balance for both Silver and Rainbow
Springs. This analysis may indicate that a higher percent reduction in groundwater uses is
needed to address the suspected underground transfer of water from Silver Springs to Rainbow
Springs.
Reductions in groundwater pumping need to be prioritized based on their regional economic
importance and can be made through a combination of the following proactive measures:


Increased water use efficiency;



Increased water conservation; and



Increased reliance on alternative surface water supplies to reduce reliance on
groundwater uses as much as possible.

Until a detailed economic evaluation is conducted, it is reasonable to assume that all existing
groundwater users in North-Central Florida need to reduce their groundwater use by an equal
percentage. Water balance estimates by the FSI indicate that an overall reduction in
groundwater uses of about 60 percent across the SJRWMD, the Suwannee River Water
Management District, and the Southwest Florida Water Management District could achieve the
ultimate goal for restoration of flows at Silver Springs and the other springs that occur in this
springs’ region.
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Public and domestic self-supplies could reasonably achieve this water use reduction goal by
reducing or totally eliminating landscape and lawn irrigation with groundwater. If rainfall
could be stored locally in ponds, cisterns, or rain barrels, then these outside water use activities
could be permitted and continued where necessary.
Agricultural production in North and Central Florida has relatively recently developed a
dependency on crop irrigation using groundwater. This use cannot be sustained at current rates
if restoring spring flows and springs health is a priority. The most practical first step is to stop
issuance of any new groundwater use permits for crop irrigation in North-Central Florida. The
next step is to revise existing agricultural permits to restrict water uses to the most necessary
and efficient cropping methods and to meter all uses.
Conversion of a large percentage of crops being grown on over-drained, highly vulnerable
lands, to non-irrigated crops such as long-leaf pine plantations or in some cases unimproved
pasture will be necessary to attain the ultimate water quantity restoration goal. Springs
protection zones should be developed based on the aquifer vulnerability maps reproduced in
this report. No new high-intensity agricultural operations should be permitted on vulnerable
lands (approximately 89% of the Silver Springshed area), unless they can rely totally on rainfall
and surface water storage. Subsidies and tax incentives may need to be developed to lessen the
impact of these types of restrictions on existing agricultural producers located in vulnerable
areas.
Other significant water uses, including commercial/industrial and recreational will also need to
reduce their reliance on groundwater supplies by about 60 percent.
9.3.2

Water Quality Restoration

The preliminary target for nitrate nitrogen concentrations at Silver Springs is 0.35 mg/L as
determined by FDEP in the Nutrient TMDL for Silver Springs (Hicks and Holland 2012). This
goal will require an estimated 79 percent reduction in all nitrogen loads to the vulnerable
portions of the springshed. This report estimates that there is approximately 665 MT (731 tons)
per year of total nitrogen introduced into the Floridan Aquifer in the Silver Springshed in the
form of nitrogen fertilizer. Other important nitrogen sources include wastewater disposal and
septic tank effluents with an estimated annual load of about 406 MT (447 tons). Rainfall
contributes on average about 198 MT (218 tons) per year of nitrogen to the aquifer in the
springshed area.
The estimated combined load of total nitrogen reaching the groundwater in the Silver
Springshed from all of these sources is about 1,308 MT (1,439 tons) per year. The average nitrate
nitrogen load discharging through Silver Springs for the period from 1980 through 2010 was
about 562 MT (619 tons) per year. Based on the estimated change in nitrogen load between what
is reaching the aquifer and what is exiting the springs, the estimated additional attenuation of
nitrogen between the point-of-entry to the Floridan Aquifer and the spring vents due to
additional microbial processes, is about 57%. Assuming these assimilative processes will
continue at this rate, the total nitrogen applied to the land needs to be reduced by 79%, for a
reduction goal of 1,033 MT (1,139 tons) per year. The nitrogen load in municipal wastewaters
and in septic tank effluents can be practically reduced by about 70% through upgrades to
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advanced nitrogen removal methods. However, since the nitrogen load to the aquifer
contributed by rainfall is not readily controllable, fertilizer uses will need to be reduced in the
vulnerable portions of the springshed by nearly 90% to achieve FDEP’s BMAP goal of 79%.
To achieve this goal it may be necessary to discontinue many uses of nitrogen fertilizer in the
Silver Springshed and to connect all on-site sewage systems to central sewer with advanced
levels of nitrogen reduction. A significant portion of this reduction could probably be
accomplished in concert with the water quantity restoration described above. About 89%of the
springshed is considered vulnerable in terms of groundwater contamination by surface
pollutants. Eliminating agricultural and residential fertilizer uses in these vulnerable areas
would provide the greatest reduction of nitrogen inputs to Silver Springs. A more acceptable
solution might be to phase in cuts to all nitrogen fertilizer use in the springshed at about 50
percent reduction in the first five years, followed by a second phased reduction of an additional
50 percent over the next five years, and consideration of one additional phased reduction if
found to be necessary based on the measured nitrate nitrogen levels in Silver Springs. A phased
program to reduce fertilizer use would allow greater flexibility for agricultural producers to
develop less polluting cropping strategies.
Nutrient loads originating from livestock will also need to be reduced by more than 79% to
achieve the TMDL nitrate limit for Silver Springs. One way to accomplish this goal is to
eliminate all pasture fertilization and then to limit the density of grazing animals to what can be
supported by unimproved pasture. A second alternative is to collect all animal manure and to
recycle it as an alternative to using inorganic nitrogen fertilizers. Ultimately, the number of
large grazing animals in the springshed will need to be reduced significantly to achieve the
nitrate TMDL goal.
Human wastewater nitrogen loads in the springshed can be reduced by implementing
advanced nitrogen removal for all central wastewater plants and by providing centralized
collection and wastewater treatment for all high-density septic tank areas. A detailed analysis
evaluating and comparing nitrogen removal measures using advanced nitrogen removal
technologies such as constructed wetlands, biological nutrient removal processes, and nitrogenremoval on-site systems should be prepared as part of the current Basin Management Action
Planning process.
In summary, the BMAP must provide realistic but stringent nitrogen reduction measures,
regardless of whether or not they affect agriculture or urban land use practices. Costs for these
upgrades are likely to be significant and should in turn be compared to costs to reduce other
nitrogen inputs to the aquifer from fertilizers and animal/human wastes. The nitrate
contamination at Silver Springs will not be solved unless all options are on the table and
evaluated for cost effectiveness ($ per pound of nitrogen that is prevented from reaching the
aquifer).
9.3.3

Kirkpatrick Dam and Rodman Pool

Lewis (2012) concludes that:
“It is obvious from the data and reports we have reviewed that significant changes to
the fish populations of Silver Springs, Silver River and the Ocklawaha River have
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occurred over the last 50 years, with accelerated changes since the construction of a
portion of the Cross Florida Barge Canal and closure of the Kirkpatrick (formerly
Rodman) Dam. The documented decline of 92% in the biomass of all fish species in
Silver Springs, and essentially the complete loss of striped mullet, catfish and shad from
the Springs, and a 60% decline in largemouth bass, are the clearest indicator[s] of
significant problems with fisheries management within this ecosystem. Other
historically common species within the river system like striped bass and the American
eel are now absent as self-maintaining populations. These impacts appear to also
extend below the dam all the way to the St. Johns River, where the historic channels are
no longer scoured by summer floods, and the floodplain is rarely inundated, eliminating
an important seasonal habitat for many species of fish.”
A long record of scientific reports has discussed the potential benefits of breaching or removal
the Kirkpatrick Dam and restoration of flows within the Ocklawaha and Silver rivers (Carr, et
al. 1970, Knight 1980, Jordan 1994, Florida Department of Environmental Protection 1997,
Munch, et al. 2006, Lewis 2012). The Eureka Lock and Dam are not impassable, as the dam itself
was never completed. Removing the Kirkpatrick Dam deserves the highest priority. However,
the existing structures at Eureka are still an impediment to some fish and wildlife use and
should also be removed as funding becomes available.
Breaching the Kirkpatrick Dam would likely increase the diversity and dominance of fish and
other aquatic wildlife species within the Silver and Ocklawaha river ecosystems. In addition,
the breaching will likely increase the forage fish food base for many larger fish, wading and
seabirds, reptiles and mammals. Lewis (2012) conclude that there is no credible scientific basis
to predict any decline in fish resources following restoration, nor a specific decline in sports
fishing opportunities The species mix may change, but fish biomass within the restored
channels and wetlands (both above and below the existing Kirkpatrick Dam) will likely remain
the same or increase over time (Lewis 2012). Lewis (2012) also concluded that certain fish
species now absent from these water bodies will return to former abundances, and overall
ecological function will increase. Sport fishing opportunities for species like the striped bass are
expected to increase with restoration.
9.3.4

Recreational Impacts

Unlike the Rainbow River, Ichetucknee River and some other spring runs, the Silver River
receives little in-water human-contact recreation. When not properly managed recreational uses
can cause unintended damage to springs and spring runs. In the case of the Silver River, the
lack of in-water human-contact recreation in combination with the water depths helps protect
the resource from some of the pressures of recreation. No facilities exist on the water to facilitate
human use via tubing; and in-water recreation, with the exception of research with a permit, is
prohibited in the upper mile of the river. Furthermore motorboat access is limited to a boat
ramp at the Ray Wayside Park more than 5 miles downstream of the head spring. However,
motorboats do access the river and have in some shallow areas caused damage as evidenced by
prop scars in shallow vegetation and shoreline erosion. The other primary form of human use is
by kayaks and canoes that typically only cause damage in small areas where they launch and
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rest along the bank causing some additional erosion and removal of aquatic and emergent
vegetation.
Recommended options to reduce the relatively minimal recreational impacts are provided
below and should be evaluated by stakeholders to select alternatives that allow maintenance of
a healthy SAV plant community and a reasonable but protective level of recreation:
-

Place signs in strategic areas to identify shallow or vulnerable areas to educate the
public to avoid submerged aquatic vegetation;

-

Only allow boats with four-stroke motors below a specified horsepower (possibly <25
HP), and limit the shaft length of all outboard motors;

-

Restrict all motor boats from entry into the upstream area used for glass-bottom boat
navigation; and

-

Develop designated rest stops for canoes and kayaks at strategic points.

9.3.5

Exotic Vegetation

Benthic algae prevalence on the Silver River is well known and documented (Hicks and
Holland 2012). Prevalence of benthic algae has led to the river having a TMDL developed for
nitrate pollution. In addition to the increasing prevalence of filamentous algae, hydrilla has
been introduced at Rays Landing and appears to be moving upstream (Wetland Solutions, Inc.
2012). A river-wide approach should be taken to manage exotic vegetation that includes
education and coordinated efforts of interested groups to maximize the effective and
environmentally-sound solutions.
9.3.6

Holistic Ecological Restoration

The effects of reduced flows, increasing concentrations of nitrate nitrogen, a downstream dam
impeding the movement of aquatic fauna, invasions by exotic species, and increasing
recreational uses are resulting in visible long-term changes to the natural flora and fauna of
Silver Springs. Ecological restoration will require a holistic approach to dealing with all sources
of impairment simultaneously, rather than a piecemeal approach of divided responsibilities by
an array of state and local agencies.

9.4 Education Initiatives
Ongoing public education about the threats facing the long-term health of Silver Springs and
the Silver River will be essential for achieving ultimate restoration. This Restoration Plan
provides a preliminary roadmap to fully accomplish restoration goals. However, getting this
information out to the public and to the State officials who are most concerned with springs’
protection is an important part of this educational process. This will require public
presentations, public meetings, newspaper and TV reporting, rallies at Silver Springs, and many
partnerships. The Silver Springs Alliance, Inc. will most likely be the leader in this effort, with
technical support from the Howard T. Odum Florida Springs Institute and other springs
advocacy and educational organizations throughout North Florida.
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9.5 Regulatory Assistance
The FDEP is currently preparing a BMAP to achieve the TMDL nitrate nitrogen goal at Silver
Springs. Active participation in this process will be critical to adopt a BMAP that has potential
to actually expeditiously reverse the increasing nitrate levels and declining flows so visible in
the springs and river. This Restoration Plan can serve as the “People’s BMAP” if the DEP plan
does not provide an efficient and timely plan to achieve success with restoration and protection
of this spring system.
Simultaneously, the SJRWMD is in the process of developing Minimum Flows and Levels
(MFLs) for the Silver Springs and River and in early 2013 published their draft proposed MFLs.
Based on groundwater modeling to-date SJRWMD hydrogeologists believe that existing
withdrawals are having a minimal effect (~29 cfs or 19 MGD) on observed spring flow
reductions. This conclusion is contrary to the evidence assembled in this report, and cannot be
reconciled with the measured average flow reductions of more than 260 cfs (168 MGD) based on
long-term USGS data. To the credit of the SJRWMD the proposed Silver Springs and River
MFLs would limit additional median flow reductions to about 3 cfs (1.9 MGD) over existing
estimated pumping rates. The SJRWMD has also acknowledged that existing permitted
groundwater uses exceed their recommended MFLs and that they have already over-allocated
groundwater uses affecting Silver Springs. It is clear that the SJRWMD must reduce the
allowable withdrawals in existing CUP permits to improve flow conditions at the Silver River.
The Florida Department of Agriculture and Community Services (FDACS) is the state agency
responsible for regulating agricultural practices in Florida. A paradigm shift is necessary at
FDACS and in the development of agricultural Best Management Practices (BMPs). For
example, existing BMPs are developed to maximize economic yield while minimizing
environmental damage. This prioritization will not result in adequate springs’ protection.
Agricultural BMPs must be re-designed to first achieve necessary environmental protections
and secondly to provide reasonable economic returns. This effort to develop “Advanced BMPs”
should result in zoning restrictions on certain intensive agricultural activities like those found
for high-intensity urban development. In areas of high groundwater vulnerability the only
agricultural crop that is consistently capable of maintaining an average groundwater nitrate
concentration less than 0.35 mg/L is probably long leaf pine. Until a better “Advanced BMP”
becomes available, an unfertilized, non-irrigated forestry crop should be mandated by FDACS
for the karst areas of the state.

129

Silver Springs Restoration Plan

Section 10.0 Summary of Restoration
Activities and Responsible Parties
Specific recommendations to implement water quantity, water quality, and resource
management restoration actions for the Silver Springs System are described above in this
Restoration Plan. A summary of the general challenges and solutions as well as specific
recommendations and entities most likely to be responsible for implementing those actions is
summarized as follows:

The Challenges









Increased awareness by all stakeholders (the public and their local, state, and federal
leaders) is necessary to accomplish restoration of the Silver Springs System (Silver
Springs and River)
Reduced consumption of groundwater within and outside of the Silver Springshed is
needed to restore spring and river flows
Natural drainage and water storage patterns in wetlands and streams in the Silver
Springshed need to be restored to enhance spring and river flow and water quality
Fertilization and wastewater disposal practices need to be improved to reduce the load
of nitrogen leaching into the aquifer
Technical uncertainties still exist concerning the magnitude of human-induced flow
reductions and sources of increased nitrogen loads and their effects on the health of the
Silver Springs System
Breaching of the Kirkpatrick Dam has been delayed by opposition from Rodman Pool
fisherman and the lack of action by the SJRWMD on a permit application by the FDEP
submitted in 1997 to allow for Ocklawaha River restoration including breaching of the
Kirkpatrick Dam

The Solutions






Educate the public and local, state, and federal leaders of the importance of restoring the
Silver Springs System and its natural biodiversity
Develop a phased plan to restore Silver Springs and River flows by cutting back on
consumptive uses of groundwater within and outside of the springshed
Increase protection and restoration of natural drainage and storage patterns in wetlands
and streams in the Silver Springs Springshed
Implement consequential improvements in fertilization and wastewater disposal
practices in the Silver Springs Springshed
Assess the costs and benefits of restoration efforts, develop a phased restoration
timeline, and establish adequate monitoring of the Silver Springs System to be able to
document whether these efforts are resulting in improved springs health or continued
degradation
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The SJRWMD should either immediately issue the permits needed to breach or remove
the Kirkpatrick Dam based upon the previous permit application by FDEP, or work with
the U.S. Forest Service to permit breaching of the Kirkpatrick Dam on federal property
only within the federally owned and managed Ocala National Forest.

Goal #1: Overall Springs Protection
Responsible Entity: Florida Legislature
The Florida Legislature has the ultimate statutory power to provide comprehensive springs’
protection and funding to implement restoration actions. In one form or another springs
legislation was attempted annually from 2005 through 2010 and again in 2013. All of those
efforts failed. It will take a significant effort to convince the Florida Legislature to prioritize the
importance of springs and water resource protection during a time of fiscal hardship for the
state. However, as with rainfall, political priorities tend to be somewhat cyclical. In the event
that the political focus shifts back to protecting Florida’s unique and priceless environment,
including springs, the following recommendations are offered for consideration by the Florida
Legislature:











Fund improved water management (conservation measures), nutrient reduction
strategies (best management practices [BMPs] and wastewater upgrades), and springs
research by charging a user fee (Aquifer Protection Fee) on all permitted groundwater
extractions from the Floridan Aquifer System
Groundwater use should be priced such that it is no longer in the best interest of large
users to maximize their permits despite actual needs
Amend Chapter 373.042, Florida Statutes to require that alternative water supplies be
developed before consumptive use permits create water supply deficits
Require all Water Management Districts (WMDs) to establish a Regional Groundwater
Safe Yield that protects all surface water resources, including springs, from significant
harm and Outstanding Florida Waters (OFWs) from any harm
Strengthen groundwater protection by requiring that consumptive use permits can only
be issued when minimum flows and levels for all priority waters are complete and being
met
Change the groundwater nitrate standard (currently 10 mg/L based on human health)
to be protective of springs health (less than 0.35 mg/L)
Adequately fund the Florida Department of Environmental Protection (including the
Florida Geological Survey and the Florida Park Service) to be able to provide
comprehensive springs resource management

Responsible Entity: Florida Park Service (FPS)
The FPS has ultimate authority to regulate human uses and management priorities in the Silver
Springs State Park. Beginning in October 2013, the FPS assumed management of the former
Silver Springs Attraction. This takeover includes changes in resource management and
potentially changes to recreational opportunities on the river. Recreation is a vital component of
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springs protection because it develops an awareness of the resource that needs protected. The
following recommendations will ensure that recreational pressure does cause additional
damage to the Silver Springs System, so that users can continue to experience the spring and
river.




Develop a management and recreation plan that protects the ecosystem of the Silver
River while maximizing recreational opportunities
Re-evaluate the Silver River recreational carrying capacity based on observed and
measured changes to the river
Construct hardened entry and exit points for canoes and kayaks to avoid damage to
SAV and other vulnerable biota

Goal #2: Restoring Spring Flows
Responsible Entity: St. Johns River Water Management District (SJRWMD)
The SJRWMD has the responsibility to regulate all human water uses in the Silver Springs
basin. This responsibility includes the evaluation of the environmental flow requirements of the
Silver Springs System as well as the need to provide adequate water quantities to meet
reasonable beneficial human uses. Finalizing and adopting the draft MFLs and
prevention/recovery strategy for the Silver Springs System is a critical part of this
responsibility. But the SWFWMD also needs more information to effectively manage a finite
groundwater resource. This information, namely how much groundwater is available
considering the mandate to provide adequate flows for environmental needs, is not available to
the SJRWMD Governing Board. The recommendations provided below would insure that
adequate information is available for effective and sustainable water management.








Fund the U.S. Geological Survey or the FGS to prepare an annual water budget for the
Silver Springs Springshed that specifies the total allowable groundwater available for
human uses and reserves adequate groundwater for the natural systems
Endorse the USGS reports that demonstrate a regional lowering of groundwater levels
and consequent reduction of historic Silver Springs System discharge due to human
withdrawals
Set a timeline for overall reductions in groundwater pumping necessary to return the
Silver Springs System flows to >95% of historic conditions, with a focus on effective
water conservation practices, development of alternative surface water sources, and a
moratorium on issuance of new water use permits if deadlines are not met
Require metering of all groundwater uses

Goal #3: Groundwater Assessment
Responsible Entity: St. Johns River Water Management District


Prepare a database of all existing wells (agricultural, industrial, municipal, and domestic
self-supply) in the SJRWMD with geographic coordinates, estimated pumping rates, and
historic levels
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Synthesize existing groundwater level monitoring efforts with the SWFWMD and
SRWMD to ensure adequate coverage and sampling frequency for semi-annual
springshed delineation of all first and second magnitude springs in North Florida
Implement a network of additional monitoring wells as needed to continuously and
more accurately record changes in groundwater levels throughout the springshed
Instrument a representative group of agricultural and private wells with water meters to
increase knowledge of existing and future groundwater pumping rates
Develop an improved surface water/groundwater model that also accounts for conduit
flow within the Floridan Aquifer to improve modeling performance and water balance
estimation; this effort should be bolstered through development of accurate water
balances for each springshed that are updated annually

Goal #4: Implement Strong Conservation Measures
Responsible Entity: St. Johns River Water Management District
The SJRWMD should work closely with the other regional Water Management Districts to
quantify the finite capacity of the Floridan Aquifer to supply all of the public and
environmental needs for the current and future residents of North Central Florida. These water
management districts should work together to estimate a Regional Sustainable or Safe
Groundwater Yield, and to implement a coordinated water conservation program throughout
the historic Silver Springs Springshed as well as all of North and Central Florida that includes
increased public education, Aquifer Protection Fees for all municipal, commercial/industrial,
and agricultural water uses; and enforcement of watering restrictions based on groundwater
levels.

Goal #5: Restoring Water Quality
Responsible Entity: Florida Department of Environmental Protection (FDEP)
FDEP has ultimate responsibility to protect water quality in the Silver Springs System and in the
groundwater that feeds these surface water resources. The regulatory approach of TMDL
followed by BMAP is the existing regulatory tool that FDEP can use to rectify the existing
ground and surface water eutrophication. The following recommendations are offered to help
improve and expedite this BMAP process.





Complete a comprehensive BMAP for Silver Springs and the Silver River springshed
basin on an accelerated schedule
Phase in advanced nitrogen removal (less than 3 mg/L total nitrogen) at all municipal
wastewater treatment facilities
Require wastewater biosolids and septage to be converted to a beneficial fertilizer
product
Implement a strategy to provide cluster sewage collection and advanced treatment for
all areas in the Silver Springs Springshed with high densities of septic systems (>1 per 2
acres)
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Responsible Entity: Florida Department of Agriculture and Consumer Services (FDACS)
FDACS has the responsibility to encourage the economic vitality of Florida’s agricultural
community as well as the responsibility to work with other state agencies (i.e., SJRWMD and
FDEP) to insure that existing and new agricultural production does not cause unacceptable
harm to the state’s environment. With these potentially-conflicting goals in mind, the following
recommendations are offered for FDACS to help support restoration and protection in the
Silver Springs System.







Assess and support the most cost-effective strategies and “advanced BMPs” to reduce
overall agricultural nitrogen loads to the Floridan Aquifer in the Silver Springs
Springshed – necessary reductions on land where the Floridan Aquifer is vulnerable to
surface contamination are greater than 79%of current uses
Promote legislation and funding that incentivizes agricultural producers to voluntarily
convert to land uses that require less or no fertilizer use
Promote legislation and funding that incentivizes confined animal operations (CAOs)
and horse and cattle ranches to voluntarily cut their discharge of nitrogen to the
groundwater
Prohibit new CAOs in the entire Silver Springs Springshed

Responsible Entity: Marion County
Marion County is the local government entity with greatest interest in the protection and
restoration of the Silver Springs and River which are entirely in the county’s jurisdiction. The
County is reliant on the more resourceful state agencies with the authority to manage water
quality and quantity. However, Marion County can help to protect its future economic interests
by using its zoning and taxing authority to encourage springs protection by following these
recommendations.








Enforce land use restrictions in Primary and Secondary Aquifer Protection Zones based
on aquifer vulnerability
Phase in mandatory reductions in residential and commercial lawn and landscape
fertilization accompanied by an intensive public information campaign that relates
excessive fertilizer use to springs water quality degradation
Require all wastewater treatment and disposal facilities in the County to achieve less
than 3 mg/L TN
Within the Primary Aquifer Protection Zone, restrict installation of new on-site
wastewater treatment systems (septic tanks) to properties with a minimum of five acres,
and require smaller lots to be connected to a centralized wastewater treatment system
that achieves advanced nitrogen reduction (less than 3 mg/L total nitrogen)
Provide a “nitrogen-credit” assessment (property tax reduction) for all properties in the
most vulnerable portions of the Rainbow Springs Springshed (protection zones) that are
in non-fertilized, non-irrigated forested land uses

134

Silver Springs Restoration Plan

Goal #6: Reducing Agricultural Impacts
Responsible Entity: Marion County Soil and Water Conservation District (SWCD)
Considering the good relationship between the SWCD and the agricultural community which is
largely responsible for water quantity and quality impairments at the Silver Springs System, the
SWCD should consider implementing the following recommendations.







Educate and encourage local agricultural producers to shift to crops that use less
groundwater and nitrogen fertilizer
Petition FDACS and the SJRWMD for authority to provide local oversight of all
agricultural operators with Best Management Practices (BMPs) that are intended to
reduce wasteful water uses and the load of nitrate and other pollutants that are released
into the ground and surface water environment
Work with University of Florida Institute of Food and Agricultural Sciences to develop
“advanced BMPs” that reduce nitrogen loads to achieve target nitrate concentrations in
the groundwater of 0.35 mg/L
Work with producers to implement existing and “advanced” BMPs

Goal #7: Effective Communication
Responsible Entity: Silver Springs Alliance
The Silver Springs Alliance is the primary citizen-led, non-governmental advocacy group
concerned with lasting protection and restoration of the Silver Springs System. The following
activities are recommended for the organization.






Advocate for the implementation of this Silver Springs Restoration plan
Seek funding to continue the efforts of the Silver Springs Working Group to continue to
engage all stakeholders be involved in implementation of the Restoration Plan
Work with Ocala Rotary to create the Silver Springs Promise to encourage all
homeowners in Marion County to reduce their outdoor water and fertilizer uses
Support the Silver Springs SPRINGSWATCH program of citizen volunteers
Fund annual or bi-annual springs health report cards

Responsible Entities: Ocala Star Banner/WCJB TV 20/Other Media Outlets
A vocal and active press can provide effective communication of issues that affect the public’s
best interests. This recommendation provides a useful role for the press through informing the
public about the condition of their common resource and whether or not progress is being made
towards recovery from its existing degraded condition.


Report easily understandable groundwater level, river flow and stage, and spring flow
data summaries (provided daily by the SJRWMD or the FSI), and other new research
findings, as appropriate, in newspapers and other news outlets of wide circulation to
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allow the public to see the results of these efforts and the health (improving/declining
condition) of their local water resources

Goal #8: Documenting Spring Health
Responsible Entities: Florida Springs Institute/Marion County Audubon/U.S. Geological
Survey/University of Florida/Florida Department of Environmental Protection/Florida Park
Service
These non-profit, federal, and state-funded organizations are primarily interested in studying
and protecting the environmental attributes of the Silver Springs and River. Good science is
necessary to provide good resource management. In the absence of the Florida Springs
Initiative, discontinued by FDEP in 2011, the Florida Springs Institute (FSI) was formed to help
fill the resulting gap in springs’ knowledge. Marion County Audubon (MCA) is a local chapter
of Audubon of Florida, the statewide group of bird and environmental advocates. MCA has
particular interest in all aspects of environmental protection at Silver Springs State Park.
Scientists with the U.S. Geological Survey have conducted much of the basic applied
groundwater and faunal research throughout the Silver Springs System. University of Florida
researchers have conducted numerous applied ecological studies in the Silver Springs System.
FDEP/FPS continues to conduct environmental studies in the Silver Springs System focused on
informing wise environmental management. These groups could be most effective at
implementing the following recommendations.




Implement an on-going and comprehensive ecological monitoring program in the Silver
Springs System and in all of its principal springs
Expand water quality and biological sampling in the Silver Springs and River to
accurately track trends
Prepare and publicize Springs Health Report Cards at least bi-annually

Goal #9: Restore Connectivity within the Silver Springs Ecosystem
through the Breaching or Removal of the Kirkpatrick Dam
Responsible Entities: Florida Springs Institute/Marion County Audubon/U.S. Geological
Survey/University of Florida/Florida Department of Environmental Protection/Florida Park
Service/St. Johns River Water Management District/U.S. Forest Service/Florida Defenders of
the Environment/Putnam County Environmental Council/Save Our Big Scrub, Inc.
These non-profit, federal, and state-funded organizations are primarily interested in studying
and protecting the environmental attributes of the Silver Springs System and all have expressed
strong support for the restoration of the connectivity of this spring ecosystem through the
breaching or removal of the Kirkpatrick Dam. These groups could be most effective at
implementing the following recommendations.
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The SJRWMD should immediately issue the necessary permits as outlined on the
pending permit application of the Florida Department of Environmental Protection for
the restoration of the Lower Ocklawaha River pending since 1997; or
Work with the U.S. Forest Service to permit breaching of the Kirkpatrick Dam on federal
property only within the federally owned and managed Ocala National Forest.

Closing Statement
Implementation of the recommendations listed above will require significant will-power and
changes to “business as usual”. Eventual restoration and long-term protection of the Silver
Springs System will require a shift from focusing on short-term needs of individuals and
businesses, and taking a longer view for conservation and protection of clean and abundant
groundwater, which is arguably one of the most important natural resources in Florida.
Currently, the groundwater that feeds the Silver Springs System is neither clean nor abundant.
As evidenced so clearly by the deteriorating water quality and declining flows of Silver Springs,
Marion County’s and North-Central Florida’s groundwater resources are also on a declining
trajectory. Fortunately, as long as it rains, groundwater is a renewable resource. Hope for the
future health of the Silver Springs System and for Florida’s springs in general is in the hands of
the people who have learned to appreciate the unique value of these public resources.
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