WEKIVA RIVER AND SPRINGS

A Restoration Plan

EXECUTIVE SUMMARY

The Wekiva River System north of Orlando is fed
by groundwater flowing from more than 30 artesian springs.
This water wonderland has gradually declined from a pristine blend of clear water and wetland wilderness, to an
increasingly impaired, depleted, and altered neighbor to one of the most developed landscapes in Florida. Despite
a unique public and regulatory effort at holistic protection, the Wekiva River System’s ecological health continues to
degrade, losing native plant and animal populations and aesthetic appeal for a growing population of recreationalists.
This restoration plan describes the current conditions in and around the Wekiva River System that explain and illustrate
these unacceptable ecological changes. Spring and river flows are below regulatory minimum flows and levels and
are continuing to decline. Nutrients, especially nitrogen, are more than four times higher than state-mandated
concentrations. Recreation impacts are excessive, despite the multiple layers of state and federal designations of the
Wekiva as an ecosystem to be “protected for the enjoyment of future generations”.
The good news is that nutrient concentrations in many

can be restored to healthy levels by cutting back regional

of the Wekiva River feeder springs have declined or

groundwater extractions through implementation of

stabilized, unlike other impaired springs and spring-fed

meaningful urban and agricultural water conservation

rivers. The bad news is that anticipated development

measures and more effective storage and utilization

and additional groundwater extraction and pollution

of rainfall and stormwater. Necessary nitrogen load

are prolonging or further exacerbating an unacceptable

reductions can be achieved by eliminating unnecessary

level of ecological harm.

fertilizer uses, connecting the most polluting septic
systems to central wastewater utilities with advanced

The Friends of the Wekiva River and allied advocates must

nitrogen removal, and replacing intensive agricultural

take heart that these problems are solvable. Spring flows

practices with advanced best management practices
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such as unirrigated, unfertilized forestry. Publicly-owned springs
must receive more thoughtful management through establishment of
human carrying capacities to minimize recreational impacts in their
most sensitive areas.
Most importantly, a new generation of public and private leaders are
needed who are responsive to the best interests of society as a whole.
Those who care about the future of the Wekiva River System need
to take control of the discussion about the adoption and rigorous
implementation of a sustainable human and environmental economy
in Central Florida.
This Wekiva River and Springs Restoration Plan Executive Summary has
been assembled by the Howard T. Odum Florida Springs Institute (FSI)
to provide an accurate and comprehensive description of this springs
group; to fully discuss the controllable and uncontrollable stressors
on these springs; and to provide a vision of recovery and recommend
the specific actions that should be taken to lead the Wekiva River and
Springs back to a healthier ecological condition.

FLORIDA SPRINGS
The Florida’s Springs Region is home to more than 1,000 artesian springs,
including the largest concentration of first magnitude springs in the world

Exhibit 1. Principal springs of Florida and their flow status (source Florida
Geological Survey). This figure illustrates the locations of 462 of the state’s 1,024+
documented springs.

(Exhibit 1). These springs thrive on clear
groundwater inflows from the Floridan
Aquifer System – rainwater stored in an
underground, honeycombed, limestone
geologic formation that extends over an
area of nearly 100,000 square miles (mi2),
including all of Florida and portions of
Georgia, South Carolina, Alabama, and
Mississippi.
Springs and spring runs are a unique
class of freshwater ecosystems. They
differ from most fresh water aquatic
environments in appreciable ways.
Springs benefit from relatively constant
inflows compared to many streams and
rivers. They exhibit high water clarity
unlike most streams and rivers, and
they are characterized by optimal light
availability for primary productivity.
Unimpacted springs have consistent
chemistry and water temperature
because of their reliance on groundwater
inflows.
Highly stable environmental conditions
in healthy springs promote the evolution
of complex, adapted plant and animal
communities. The efficient use of
available light by spring ecosystems
translates into high productivity that
provides food for fish and other wildlife.
In addition to the importance of spring
runs for the support of highly productive
warm-water fisheries, and for other fresh
water fauna such as turtles, alligators,
and water-dependent birds; springs
are critical for the life history of large
and economically-important migratory
wildlife such as striped mullet, striped
bass, Atlantic eels, and West Indian
manatees.
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Competing
Groundwater Uses
By 2012, there were a total of 28,630 groundwater
consumptive use permits (CUPs) active in the North
Central Florida Springs Region (Exhibit 2). These permits
authorize an average groundwater extraction of 4,630
million gallons/day (MGD). It is critical to understand
that all fresh groundwater extracted and consumed in
these three WMDs would otherwise contribute to spring
and diffuse groundwater discharges to Florida’s streams,
rivers, and estuaries. Since the karstic limestones of the
Floridan Aquifer System are interconnected throughout
the St. Johns River Water Management District (WMD) and
neighboring WMDs, flows at the Wekiva River Springs, are
reduced by regional groundwater extractions.
Groundwater is the principal source of freshwater supply
in Florida and, based on estimates by the U.S. Geological
Survey, groundwater extraction increased by 600%
between 1950 and 2010, from 590 MGD to 4,166 MGD.
Total estimated fresh groundwater extraction in the St.
Johns River WMD increased by 37% between 1975 and
2010, from 715 to 979 MGD. Estimated groundwater uses
in the St. Johns River WMD in 2010 were: public supply
– 54%, agriculture – 29%, commercial/industrial/mining
– 7.2%, domestic self-supply – 6.9%, recreational – 2.2%,
and power – 1%.

Impacts to
Groundwater Quality
Nitrogen is a plant growth nutrient required for life, and
at low concentrations, is ubiquitous in the environment.
Relatively small increases in the nitrate form of nitrogen
in natural waters can cause a shift in the balance of spring
ecological communities, resulting in the replacement
of native plants by invasive exotics and nuisance
algae. Elevated concentrations of nitrate in drinking
water are chronically toxic to humans and have been
linked to increased risk of cancer, birth defects, and
methemoglobinemia.

Exhibit 2. In 2012 there were a total of 2,444 consumptive use
permits in the St. Johns River WMD (indicated by red dots),
authorizing a total daily groundwater extraction of about 1.4
billion gallons. Groundwater use permits in the Suwannee River
WMD (yellow dots) and in the Southwest Florida WMD (green
dots) authorize an additional extraction of 3.2 billion gallons each
day and exert a regional influence on Floridan Aquifer levels and
spring flows (WMD data).

Nitrate is the dominant form of nitrogen in groundwater
and in spring discharges. Historically, nitrate-nitrogen was
a minor constituent of spring water. Unimpacted Florida
springs typically have average nitrate concentrations lower
than 0.05 milligrams per liter (mg/L). More recently, elevated
concentrations of nitrate N (above the 0.35 mg/L numeric
nutrient standard) are found in many springs (Exhibit 3).
Elevated spring nitrate levels are a result of the widespread
pollution of the Floridan Aquifer due to human activities
at the land surface. When excessive nitrogen loads are
applied to vulnerable areas of a springshed, a fraction of
that nitrogen leaches downward into the groundwater.
Since nitrate is also relatively conservative and inexpensive
to analyze in groundwater, it serves as an indicator of other
pollutants that also enter groundwater due to human
agricultural and urban activities. These other, potentially
harmful, pollutants include microbial pathogens and a
diverse mix of trace organics such as insecticides, herbicides,
solvents, and pharmaceuticals.

PAGE 4 | Wekiva River and Springs Restoration Plan, Executive Summary

The Wekiva River and
Springs System

The largest spring in this group (in terms of average flow)
is Wekiwa Springs (traditionally spelled with a “w” instead
of a “v”), located in Wekiwa Springs State Park. Wekiwa
Springs feeds Wekiwa Springs Run and is the headwaters
of the Wekiva River. Flows from Wekiwa Springs Run are
joined by surface and groundwater inflows from at least
five smaller springs, Witherington, Barrel, Miami, Nova,
and Island, and three major tributaries, Rock Springs Run,
Little Wekiva River, and Blackwater Creek, to form the 17-

Photo by: John Moran

Environmental Setting
Located just north of Orlando in Central Florida, the
Wekiva River flows north and east to the St. Johns River
and receives over half of its average flow from at least
30 named springs (Exhibit 5). The estimated surface
watershed for the Wekiva River System includes about 375
mi2 (240,177 acres) and the estimated pre-development
springshed is about 983 mi2 (629,120 acres).

mile Wekiva River that discharges into the St. Johns River
near DeBary, Florida.
Rock Springs Run originates at Rock Springs, located in Kelly
Park in Orange County. Rock Springs Run receives additional
groundwater inputs from smaller springs, including Sulphur
and Tram, and from surface runoff via extensive floodplain
wetlands. Rock Springs Run extends for about eight miles
from Rock Springs to its confluence with the Wekiva River
about one mile downstream from Wekiwa Springs.

Exhibit 3. Median nitrate N concentrations measured in 57 Florida springs, 2001-2010 (source FDEP data).
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Exhibit 4. Precipitation summary for the Wekiva River System located in east-central Florida based on average daily rainfall records
from up to 31 rainfall gauges over a 116-year period-of-record. The figure includes annual average precipitation as well as the longterm trend as estimated by LOESS (locally-weighted statistical smoothing) analysis. Average annual rainfall in the Wekiva River
Springs study area has consistently averaged around 50.5 inches per year.

The Little Wekiva River receives surface runoff from a
watershed that includes 6,700 acres of urban uplands and
2,900 acres of floodplain wetlands. The Little Wekiva River
also receives significant groundwater inputs from five
principal springs, including Sanlando, Palm (Seminole),
Ginger Ale, Starbuck, and Pegasus. The Little Wekiva River
flows north about 10 miles from its headwaters in North
Orlando to its confluence with the Wekiva River, 3.5 miles
downstream from Rock Springs Run.
The Wekiva River and Springs System includes portions
of Lake, Orange, and Seminole Counties in east-central
Florida. The topography ranges from rolling highlands
in Orange and Lake Counties, to flat, swampy lowlands
along the Wekiva River floodplain in Seminole and Lake
Counties. Land-surface elevations in the rolling highlands
are generally in the range of 90 to 180 feet above mean
sea level. In coastal areas and along the Wekiva River,
surface elevations generally are less than 30 feet above
sea level.

The climate of the study area is humid subtropical, with a
mean annual air temperature of 21.7oC. Rainfall is unevenly
distributed throughout the area and varies seasonally.
Most of the summer rainfall is a result of local, convective
thunderstorms, which prevail from June through
September. Normal summer rainfall can be substantially
augmented by tropical storms and hurricanes that pass
through the area. Winters typically are drier than summers.
Most of the rainfall in winter results from frontal activity
rather than from convective thunderstorms. Exhibit 4
summarizes 116 years of rainfall records from the Wekiva
River area. Median precipitation during this period was
50.3 inches per year, with annual extremes between 31.2
and 71.3 inches. These data indicate that recent rainfall
trends are generally within historic rainfall amounts
typical of the past 100+ years of record. However, the two
lowest annual precipitation averages on record occurred
in 2000 and 2006 and are part of a generally declining
regional trend in rainfall totals since the 1980s.
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The Wekiva River System is comprised of artesian spring
flow, small creeks, numerous tributaries, and secondary
drainage. A tributary of the St. Johns River, the Wekiva River
represents one of the major routes of surface drainage
and runoff from portions of Orange, Seminole and Lake
Counties.
The Wekiva River Basin includes a variety of diverse and
productive habitats characteristic of natural Florida.
Extensive areas of wetlands border the river. Pine flatwoods,
scrub, and sandhills interspersed with lakes and sinkholes
punctuate the higher elevations in the basin. In some areas
sandhills rise abruptly to elevations ranging from 60 to 100
feet above sea level.

Wekiwa Springs
Wekiwa Springs and its spring run are located within
Wekiwa Springs State Park, a 6,400-acre publicly owned
park managed by the Florida Park Service. Wekiwa Springs
is located at the base of a grassy hillside used by park visitors
for picnicking and recreation. The spring pool is kidneyshaped and walled, and it measures 105 feet in diameter. The
main vent, a 35-foot-long fissure in exposed limestone at a
depth of 14 feet, produces an impressive boil. A secondary
vent is about 2 feet high and 15 feet wide. The combined
average discharge from these 2 boils is approximately 45
million gallons per day.

Exhibit 5. Surface watersheds of the Wekiva River System
(SJRWMD data). The total surface water basin area is about 375
mi2 (240,177 acres).

The springs discharge from at least five horizontal
caverns 14 feet below the water surface. The pool
bottom is mostly sand, except for an area in the
southeast section where limestone rock of the Hawthorn
Formation is exposed. The 60-foot-wide spring run flows
in a northeasterly direction for approximately one-half
mile to its confluence with Rock Springs Run, forming
the Wekiva River.

Photos by: John Moran
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ROCK Springs

Surface Water Flows

Rock Springs is located within Kelly Park, a 200-acre
facility owned by Orange County. Swimming, picnicking,
camping, and nature study are all enjoyed in this wildlife
preserve. Rock Springs represents one of the few areas
in central Florida where the limestone of the Hawthorn
Formation is exposed. The Hawthorn Formation, which
contains impervious layers of marl and clay, overlies
the Floridan Aquifer and acts as a confining bed for the
artesian water present in the area. Crevices and solution
channels have developed in the Hawthorn, providing a
spring outflow from the Floridan Aquifer.

Average discharges from Wekiwa Springs (48 MGD), Rock
Springs (41.8 MGD), Sanlando Springs (14 MGD) and
Starbuck Springs (11 MGD) contribute to the high base
flow rate of the Wekiva River, which increases significantly
due to seasonal runoff within the basin. The flow gradient is
one of the steepest in east central Florida averaging a drop
of 1.6 feet per mile in eastern Lake County until meeting
the lower elevations of the St. Johns River floodplain.

The principal discharge from Rock Springs originates at the
base of a partly submerged limestone bluff. Average flow
is about 41.8 MGD. A large public swimming area is located
several hundred feet downstream from the spring, where
some of the flow has been diverted and partly retained
by concrete walls. Overflow from the swimming area is
directed back to the spring run via a concrete weir. Rock
Springs Run flows northward about 1.5 miles, then turns
southward. The floodplain in this area is approximately
three miles wide. Rock Springs Run meanders for a total of
about nine miles before joining the Wekiwa Spring Run to
form the Wekiva River.

Average discharge of the Wekiva River at State Road 46 is
186 MGD. A distinct spring run habitat is created by, and
is dependent on, the consistency of this flow. Combined
flows of the Wekiva River and Blackwater Creek averaged
272 MGD.
There is no flow measurement gauge on the Wekiva
River below its confluence with Blackwater Creek.
However, flows at the mouth of the Wekiva River can
be approximated by comparing data from upstream
and downstream flow gauges on the St. Johns River at
Deland and at flows measured at Volusia Blue Springs. The
average of the annual discharge totals using this method
for the period from 1933 through 2015 was 355 MGD and
304 MGD for the more recent period, from 1995 through

Photo by: John Moran
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Exhibit 6. Typical hydrogeological cross-section from north to south through the Wekiva River System (from SJRWMD and FDEP.)

2016. This analysis indicates a possible long-term flow

of the study area, it is thin or breached at most springs.

reduction of as much as 51 MGD or 15% over the past 83
years.

Hydrogeology
Hydrogeologic units in the study area include the surficial
aquifer system, the intermediate confining unit, and the
Floridan Aquifer System (FAS). The uppermost waterbearing unit is the surficial aquifer system, which is
composed of Holocene and Pleistocene sand, clayey sand,
clay, and some shell material (Exhibit 6).
Surficial aquifer sediments are either thin or absent where
springs are located. The intermediate confining unit in the
study area consists of undifferentiated deposits of Pliocene
sand, silt, and clay as well as Miocene phosphatic sand, silt,
clay, limestone, and dolomite of the Hawthorn Group. The
clays within the Pliocene sediments and the Hawthorn
Group act as confining units that retard the vertical
movement of water between the surficial aquifer system
and the FAS. Although the thickness of the intermediate
confining unit is variable (0 to 180 feet) throughout much

Springs discharge water from the FAS, which lies directly
beneath the intermediate confining unit. This aquifer
system consists of a thick sequence (2,000 feet) of
limestone and dolomitic limestone. The elevation of the
top of the FAS is near land surface near the Wekiva River.
The FAS has been divided vertically into three zones based
on permeability. Two relatively high permeability zones
are referred to as the Upper and Lower Floridan aquifers.
These two zones are separated by a less permeable
dolomitic limestone referred to as the middle semiconfining unit, which is more than 400 feet thick in the
study area. The Upper Floridan aquifer (UFA) generally
consists of the Ocala Limestone and dolomitic limestones
of the Upper Avon Park Formation. Permeable intervals
of the Ocala Limestone are characterized by small to
large (cavernous) porosity. The permeability of the Upper
Avon Park Formation is due primarily to fractures and
interconnecting solution cavities. Permeability of both
units is enhanced by dissolution along bedding planes,
joints, and fractures.
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The Lower Floridan Aquifer (LFA) generally consists of the lower
part of the Avon Park Formation and the Oldsmar Formation. The
depth to the top of the LFA is greater than 900 feet in the Wekiva
area. Karst topography is present near most springs and generally
is characterized by a lack of surface drainage features, and the
presence of sinkholes, sinkhole lakes, and numerous springs.

Fertilizer - 1,012 tons/yr
Agriculture - 488 tons/yr
Residential - 375 tons/yr
Golf Courses - 38 tons/yr
Other - 112 tons/yr

Springshed Delineation
The Wekiva Springshed is the groundwater basin that feeds
artesian flows to the Wekiva River springs. The delineation of this
basin is illustrated in Exhibit 7 for the estimated predevelopment
and 2010 conditions. The combined area of those two springsheds,
982 mi2, is the estimated maximum contributing area for pollutant
loading to the groundwater feeding the Wekiva River spring
inputs.

Wastewater - 712 tons
On-Site - 412 tons/yr
Municipal - 188 tons/yr
Livestock - 112 tons/yr

Natural/Unattributed - 150 tons

The regional groundwater flow direction in the Wekiva Springshed
is from the southwest toward the northeast. Most of the
groundwater flow comes from high (>8 in/year) recharge areas
with abundant sinkholes or where the confining unit is thin or
breached. Water generally flows laterally within the UFA; however,
vertical upwelling occurs from the LFA in discharge areas near
the St. Johns River. Leakance of the middle semi-confining unit in
these areas is very high due to a deep fracture system that provides
good hydraulic connection between the UFA and the LFA.

Nitrate Nitrogen Pollution
FDEP and the St. Johns River WMD in 2007 hired an outside
contractor to prepare estimates of nitrogen sources, inputs, and
groundwater loads in the Wekiva River Basin. The total estimated
nitrogen inputs estimated to the land surface within the Wekiva
Basin was 10,910 tons/yr. It was also estimated that 2,028 tons/
yr (19%) of these nitrogen inputs enter the Wekiva River via
surface and groundwater inflows. The remaining estimated
81% is assumed to be physically removed in plants and soils or
attenuated through natural denitrification processes.
The total estimated nitrate-nitrogen load to the groundwater was
about 1,874 tons/yr (Exhibit 8) with the following allocation to
identified sources:

Exhibit 7. Groundwater contributing area to the springs
of the Wekiva River System. Estimated springshed
delineations are illustrated for pre-development (967
mi2) and 2010 (812 mi2) groundwater potentiometric
conditions and indicate a possible recharge area
decline of about 16%. The maximum extent
springshed is estimated at about 982 mi2.
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are the principal sources of nitrogen pollution to the
FAS that feeds the Wekiva River System springs.

Exhibit 8. Estimated nitrate-nitrogen loads to surface waters (140
tons/yr) and groundwaters (about 1,874 tons/yr) in the Wekiva
River Basin (source SJRWMD).

Area springs discharging younger groundwaters
tend to have higher nitrate-nitrogen concentrations,
indicating the importance of relatively recent
recharge. This suggests that nitrate concentrations
observed in springs is related to current land use
practices as opposed to those that occurred 25 or
more years ago. Elevated nitrate concentrations in
Wekiwa Springs were determined to be largely due
to groundwater contamination by fertilizer, animal
waste, and/or human sewage discharges with a
fraction of nitrates derived from soil organic nitrogen.
The concentration of nitrate-nitrogen in the Wekiva
System springs increased from a baseline of less than
0.10 mg/L before 1920, to a maximum of about
2.0 mg/L in 1995 and has been declining since that
time (1.3 mg/L in 1999 and 1.0 mg/L in 2015).
Widespread groundwater nitrate contamination is
evident in the Wekiva Springshed due to a history
of agricultural fertilizer use, and more recently due
to areas of high septic tank density (Exhibit 13),
wastewater effluent disposal practices, and the
application of urban nitrogen fertilizers.

Land Use, Population,
and Water Permits
Exhibit 9 provides a map of the 2009 land use/land
cover data for the Wekiva River Springshed. This
area encompasses about 982.8 mi2 (628,480 acres).
Dominant 2009 land uses were:
Water and wetlands - 343.5 mi2 (34.9%)
Exhibit 9. Wekiva River Springshed 2009 land uses (St. Johns River
WMD data).

Agricultural fertilizer use and groundwater discharge from
on-site waste treatment and disposal systems (septic tanks)

Urban and built-up - 324.3 mi2 (33%)
Agriculture/rangeland -190.5 mi2 (19.4%)
Forest and barren land -124.6 mi2 (12.7%)
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Lake – 316,569
Orange – 1,252,396
Seminole – 442,903
Polk – 633,052
Volusia – 510,494
Osceola – 308,327
The estimated 2015 human population residing in the
981 mi2 maximum-extent Wekiva River Springshed was
about 750,000.

Water Use Permits and Spring
Flows
The estimated fresh groundwater extraction from the
six counties that comprise the Wekiva River Springshed
increased from about 522 MGD in 1960 to 987 MGD in
2000 (89% increase). According to figures reported by the
U.S. Geological Survey, estimated groundwater use in this
area of Florida subsequently declined in 2010 to about
821 MGD. Based on the simplifying assumption that
groundwater extraction in each county was equal to per
cent of the county in the springshed, a rough estimate for
groundwater pumping in the springshed increased from
59 MGD in 1960 to a maximum of 174 MGD in 2000 (195%
increase). The 2010 estimated groundwater extraction in
the Wekiva River Springshed was 149 MGD (Exhibit 11).
In 2015, FSI prepared an empirical water balance for the
Floridan Aquifer System utilizing estimated groundwater
recharge data from the U.S. Geological Survey and from
measured flows at 350 of Florida’s 1,000+ springs. That
water balance documented a continuing trend of spring
flow reductions since the higher rainfall period in the
1960s, resulting in an average 2010 spring flow reduction
of 32% across the Springs Region of North and Central

Florida. The estimated average springflow reduction in
the St. Johns River WMD springs was about 22% or 276
MGD. The estimated average recharge to the Floridan
Aquifer System in the St. Johns River WMD is about
1,530 MGD. Total estimated groundwater extraction
from the Floridan Aquifer System in the St. Johns River
WMD in 2010 was 979 MGD or 64% of estimated average
recharge. These estimates indicate that a large fraction
of the groundwater extracted in the St. Johns River WMD
recharges the Floridan Aquifer in neighboring WMDs,
especially the Suwannee River WMD, where estimated
gross groundwater pumping is about 7% of the estimated
recharge, but spring flows have declined on average by
48%.
The conclusion from this analysis is that groundwater
is mobile between areas of high recharge, and areas of
high pumping and subsequent aquifer drawdowns. The
resulting inference is that pumping effects on spring
flows are regional.
Observered and Predicted Annual Median Flows for Wekiva Springs
Source: St. Johns River Water Management Division
Period of record: 1968 - 2011
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The estimated 2015 human population of the counties
comprising and surrounding the Wekiva River System
was 3,463,741 as follows:

A linear regression on data since 1968 suggests that:
1) The spring flow decreases by 0.30 cfs each year
2) The spring flow fell below minimum levels in 2005
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Exhibit 10. Measured annual average flows at Wekiwa Springs
and linear trendline for the period from 1968 through 2011 (CEJ
2012, Appendix B).

Declining Spring Flows
There is considerable empirical evidence that average
spring flows in the Wekiva River Springs System are on a
declining trend. This negative flow trend appears to be
true at all the region’s springs but is most visible in the
data from the two largest springs, Wekiwa and Rock.
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A general trend of declining flows at Wekiwa Springs
has been observed since the 1960s (Exhibit 10).
The Wekiwa Springs MFL of 40 MGD (62 cfs) was
established in 1994 and on average, flows at Wekiwa
Springs fell below this regulatory threshold beginning
around 2005. There has been no acknowledgement
of this MFL exceedance by the St. Johns River WMD
despite repeated letters from the Center for Earth
Jurisprudence (CEJ) at the Dwayne O. Andreas Barry
School of Law, documenting the situation through
analysis of the empirical flow data.
Similar analyses conducted for Rock Springs and for
Starbuck and Palm Springs found similar empirical
flow reductions over the same period-of-record.

BiOlogy

Exhibit 11. Groundwater consumptive use permits within the predevelopment Wekiva River System Springshed. A total of 1,052
pumping permits authorize the extraction of 908 MGD (SJRWMD
data).

The springs and spring runs that comprise the
Wekiva River System provide habitat for a wide
variety of plants and wildlife. In a 2005 study, benthic
algae dominated the submerged vegetation percent
cover in the upstream Wekiva River (38%) and Rock
Springs Run (20%) stream segments. Downstream

Photo by: John Moran
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segments had lower estimated cover by benthic algae
with 7.3% in the Wekiva River and none recorded
in Rock Springs Run. Benthic and filamentous algae
percent cover estimates were much lower in reference
stream segments with 1.8% in both Juniper Creek and
Alexander Springs Creek.
In the 2005 study, submerged aquatic vegetation (SAV)
was not observed at the downstream Rock Springs Run
stream segment. At the remaining stations the estimated
SAV percent cover was lowest in the upper Wekiva River
segment at 1.4%, 4.5% in the upper segment of Rock
Springs Run, and 28% in the Wekiva River downstream
segment. Emergent and floating aquatic plants made
up from 9.8 to 17.2% of the plant cover recorded in
the Wekiva River segments, and from 21 to 63% of the
plant cover recorded in the Rock Springs Run segments.
Estimated tree canopy cover varied from 6 to 20%
between stream segments.

specifically noted in the Main Boil area included the rainwater
killifish and the non-native sailfin catfish (Pterygoplichthys
disjunctivus). Sailfin catfish were observed to hide in the
spring vents during the day with short trips to the surface
to get better-oxygenated water and to feed throughout the
spring boil area at night, presumably on algae and detritus.
Fish species collected downstream in the Wekiva River and
Rock Springs Run in 2006 included the following dominants
arranged in order of decreasing dominance:
Lepomis punctatus (spotted sunfish)
Lepomis auritus (redbreast sunfish)
Lepomis macrochirus (bluegill sunfish)
Lepomis punctatus (spotted sunfish)
Erimyzon sucetta (lake chubsucker)
Micropterus salmoides (largemouth bass)
Lepomis microlophus (redear sunfish)
Pterygoplichthys disjunctivus (armored catfish)
Lepomis gulosus (warmouth)

Aquatic macroinvertebrates are well represented in the
Wekiva River and Rock Springs Run. No mussels were
collected in the Main Boil area at Wekiwa Springs, but
four mussel species were found downstream in the
Wekiva River. A total of 24 fish species were collected
in the Wekiva River during a 2000 survey. Fish species

Notemigonus crysoleucas (golden shiner)		
Amia calva (bowfin)
Turtles, alligators, otters, deer, and more than 100 bird
species are frequently observed throughout the Wekiva
River System.

Photos by: John Moran
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Description of
Impairments
Physical Modifications
Wekiwa, Rock, and numerous other natural springs in
the Wekiva River System have been altered by human
activities over the past few hundred years. The Wekiwa
Springs Main Boil and swimming area are currently located
within a man-made retaining wall constructed of concrete
and native limestone/chertrock (Exhibit 12). The entire
area is intensively used for recreation and is relatively
unvegetated by vascular plants.
In 1951 the stone retaining wall only extended along the
south edge of the spring boil compared to completely
encircling the swimming area today. A third spring boil
north of the main boil was documented in 1951 but was
not observed during more recent field studies work in the
spring.

Development, Groundwater
Pumping, and Spring Flow
Reductions
The rate of human net groundwater extraction from the
Floridan Aquifer and around the Wekiva River System is
directly related to declining spring flows. Water quantity/
mass is conserved in a basic water balance. As previously
indicated, annual rainfall totals for Florida are variable.
Climatic cycles are at least partly responsible for these
variations, but there is also increasing evidence that
excessive draining of surface waters such as wetlands and
over-use of groundwaters may create a negative feedback,
resulting in declining rainfall totals.
Groundwater recharge may be positively or negatively
affected by urban and agricultural development. For
example, hardened surfaces such as building roofs
and pavement often reduce direct recharge and may
increase runoff to surface waters. On the other hand,
rapid runoff to stormwater detention basins may decrease
evapotranspiration and ultimately increase local recharge.
Stormwater management, spray irrigation, and rapid
infiltration of treated wastewater effluents may increase
recharge to underlying groundwater aquifers.
While human activities may or may not increase the
groundwater supply on the income side of the equation,
most human activities in North and Central Florida also
result in a net consumption of groundwater on the expense
side of the water balance equation. When brought to the

Exhibit 12. Concrete and stone retaining wall that nearly
surrounds Wekiwa Springs.

Portions of Rock Springs Run in Kelly Park were altered
by the installation of hardened shorelines before
the 1950s. However, the locations of islands, natural
shoreline vegetation, and the dominant plant and animal
communities appear to be relatively unchanged compared
to the historic condition at Rock Springs Run 65 years ago.

land surface, groundwater used for agricultural and urban
irrigation is subjected to increased evapotranspiration
with typical losses between 50 and 70%. Water used
in households is also evaporated with typical average
losses of about 20%. In confined areas with little to no
recharge to the Upper Floridan Aquifer and with increased
conservation measures and reduced gross water use, the
net consumption of groundwater can approach 100%.
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Aquifer Vulnerability, Nutrient
Loading, and Water Quality
Violations
Floridan Aquifer vulnerability is assessed based on site
specific soil and geological conditions. Most of the
uplands in the Wekiva River study area are classified
as Vulnerable or More Vulnerable and, therefore, are
susceptible to nutrient movement from the land
surface to the underlying artesian aquifer.

Pollutant Load Reduction
Goal Analysis
In 2016, the St. Johns River WMD conducted a Pollutant
Load Reduction Goal (PLRG) analysis for the Wekiva
River and Rock Springs Run. Recommended numeric
nitrate criteria for the Wekiva River and Rock Springs
Run developed by the St. Johns River WMD (0.216
to 0.221 mg/L) are more stringent than the numeric
nutrient criteria (NNC) state-wide standard for springs
of 0.35 mg/L.

Recreation
Monthly attendance at Wekiwa Springs State Park
ranged from a low of 1,316 per month in 2004 during the
hurricanes, to a high of 71,180 per month in 2007. Annual
totals ranged from a low of 219,252 in 1988 to a high of
472,840 in 2008, with an annual average attendance of
about 293,000 visitors. Monthly attendance is seasonal and
typically highest in mid-summer, with peak usage about
four times higher than winter use. There are no apparent
trends in the number of day visitors to the park over the
period-of-record.
Park personnel reported that attendance is frequently
restricted during the summer (about 50 days per year) when
available parking spaces are full. The admission of visitors is
opened, closed, and re-opened throughout a typical busy
summer day, corresponding to parking space availability.
Use data for canoe and kayak rentals at the park averaged
about 1,514 per month with peak usage during the spring
and summer months. These seasonal data analyses indicate
that key human use activities at the Wekiwa Springs State
Park are associated with the use of the Main Boil for wading,
swimming, and snorkeling when the weather is warm and
that canoe and kayak rentals are highest during fairer
weather in the spring and summer.
Average attendance at Rock Springs Run in Kelly Park was
less than one half of the numbers reported at Wekiwa
Springs State Park. But the basic categories of waterdependent uses were similar at both locations.

Exhibit 13. Locations of on-site wastewater treatment and
disposal systems (septic tanks) in the Wekiva River Springs
study area. Based on current estimates available from the
Florida Department of Health, there are 44,789 on-site systems
in the Wekiva River Springshed as delineated in this report by
FSI (data from the Florida Department of Health).
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Regulatory Protections
The Wekiva River, and Rock Springs Run and the associated headsprings,
are significant recreational resources, providing both direct and indirect
contact uses such as swimming, snorkeling, tubing, canoeing, boating,
and fishing. In addition to being Class III waters, the Wekiva River and
the lower reaches of Rock Springs Run, Blackwater Creek, and the
Little Wekiva River are designated by the state as an Aquatic Preserve
(1975) with “exceptional biological, aesthetic, and scientific value” for
the purpose of preservation in an “essentially natural condition for the
enjoyment of future generations”.
In 1982, the private non-profit Friends of the Wekiva River was formed to
defend the springs, rivers, wetlands, and forests that make up this unique
wild area surrounded by increasing urbanization. In 1988, Governor
Bob Martinez appointed the Wekiva River Task Force to recommend
strategies to preserve the basin, and the Florida legislature passed the
Wekiva River Protection Act that established the Wekiva River Protection
Area. Minimum Flows and Levels (MFLs) were established in 1992 to
insure adequate spring flows in the Wekiva River and Rock Springs Run
indefinitely. The Wekiva River System (including the main stem of the
Wekiva River and Rock Springs Run) was designated by the state as an
Outstanding Florida Water (OFW) in 1988, and the federal government
designated the river as a Wild and Scenic River in 2000.

By 2002, the Wekiva River was included
in the St. Johns River WMD Surface Water
Improvement and Management (SWIM)
program. The purpose of this designation
was to implement projects as needed to
“preserve or restore the quantity and quality
of water necessary to support thriving
biological communities”. In 2002, Governor
Jeb Bush appointed the Wekiva Basin Task
Force, followed by the Wekiva River Basin
Coordinating Committee, and culminating
with the Wekiva Parkway and Protection
Act of 2004 that identified the basin’s high
priority for protection. Also in 2004, the
Florida Department of Health completed
a study to determine the effects of nearly
90,000 septic systems on the Wekiva Basin
springs and to recommend enhanced
standards to reduce groundwater nitrate
contamination from these on-site sewage
treatment and disposal systems (Exhibit 13).
In 2006, the St. Johns River WMD
determined that both Wekiwa and Rock
Springs and their associated spring runs
were still being harmed due to elevated
nutrient concentrations. The state
verified this evaluation in 2007 with a
nutrient Total Maximum Daily Load
(TMDL), finding that the spring-fed
rivers required additional protection
from man-made nutrient pollution
that was causing excessive algal
blooms and degraded wildlife habitat.
In 2007, the St. Johns River WMD
reevaluated the Wekiva and Rock
Springs MFLs. This analysis determined
that natural ecological functions and
values of Wekiwa and Rock springs were
significantly impaired by declining spring
flows.
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As of 2015, with adoption of a final Basin Management
Action Plan (BMAP) to enforce the nutrient TMDL, the
state of Florida still has not acted to expeditiously reduce
nutrient levels polluting the Wekiva River Basin or to
increase flows needed to restore the basin’s ecological
integrity. In spite of the resolve of the general public and
their public officials, the political and development forces
encroaching on the springs of the Wekiva River Basin have
not been stopped.

Summary of Wekiva Basin
Restoration and Protection

support, with a dedicated public advocacy group, and
with MFLs, TMDLs, BMAPs, and BMPs, these springs are
not recovering. In fact, the ecological health of Wekiva
and Rock Springs appears to be continuing to decline.
Successful springs’ restoration and protection will require
more than wishful laws and business as usual. Success will
only emerge from collaborative, regional efforts to protect
entire springsheds by reducing wasteful groundwater
pumping, reducing the use of nitrogen fertilizers, and
improving waste disposal practices. Well-intentioned
laws that are not enforced serve only as the appearance
of restoration and not the reality.

The Wekiva River Basin—including Rock Springs Run, the
Little Wekiva River, and nearly 30 named springs—has
received more regulatory and political attention than any
other spring system in Florida. Florida’s environmental
protection agencies – FDEP and the St. Johns River WMD
assisted by the U.S. Environmental Protection Agency have applied their scientists and engineers to study the
Wekiva, and have made sweeping recommendations
for reducing nitrogen inputs and implementing water
conservation measures to reverse the declining health of
the springs and river. The Friends of the Wekiva River have
brought unprecedented personal energy and dedication
to trying to solve these problems. Thousands of acres
surrounding the Wekiva River Basin have been purchased
and placed in public ownership as protected areas.
Unfortunately, ongoing data reviews for both Wekiva
and Rock Springs indicate that the two most sensitive
measures of springs health – spring flow and nutrient
levels - are still impaired. Discharge rates at both springs
have been on declining trajectories for the past 50 years
and nitrate levels continue to stay elevated above the
state’s TMDL goals. There is little evidence to date that any
of these mandated efforts to reduce nutrient pollution in
Wekiwa Springs and Rock Springs have had measurable
success.
The lesson from Wekiva is that even with every possible
regulatory protection, with unprecedented legislative

Photo by: Travis Marques
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Holistic
Restoration

How much of that historic/future vision can be reproduced in a
time of 20 million Florida residents and more than 100 million
tourists visiting the state each year?
Which impairments listed above can be reversed and at what cost?

We can only surmise the appearance of the
Wekiva River System springs prior to the 20th
century. It is likely that more than one hundred
years ago, these springs were surrounded
by forests of massive oaks, hickories, and
cabbage palms; their banks lined by colossal
cypress and gum trees; their depths vegetated
by bright-colored eelgrass, tapegrass, naiad,
coontail, and red ludwigia; and waters so clear
and blue that their abundant fish appeared to
float in thin air. Before the region’s population
explosion, they were healthy springs
functioning at Nature’s maximum efficiency,
converting sunlight, carbon dioxide, and
pure water into food. The springs abundance
in turn supported a multitude of dependent
wildlife habitats stretching from their source,
downstream to the St. Johns River, helping to
energize a living freshwater aquatic system
stretching more than 157 miles downstream
to the coastal St. Johns River Estuary and the
Atlantic Ocean; in turn, attracting diadromous
fish such as striped bass, Atlantic sturgeons,
striped mullet, and Atlantic eels to make the
long journey to the water’s source. Those
fish were following an aquatic path that

What are realistic goals and how can those goals most expeditiously
and cost effectively be achieved?
The recovery vision presented by the FSI is holistic, is intended to
restore a significant fraction of the river and springs lost ecological
structure and function, and is affordable. It includes a set of goals that
are clearly in the public’s best interest, rather than serving the very
personal interests of private and for-profit entities that benefit most
from excessive groundwater depletion/pollution and recreational
exploitation.

was charted over more than 10,000 years
of groundwater discharge from the Wekiva
System springs.
Recovery and protection of the Wekiva River
Springs System is not optional, it is mandatory.
A healthy and restored Wekiva is the public’s
mandate to their elected and appointed
public servants, and has been enshrined in
state and federal laws time-after-time. The
central questions that this restoration action
plan attempts to answer are:

Photo by: John Moran
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Water Quantity
Under the leadership of FDEP, three contiguous WMDs
(St. Johns River, South Florida, and Southwest Florida), the
Florida Department of Agriculture and Community Services
(FDACS), and regional water utilities developed the Central
Florida Water Initiative (CFWI) in 2015 to implement water
resource planning and water supply development through
2035. The CFWI Planning Area includes all of
Orange, Osceola, Seminole, and Polk counties, as well
as southern Lake County, and overlaps much of the
Wekiva River System. The CFWI effort was intended to
provide a unified process to address central Florida’s
current and long-term water supply needs.
Public water supply constitutes the largest water use in
the region. The CFWI Planning Area is currently home to
approximately 2.7 million people and supports a large
tourist industry, significant agricultural industry, and
a growing industrial and commercial sector. The area’s
population is projected to reach approximately 4.1 million
by 2035, which is a 49 percent increase from the 2010
estimate. Agriculture represents the second largest water
use in the region, with a projected area of 165,000 acres in
2035. Agricultural acreage is projected to decline compared
to current conditions within the central urban areas. In
other portions of the CFWI Planning Area, industry trends
indicate additional crop intensification.
The CFWI Planning Area has relied on groundwater from
the Floridan Aquifer System as a primary water source for
urban, agricultural, and industrial uses. In addition, over 90
percent of the treated wastewater in the region (178 MGD) is
reused for landscape irrigation, industrial uses, groundwater
recharge, and environmental enhancement. Total average
water use in the CFWI Planning Area is projected to increase
from approximately 800 MGD in 2010 to about 1,100 MGD
in 2035. This projected increase of approximately 300 MGD
represents a total increase in water use of approximately 40
percent. Public supply is now and is projected to continue to
be the largest use category in the CFWI Planning Area, and
accounts for more than 70 percent of this total projected
increase.

The CFWI Regional Water Supply Plan concluded that
traditional groundwater resources alone will not be
sufficient to meet future water demands or currently
permitted allocations without resulting in unacceptable
impacts to water resources and related natural systems.
Primary areas that appear to be more susceptible
to the effects of groundwater withdrawals include
the Wekiva Springs/River System, western Seminole
County, western Orange County, southern Lake County,
the Lake Wales Ridge, and the Upper Peace River Basin.
The CFWI evaluations also indicated that expansion
of withdrawals associated with projected demands
through 2035 will increase the existing areas of water
resource stress within the CFWI Planning Area.
Minimum flows and levels (MFLs) have been established
for 46 water bodies in the CFWI Planning Area. All 46
of these water bodies are located in the St. Johns River
WMD and Southwest Florida WMD portions of the CFWI
Planning Area. The CFWI identified 10 water bodies
within the Planning Area that are currently below their
established MFLs and an additional 15 water bodies
that are projected to fall below their established MFLs
within the planning horizon if projected demands were
to come from traditional sources. The Wekiva River and
five of the six MFL springs within the Wekiva River System
are not among the water bodies that were found to be
below their established MFLs. However, Palm Spring
was found to be below its MFL and all of these springs
are among the 15 water bodies that are projected to fall
below their MFLs within the CFWI planning horizon.
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The CFWI concluded that the future water demands of the CFWI
Planning Area can be met through the 2035 planning horizon,
while sustaining the water resources and related natural
systems. While water conservation measures are a part of this
plan, it also includes between 250 and 300 MGD of additional
new water supplies, including additional groundwater
extractions totaling about 50 MGD.
Extensive evidence presented in this Wekiva River Springs
Restoration Plan indicates that the CFWI is seriously flawed and,
if fully implemented, will result in increasing harm to the Wekiva
River System and the springs that support it. Inexplicably,
based on the CFWI evaluation of groundwater availability, it
was estimated that the CFWI Planning Area could potentially
sustain an additional estimated 50 MGD of traditional
groundwater use through coordinated management strategies
to address unacceptable impacts. This finding is inconsistent

with evidence that the water in the Floridan Aquifer
System is interconnected and that increased
pumping in any portion of the aquifer has regional
effects throughout the entire groundwater flow
system.
A review of the growing literature used to establish
protective MFLs for Florida’s springs indicates
that a reasonable threshold for significant harm
is in the range of a 5 to 10% reduction in average
flows. Net groundwater consumption (assuming
from 50 to 100% of the pumped groundwater is
consumed) should be limited to about 10 to 20% of
local recharge (estimated to be 1,530 MGD for the
entire St. Johns River WMD), to assure no more than
a 10% average flow reduction at the area’s springs.
These data provide a quantitative basis to estimate
a reasonable average groundwater extraction rate
in the St. Johns River WMD of between 153 and
306 MGD. Based on an estimated groundwater
pumping rate in the St. Johns River WMD of 979
MGD in 2010, the WMD should develop a plan to
reduce existing groundwater uses by between 69
and 84% (an average reduction of groundwater
pumping between 673 to 826 MGD) to restore
regional spring flows to more protective levels.
These estimates are at serious odds with the CFWI
plan to increase regional groundwater extractions
by 50 MGD. The springs of the Wekiva River System
would be among the many spring beneficiaries of
FSI’s proposed springs water quantity restoration
plan.

Water Quality

Exhibit 14. Nitrate nitrogen concentrations in groundwater in the
Wekiva River Springshed (FDEP 2010).

Based on evidence of an imbalance in aquatic flora
because of elevated concentrations of nitratenitrogen, the Wekiva River and Rock Springs
Run were verified as impaired by FDEP in 2008.
The groundwater in the Floridan Aquifer System
underlying the Wekiva River Springshed is highly
polluted by nitrate-nitrogen (Exhibit 14), with 6%
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will be necessary to cut back significantly
on the most fertilizer-intensive practices
of row crops, citrus groves, and
livestock operations (assume an 80%
reduction in these land uses). Advanced
BMPs capable of reliably reducing
groundwater nitrate levels to less than
0.35 mg/L will need to be developed
and implemented if agriculture is to
exist in harmony with restored springs.
One potential advanced BMP cropping
plan is re-establishment of unirrigated,
unfertilized forest plantations.

Summary
For more than a century, Florida has
attracted new residents because of the
of the private wells sampled by the Florida Department of Health (400
out of 6,600) having nitrate concentrations above the safe drinking water
criterion of 10 mg/L, and 44% over 1 mg/L, or 3 times higher than the
spring numeric nitrogen standard of 0.35 mg/L (FDEP 2010). In 2008,
the FDEP adopted nutrient TMDLs for the Wekiva River and Rock Springs
Run of 0.286 mg/L.

moderate winter climate and natural
beauty of the state. This attractive
environment has spurred residential,
commercial, and urban development
to support the infrastructure necessary
to provide for an expanding human
population. Additionally, agriculture has

The state’s nutrient TMDLs require an average nitrate-nitrogen reduction
of 79% at Wekiwa Springs and 81% at Rock Springs. Based on the state’s
inventory of total anthropogenic nitrogen loads to the springshed basin
of 9,845 tons per year, these reductions are equivalent to a nitrogen load
reduction of 7,877 tons per year. Assuming equitable responsibility for the
excessive nitrogen loads, the necessary total nitrogen load reductions by
source are: fertilizer - 6,218 tons per year (2,156 tons per year for agriculture
and 4,062 tons per year for urban), municipal wastewaters – 166 tons per
year, on-site septic systems – 498 tons per year, and livestock – 995 tons
per year.

taken advantage of Florida’s moderate

Urban fertilizer nitrogen load reduction goals can be achieved through
effective and enforced fertilizer ordinances. Existing research indicates that
agricultural fertilizer nitrogen load reduction goals cannot be achieved
solely through the adoption and implementation of agricultural Best
Management Practices (BMPs). Research has found that nitrogen loads in
karst areas of Florida are only slightly reduced by existing BMPs. Therefore,
to achieve agriculture’s responsibilities under the Wekiva TMDL/BMAP, it

estuaries, rivers, and springs- are

climate to produce quantities of food and
forage, 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 landscape to suit their needs.
While the natural environment of
Florida - for example the beaches,
what attracted many people in the
first place to the State, the inevitable
environmental “footprint” of those
residents and tourists has taken its
toll on the state’s shrinking natural
resources.

PAGE 22 | Wekiva River and Springs Restoration Plan, Executive Summary

Population

expansion

and

high-

intensity lifestyles, characterized by
urban and agricultural land uses,
excessive irrigation, fertilizer use, and
recreational activities, are ultimately
responsible

for

impairments

in

environments,

the
Florida’s

including

observed
natural
springs.

Reversal of the negative trends
described in this report is achievable
by a collective acknowledgement
of the detrimental consequences of
this increasing human footprint and

The restoration and protection of Florida’s special natural resources is a
constant struggle between those private and public interests that stand to
profit from over-exploitation and extraction, and those private individuals
and organizations who wish to provide for a sustainable future. At times this
battle against the destructive forces of economic development and profittaking assumes the appearance of an unwinnable battle and war. And yet,
history is ripe with examples of citizen triumphs that resulted in the reduction
or elimination of environmental threats. Environmental advocates must take
heart in their knowledge that the odds of success are small, but that they
are on the right side of history. Florida’s economic and aesthetic future will
be severely degraded in proportion to the loss of the natural riches of areas
like the Wekiva River and its feeder springs and wetlands. Protection of those
treasures is a responsibility of all compassionate persons.

purposeful reduction of behaviors
negatively affecting the environment.
A long history of state and federal
legal protections for the Wekiva River
Springs System has been impressive
on paper, but unsuccessful at halting or
reversing the increasing degradation
of this precious ecosystem. The
Wekiva River and Springs Restoration
Plan has been assembled to provide
a technically sound basis for turning
around

this

historical

decline.

Advocates for a restored and fully
protected

Wekiva

River

Springs

System should take heart – the
sources of pollution and impairment
are abatable. In fact, existing state and
federal laws mandate the substantial
reduction of anthropogenic stressors
negatively-affecting the Wekiva River
and springs. The key to achieving these
restoration goals is to unite the public
behind a holistic restoration effort, and
to fully support and demand timely
and effective enforcement of Florida’s
laws that were intended to protect this
challenged ecosystem.
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a major Florida spring. In the meantime, we are devoting our time and energy to developing restoration and management goals for
as many springs as possible and advocating for their protection and restoration.
FSI Executive Director: Robert Knight, Ph.D.
FSI Associate Director: Heather Obara, Esq.
Design: Melissa Redon
www.FloridaSpringsInstitute.org
(386) 454-2427

PAGE 24 | Wekiva River and Springs Restoration Plan, Executive Summary

