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Executive Summary 

The Ichetucknee River and associated springs are an important natural resource located 
in north central Florida in Columbia and Suwannee Counties. In addition to being one of 
only 23 first magnitude springs in Florida, the Ichetucknee River and spring complex 
(Ichetucknee System) is also located in a popular state park and is visited by nearly 
200,000 visitors per year. The environmental attributes of the Ichetucknee System are 
protected by specific state and federal statutes and rules. However, historic water 
quality data for the Ichetucknee System and other north Florida spring-fed water bodies 
indicate that concentrations of dissolved nitrogen (particularly nitrate-nitrogen) have 
been rising over at least the past 100 years. Where detailed land use changes and 
nitrogen sources have been studied for other Florida springs (e.g., Wakulla Springs, 
Silver Springs, Rainbow Springs, etc.) these increasing dissolved nitrogen concentrations 
have invariably been attributed to increasing anthropogenic nitrogen sources associated 
with specific land uses such as intensive agriculture and animal husbandry operations, 
diffuse residential development including on-site wastewater disposal systems and 
fertilizer uses, and urban and commercial development and associated wastewater and 
stormwater effluent disposal practices.  

The environmental effects, if any, of these nutrient load increases in Florida’s springs is 
of specific interest. Observations of increasing populations of filamentous benthic and 
floating algae have been made at many of the affected springs. While a few direct effects 
of these increasing algae populations have been noted (e.g., skin rashes and smothering 
of submerged aquatic vegetation), linkages to other important spring/spring run 
ecological indices have been difficult to establish and generalize. Environmental 
research to-date at the Ichetucknee System has been somewhat opportunistic as funding 
sources and areas of research interest fluctuate from year to year. A number of basic 
ecological studies, both descriptive, and experimental, have been conducted in the 
Ichetucknee System. However, to-date there has been no over-arching plan of study and 
dedicated funding source to address the specific issues of greatest concern in this 
valuable natural ecosystem. The focus of these concerns for the Ichetucknee System as a 
continuing viable natural resource is whether or not it is impaired compared to historic 
conditions and other comparable water bodies less affected by development. “Impaired 
Waters” are defined in Chapter 62-303 Florida Administrative Code (F.A.C.) as those 
waters that do not meet applicable water quality standards as set forth in Chapters 62-
302 and 62-4, F.A.C., and as determined by the methods described in Chapter 62-303, 
Part III, F.A.C. If impairment can be demonstrated based on solid scientific evidence, 
then there are specific regulatory tools that can be applied to reducing regulated human-
development impacts in the Ichetucknee Springshed.  

While in some cases data from other springs may be available to give insight into the 
specific nutrient-related processes working in the Ichetucknee System, specific studies 
will need to be carried out in this spring system to trigger regulatory action to provide 
future protection of the resource. If impairment is demonstrated, then it will be 
necessary for the Florida Department of Environmental Protection (FDEP) to establish 
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Total Maximum Daily Loads (TMDLs) for any implicated pollutants. TMDLs are used to 
limit both point- and non-point source discharges of these regulated pollutants to 
surface waters. 

The surface waters within the Ichetucknee System are Class III Waters of the State.  Class 
III waters have the designated use of: “Recreation, Propagation of a Healthy, Well-
Balanced Population of Fish and Wildlife” and specific water quality standards or 
criteria are included in Section 62-302, F.A.C. to protect these designated uses.  In 
addition, due to their location in a state park, the Ichetucknee System surface waters are 
also Outstanding Florida Waters (OFWs) listed in Chapter 302.400, F.A.C., and subject to 
additional regulatory protections, including zero degradation compared to baseline 
conditions in March 1979. TMDLs can be developed for those pollutants that are shown 
to be impairing designated uses, either through an exceedance of one or more specific 
water quality criteria or through overall degradation and loss of specific uses such as 
recreation or maintenance of normal fish and wildlife populations.  Since springs and 
spring runs are qualitatively and quantitatively different environments than most other 
surface waters in the state, they have attributes that may not be directly protected by 
specific water quality criteria. For this reason, protection of their general designated uses 
is an important additional strategy to preserve or restore springs and spring runs. 

Existing water quality data summarized in this Work Plan indicate that nutrients 
(specifically nitrogen and to a lesser extent phosphorus) are elevated in the Ichetucknee 
System in comparison to historic conditions and compared to springs and spring runs in 
areas protected from nutrient-intensive human uses (e.g., the Ocala National Forest). It 
has also been observed that plant communities within the Ichetucknee System may be 
altered compared to natural conditions and that growths of filamentous algae are a 
possible result of elevated nutrient levels. Existing and additional data must be 
assembled and analyzed, and summarized to demonstrate impairment in the 
Ichetucknee System. For these reasons the focus of this Work Plan is to provide 
quantitative data to detect significant levels of impairment, if they exist, and to support 
the ultimate development of nutrient TMDLs, if they are indeed necessary to protect the 
designated uses of this aquatic ecosystem. If data collection and analysis supports a 
finding of nutrient-based imbalance of natural populations of aquatic flora and fauna in 
the Ichetucknee System or of any other Class III water quality criteria, TMDLs can 
ultimately be developed for those specific pollutants. 

This Work Plan provides a scientifically-based approach for verifying whether elevated 
nutrient concentrations are, or are not, a concern in the Ichetucknee System.  Methods 
that are recommended in this Work Plan to accomplish the project goals include: review 
and analysis of existing information and scientific studies from the Ichetucknee System 
and similar reference spring run systems to establish a characterization of the baseline or 
goal for the system’s designated uses of recreation and healthy, well-balanced fish and 
wildlife populations; review of existing information and development of focused studies 
to link specific nutrients to impaired conditions; implementation of those studies and 
analysis of new data collected in those studies; and identification of the necessary level 
of nutrient reductions necessary to either preserve or restore the Ichetucknee System to 
the reference or baseline condition.  
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A large number of studies have previously been conducted in the Ichetucknee System or 
are currently underway. These existing studies provide a springboard from which to 
launch a more comprehensive assessment of impairment and the development of 
TMDLs for the Ichetucknee System. The actual existing funds committed to those 
studies was not determined for this review but was estimated as about $260,000 per 
year. This Work Plan describes a study approach that, when fully funded might cost an 
additional $300,000 per year. It is estimated that a minimum of about three years of 
study at this funding level might be necessary to identify and document impairment and 
to develop TMDLs for the Ichetucknee System.  In the interim until sources of revenue 
are found to fully implement the overall Work Plan, a Phase I Ecosystem Evaluation and 
Impairment Assessment is recommended for immediate implementation (estimated 
one-year cost $62,000). This Phase I Ecosystem Assessment will help to ascertain 
whether continuing, multi-component studies are likely to demonstrate impairment of 
the Ichetucknee System. 

Nutrients are just one category of pollutants that may be resulting in impairment of the 
Ichetuknee System. They are the focus of this Work Plan because they are most 
amenable to development of TMDLs. However, other pollutants and stressors may also 
be impairing designated uses in the Ichetucknee System. Additional parallel and future 
work efforts may be required to identify and quantify the role of those additional 
pollutants and stressors on the functioning of the Ichetucknee System. Part of this 
nutrient-focused work plan will be to provide initial observations of other stressors of 
concern in the ecosystem and to make recommendations concerning additional focused 
sampling efforts for their documentation and eventual control. Pollutants or stressors 
that have either resulted in historic impairment, are currently resulting in continuing 
impairment, or have the potential to create future impairment if not attenuated, will 
ultimately be identified. 

The Ichetucknee System is one of the crown jewels in the Florida State Park network. 
While the Ichetucknee System’s natural beauty has attracted development of the 
surrounding uplands and the attention of thousands of loving recreationalists, this 
attraction could prove chronically or acutely harmful if unchecked. The Ichetucknee 
System Nutrient Impairment Work Plan will provide an improved factual basis for 
quantifying this potentially damaging relationship between humans and the natural 
environment occupying this region.
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1.0 Introduction 

1.1 Introduction 
The Ichetucknee River and associated springs are an important natural resource located 
in north central Florida in Columbia and Suwannee Counties (FDEP 2002a). In addition 
to being one of only 23 first magnitude springs in Florida, the Ichetucknee River and 
spring complex (Ichetucknee System) is also located in a popular state park and is 
visited by nearly 200,000 visitors per year (Bonn and Bell 2003). The environmental 
attributes of the Ichetucknee System are protected by specific state and federal statutes 
and rules. Specifically, the Ichetucknee System is classified as a Class III Water of the 
State and as a Water of the United States, providing a broad range of water quality and 
biological protections. In addition to this classification, the Ichetucknee River in the 
Ichetucknee Springs State Park (ISSP) has additional protection status as an Outstanding 
Florida Water (OFW). In 1972 the Ichetucknee River and Springs in the ISSP received 
federal protection status as a National Natural Landmark by the U.S. Department of 
Interior (http://www.floridastateparks.org/ichetuckneesprings/default.cfm). 

Historic water quality data for the Ichetucknee System and other north Florida spring-
fed water bodies indicate that concentrations of dissolved nitrogen (particularly nitrate-
nitrogen) have been rising over at least the past 100 years (Rosenau et al. 1977). Where 
detailed land use changes and nitrogen sources have been studied in other Florida 
springs (e.g., Wakulla Springs, Silver Springs, and Rainbow Springs) these increasing 
dissolved nitrogen concentrations have invariably been attributed to increasing 
anthropogenic nitrogen sources associated with specific land uses such as intensive 
agriculture and animal husbandry operations, diffuse residential development including 
on-site wastewater disposal systems and fertilizer uses, and urban and commercial 
development and associated wastewater and stormwater effluent disposal practices 
(Florida Springs Task Force 2000, Jones et al. 1996, Katz and Hornsby 1998, Phelps 2004, 
Toth and Fortich 2002).  

The environmental effects, if any, of these nutrient load increases in Florida’s springs is 
of specific interest. Observations of increasing populations of filamentous benthic and 
floating algae have been made at some of the affected springs (Cowell and Botts 1994, 
Cowell and Dawes 2004, SWFWMD 2005). While a few direct effects of these increasing 
algae populations have been noted (e.g., skin rashes and smothering of submerged 
aquatic vegetation), linkages to other important spring/spring run ecological indices 
have been difficult to establish and generalize (Stevenson et al. 2004). Historic water 
quality changes are rarely occurring in isolation in north Florida spring ecosystems. 
Increasing human populations also frequently result in increased water consumption 
and recreational use of spring water resources and associated spring runs. These 
increasing human uses are also often accompanied by more intensive human 
management goals (e.g., aquatic weed control using herbicides, fencing of spring boils, 
and exotic species removals) and these activities also may have ecological effects in 
springs and spring runs. Separating ecological effects into those caused by water quality 
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changes and those caused by greater utilization of the natural resources, themselves, can 
be challenging. 

Environmental research to-date at the Ichetucknee System has been somewhat 
opportunistic as funding sources and areas of research interest fluctuate from year to 
year. A number of basic ecological studies, both descriptive, and experimental, have 
been conducted in the Ichetucknee System. However, to-date there has been no over-
arching plan of study and dedicated funding source to address the specific issues of 
greatest concern in this valuable natural ecosystem. The focus of these concerns for the 
Ichetucknee System as a continuing viable natural resource is whether or not it is 
impaired compared to historic conditions and other comparable water bodies less 
affected by development. “Impaired Waters” are defined in Chapter 62-303 Florida 
Administrative Code (F.A.C.) as those waters that do not meet applicable water quality 
standards as set forth in Chapters 62-302 and 62-4, F.A.C., and as determined by the 
methods described in Chapter 62-303, Part III. If impairment can be demonstrated based 
on solid scientific evidence, then there are specific regulatory tools that can be applied to 
reducing regulated human-development impacts in the Ichetucknee Springshed.  

While in some cases data from other springs may be available to give insight into the 
specific nutrient-related processes working in the Ichetucknee System, specific studies 
will need to be carried out in this spring system to trigger regulatory action to provide 
future protection of the resource. If impairment is demonstrated, then it will be 
necessary for the Florida Department of Environmental Protection (FDEP) to establish 
Total Maximum Daily Loads (TMDLs) for any implicated pollutants. TMDLs are used to 
limit both point- and non-point source discharges of these regulated pollutants to 
surface waters. 

As mentioned above, the surface waters within the Ichetucknee System are Class III 
Waters of the State.  Class III waters have the designated use of: “Recreation, 
Propagation of a Healthy, Well-Balanced Population of Fish and Wildlife” and specific 
water quality standards or criteria are included in Section 62-302, F.A.C. to protect these 
designated uses (see Exhibit 1-1 for a summary of Class III water quality criteria).  In 
addition, due to their location in a state park, the Ichetucknee System surface waters are 
also Outstanding Florida Waters (OFWs) listed in Chapter 302.400, F.A.C., and subject to 
additional regulatory protections, including zero degradation compared to baseline 
conditions in March 1979. TMDLs can be developed for those pollutants that are shown 
to be impairing designated uses, either through an exceedance of one or more specific 
water quality criteria or through overall degradation and loss of specific uses such as 
recreation or maintenance of normal fish and wildlife populations.  Since springs and 
spring runs are qualitatively and quantitatively different environments than most other 
surface waters in the state, they have attributes that may not be directly protected by 
specific water quality criteria. For this reason, protection of their general designated uses 
is an important additional strategy to preserve or restore springs and spring runs. 
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EXHIBIT 1-1 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(1) Alkalinity  Milligrams/L as CaCO3  Shall not be depressed below 20  

(2) Aluminum  Milligrams/L  --- 

(3) Ammonia (un-ionized)  Milligrams/L  as NH3 ≤ 0.02  

(4) Antimony  Micrograms/L  ≤ 4,300  

(5) (a) Arsenic (total)  Micrograms/L  ≤ 50  

(5) (b) Arsenic (trivalent)  

Micrograms/L 
measured as total 
recoverable Arsenic  --- 

(6) Bacteriological Quality (Fecal 
Coliform Bacteria)  

Number per 100 ml 
(Most Probable Number 
(MPN) or Membrane 
Filter (MF))  

MPN or MF counts shall not exceed a monthly 
average of 200, nor exceed 400 in 10% of the 
samples, nor exceed 800 on any one day. Monthly 
averages shall be expressed as geometric means 
based on a minimum of 10 samples taken over a 
30 day period.  

(7) Bacteriological Quality (Total 
Coliform Bacteria)   

Number per 100 ml 
(Most Probable Number 
(MPN) or Membrane 
Filter (MF))  

≤ 1,000 as a monthly average; nor exceed 1,000 in 
more than 20% of the samples examined during 
any month; ≤ 2,400 at any time. Monthly averages 
shall be expressed as geometric means based on 
a minimum of 10 samples taken over a 30 day 
period, using either the MPN or MF counts.  

(8) Barium  Milligrams/L  --- 

(9) Benzene  Micrograms/L  ≤ 71.28 annual avg.  

(10) Beryllium  Micrograms/L  ≤ 0.13 annual avg.  

(11) Biological Integrity  

Percent reduction of 
Shannon-Weaver 
Diversity Index   

The Index for benthic macroinvertebrates shall not 
be reduced to less than 75% of established 
background levels as measured using organisms 
retained by a U. S. Standard No. 30 sieve and 
collected and composited from a minimum of three 
Hester-Dendy type artificial substrate samplers of 
0.10 to 0.15 m2 area each, incubated for a period 
of four weeks.  

(12) BOD  
(Biochemical Oxygen Demand)   

Shall not be increased to exceed values which 
would cause dissolved oxygen to be depressed 
below the limit established for each class and, in 
no case, shall it be great enough to produce 
nuisance conditions.  

(13) Boron  Milligrams/L  --- 

(14) Bromates  Milligrams/L  --- 

(15) Bromine (free molecular)  Milligrams/L   --- 
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(16) Cadmium  
Micrograms/L See 
Notes (1) and (3).  Cd ≤ e(0.7852[lnH]-3.49)  

(17) Carbon tetrachloride  Micrograms/L  ≤ 4.42 annual avg.  

(18) Chlorides  Milligrams/L  --- 

(19) Chlorine (total residual)  Milligrams/L  ≤ 0.01  

(20) (a) Chromium (trivalent)  

Micrograms/L measured 
as total recoverable 
Chromium See Notes 
(1) and (3).  Cr (III) ≤ e(0.819[lnH]+0.6848)  

(20) (b) Chromium (hexavalent)  
Micrograms/L See Note 
(3).  ≤ 11  

(21) Chronic Toxicity    

(see definition in Section 62-302.200(3), F.A.C. 
and also see below, "Substances in concentrations 
which...")  

(22) Color, etc. (see also Minimum 
Criteria, Odor, Phenols, etc.)  

Color, odor, and taste 
producing substances 
and other deleterious 
substances, including 
other chemical 
compounds attributable 
to domestic wastes, 
industrial wastes, and 
other wastes  --- 

(23) Conductance, Specific   Micromhos/cm  
Shall not be increased more than 50% above 
background or to 1275, whichever is greater  

(24) Copper  
Micrograms/L See 
Notes (1) and (3).  Cu ≤ e(0.8545[lnH]-1.702)  

(25) Cyanide  Micrograms/L  ≤ 5.2  

(26) Definitions (see Section 62-
302.200, F.A.C.)    --- 

(27) Detergents  Milligrams/L  ≤ 0.5  

(28) 1,1-Dichloroethylene (1,1-di-
chlo-roethene)  Micrograms/L  ≤ 3.2 annual avg.  

(29) Dichloromethane (methylene 
chloride)  Micrograms/L  ≤ 1,580 annual avg.  

(30) 2,4-Dinitrotoluene  Micrograms/L  ≤ 9.1 annual avg.  
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(31) Dissolved Oxygen  Milligrams/L  

Shall not be less than 5.0. Normal daily and 
seasonal fluctuations above these levels shall be 
maintained.  

(32) Dissolved Solids  Milligrams/L  --- 

(33) Fluorides  Milligrams/L  ≤ 10.0  

(34) "Free Froms" (see Minimum 
Criteria in Section 62-302.500, 
F.A.C.)    --- 

(35) "General Criteria" (see Section 
62-302.510, F.A.C. and individual 
criteria)    --- 

(36) (a) Halomethanes (Total 
trihalomethanes) (total of bromoform, 
chlorodibromomethane, 
dichlorobromomethane, and 
chloroform). Individual halomethanes 
shall not exceed (b)1. to (b)5. below.  Micrograms/L  --- 

(36) (b) 1. Halomethanes (individual): 
Bromoform  Micrograms/L  ≤ 360 annual avg.  

(36) (b) 2. Halomethanes (individual): 
Chlorodibromomethane  Micrograms/L  ≤ 34 annual avg.  

(36) (b) 3. Halomethanes (individual): 
Chloroform  Micrograms/L  ≤ 470.8 annual avg.  

(36) (b) 4. Halomethanes (individual): 
Chloromethane (methyl chloride)  Micrograms/L  ≤ 470.8 annual avg.  

(36) (b) 5. Halomethanes (individual): 
Dichlorobromo-methane  Micrograms/L  ≤ 22 annual avg.  

(37) Hexachlorobutadiene  Micrograms/L  ≤ 49.7 annual avg.  

(38) Imbalance (see Nutrients)    --- 

(39) Iron  Milligrams/L  ≤ 1.0  

(40) Lead  
Micrograms/L See 
Notes (1) and (3).  Pb ≤ e(1.273 [lnH] -4.705)  

(41) Manganese  Milligrams/L  --- 

(42) Mercury  Micrograms/L  ≤ 0.012  

(43) Minimum Criteria (see Section 
62302. 500, F.A.C.)    --- 
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(44) Mixing Zones (See Section 62-
4.246, F.A.C.)    --- 

(45) Nickel  
Micrograms/L See 
Notes (1) and (3).  Ni ≤ e(0.846[lnH]+0.0584)  

(46) Nitrate  Milligrams/L as N  --- 

(47) Nuisance Species    

Substances in concentrations which result in the 
dominance of nuisance species:  none shall be 
present.  

(48) (a) Nutrients    

The discharge of nutrients shall continue to be 
limited as needed to prevent violations of other 
standards contained in this chapter.  Man-induced 
nutrient enrichment (total nitrogen or total 
phosphorus) shall be considered degradation in 
relation to the provisions of Sections 62-302.300, 
62-302.700, and 62-4.242, F.A.C. 

(48) (b) Nutrients    

In no case shall nutrient concentrations of a body 
of water be altered so as to cause an imbalance in 
natural populations of aquatic flora or fauna.  

(49) Odor (also see Color, Minimum 
Criteria, Phenolic Compounds, etc.)  Threshold odor number  --- 

(50) (a) Oils and Greases  Milligrams/L  
Dissolved or emulsified oils and greases shall not 
exceed 5.0  

(50) (b) Oils and Greases   

No undissolved oil, or visible oil defined as 
iridescence, shall be present so as to cause taste 
or odor, or otherwise interfere with the beneficial 
use of waters.  

(51) Pesticides and Herbicides    --- 

(51) (a) 2,4,5-TP  Micrograms/L  --- 

(51) (b) 2-4-D  Micrograms/L  --- 

(51) (c) Aldrin  Micrograms/L  ≤ .00014 annual avg.; 3.0 max  

(51) (d) Beta-hexachlorocyclohexane 
(b-BHC)  Micrograms/L  ≤ 0.046 annual avg.  

(51) (e) Chlordane  Micrograms/L  ≤ 0.00059 annual avg.; 0.0043 max  

(51) (f) DDT  Micrograms/L  ≤ 0.00059 annual avg.; 0.001 max 

(51) (g) Demeton  Micrograms/L  ≤ 0.1  

(51) (h) Dieldrin  Micrograms/L  ≤ 0.00014 annual avg.; 0.0019 max 

(51) (i) Endosulfan  Micrograms/L  ≤ 0.056  
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(51) (j) Endrin  Micrograms/L  ≤ 0.0023  

(51) (k) Guthion  Micrograms/L  ≤ 0.01  

(51) (l) Heptachlor  Micrograms/L  ≤ 0.00021 annual avg.; 0.0038 max  

(51) (m) Lindane (g-benzene 
hexachloride)  Micrograms/L  ≤ 0.063 annual avg.; 0.08 max  

(51) (n) Malathion  Micrograms/L  ≤ 0.1  

(51) (o) Methoxychlor Micrograms/L  ≤ 0.03  

(51) (p) Mirex  Micrograms/L  ≤ 0.001  

(51) (q) Parathion  Micrograms/L  ≤ 0.04  

(51) (r) Toxaphene  Micrograms/L  ≤ 0.0002  

(52) pH (Class III Waters)  Standard Units  

Shall not vary more than one unit above or below 
natural background of predominantly fresh waters 
and coastal waters as defined in Section 62-
302.520(3)(b), F.A.C. or more than two-tenths unit 
above or below natural background of open waters 
as defined in Section 62-302.520(3)(f), F.A.C., 
provided tha the pH is not lowered to less than 6 
units in predominantly fresh waters, or less than 
6.5 units in predominantly marine waters, or raised 
above 8.5 units. If natural background is less than 
6 units, or less than 6.5 units in predominantly 
marine waters, the pH shall not vary below natural 
background or vary more than one unit above 
natural background of predominantly fresh waters 
and coastal waters, or more than two-tenths unit 
above natural background of open waters. If 
natural background is higher than 8.5 units, the pH 
shall not vary above natural background or vary 
more than one unit below natural background of 
predominantly fresh waters and coastal waters, or 
more than two-tenths unit below natural 
background of open waters. 

(53)(a) Phenolic Compounds: Total    

Phenolic compounds other than those produced by 
the natural decay of plant material, listed or 
unlisted, shall not taint the flesh of edible fish or 
shellfish or produce objectionable taste or odor in a 
drinking water supply.  

(53) (b) Phenolic Compounds: Total  Micrograms/L  

1. The total of all chlorinated phenols, and 
chlorinated cresols, except as set forth in (c) 1. to 
(c) 4. below, shall not exceed 1.0 unless higher 
values are shown not to be chronically toxic.  Such 
higher values shall be approved in writing by the 
Secretary. 2.   the compounds listed in (c)1. to (c)6. 
below shall not exceed the limits specified for each 
compound. 
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(53) (c) 1. Phenolic Compound: 
2chlorophenol  Micrograms/L  ≤ 400 See Note (2).  

(53) (c) 2. Phenolic Compound: 2,4-
dichlorophenol  Micrograms/L  ≤ 790 See Note (2).  

(53) (c) 3. Phenolic Compound: 
Pentachlorophenol  Micrograms/L  ≤ 30 max; ≤ 8.2 annual avg; ≤ e(1.005[pH]-5.29)  

(53) (c) 4. Phenolic Compound: 2,4,6-
trichlorophenol Micrograms/L  ≤ 6.5 annual avg.  

(53) (c) 5. Phenolic Compound: 2,4-
dinitrophenol  Milligrams/L  ≤ 14.26 See Note (2).  

(53) (c) 6. Phenolic Compound: 
Phenol  Milligrams/L  ≤ 0.3  

(54) Phosphorus (Elemental)  Micrograms/L  --- 

(55) Phthalate Esters  Micrograms/L  ≤ 3.0  

(56) Polychlorinated Biphenyls 
(PCBs)  Micrograms/L  ≤ 0.000045 annual avg.; 0.014 max  

(57) (a) Polycyclic Aromatic 
Hydrocarbons (PAHs). Total of: 
Acenaphthylene; 
Benzo(a)anthracene; 
Benzo(a)pyrene; Benzo(b)fluoran-
thene; Benzo-(ghi)perylene; 
Benzo(k)fluoranth-ene; Chrysene; 
Dibenzo-(a,h)anthracene; 
Indeno(1,2,3-cd)pyrene; and 
Phenanthrene  Micrograms/L  ≤ 0.031annual avg.  

(57) (b) 1 (Individual PAHs): 
Acenaphthene  Milligrams/L  ≤ 2.7 See Note (2).  

(57) (b) 2. (Individual PAHs): 
Anthracene  Milligrams/L  ≤ 110 See Note (2).  

(57) (b) 3. (Individual PAHs): 
Fluoranthene  Milligrams/L  ≤ 0.370 See Note (2).  

(57) (b) 4. (Individual PAHs): 
Fluorene  Milligrams/L  ≤ 14 See Note (2).  

(57) (b) 5. (Individual PAHs): Pyrene  Milligrams/L  ≤ 11 See Note (2).  

(58) (a) Radioactive substances 
(Combined radium 226 and 228) Picocuries/L  ≤ 5  
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EXHIBIT 1-1 CONT. 
Florida Class III Criteria for Surface Water Quality Classifications, 62-302.530 (Recreation, Propagation and Maintenance of a 
Healthy, Well-Balanced Population of Fish and Wildlife 

Parameter Units Class III: Predominantly Fresh Waters  

(58) (b) Radioactive substances 
(Gross alpha particle activity including 
radium 226, but excluding radon and 
uranium)  Picocuries/L  ≤ 15  

(59) Selenium  Micrograms/L  ≤ 5.0  

(60) Silver  
Micrograms/L See Note 
(3).  ≤ 0.07  

(61) Specific Conductance (see 
Conductance, Specific, above)    --- 

(62) Substances in concentrations 
which injure, are chronically toxic to, 
or produce adverse physiological or 
behavioral response in humans, 
plants, or animals    None shall be present.  

(63) 1,1,2,2-Tetra-chloroethane  Micrograms/L  ≤ 10.8 annual avg.  

(64) Tetrachloroethyl-ene (1,1,2,2-
tetrachlo-roethene)  Micrograms/L  ≤ 8.85 annual avg.  

(65) Thallium  Micrograms/L  ≤ 6.3  

(66) Thermal Criteria (See Section 
62-302.520)    --- 

(67) Total Dissolved Gases  

Percent of the saturation 
value for gases at the 
existing atmospheric 
and hydrostatic 
pressures  ≤ 110% of saturation  

(68) Transparency  

Depth of the 
compensation point for 
photosynthetic activity  

Shall not be reduced by more than 10% as 
compared to the natural background value.  

(69)Trichloroethylene 
(trichloroethene)  Micrograms/L  ≤ 80.7 annual avg.  

(70) Turbidity  
Nephelometric Turbidity 
Units (NTU)  ≤ 29 above natural  

(71) Zinc  
Micrograms/L See 
Notes (1) and (3).  Zn ≤ e(0.8473[lnH]+0.884)  

   
Notes: (1) "ln H" means the natural logarithm of total hardness expressed as milligrams/L of CaCO3. For metals criteria involving 
equations with 
hardness, the hardness shall be set at 25 mg/L if actual hardness is < 25 mg/L and set at 400 mg/L if actual hardness is >400 
mg/L. (2) This criterion is protective of human health not of aquatic life. (3) For application of dissolved metals criteria see 62-
302.500(2)(d), F.A.C. 
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Existing water quality data summarized in this Work Plan indicate that nutrients 
(specifically nitrogen and to a lesser extent phosphorus) are elevated in the Ichetucknee 
System in comparison to historic conditions and compared to springs and spring runs in 
areas protected from nutrient-intensive human uses (e.g., the Ocala National Forest). It 
has also been observed that plant communities within the Ichetucknee System may be 
altered compared to natural conditions and that growths of filamentous algae are a 
possible result of elevated nutrient levels. Existing and additional data must be 
assembled and analyzed, and summarized to demonstrate impairment in the 
Ichetucknee System. For these reasons the focus of this Work Plan is to provide 
quantitative data to detect significant levels of impairment, if they exist, and to support 
the ultimate development of nutrient TMDLs, if they are indeed necessary to protect the 
designated uses of this aquatic ecosystem. If data collection and analysis supports a 
finding of nutrient-based imbalance of natural populations of aquatic flora and fauna in 
the Ichetucknee System or of any other Class III water quality criteria, TMDLs can 
ultimately be developed for those specific pollutants. 

1.2 Scope of Work Plan 
The purpose of this work plan is to provide a scientifically-based approach for verifying 
whether elevated nutrient concentrations are, or are not, a concern in the Ichetucknee 
System and to document any measurable nutrient impacts on ecological attributes of the 
Ichetucknee System.  Methods that are recommended in this work plan to accomplish 
the project goals include: review and analysis of existing information and scientific 
studies from the Ichetucknee System and similar reference spring run systems to 
establish a characterization of the baseline or goal for the system’s designated uses of 
recreation and healthy, well-balanced fish and wildlife populations; review of existing 
information and development of focused studies to link specific nutrients to impaired 
conditions; implementation of those studies and analysis of new data collected in those 
studies; and identification of the necessary level of nutrient reductions necessary to 
either preserve or restore the Ichetucknee System to the reference or baseline condition.  

Nutrients are just one category of pollutants that may be resulting in impairment of the 
Ichetuknee System. They are the focus of this Work Plan because they are most 
amenable to development of TMDLs. However, other pollutants and stressors may also 
be impairing designated uses in the Ichetucknee System. Additional parallel and future 
work efforts may be required to identify and quantify the role of those additional 
pollutants and stressors on the functioning of the Ichetucknee System. Part of this 
nutrient-focused work plan will be to provide initial observations of other stressors of 
concern in the ecosystem and to make recommendations concerning additional focused 
sampling efforts for their documentation and eventual control. Pollutants or stressors 
that have either resulted in historic impairment, are currently resulting in continuing 
impairment, or have the potential to create future impairment if not attenuated, will 
ultimately be identified. 

The Ichetucknee System Work Plan includes the following sections: 

• Section 1: Introduction that describes the nature of the problem and the goals 
and objectives of the project 
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• Section 2: Description of the Work Plan Area that briefly describes the 
Ichetucknee System’s location, extent, and surrounding land uses 

• Section 3: Review and Analysis of Existing Information that provides the basis 
for our current understanding of the effects of nutrients in the Ichetucknee 
System and focuses the direction of future work activities to efficiently identify 
existing impairment of designated uses with minimal redundancy of sampling 
efforts 

• Section 4: Work Plan that describes the proposed project components, their 
level-of-effort and schedule, the methods to be employed, and the estimated cost 
of those activities; this section also describes a Phase I ecosystem assessment plan 
to allow a preliminary and rapid assessment of nutrient impairment 

• Section 5: Data Analysis and Demonstration of Impairment that provides a 
preliminary description of the analysis methods that may be employed to 
summarize the existing and new data and to prepare a defensible finding for or 
against elevated nutrients as causative factors in impairment to the Ichetucknee 
System 
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2.0 Description of the Ichetucknee System 

2.1  General Location 
The Ichetucknee System is located in north central Florida in west Columbia County and 
east Suwannee County (Exhibit 2-1). Ichetucknee Springs is located at the north end of 
the Ichetucknee River and 16 miles southwest of the City of Lake City. The Ichetucknee 
River is formed by nine named and several unnamed springs, and flows for 
approximately 3.0 miles to the south from Ichetucknee Springs to US 27. This highway 
crossing is 8.8 miles east of Branford and 4.7 miles northwest of Fort White. From its 
crossing with US 27 the Ichetucknee River flows an additional  1.75 miles to its 
confluence with the Santa Fe River, about 6.7 miles upstream from where the Santa Fe 
River enters the Suwannee River. 

Ichetucknee Springs State Park

 
EXHIBIT 2-1 
General Location Map for Ichetucknee Spring System 

2.2 State-Owned Lands and Designations 
The ISSP includes approximately 2,250 ac located in Columbia and Suwannee counties 
and surrounds or borders about 3.3 miles of the Ichetucknee River (Exhibit 2-2). All of 
the key Floridan aquifer springs feeding the Ichetucknee River (Blue Hole, Mission, 
Devil’s Eye, Grassy Hole, Mill Pond, and Coffee) are located within the boundaries of 
the ISSP. The recreational and conservation focus of the ISSP is the spring/spring run 
ecosystem with an area of about 26 ac; however, ISSP also includes approximately 1,230 
ac of important, largely undeveloped xeric scrub and mesic forest habitat, and 127 ac of 
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forested and herbaceous wetlands. The aquatic system located within the ISSP supports 
a significant traffic of humans each year in inner-tubes, kayaks, canoes, and swimming. 
Annual park visitation since 1988 has averaged 173,449 visitors per year and annual 
totals have ranged from about 136,000 to 204,000 visitors per year (Sam Cole, personal 
communication). No motors are allowed on the Ichetucknee River within the ISSP. The 
segment of the Ichetucknee River downstream of US 27 is lined with single-family 
residences. Motorboats do enter the lower 1.8 miles of the Ichetucknee River from the 
Santa Fe River. Fishing and scuba diving are also common forms of recreation practiced 
in the southern segment of the Ichetucknee River. 
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EXHIBIT 2-2 
Site Map for Ichetucknee Spring System 



WETLAND SOLUTIONS, INC. 

  2-3

 

2.3 Watershed Boundaries and Landuse Changes 
Exhibit 2-3 provides an overview of the mapped land uses (1992-94) in the Ichetucknee 
Springs Basin. This basin includes about 400 square miles of area located north, 
northeast, and east of ISSP. Land surface elevations within the ISSP range from less than 
20 ft to more than 60 ft msl. The pieziometric surface of the Ichetucknee Springs Basin in 
September 2003 ranged from about 58 ft msl at the northeast corner of the basin to about 
16 ft msl at the point where the Ichetucknee River crosses under US 27. In the mid-1990s, 
land uses in the Ichetucknee Springs Basin were predominantly agricultural, forest, and 
urban. Although detailed land use data were not available for this review, it is assumed 
that during the past decade, land uses in the springshed have been converting from 
agriculture/forestry to urban. 

2.4 Rainfall and Discharge Rates 
Normal rainfall totals measured at the Ichetucknee System are about 149 cm/yr (58.5 
in/yr). There is no apparent trend in these rainfall amounts within this period-of-record. 
The maximum and minimum annual average rainfall amounts during this period-of-
record were between 92 and 198 cm/yr (36 and 78 in/yr), respectively. 

There are eight named springs that directly contribute to flows into the Ichetucknee 
River in the ISSP (Exhibit 2-2). All of these springs are all artesian in nature and 
discharge from the upper portion of the Floridan Aquifer. Based on long-term average 
flow rates, the eight named springs contribute flow to the Ichetucknee System in the 
following order from greatest to least (Exhibit 2-4): 

• Blue Hole (Jug) Spring – 107 cfs 

• Mission (Roaring and Singing) Spring – 87.2 cfs 

• Devil’s Eye Spring – 47.2 cfs 

• Ichetucknee Head Spring – 34 cfs 

• Mill Pond Spring – 25.0 cfs 

• Grassy Hole Spring – 6.5 cfs 

• Cedar Head (Alligator Hole) Spring – 6.34 cfs 

• Coffee Springs – 2.92 cfs 

The total combined average flow for these named springs is about 316 cfs.  The long-
term average discharge measured downstream in the Ichetucknee River at US 27 is 289 
cfs. Discharge records since 2002 are plotted in Exhibit 2-5 and show significant 
variability tied to rain events. Based on a quick review of these data it appears that there 
are problems with the rating curve at the US 27 station that result in apparent 
“inversions” in discharge rates under high water conditions, possibly resulting in 
underestimates of total discharge in the Ichetucknee River. These problems may lead to 
problems in utilizing long-term records, but it appears that the combined spring average  
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EXHIBIT 2-3 
Ichetucknee Spring Basin Land Use (Source: Brian Katz, USGS 2005) 
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EXHIBIT 2-4 
Ichetucknee Spring System Flow Summary 

Station Average Maximum Minimum StDev Count Period of Record 

Blue Hole Spring 107 185 65.0 27.9 972 6/17/98 9/30/04 

Cedar Head Spring 6.34 17.0 2.70 2.81 965 6/17/98 9/30/04 

Coffee Springs 2.92 3.00 2.83 0.120 2 6/16/98 2/13/01 

Devil's Eye Spring 47.2 107 35.0 9.10 964 6/16/98 9/30/04 

Grassy Hole Spring 6.50 10.0 3.00 4.95 2 6/16/98 2/13/01 

Ichetucknee Head Spring 34.1 58.0 20.0 9.62 969 3/5/85 9/30/04 

Ichetucknee River at US 27 289 578 2.80 82.2 1361 2/18/17 9/30/04 

Mill Pond Spring 25.0 76.0 14.0 10.5 962 6/16/98 9/30/04 

Mission Spring 87.2 181 43.0 23.4 963 2/13/01 9/30/04 

Un-Named Spring 5.08 7.15 3.00 2.93 2 9/9/97 9/17/97 

Note: All Flow Data in cfs 
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EXHIBIT 2-5 
Ichetucknee Spring System – Discharge Time Series (http://waterdata.usgs.gov) 
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discharge and the downstream average discharge at US 27 are similar in magnitude, 
based on normal measurement error, and that there are no more significant discharges 
of artesian water or surface runoff into the Ichetucknee River within the ISSP. 

2.5 Existing Water Quality 
Exhibit 2-6 provides a list of the major water quality data collection stations in and near 
the Ichetucknee System. Existing water quality data from these stations are summarized 
in Exhibit 2-7. The Suwannee River Water management District (SRWMD) rates the 
Ichetucknee River as being in the “Good” category in terms of existing water quality 
conditions (SRWMD 2003).  However, nitrate nitrogen concentrations in the Ichetucknee 
Springs are elevated compared to springs located in undeveloped areas of north and 
central Florida (Exhibit 2-8) and compared to published historic data (Rosenau et al. 
1977). Concentrations of total phosphorus are still relatively low in the Ichetucknee 
System but are showing some signs of increasing (Exhibit 2-9).  

While most water quality measures are relatively constant in these springs (temperature, 
solids, color, etc.) there are notable differences between key spring vents. In the 
Ichetucknee Springs Group there are significant and consistent differences in dissolved 
oxygen, specific conductance, and nitrate-nitrite nitrogen concentrations between spring 
vents. The Ichetucknee Head Spring has an average dissolved oxygen concentration of 
4.1 mg/L, while Blue Hole Spring averages 2.2 mg/L, Mission Spring averages 0.36 
mg/L, Devil’s Eye Spring averages 0.48 mg/L, and the others range from 0.42 to 2.94 
mg/L. Specific conductance averages 319 µS/cm at Ichetucknee Main Spring, 302 µS/cm 
at Blue Hole and Mission Springs, 323 µS/cm at Devil’s Eye Spring, and from 292 to 360 
µS/cm at the other measured springs. Nitrate+nitrite nitrogen concentrations average 
0.77 mg/L at the Ichetucknee Main Spring, 0.67 mg/L at Blue Hole Spring, 0.49 mg/L at 
Mission Spring, 0.50 mg/L at Devil’s Eye Spring, and from 0.34 to 0.88 mg/L at the 
other measured springs. Rosenau et al. (1977) report the following rising historic nitrate 
nitrogen concentrations: 1946 - 0.23 mg/L and 1975 - 0.43 mg/L. Total phosphorus in the 
various spring vents currently averages between 0.028 and 0.81 mg/L. Rosenau et al. 
(1977) reported a total phosphorus concentration of 0.05 mg/L. Detailed hour-to-hour 
water quality variability is not currently known for any of these springs, but the data 
summarized in Exhibit 2-7 indicate that they receive groundwater inflows either from 
different sources or with different underground hydraulic residence times.   
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EXHIBIT 2-6 
Surface Water Quality Stations within the Ichetucknee System 

Station
Primary

Station ID Station Location Name Agency Latitude Longitude Source
BLUE HOLE SPRING COL1105041 BLUE HOLE SPRING Suwannee River Water Management District 29.980523 -82.758017 STORET Modern
BLUE HOLE SPRING 2322688 BLUE HOLE SPRING NR HILDRETH, FL USGS 29.979722 -82.758611 USGS
BLUE HOLE SPRING 9743 BLUE HOLE SPRING VENT FL Dept. of Environmental Protection 29.980529 -82.758439 STORET Modern
BLUE HOLE SPRING ICH002C1 BLUE HOLE SPRING VENT Suwannee River Water Management District 29.980278 -82.758611 STORET Modern
CEDAR HEAD RUN AB ICHETUCKNEE 21030064 CEDAR HEAD RUN AB ICHETUCKNEE FL Dept. of Environmental Protection 29.981083 -82.761083 STORET Modern, Legacy
CEDAR HEAD SPRING 9742 CEDAR HEAD SPRING FL Dept. of Environmental Protection 29.983278 -82.758694 STORET Modern
CEDAR HEAD SPRING ICH006C1 CEDAR HEAD SPRING Suwannee River Water Management District 29.983333 -82.758889 STORET Modern
CEDAR HEAD SPRING 2322687 CEDAR HEAD SPRING NR HILDRETH, FL USGS 29.983056 -82.758889 USGS
COFFEE SPRINGS 10787 COFFEE SPRINGS FL Dept. of Environmental Protection 29.959167 -82.775278 STORET Modern
COFFEE SPRINGS ICH008C1 COFFEE SPRINGS Suwannee River Water Management District 29.959167 -82.775556 STORET Modern
DEVIL'S EYE SPRING 10788 DEVIL'S EYE SPRING FL Dept. of Environmental Protection 29.973333 -82.760278 STORET Modern
DEVIL'S EYE SPRING 2322694 DEVIL'S EYE SPRING NR HILDRETH, FL USGS 29.973333 -82.760278 USGS
DEVIL'S EYE SPRING ICH004C1 DEVILS EYE SPRING VENT Suwannee River Water Management District 29.973333 -82.760278 STORET Modern
GRASSY HOLE SPRING ICH007C1 GRASSY HOLE Suwannee River Water Management District 29.968056 -82.759722 STORET Modern
GRASSY HOLE SPRING 10784 GRASSY HOLE SPRING FL Dept. of Environmental Protection 29.967778 -82.759722 STORET Modern
ICHETUCKNEE HEAD SPRING ICH001C1 ICHETUCKNEE HEAD SPRING Suwannee River Water Management District 29.983889 -82.761944 STORET Modern
ICHETUCKNEE HEAD SPRING 2322685 ICHETUCKNEE HEAD SPRING NR HILDRETH, FL USGS 29.983889 -82.761944 USGS
ICHETUCKNEE HEAD SPRING 295903082454300 ICHETUCKNEE MAIN SPRING USGS 29.984167 -82.761944 USGS
ICHETUCKNEE R AT US HWY 27 2322700 ICHETUCKNEE R @ HWY27 NR HILDRETH, FL USGS 29.983889 -82.761944 USGS
ICHETUCKNEE R AT US HWY 27 21030050 ICHETUCKNEE R AT US HWY 27                      FL Dept. of Environmental Protection 29.953806 -82.788556 STORET Modern, Legacy
ICHETUCKNEE R AT US HWY 27 646420 ICHETUCKNEE R US 27 NW FT WHITE                 USEPA REGION 4 29.950000 -82.783333 STORET Legacy
ICHETUCKNEE RIVER ABOVE US 27 ICH010C1 ICHETUCKNEE RIVER ABOVE US 27                   Suwannee River Water Management District 29.954444 -82.784167 STORET Modern, Legacy;SJRWMD
ICHETUCKNEE RIVER ABOVE SANTA FE RIVER 21030085 ICHETUCKNEE RIVER APPROX 300 M AB SANTA FE RIVER FL Dept. of Environmental Protection 29.935528 -82.798833 STORET Modern
ICHETUCKNEE RIVER AT DAMPIERS LANDING 21030123 ICHETUCKNEE RIVER AT DAMPIERS LANDING FL Dept. of Environmental Protection 29.960500 -82.771000 STORET Modern
ICHETUCKNEE R AT US HWY 27 295709082471000 ICHETUCKNEE SPGS GRP USGS 29.952500 -82.786111 USGS
ICHETUCKNEE HEAD SPRING 9713 ICHETUCKNEE SPRING MAIN FL Dept. of Environmental Protection 29.984194 -82.761868 STORET Modern
ICHETUCKNEE HEAD SPRING 295902082454301 ICHETUCKNEE SPRING NR. FT. WHITE, FL. USGS 29.983889 -82.761944 USGS
MILL POND SPRING 10786 MILL POND SPRING FL Dept. of Environmental Protection 29.966389 -82.760000 STORET Modern
MILL POND SPRING 2322695 MILL POND SPRING NR HILDRETH, FL USGS 29.966389 -82.760000 USGS
MILL POND SPRING ICH005C1 MILL POND SPRING VENT Suwannee River Water Management District 29.966389 -82.760000 STORET Modern
MISSION SPRING 9714 MISSION SPRING FL Dept. of Environmental Protection 29.976215 -82.757877 STORET Modern
MISSION SPRING ICH003C1 MISSION SPRING VENT Suwannee River Water Management District 29.976111 -82.757778 STORET Modern
MISSION SPRING 295834082452800 MISSION SPRINGS USGS 29.976111 -82.757778 USGS
MISSION SPRING 2322691 MISSION SPRINGS COMPLEX NR HILDRETH, FL USGS 29.975833 -82.758333 USGS
SANTA FE RIVER EAST ICHETUCKNEE 10464 SRB-LS-1021 FL Dept. of Environmental Protection 29.934931 -82.790682 STORET Modern
ICHETUCKNEE RIVER AB MISSION SP 10443 SRB-LS-1023 FL Dept. of Environmental Protection 29.977157 -82.759263 STORET Modern
SANTA FE RIVER EAST ICHETUCKNEE 10466 SRB-LS-1063 FL Dept. of Environmental Protection 29.934636 -82.790493 STORET Modern
ICHETUCKNEE RIVER BLUE HOLE SP 10448 SRB-LS-1071 FL Dept. of Environmental Protection 29.978936 -82.759156 STORET Modern
UN-NAMED SPRING GIL99972 UN-NAMED SPRING Suwannee River Water Management District 29.930556 -82.802778 STORET Modern
UN-NAMED SPRING SUW917971 UN-NAMED SPRING Suwannee River Water Management District 29.932222 -82.800833 STORET Modern  
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EXHIBIT 2-7 
Ichetucknee System Water Quality Summary 

Parameter Group Parameter Units

Ichetucknee 
Head 
Spring

Cedar 
Head 
Spring

Cedar Head 
Run above 

Ichetucknee
Blue Hole 

Spring

Ichetucknee 
River above 
Mission Sp

Mission 
Spring

Devil's 
Eye 

Spring

Grassy 
Hole 

Spring
Mill Pond 

Spring

Ichetucknee 
River at 

Dampiers 
Landing

Coffee 
Springs

Ichetucknee 
River above 

US 27

Ichetucknee 
Rvr at US 

27

Ichetucknee 
River above 

Santa Fe 
River

Santa Fe 
River East 

Ichetucknee
Un-Named 

Spring
TEMPERATURE Wtr Temp C 21.5 21.6 21.8 21.4 22.3 21.4 21.5 21.7 21.6 22.4 21.7 21.5 21.8 21.7 25.7 21.5
DISSOLVED OXYGEN DO % 50.2 --- 56.7 27.1 --- 3.71 4.59 --- 4.62 75.0 --- 59.4 66.1 67.0 --- ---

mg/L 4.12 2.94 5.31 2.19 4.62 0.358 0.476 0.446 0.418 6.50 1.82 5.58 5.84 5.90 3.92 4.20
PHYSICAL Color CPU 2.28 2.71 2.86 2.05 0.00 2.67 3.04 2.92 2.86 --- 3.13 10.9 4.01 2.50 70.0 ---

pH SU 7.41 7.56 7.51 7.50 --- 7.49 7.48 7.51 7.52 7.76 7.54 7.52 7.62 7.55 --- 7.11
SAL ppt 0.126 0.140 --- 0.091 --- 0.142 0.183 0.200 0.183 --- 0.100 0.055 0.183 --- --- ---

Secchi m 2.14 1.98 0.967 4.76 1.00 1.45 1.16 --- 0.829 0.600 --- 1.20 3.20 1.00 1.15 ---
SpCond umhos/cm 319 315 288 302 303 302 323 360 360 330 292 309 290 285 345 421

Turb NTU 0.290 0.160 0.114 0.214 0.100 0.182 0.177 0.124 0.183 --- 0.163 0.361 1.23 0.200 1.45 ---
SOLID FSS mg/L 1.33 0.00 0.545 1.00 --- 1.33 1.33 0.00 1.33 --- 0.00 3.11 8.64 1.33 --- ---

TDS mg/L 182 184 --- 180 175 188 213 233 236 --- 176 184 175 --- 222 ---
TRES mg/L --- --- --- --- --- --- --- --- --- --- --- 168 170 --- --- ---
TSS mg/L 1.28 0.833 0.900 1.50 2.00 1.30 1.13 0.250 1.13 --- 0.250 11.4 12.8 --- 2.00 ---

VRES mg/L --- --- --- --- --- --- --- --- --- --- --- 31.5 22.4 --- --- ---
VSS mg/L 0.821 0.125 0.600 0.500 --- 0.750 0.750 0.125 0.750 --- 0.125 4.94 1.63 --- --- ---

GENERAL INORGANIC Alk mg/L as CaCO3 139 141 149 135 --- 136 137 137 137 --- 129 140 135 --- --- ---
Alk (Bicarb) mg/L as CaCO3 151 151 --- 143 147 148 --- --- --- --- --- --- --- --- 143 ---

Cl-T mg/L 4.10 4.17 4.23 4.77 4.10 5.65 6.34 7.07 8.27 --- 3.57 5.79 4.58 5.30 9.40 ---
F-T mg/L 0.085 0.090 --- 0.109 0.110 0.126 0.149 0.155 0.176 --- 0.056 0.134 0.203 --- 0.125 ---

Hardness mg/L as CaCO3 158 --- 149 147 --- 142 153 --- 170 --- --- 150 147 --- --- ---
Si-T mg/L 7.22 8.19 --- 10.4 --- 10.4 11.2 14.3 13.5 --- 6.38 4.93 --- --- --- ---
SO4 mg/L 8.05 5.37 5.63 5.69 6.00 6.78 12.6 23.9 29.0 --- 8.85 12.1 8.93 9.90 22.0 ---

OXYGEN DEMAND BOD5 mg/L --- --- 0.520 --- --- --- --- --- --- --- --- 1.12 0.812 --- --- ---
cBOD5 mg/L 0.100 0.100 0.250 0.100 --- 0.100 --- --- --- --- --- 1.20 --- 0.600 --- ---
COD mg/L --- --- --- --- --- --- --- --- --- --- --- --- 1.50 --- --- ---

GENERAL ORGANIC DOC mg/L 0.740 0.550 --- 0.375 --- 0.605 1.03 0.755 1.15 --- 0.200 --- 0.283 --- --- ---
TOC mg/L 1.14 2.19 1.80 1.23 0.500 1.02 1.51 0.713 1.18 --- 0.514 2.49 1.64 --- 10.5 ---

NITROGEN NH3-N mg/L 0.0002 --- 0.0001 0.0004 --- 0.0001 0.0001 --- 0.0001 --- --- 0.0004 0.003 --- --- ---
NH4-N mg/L 0.009 --- 0.012 0.024 --- 0.006 0.005 --- 0.006 --- --- 0.017 0.073 --- --- ---
NO2-N mg/L 0.005 --- --- --- --- --- --- --- --- --- --- 0.036 0.005 --- --- ---
NO3-N mg/L --- --- --- --- --- --- --- --- --- --- --- 0.493 0.297 --- --- ---
NOx-N mg/L 0.772 0.878 0.731 0.673 0.720 0.486 0.499 0.410 0.339 --- 0.522 0.488 0.398 0.580 0.560 0.655
OrgN mg/L --- --- --- --- --- --- --- --- --- --- --- --- 0.162 --- --- ---
TKN mg/L 0.081 0.047 0.034 0.071 0.030 0.054 0.065 0.083 0.065 --- 0.045 0.121 0.512 0.030 0.450 ---
TN mg/L --- --- --- --- --- --- --- --- --- --- --- --- 0.370 --- --- ---

PHOSPHORUS OrthoP mg/L 0.022 0.034 --- 0.046 0.028 0.060 0.059 0.060 0.059 --- 0.030 0.044 0.043 --- 0.110 ---
TDP mg/L 0.024 0.034 --- 0.050 --- 0.050 --- --- --- --- --- --- 0.040 --- --- ---
TP mg/L 0.029 0.036 0.040 0.055 0.030 0.079 0.079 0.060 0.081 --- 0.028 0.067 0.087 0.059 0.125 ---

BACTERIOLOGICAL FC #/100ml 12.7 92.0 47.0 30.4 20.0 13.4 15.3 7.21 7.53 420 28.2 110 195 --- 33.5 ---
FS #/100ml 12.1 --- --- 8.18 --- 0.591 0.955 --- 1.77 --- --- 107 --- --- --- ---
TC #/100ml 33.5 166 351 57.1 150 17.6 27.1 59.8 21.0 3,000 419 309 3,185 --- --- ---

BIOLOGICAL Chl-a corr µg/L 0.250 0.250 --- 6.18 0.500 0.250 0.250 0.250 0.250 --- 0.250 0.505 --- --- 0.500 ---
Chl-b µg/L 1.20 0.250 --- 0.250 --- 0.250 1.40 1.90 8.20 --- 0.250 --- --- --- --- ---

Pheo-a µg/L 0.500 9.50 --- 2.10 0.500 0.500 4.50 0.500 22.0 --- 0.500 0.500 --- --- 0.500 ---
Start Date 3/5/1985 6/17/98 3/22/94 11/11/91 6/27/01 10/16/91 10/16/91 6/16/98 10/16/91 7/31/01 6/16/98 2/13/89 1/25/66 9/9/99 8/21/01 9/17/97
End Date 1/7/2004 9/16/02 3/15/00 11/5/04 6/27/01 9/16/02 9/16/02 9/16/02 9/16/02 7/31/01 9/16/02 11/2/05 12/22/03 9/9/99 8/21/01 9/17/97
Number of Sample Events 37 13 6 34 1 26 25 12 25 1 12 185 59 1 1 2
Note: Statistics calculated using half the detection limit when report as below the detection limit  
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EXHIBIT 2-7 (CONT.) 
Ichetucknee System Water Quality Summary 

Parameter Group Parameter Units

Ichetucknee 
Head 
Spring

Cedar 
Head 
Spring

Cedar Head 
Run above 

Ichetucknee
Blue Hole 

Spring

Ichetucknee 
River above 
Mission Sp

Mission 
Spring

Devil's 
Eye 

Spring

Grassy 
Hole 

Spring
Mill Pond 

Spring

Ichetucknee 
River at 

Dampiers 
Landing

Coffee 
Springs

Ichetucknee 
River above 

US 27

Ichetucknee 
Rvr at US 

27

Ichetucknee 
River above 

Santa Fe 
River

Santa Fe 
River East 

Ichetucknee
Un-Named 

Spring
METAL Ag-T µg/L 0.500 --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

Al-T µg/L 12.8 37.5 --- 12.8 --- 37.5 --- --- --- --- --- --- 175 --- --- ---
As-T µg/L 2.13 1.50 --- 2.13 --- 1.50 --- --- --- --- --- --- 2.89 --- --- ---
Ba-T µg/L 15.4 --- --- 4.57 --- --- --- --- --- --- --- --- --- --- --- ---
Ca-T mg/L 55.3 55.5 51.2 52.5 53.9 49.8 51.1 56.2 54.0 --- 52.9 50.5 --- --- 58.0 ---
Cd-T µg/L 0.350 0.375 --- 0.313 --- 0.375 --- --- --- --- --- --- 3.67 --- --- ---
Co-T µg/L 0.469 0.375 --- 0.469 --- 0.375 --- --- --- --- --- --- 0.00 --- --- ---
Cr-T µg/L 1.17 0.350 --- 0.963 --- 0.350 --- --- --- --- --- --- 0.00 --- --- ---
Cu-T µg/L 1.65 1.25 --- 1.94 --- 4.40 --- --- --- --- --- --- 0.00 --- --- ---
Fe-T µg/L 9.00 17.5 --- 9.00 --- 17.5 --- --- --- --- --- --- 13,930 --- --- ---
Hg-T µg/L 0.050 --- --- --- --- --- --- --- --- --- --- --- 0.182 --- --- ---
K-T mg/L 0.201 0.143 0.200 0.271 0.250 0.316 0.366 0.504 0.410 --- 0.133 1.19 --- --- 0.945 ---

Mg-T mg/L 5.56 5.56 5.20 5.05 5.30 5.54 6.97 9.75 9.16 --- 5.32 6.34 --- --- 6.90 ---
Mn-T µg/L 0.250 0.250 --- 0.250 --- 0.250 --- --- --- --- --- --- 27.5 --- --- ---
NA-T mg/L 2.24 2.56 2.37 2.97 2.60 3.67 4.15 5.24 5.15 --- 2.14 4.39 --- --- 6.00 ---
Ni-T µg/L 1.13 0.750 --- 1.13 --- 0.750 --- --- --- --- --- --- --- --- --- ---
Pb-T µg/L 1.71 2.50 --- 1.88 --- 2.50 --- --- --- --- --- --- 5,001 --- --- ---
Se-T µg/L 4.25 2.00 --- 4.25 --- 2.00 --- --- --- --- --- --- --- --- --- ---
Sr-T µg/L 162 105 --- 89.1 --- 107 --- --- --- --- --- --- --- --- --- ---
Zn-T µg/L 4.25 2.50 --- 4.18 --- 2.50 --- --- --- --- --- --- 33,337 --- --- ---

Start Date 3/5/1985 6/17/98 3/22/94 11/11/91 6/27/01 10/16/91 10/16/91 6/16/98 10/16/91 7/31/01 6/16/98 2/13/89 1/25/66 9/9/99 8/21/01 9/17/97
End Date 1/7/2004 9/16/02 3/15/00 11/5/04 6/27/01 9/16/02 9/16/02 9/16/02 9/16/02 7/31/01 9/16/02 11/2/05 12/22/03 9/9/99 8/21/01 9/17/97
Number of Sample Events 37 13 6 34 1 26 25 12 25 1 12 185 59 1 1 2
Note: Statistics calculated using half the detection limit when report as below the detection limit  
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Stats NOx-N

Average 0.803
Min 0.004
Max 5.10

Spring ID Spring ID Spring ID
BEECHER SPRING 1 FENNEY SPRING 45 CEDAR HEAD SPRING 89
COPPER SPRING 2 HORNSBY SPRING 46 WAKULLA TUBING D-TUNNEL 90
GREEN COVE SPRING 3 HORN SPRING 47 GUM SPRING MAIN 91
HOLTON CREEK RISE 4 CYPRESS SPRING 48 LITTLE RIVER SPRING 92
ORANGE SPRING 5 STARBUCK SPRING 49 WAKULLA TUBING C-TUNNEL 93
SUWANNEE SPRINGS 6 TURTLE SPRING 50 DOUBLE SPRING 94
NEWPORT SPRING 7 SALT SPRING (HERNANDO) 51 JACKSON MILL POND SPRING 95
WALDO SPRING 8 HUNTER SPRING 52 WAKULLA TUBING B-TUNNEL 96
WARM MINERAL SPRING 9 ELLAVILLE SPRING 53 RAINBOW SPRING #6 97
SANTA FE SPRING (COLUMBIA) 10 FALMOUTH SPRING 54 SILVER SPRING MAIN 98
NUTALL RISE 11 ALAPAHA RIVER RISE 55 HART SPRINGS 99
ALEXANDER SPRINGS 12 WACISSA SPRINGS #2 56 OTTER SPRING 100
SILVER GLEN SPRINGS 13 WAKULLA TUBING A/K-TUNNEL 57 BUBBLING SPRING 101
WASHINGTON BLUE SPRING (CHOCTAWHATCHEE) 14 BLACK SPRING (JACKSON) 58 WEKIWA SPRINGS 102
STEINHATCHEE RIVER RISE 15 WAKULLA TUBING K-TUNNEL 59 RAINBOW SPRING #1 103
SANTA FE RIVER RISE (ALACHUA) 16 WAKULLA TUBING A/D-TUNNEL 60 DELEON SPRING (VOLUSIA) 104
WELAKA SPRING 17 HOLMES BLUE SPRING 61 GINNIE SPRING 105
WILLIFORD SPRING 18 JACKSON BLUE HOLE SPRING 62 RECEPTION HALL SPRING 106
JUNIPER SPRINGS 19 HOMOSASSA #1 63 DEVILS EAR SPRING (GILCHRIST) 107
COLUMBIA SPRING 20 SANLANDO SPRINGS 64 BLUE GROTTO SPRING 108
FERN HAMMOCK SPRINGS 21 SUWANACOOCHEE SPRING 65 MADISON BLUE SPRING 109
TREEHOUSE SPRING 22 MISSION SPRING 66 RAINBOW SPRING #4 110
SALT SPRINGS (MARION) 23 GATOR SPRING (HERNANDO) 67 ROCK SPRINGS 111
CRAYS RISE 24 HOMOSASSA #2 68 MEARSON SPRING 112
WASHINGTON BLUE SPRING (ECONFINA) 25 CHASSAHOWITZKA SPRING MAIN 69 GILCHRIST BLUE SPRING 113
BIG SPRING (BIG BLUE SPRING) (JEFFERSON) 26 CITRUS BLUE SPRING 70 MANATEE SPRING 114
MORRISON SPRING 27 LEVY BLUE SPRING 71 SUN SPRINGS 115
SPRING CREEK RISE #1 28 ALLEN MILL POND SPRING 72 TELFORD SPRING 116
ST. MARKS RIVER RISE (LEON) 29 CHASSAHOWITZKA SPRING #1 73 OWENS SPRING 117
GAINER SPRING #1C 30 MAGNOLIA SPRING 74 TROY SPRING 118
SPRING CREEK RISE #2 31 HOMOSASSA #3 75 BUCKHORN SPRING 119
TARPON HOLE SPRING 32 ROCK BLUFF SPRINGS 76 CRYSTAL SPRINGS 120
GAINER SPRING #3 33 BUGG SPRING 77 LAFAYETTE BLUE SPRING 121
POE SPRING 34 SPRINGBOARD SPRING 78 RUNNING SPRINGS 122
SHEPHERD SPRING 35 VOLUSIA BLUE SPRING 79 UNKNOWN 11365 123
BRUNSON LANDING SPRING 36 BLUE HOLE SPRING (COLUMBIA) 80 LITHIA SPRINGS MAJOR 124
GAINER SPRING #2 37 BRANFORD SPRING 81 HAYS SPRING (JACKSON) 125
PONCE DE LEON SPRINGS 38 SIPHON CREEK RISE 82 JACKSON BLUE SPRING 126
SULPHUR SPRING (HILLSBOROUGH) 39 LITTLE SPRINGS (HERNANDO) 83 SHANGRI-LA SPRINGS 127
RHODES SPRING #1 40 WEEKI WACHEE MAIN SPRING 84 LAFAYETTE RUTH SPRING 128
RHODES SPRING #2 41 ICHETUCKNEE HEAD SPRING (SUWANNEE) 85 FANNING SPRINGS 129
RHODES SPRING #4 42 GUARANTO SPRING 86 APOPKA SPRING 130
NATURAL BRIDGE SPRING 43 WAKULLA SPRING 87
BECKTON SPRINGS 44 GADSEN SPRING 88

 
EXHIBIT 2-8 
Average NOX-N Concentrations for Representative Florida Springs and for Key Springs in the Ichetucknee System 
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Average 0.081

Min 0.008
Max 1.90

Spring ID Spring ID Spring ID Spring ID Spring ID
WEEKI WACHEE MAIN SPRING 1 HOLMES BLUE SPRING 27 JUNIPER SPRINGS 53 RHODES SPRING #4 79 MISSION SPRING 105
LITTLE SPRINGS (HERNANDO) 2 CHASSAHOWITZKA SPRING MAIN 28 WAKULLA TUBING B-TUNNEL 54 WACISSA SPRINGS #2 80 WELAKA SPRING 106
GUARANTO SPRING 3 GAINER SPRING #1C 29 GILCHRIST BLUE SPRING 55 NUTALL RISE 81 HART SPRINGS 107
GAINER SPRING #3 4 MORRISON SPRING 30 MEARSON SPRING 56 NATURAL BRIDGE SPRING 82 ROCK SPRINGS 108
WASHINGTON BLUE SPRING (ECONFINA) 5 HUNTER SPRING 31 ICHETUCKNEE HEAD SPRING (SUWANNEE) 57 RECEPTION HALL SPRING 83 BUGG SPRING 109
GAINER SPRING #2 6 HOMOSASSA #3 32 TROY SPRING 58 CRYSTAL SPRINGS 84 CRAYS RISE 110
GATOR SPRING (HERNANDO) 7 MANATEE SPRING 33 TARPON HOLE SPRING 59 LAFAYETTE BLUE SPRING 85 SIPHON CREEK RISE 111
GREEN COVE SPRING 8 PONCE DE LEON SPRINGS 34 SPRING CREEK RISE #2 60 ALEXANDER SPRINGS 86 FENNEY SPRING 112
HAYS SPRING (JACKSON) 9 UNKNOWN 11365 35 FALMOUTH SPRING 61 BRANFORD SPRING 87 SULPHUR SPRING (HILLSBOROUGH) 113
MAGNOLIA SPRING 10 BRUNSON LANDING SPRING 36 BUBBLING SPRING 62 STEINHATCHEE RIVER RISE 88 POE SPRING 114
SALT SPRINGS (MARION) 11 GUM SPRING MAIN 37 SPRING CREEK RISE #1 63 BLUE HOLE SPRING (COLUMBIA) 89 WEKIWA SPRINGS 115
BLACK SPRING (JACKSON) 12 HOMOSASSA #2 38 COPPER SPRING 64 LITHIA SPRINGS MAJOR 90 ALAPAHA RIVER RISE 116
GADSEN SPRING 13 RAINBOW SPRING #6 39 RUNNING SPRINGS 65 ELLAVILLE SPRING 91 HOLTON CREEK RISE 117
SPRINGBOARD SPRING 14 FERN HAMMOCK SPRINGS 40 WAKULLA TUBING A/D-TUNNEL 66 TELFORD SPRING 92 SUWANNEE SPRINGS 118
WASHINGTON BLUE SPRING (CHOCTAWHATCHEE) 15 SALT SPRING (HERNANDO) 41 MADISON BLUE SPRING 67 SUN SPRINGS 93 STARBUCK SPRING 119
NEWPORT SPRING 16 WAKULLA SPRING 42 BLUE GROTTO SPRING 68 DELEON SPRING (VOLUSIA) 94 BIG SPRING (BIG BLUE SPRING) (JEFFERSON) 120
WARM MINERAL SPRING 17 RAINBOW SPRING #1 43 ST. MARKS RIVER RISE (LEON) 69 FANNING SPRINGS 95 SANLANDO SPRINGS 121
WILLIFORD SPRING 18 JACKSON BLUE HOLE SPRING 44 LAFAYETTE RUTH SPRING 70 SUWANACOOCHEE SPRING 96 RAINBOW SPRING #4 122
JACKSON MILL POND SPRING 19 SHANGRI-LA SPRINGS 45 LEVY BLUE SPRING 71 VOLUSIA BLUE SPRING 97 SANTA FE SPRING (COLUMBIA) 123
JACKSON BLUE SPRING 20 WAKULLA TUBING D-TUNNEL 46 RHODES SPRING #2 72 HORNSBY SPRING 98 TREEHOUSE SPRING 124
DOUBLE SPRING 21 WAKULLA TUBING K-TUNNEL 47 DEVILS EAR SPRING (GILCHRIST) 73 OWENS SPRING 99 SANTA FE RIVER RISE (ALACHUA) 125
TURTLE SPRING 22 APOPKA SPRING 48 SILVER SPRING MAIN 74 SHEPHERD SPRING 100 COLUMBIA SPRING 126
CHASSAHOWITZKA SPRING #1 23 CEDAR HEAD SPRING 49 ALLEN MILL POND SPRING 75 ROCK BLUFF SPRINGS 101 SILVER GLEN SPRINGS 127
LITTLE RIVER SPRING 24 CITRUS BLUE SPRING 50 GINNIE SPRING 76 WALDO SPRING 102 HOMOSASSA #1 128
CYPRESS SPRING 25 WAKULLA TUBING A/K-TUNNEL 51 HORN SPRING 77 ORANGE SPRING 103 BEECHER SPRING 129
BECKTON SPRINGS 26 WAKULLA TUBING C-TUNNEL 52 RHODES SPRING #1 78 OTTER SPRING 104 BUCKHORN SPRING 130

 
EXHIBIT 2-9 
Average TP Concentration for Representative Florida Springs and for Key Springs in the Ichetucknee System 
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3.0 Review of Existing Relevant Studies 
Pertaining to the Ichetucknee System, Florida 

3.1 Introduction 
This section of the Ichetucknee System Work Plan provides a brief summary of the 
published information of importance to understanding the existing and historic 
environmental conditions in the Ichetucknee System. This is not meant to be an 
exhaustive literature review but rather is intended to provide an overview of the major 
types of environmental and human-use information currently available for the system. 

3.2 Ichetucknee Springs State Park Unit Management Plan 
(FDEP 2000a) 
The ISSP Unit Management Plan presents a description of the existing natural and 
cultural resources of the park and recommends management measures and research 
needs to accomplish management objectives (FDEP 2000a). Outdoor public recreation is 
the designated single use of the ISSP property. This primary purpose is described as 
“resource-based outdoor recreation and conservation”. Management for this primary 
purpose involves achieving a balance between the goals of maintaining and enhancing 
natural conditions and at the same time providing various recreational opportunities 
and includes the following four specific goals: 

1. Identify, preserve, protect, and restore natural resources. 

2. Identify, preserve, protect, and restore cultural resources. 

3. Provide safe, appropriate, quality, outdoor recreational opportunities for park 
visitors. 

4. Monitor activities outside the park that may impact parklands and maintain 
public awareness of park resource management needs. 

Timber management (harvesting) is identified as a secondary management purpose for 
ISSP. Timber harvesting is expected to supplement park visitor entry fees as a means of 
supporting park management activities. 

The ISSP Unit Management plan includes a detailed description of the park’s geology, 
geography, soils, water quality, spring discharge, natural ecological communities, and 
cultural resources. 

3.3 Recreational Use and Economic Impact (Bonn and Bell 
2003) 
Bonn and Bell (2003) conducted an economic evaluation of ISSP as well as three other 
first magnitude springs included in Florida state parks (Wakulla, Homosassa, and 
Volusia Blue). From 1992-2002 ISSP, visitation increased from 134,000 visitors/yr to 
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189,000 visitors/yr. The peak season for public use of ISSP is May through August and is 
associated with water-contact recreation (skin diving, floating on inner tubes, kayaks, 
and canoes). Estimated spending by visitors to ISSP was $23 million/yr in 2002 
($34/visitor). Approximately 90% of the visitors to ISSP were from locations outside of 
Columbia and Suwannee Counties. Of the four springs-based state parks studied for this 
report, the Ichetucknee Springs Group had the highest estimated economic impact. 

3.4 Dye Trace Studies in Dyal and Black Sinks (Butt and 
Murphy 2003) 
Karst Environmental Services, Inc. (KES) conducted qualitative dye trace studies of 
sinkholes located within Clay Hole Creek Trace from May through September 2003 (Butt 
and Murphy 2003). The Clay Hole Creek Trace is a relic stream valley located southwest 
of Lake City, Florida in Columbia County and approximately 9 miles northeast of 
Ichetucknee Springs. Dye tracers were released into Dyal and Black Sinks on the first 
day of the study, and waters in local wells, the downgradient subterranean Rose Creek 
Cave System, and in the Ichetucknee Springs Group were sampled for the next four 
months. The dye tracers from both release sites were eventually recovered in the Rose 
Creek Cave System within 26 to 34 days of initial release and by Day 65 at three of the 
Ichetucknee Springs: Mission Spring, Blue Hole Spring, and Devil’s Eye Spring. No dye 
was detected at the Ichetucknee Head Spring, Cedar Head Spring, Mill Pond Spring, 
and Grassy Hole Spring.  This study concluded that there is a direct hydraulic 
connection between sinkholes southwest of Lake City and a portion of the Ichetucknee 
System. Of additional interest in this study and a previous dye tracer study (KES 
unpublished) was the absence of an observed connection between the Lake City 
sinkholes and the Ichetucknee Head Spring. This may indicate that there may be 
differing springsheds responsible for providing water to the various springs in the 
Ichetucknee System. 

3.5 Effects of Nutrients and Light Availability on Submerged 
Aquatic Macrophyes (Canfield and Hoyer 1988) 
Canfield and Hoyer (1988) surveyed 17 Florida streams to examine relationships 
between aquatic macrophyte abundance and nutrient enrichment. Six spring run 
streams including the Ichetucknee River were included in the survey. Mean aquatic 
macrophyte standing stock in the Ichetucknee River was reported to be 3,600 g fresh 
weight/m2 with a range of seasonal values from 2,500 to 4,700 g/m2. Canopy cover 
averaged 23 percent, depth averaged 1.1 m, and channel width was 24 m, during the 
study period. Other spring-fed streams had the following macrophyte biomass 
estimates: Alexander Springs – 4,400 g/m2, Rock Springs – 2,200 g/m2, Wacissa River – 
9,700 g/m2, Little Wekiva River – 2,200 g/m2, and Wekiva River – 1,800 g/m2. 
Macrophyte abundance was significantly negatively correlated with canopy coverage 
(positively correlated with light availability) and not found to be correlated with 
nutrient (nitrogen and phosphorus) availability. Substrate type, water depth, and 
current velocity were also found to affect aquatic macrophyte abundance.  

The authors also measured nutrient export rates and macrophyte tissue nutrient levels 
in the 17 study streams. The Ichetucknee River was estimated to have an annual average 
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nitrogen mass flow of 98,000 to 100,000 kg/yr (assumes mean total nitrogen water 
column concentration of 0.26 mg/L) while plant tissues had estimated total nitrogen 
standing stocks of 710 to 830 kg. These calculations indicated that only 0.7 to 0.8% of the 
annual nitrogen flow in the water column would supply the entire nitrogen standing 
stock in the plants. Based on these and similar calculations for the 17 Florida streams, the 
authors concluded that most aquatic macrophytes are dependent upon nutrient uptake 
through their roots and that further reducing nutrient concentrations in the surface 
water would not result in a concomitant reduction in macrophyte biomass. 

3.6 Submerged Aquatic Plant Community Mapping – 2003 
(Kurz et al. 2003) 
The Ichetucknee System is dominated by the following species of submerged and 
emergent aquatic vegetation (Kurz et al. 2003): 

• Sagittaria kurziana   tapegrass 

• Zizania aquatica   wild rice 

• Vallisneria americana   eelgrass 

• Chara sp.    Stonewort 

• Myriophyllum heterophyllum  water milfoil 

• Ludwigia repens   water primrose 

• Hydrocotyle sp.    water pennywort 

Approximately 78% of the Ichetucknee River bottom surface area is covered by 
submerged aquatic vegetation (SAV). Based on a comparison to the 1979 inventory by 
DuToit (1979), SAV coverage has increased by 23 ac or 353% in a 24 year period. 
Recovery, both on a long-term basis and based on summer declines during the peak 
recreational season indicate that control of recreational use is a key factor in SAV 
abundance in the Ichetucknee River. Recreational impacts on SAV abundance are 
especially acute during low water level conditions caused by long-term drought 
conditions. 

Physical and chemical conditions in the Ichetucknee System were monitored as part of 
this SAV study. Average water depth in the river channel transects was 1.47 m with a 
range of 0.3 to 3.0 m. Average flow velocity in the system was 0.20 m/s (measured range 
from -0.01 to 0.56 m/s). Average water temperature was 23.1 oC (range 21.8 to 23.8 oC) 
with a gradual increase with travel distance downstream. Specific conductance averaged 
327 µS/cm (range 309 to 348 µS/cm) with a general increase with distance downstream. 
Average dissolved oxygen was 6.4 mg/L (range 3.6 to 8.1 mg/L) with a general increase 
downstream until saturation with atmospheric oxygen concentrations were reached. 
Average pH was 7.7 standard units (s.u.) with a range from 7.2 to 7.9 s.u. A gentle 
downstream increase in pH was also noted. Sediment conditions were about 47% mud, 
39% sand, and 14% shell and rock. Average canopy cover was estimated as 40% (range 0 
to 100%). Vertical light attenuation (Kd) averaged 0.59 m-1 (range 0.49 to 0.71 m-1). The Kd 
values were observed to increase with travel distance downstream and are indicative of 
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increasing particulate export with downstream travel and greater resulting light 
absorbance.  

Aboveground SAV biomass in the Ichetucknee River measured on 31 transects was 
found to average about 4,700 g wet weight/m2 (range 2,400 to 8,000 g/m2) and was 
higher than found in several other spring-fed rivers in north-central and west Florida. 
SAV biomass generally increased with distance downstream and appeared to be greatest 
in areas of higher tree canopy cover (Floodplain Reach) while periphyton (epiphytic 
algae) populations were greater in areas of lower canopy cover (Rice Marsh Reach).  

A total of 47 species of aquatic macroinvertebrates were identified from the same 31 
transects in the Ichetucknee River. Chironomids (midges) dominated the 
macroinvertebrate community (92% of the individual organisms), followed by 
Hydracarina (4.3%), Petrophilla (1.2%), Hydroptila (0.7%), and Oxyethira (0.5%). 
Macroinvertebrate density and species richness were both correlated with periphyton 
biomass but not correlated with flow velocity, SAV species, or SAV biomass. Based on 
the diversity and abundance of macroinvertebrates found on SAV, the Ichetucknee River 
is classified as “healthy” compared to other Florida streams and rivers. 

3.7 Submerged Aquatic Plant Community Mapping – 2004 
(Kurz et al. 2004) 
Kurz et al. (2004) conducted a re-study of SAV and water quality in the Ichetucknee 
River in 2004. Portions of the river subject to recreational use were re-mapped and data 
were compared to SAV cover estimates from the previous year. Total estimated SAV 
cover was not measurably different between the two years (2% decline overall). Mean 
wet weight biomass during the 2004 sampling was 4,560 g/m2.  Spatial mapping of the 
river indicated that most of the river is less than 2 m in depth with about 50% (75,000 m2) 
less than 1 m deep. Less than 5% (5,000 m2) is over 2 m in depth. Flow velocity was 
found to be greatest in deeper river segments. Correlations between nutrient 
concentrations and SAV cover, biomass, and epiphyton density showed no significant 
relationships. Water quality characteristics of individual springs were found to be 
variable, both over time at a single spring and between different springs. Ichetucknee 
Main Spring had the highest recorded nitrate nitrogen concentration on the date of 
sampling (780 µg/L), had the lowest total phosphorus reading (24 µg/L), and the 
highest dissolved oxygen concentration (4.2 mg/L) compared to the other five springs 
that were sampled. Nitrate nitrogen concentrations declined in a consistent pattern with 
distance downstream in the Ichetucknee River with an upstream concentration of 763 
µg/L and a downstream concentration of 463 µg/L. Total phosphorus concentrations 
increased with distance downstream from 23 µg/L near the Main Spring to 53 µg/L 
downstream.   

3.8 Florida Bioassessments and Ecosummaries (FDEP) 
The Florida Department of Environmental Protection (FDEP) has been conducting 
investigations of macroinvertebrate populations (bioassessments) and multiple chemical 
and biological measures (ecosummaries) in the Ichetucknee River since 1975 (FDEP 1997, 
2000b, 2001a, 2001b, 2002a, 2002b, 2002c, 2003a, 2003b, 2003c, 2003d, 2004a, 2004b, 2004c, 
2004d, and 2005a). The 1997 report summarized past information available just upstream 
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of the US 27 bridge for the 22 year period-of-record. FDEP found that macroinvertebrate 
communities in the Ichetucknee River indicate healthy conditions compared to eleven 
“undisturbed” Florida spring fed streams. They also concluded that overall stream 
health had improved during the POR since 1975, possibly due to improved management 
of the resource through control of recreational use. Subsequent ecosummaries from 2000 
through 2005 provided slightly different results based on a combination of chemical 
parameters and populations of bacteria, periphyton, and macroinvertebrates. The main 
conclusions over this most recent five-year sampling period were that: 

• Chemical data indicate that the Ichetucknee River has elevated nitrate nitrogen 
levels higher than about 70-90% of Florida streams and that other pollutants are 
not elevated compared to other streams 

• Populations of bacteria indicating fecal contamination (Enterococci, Escherichia 
coli, and fecal coliforms) are variable but sometimes high 

• Periphyton parameters indicate eutrophic (high nutrient) conditions 

• Macroinvertebrate data tend to be variable with Stream Condition Index (SCI) 
scores ranging from Excellent to Poor 

The consistent conclusion of FDEP’s quarterly assessments in the Ichetucknee River is 
that the elevated nitrate nitrogen concentrations are of concern in the Ichetucknee River. 

3.9 Environmental Factors Affecting Aquatic Invertebrate 
Community Structure (Steigerwalt 2005) 
Steigerwalt (2005) reported on research she conducted in the upper 4.93 km of the 
Ichetucknee River above US 27 and within the confines of the ISSP. Her work focused on 
the effects of current velocity and other important environmental factors on the 
distribution, abundance, and diversity of populations of aquatic macroinvertebrates. 
Specifically she studied macroinvertebrate populations on submerged woody debris in 
three river segments: the Headspring Reach characterized by shallow depth (1-2 m), 
narrow channel width (10-15 m), and relatively complete tree canopy; the Rice Marsh 
Reach characterized by greater channel depth (2-3 m) and width (60 m), an open tree 
canopy and the presence of wild rice marshes (Zizania aquatica) along the channel 
margins; and the Floodplain Reach characterized by a mean channel depth of 2-3 m, 
moderate channel width (15-20 m), and a relatively closed tree canopy dominated by 
floodplain tree species such as bald cypress (Taxodium distichum). Snags were sampled 
along a gradient of current velocities and their macroinvertebrate epiphytic plant 
populations were removed by scraping. Environmental factors in addition to current 
velocity were determined in the proximity of the snag samples, including depth, water 
temperature, dissolved oxygen, specific conductance, and tree canopy cover.  

Mean macroinvertebrate density based on snag surface area for the entire study area 
was 40,500 invertebrates/m2. Individual reach means varied from a low of 15,700/m2 in 
the Headspring Reach to a high of 58,800/m2 in the Floodplain (downstream) reach. 
Although snag density in the river bottom was not estimated in this study it was 
observed that snags were more prevalent in the Floodplain Segment, further magnifying 
the higher absolute macroinvertebrate density in this reach.  
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Average species richness was similar between reaches (29 to 36 species per sample). 
Species richness was also similar between reaches (0.69 to 0.77). Resulting 
macroinvertebrate species diversity averaged 3.61 over the entire study area and varied 
only slightly between reaches (3.48 to 3.72). Current velocity averaged 18 cm/s overall 
but increased with distance downstream from 13 cm/s in the Headspring Reach to 23 
cm/s in the Floodplain Reach. Tree canopy providing shade to sampled snags was 
variable but significantly different based on reach ranging from 45% in the Headspring 
Reach to 81% in the Ricemarsh Reach. Overall canopy cover in the Ricemarsh Reach was 
lowest, but since snags were typically located close to shore in this reach more of them 
tended to be in shaded areas. Water temperature increased slightly with distance 
downstream (21.8 oC in the Headspring Reach and 22.7oC in the Floodplain Reach) while 
dissolved oxygen concentrations increased markedly downstream (3.54 mg/L in the 
Headspring Reach, 4.41 mg/L in the Ricemarsh Reach, and 6.96 mg/L in the Floodplain 
Reach). Water depth was variable with an overall average of about 60 cm, but not 
significantly different between reaches, ranging from 41 in the Rice Marsh Reach to 69 
cm in the Headspring Reach.  Specific conductance did not vary between reaches. 

Epiphyton biomass was not found to be statistically different between the three stream 
reaches. Average epiphyton biomass was 33 g dry weight/m2 while the minimum 
average biomass was 12 g dry weight/m2 in the Headspring Reach and the maximum 
was 43 g dry weight/m2 in the Ricemarsh Reach. 

The abundance and species diversity of aquatic macroinvertebrates on woody snags was 
found to increase with travel distance downstream. Current velocity and dissolved 
oxygen concentrations also increased markedly in the downstream direction. Epiphyton 
biomass was much higher in the two downstream reaches then in the Mainspring Reach. 
Statistical analyses indicated that overall macroinvertebrate density could be accurately 
predicted based on epiphyton biomass, dissolved oxygen, and canopy cover. Current 
velocity was also important for explaining the biomass of some macroinvertebrate 
groups, especially the stoneflies (Trichoptera) and the mayflies (Ephemeroptera). The 
author concluded that current velocity may be most important to spring run 
macroinvertebrate fauna due to its effects on replenishing dissolved oxygen in areas of 
low concentrations (near spring boils). The most sensitive macroinvertebrate species 
based on dissolved oxygen requirements may be most affected by flow reductions and 
resulting decreases in current velocity. 

3.10 Relationship between Phosphorus and Fish Standing Crop 
(Hoyer and Canfield 1991) 
Hoyer and Canfield (1991) examined the relationship between total phosphorus and fish 
standing crop as estimated by electrofishing. The Ichetucknee River in Florida was 
reported to have an average total phosphorus concentration of 60 µg/L and a fish 
biomass (wet weight) of 48 kg/ha. For comparison other spring-fed rivers in Florida had 
the following fish standing stock estimates: Little Wekiva River – 150 kg/ha, Alexander 
Springs Creek – 45 kg/ha, Rock Springs run – 66 kg/ha, Wacissa River – 120 kg/ha, and 
Wekiva River – 55 kg/ha. The general conclusions of the Hoyer and Canfield study was 
that average fish standing stock in North American streams is significantly correlated 
with total phosphorus concentrations. 
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3.11 Inventory of Fishes and Mussels (Walsh and Williams 2003) 
Walsh and Williams (2003) reported on existing and previously recorded populations of 
fish and mussels in Florida state parks with springs. Sixteen parks were surveyed for 
museum records, published data, and inventoried using rapid-assessment methods. A 
total of 79 species of fish were recorded in these spring systems. A total of 38 fish species 
were recorded for ISSP. These fish populations were numerically dominated by redeye 
chub (Notropis harperi), mosquitofish (Gambusia holbrooki), bluefin killifish (Lucania 
goodie), least killifish (Heterandria formosa), and various species of sunfish (Lepomis). Fish 
biomass was dominated by suckers (Erimyzon sucetta and Minytrema melanops), 
sunfishes, and largemouth bass (Micropterus salmoides). Seven species of mussels were 
reported from ISSP. The most common native species was the unionid variable spike 
(Elliptio icterina). The non-indigenous Asiatic clam (Corbicula fluminea) was also recorded 
in ISSP. Populations of mussels in ISSP were considered to be relatively depauperate, 
probably due to low occurrence of suitable, sandy substrates. 

3.12 Sources of Nitrate in Springwaters in the Suwannee River 
Basin (Katz and Hornsby 1998) 
Katz and Hornsby (1998) estimated sources and approximate travel times for 
springwaters in the Suwannee River Basin, and specifically in Ichetucknee Blue Hole 
(Jug Spring). Measured concentrations of stable isotopes in nitrate nitrogen in Blue Hole 
indicated that the primary sources for this nitrogen were a combination of inorganic 
fertilizers and organic animal wastes. The estimated mean residence time (age) of water 
discharging at Blue Hole was 24 to 25 years. 

3.13 Recreational Human Carrying Capacity (DuToit 1979) 
DuToit (1979) conducted a field study in 1977-78 of the types and amounts of 
recreational use that could be sustained in the Ichetucknee River without causing 
irreversible harm. Specific recreational activities that were evaluated were swimming, 
canoeing, diving, and tubing. Tubing was found to be the dominant form of human use 
of the resource with up to 3,000 people per day during the summer weekends. Shallow 
and narrow stream reaches received the greatest impacts from this form of recreation. 
Scuba diving was found to have greatest impacts around specific springs such as Blue 
Hole. Canoeing was found to have little impact to plant and animal communities in the 
river. This research led to a number of substantial changes to management of the ISSP.  
Tubing and diving activities were restricted in some areas to allow re-colonization and 
maintenance of healthy growths of aquatic macrophytes and the fauna they support.



WETLAND SOLUTIONS, INC. 

  4-1

4.0 Ichetucknee System Work Plan 

4.1 Introduction 
The Ichetucknee System Work Plan (Work Plan) is intended to provide a “roadmap” for 
future environmental studies needed to assess the relationship between nutrients and 
existing ecological conditions in the Ichetucknee System and resulting comparisons to 
reference sites that are subject to lower or higher levels of nutrient enrichment from 
human activities.  This plan is preliminary and intended to be a “living” document that 
is periodically reviewed and updated as additional information becomes available. 
General data collection tasks described in this preliminary plan will be fleshed out in 
terms of scope and budget as funding sources and interested/qualified researchers are 
identified. By necessity this preliminary work plan represents a compromise between 
thoroughness and practicality. As with any work plan, both schedule and budget 
considerations constrain the possible level-of-effort. 

This preliminary workplan includes a proposed schedule that is based on the apparent 
severity of the ecological problems threatening the Ichetucknee System. As one of the 
most valuable (ecologically and economically) spring-based resources in the state of 
Florida, apparent increases in nutrients and resulting increases in populations of 
epiphytic and benthic algae are enough to warrant relatively quick action to better 
characterize and quantify ambient conditions and to develop an adequate data base to 
detect and demonstrate impairment, if it is found to exist. Additional data collection 
should only be constrained by availability of funds and by the time it takes to organize 
and implement meaningful research, and not by indecision concerning the potential 
importance of taking timely action before the resource is dissipated by potentially 
deteriorating environmental conditions due to development in the springshed. This 
Work Plan assumes that there is currently a recognized and urgent need to gather the 
right types of environmental information needed to assess pollutant-related changes 
anywhere within the structure and functioning of the Ichetucknee River spring/stream 
ecosystem.  

As reviewed above, traditional bioassessment measures such as the Florida Stream 
Condition Index (SCI) have failed to consistently demonstrate impairment in the 
Ichetucknee System. Attempts to document impairment that focus on one relatively 
small part of the stream foodweb (for example aquatic macroinvertebrates attached to 
artificial samplers) may miss changes that have historically, or are currently occurring in 
other important ecosystem linkages. While routine collection of data needed to assess 
such indices needs to be continued, new, potentially more powerful methods of 
assessing stream ecological responses to changing external forcing functions need to be 
applied to the Ichetucknee System. This Work Plan proposes an ecosystem strategy for 
future studies of the Ichetucknee System, namely, the quantification of the general 
structure and functioning of all trophic levels, including primary producers, primary 
consumers, secondary and higher consumers, and whole ecosystem metabolism. This 
type of ecosystem assessment also requires careful quantification of all external energy 
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sources (forcing functions) that are identified as being of importance to the stream’s 
aquatic ecosystem. In addition to this need to better understand and quantify the 
composition and activity of the ecosystem, this preliminary Ichetucknee System Work 
Plan also describes a rationale and potential methods to experimentally test and confirm 
significant causative relationships between existing or potential stressors on the 
Ichetucknee System and on the system’s structure and function.  

4.2 Overview of Proposed Analyses and Sampling Efforts 
Exhibit 4-1 provides an “Energese” model diagram for the Ichetucknee System. The 
Energese modeling symbols are briefly described in Exhibit 4-2 and for a more detailed 
explanation see Odum et al. (1998) and Odum (1983). An ecosystem model provides a 
tool for summarizing the most important components of the Ichetucknee spring and 
stream ecosystem (energy and matter storages) and their inter-relationships.  
Preparation of an ecosystem model allows definition of boundaries with external 
influences clearly identified as well as quantification of the internal energy and matter 
flows and their hypothesized interactions.  A model can also be used to aggregate or 
expand the view of the system to help focus attention on an optimal level of detail to 
best answer a given question. 

The Conceptual Ichetucknee System Model was prepared to illustrate the most 
important interactions identified for this aquatic resource.  The model does not need to 
be so complex that it becomes unwieldy for illustration purposes, but must be complex 
enough to avoid omission of important ecosystem components.  

With this balance between simplicity and complexity in mind, the following state 
variables and energy fluxes are illustrated in the Conceptual Ichetucknee System Model: 

• External Forcing Functions 

o Sunlight 

o Rainfall with dissolved and particulate nutrients 

o Groundwater inputs of water and dissolved nutrients 

o Atmospheric gas exchanges  

o Temperature 

o Watershed interactions 

o Santa Fe River 

o Human goods and services 

• Downstream Exchanges 
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o Fish, amphibians, reptiles, mammals, and birds moving in and out from 

the Santa Fe River and surrounding uplands 

o Aesthetic benefits to humans both within and outside the aquatic 

environment 

• Internal State Variables (Storages) 

o Water 

o Nutrients and suspended solids 

o Detritus/microbes 

o Periphyton/aquatic macrophytes 

o Aquatic herbivores (such as mullet, turtles, aquatic insects, snails, 

manatees, etc.) 

o Aquatic carnivores (catfish, bream, bass, aquatic insects, etc.) 

o Aquatic top carnivores (e.g., alligators and otters) 

o Humans and aesthetics 

Important categories of energy and matter storages and flows in the Ichetucknee System 
Model (Exhibit 4-1) are delineated by boxes as follows: 

• Filtration and Adsorption of Nutrients and Other Pollutants 

• Transfer of Detrital Material to Downstream Ecosystems 

• Fish and Wildlife Habitat 

• Human Recreational and Aesthetic Uses 

This model format illustrates lower quality energies entering the Ichetucknee System 
from the left side and exchanges of higher quality energy being exported from the right 
side of the figure. Sunlight, water, and inflowing nutrients are at a lower “embodied 
energy” (Odum et al. 1998), while movements of higher level aquatic consumers in and 
out of the ecosystem as well as export of fixed organic matter downstream are of higher 
embodied energy. Human inputs and exports to the ecosystem are also important to 
system dynamics. Management measures such as limiting public access, hand removal 
of aquatic weeds, and controlling nutrient inputs from the springshed are important 
control processes for the Ichetucknee System. The presence of the wildlife and the 
beauty of the spring and spring run (aesthetics) attract people to the park.  These people 
spend money at the park (by convention money is shown flowing opposite to energy 
flows) that is used for a variety of activities that influence the ecology of the spring run 
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(e.g., tram shuttle, roads, trails, boardwalks, picnic areas, parking lots, office staff, and 
water and sewer systems). Some of this economic activity spills over to the surrounding 
region, resulting in an important contribution to surrounding towns and cities. 

 

EXHIBIT 4-1 
Description of  Symbols in the “Energese” Model Language 
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SUN

RAIN
N, P

AQUIFER
N, P

AIR
CO2, DO TEMP

WATER-
SHED

TSS, N, P

GOODS & 
SERVICES

$

CO2, N, P
DO

Fish, 
Turtles, 
Birds

Human & 
Aesthetic 
Benefits

Water
Nutrients

TSS

Periphyton/ 
Macrophytes

Detritus/
Microbes

Carnivores

Top
Carnivores

Tubers

Herbivores

Water Quality
Filtration and Absorption of Nutrients and Other Pollutants 
and Detrital Transport

Aesthetic and Recreational Human Uses

Fish and Wildlife Habitat 

Humans & 
Aesthetics

Santa Fe
River

Downstream Export

 

EXHIBIT 4-2 
Conceptual Ecological Model for the Ichetucknee System Illustrating Important External Forcing Functions and Internal 
Components and Processes 
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Whenever possible, standardized, reproducible methods should be used to quantify 
environmental structure and function.  Use of standardized quantitative methods 
provides the opportunity to not only quantify and understand the existing condition of 
the ecosystem but also the added benefit of tracking that condition over time and of 
comparing its structure and function to other reference sites. The ecosystem model 
presented above identifies a proposed list of the most important ecological attributes of 
the Ichetucknee System. The first step in the quantification process is to identify the 
most appropriate metrics available to assess those structural and functional attributes of 
the system.  The next step is to identify methods that are available to quantify each 
metric. The third step will be to ascertain if data have previously been collected for each 
metric.  In many cases, these specific data are not currently available. The purpose of this 
work plan is to identify a representative group of metrics needed to adequately quantify 
environmental conditions so that impairment, if it exists in the Ichetucknee System, can 
be confirmed. 

While there are many possible quantitative parameters that could be measured at the 
Ichetucknee System to identify impairment, a focused suite of metrics is recommended. 
These metrics fall into five basic categories: 

• External Forcing Functions 

• Physical/Chemical Conditions 

• Biological Conditions 

• Human Uses 

• Ecosystem-Level Attributes 

This section identifies and briefly describes the proposed representative ecological and 
human use metrics that may be used to quantify these properties of the Ichetucknee 
System.  

4.3 Proposed Sampling Plan and Methods 
Sampling methods are intended to obtain valid data within budget limitations. Standard 
methods are not available for all metrics listed below. While all of these methods have 
been employed for similar studies, actual methods may vary based on constraints 
encountered in the field. 

The following metrics should be quantified in the project area and in the stream 
segments listed above: 

• External Forcing Functions 

o Precipitation (daily) 

o Air temperature (hourly) 

o Insolation and photosynthetically active radiation (hourly) 

o Spring and stream discharge (water level and flows hourly) 
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o Spring vent water quality (can be combined with water quality 
assessment described below) 

o Underwater light transmission (photosynthetically active radiation 
hourly) 

• Physical Conditions 

o Representative channel cross sections (width and depth profiles on 
transects or full spring and stream bathymetry) 

o Stream profiles (centerline depth profile) 

o Velocity profiles (discharge) at stream segments  

o Sediment texture and chemical composition (sand/silt/clay, % organic 
matter, phosphorus, nitrogen) at representative stream cross sections 

o Oxygen diffusion rate (floating dome method) as a function of current 
velocity and channel depth 

• Water Quality 

o Field variables (water temperature, pH, dissolved oxygen, specific 
conductance) hourly at representative stations 

o Cations (calcium, magnesium, silica, sodium) monthly at representative 
stations 

o Anions (chlorides, sulfate, alkalinity) monthly at representative stations  

o Nutrients (total kjeldahl nitrogen, nitrate+nitrite nitrogen, ammonia 
nitrogen, soluble reactive P, total dissolved P, total P) monthly at 
representative stations  

o Miscellaneous (five-day biochemical oxygen demand, color, total 
suspended solids, volatile suspended solids, dissolved organic carbon, 
total dissolved solids, turbidity, total organic carbon, silica, iron, trace 
organics, etc.) quarterly at representative stations 

• Aquatic Vegetation 

o Percent cover and dominant species by functional group (floating aquatic, 
submerged aquatic, emergent, filamentous algae, benthic algae) semi-
annual percent cover and biomass estimates at representative stations 

o Stream mesocosms for quantification of the metabolic activity of specific 
aquatic plant dominants including eelgrass and filamentous algae 
quarterly at upstream and downstream segments  

• Aquatic Faunal Populations 

o Aquatic macroinvertebrates (annelids, insects, crayfish, snails, mussels, 
etc.) quarterly population counts at representative stations 

o Aquatic macroinvertebrate emergence as a functional measure of net 
productivity (emergence traps quarterly at representative stations) 



WETLAND SOLUTIONS, INC. 
. 

  4-8

o Fish (forage fish, game fish, exotic species, etc.) semi-annual population 
counts at representative stations 

o Fish population structure analysis (opercular growth rings) as a measure 
of fish growth rates and secondary productivity 

o Amphibians (anurans, frogs, etc.) semi-annual population counts at 
representative stations 

o Reptiles (snakes, turtles, alligators, etc.) semi-annual population counts at 
representative stations 

o Mammals (otters, beavers, etc.) semi-annual population counts at 
representative stations 

o Birds (aquatic and wetland-dependent species) quarterly population 
counts at representative stations 

• Human-Use Metrics 

o Total park visitors (daily totals) 

o Tubers/kayakers/canoeists (daily totals) 

o Scuba divers (daily totals) 

o Others (hikers, picnics, etc. daily total) 

• Ecosystem Level Metrics 

o Community metabolism measured by upstream-downstream changes in 
dissolved oxygen (gross primary productivity, net primary productivity, 
community respiration, P/R ratio, ecological efficiency) hourly at 
representative stream segments 

o Nutrient assimilation rates (upstream/downstream changes in 
concentrations and masses of nitrogen and phosphorus) quarterly at 
representative stream segments 

o Community export (particulate matter and floating macrophyte 
upstream/downstream export) quarterly at representative stream 
segments 

The recommended frequency of sampling for the above metrics is based on the 
estimated level-of-effort for each metric and its assumed temporal variability. Individual 
sampling methods are briefly described below. 

4.3.1 External Forcing Functions 
Meteorological sampling should be conducted at a centrally located weather station. 
Spring and stream discharge should be automated as much as possible. Spring vent 
water quality sampling should be routine.  

4.3.1.1 Precipitation 
Precipitation (daily totals) should be recorded by use of an automatic tipping bucket 
rain gauge located at a centrally located weather station in the ISSP. 
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4.3.1.2 Air Temperature 
Air temperature (hourly averages) should be recorded at the centrally located ISSP 
weather station. 

4.3.1.3 Insolation and PAR 
Total incident solar radiation (insolation) and photosynthetically active radiation (PAR) 
should be recorded (hourly averages) using LI-COR light sensors models LI-190SA 
(pyranometer) and LI-200SA (PAR) or comparable (Exhibit 4-3). Data collected by these 
light sensors should be recorded using a LI-1400 data logger or comparable that can then 
be downloaded to a computer and output to an Excel spreadsheet and Access database. 
The data logger takes readings every minute and then averages to output integrated 
hourly data. The light sensors should be installed in an area free of shading, preferably 
at the centrally located weather station. 

 
EXHIBIT 4-3 
Typical Total Insolation and PAR Sensor Installation 
 

4.3.1.4 Water Stage and Discharge 
Continuous water stage should be continuously measured and recorded (hourly) at the 
principal spring vents and correlated with periodic discharge estimates to develop 
rating curves. Additional stream discharge stations should be added and rated 
downstream of the major spring vents to better characterize day-to-day variability in 
these water sources (Exhibit 4-4). 
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EXHIBIT 4-4 
USA Infinities Water Level Recorder Installation 
 

4.3.1.5 Spring Vent Water Quality 
Spring vent water quality sampling should continue and can be combined with the 
water quality sampling described below. 

4.3.1.6 Light (PAR) Attenuation 
PAR attenuation with water depth, time of day, canopy cover, and location should be 
assessed quarterly. 
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4.3.2 Physical Conditions 
Physical conditions throughout the Ichetucknee System need to be quantified in order to 
provide an accurate basis for interpretation of other environmental data. 

4.3.2.1 Bathymetry 
A complete bathymetry of the Ichetucknee System should be prepared. This can be 
prepared based on data from channel cross section or more preferably from a boat-
mounted recording depth finder. These bathymetric data need to be available in a GIS 
format to allow calculation of stream depth, width, and volume for any specific stream 
segment. 

4.3.2.2 Velocity Profiles 
Stream discharge should be routinely measured at key channel cross sections to allow 
calculation of average travel time (nominal hydraulic residence time) for water masses 
within specific stream reaches (Exhibit 4-5). 

  

EXHIBIT 4-5 
Use of Marsh-McBirney Flow Meter to Measure Stream Discharge 
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4.3.2.3 Sediment/Stream Bottom Characterization 
Stream bottom conditions (sediment type, texture, organic matter content, and nutrient 
concentrations) should be characterized and mapped at representative cross sections. 

4.3.2.4 Oxygen Diffusion Rate 
The diffusion rate of dissolved oxygen is typically a function of flow velocity in streams 
(Exhibit 4-6). A series of diffusion studies should be conducted in the Ichetucknee River 
at a variety of representative locations to further characterize this relationship. 

 
EXHIBIT 4-6 
Floating Nitrogen-filled Diffusion Dome used for Measuring Reaeration Rate In Situ 
 

4.3.3 Water Quality 
Water quality assessment of the spring vents and representative stream segments are of 
particular importance for characterizing the environmental condition of the Ichetucknee 
System. Exhibit 4-7 provides a list of all of the analyses recommended for the spring 
vent and stream reach sampling locations. Exhibit 4-8 provides a map summarizing the 
locations of these recommended stations. 
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EXHIBIT 4-7 
Recommended Water Quality Parameters for the Ichetucknee System Study 

Parameter 
Analytical 

Method 
Reporting 

Limit Units 
Water Temperature FT 1400 0.1 oC 
pH FT 1100 0.02 s.u. 
Dissolved Oxygen FT 1500 0.02 mg/L; % sat. 
Specific Conductance FT 1200 0.1 µS/cm 
Total Dissolved Solids EPA 160.1 2 mg/L 
Turbidity EPA 180.1 1 NTU 
Calcium EPA 6010 0.014 mg/L 
Magnesium EPA 6010 0.0074 mg/L 
Silica EPA 6010 0.0024 mg/L 
Sulphate EPA 375.4 1.4 mg/L 
Alkalinity EPA 310.1 5 mg/L 
Total Kjeldahl Nitrogen EPA 351.2 0.048 mg/L 
Nitrate+Nitrite Nitrogen EPA 353.2 0.015 mg/L 
Ammonia Nitrogen EPA 350.1 0.026 mg/L 
Soluble Reactive Phosphorus EPA 365.2 0.015 mg/L 
Total Dissolved Phosphorus EPA 365.2 0.015 mg/L 
Total Phosphorus EPA 365.4 0.02 mg/L 
Total Suspended Solids EPA 160.2 2 mg/L 
Color EPA 110.2 5 color units 
Five-Day Biochemical Oxygen Demand SM52102B 2 mg/L 
Total Carbon EPA 415.1 1 mg/L 
Dissolved Organic Carbon EPA 415.1 1 mg/L 
1 All methods for environmental waters from Methods for Chemical Analysis of Water and Wastes, FDEP-
SOP- 001/01, EPA-600-79-020, Revised March 1983, and /or Standard Methods for the Examination of 
Water and Wastewater, 18th Edition, Revised 1992. 
TBD = to be determined    

 

4.3.3.1 Field Parameters 
Field measurements during each sampling event and at each sampling station will 
include temperature, pH, dissolved oxygen, oxygen percent saturation, conductivity, 
and specific conductance. All field water quality sampling should be conducted with a 
calibrated meter. Multi-parameter data-loggers should be continuously deployed at 
representative upstream and downstream stations in the Ichetucknee System (Exhibit 4-
9). These data sondes automatically record and store hourly readings for water 
temperature, dissolved oxygen, oxygen percent saturation, pH, and specific 
conductance. 
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EXHIBIT 4-8 
Ichetucknee Spring System Water Quality Stations 
 

Data sondes should be camouflaged and anchored in areas at least 1 m deep with the 
measuring membrane above the top of any submerged vegetation and at least 1 m below 
the average water surface.  
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In-Situ Troll 9000
Multiparameter
Sonde

 
Note: The upper portion of the PVC outer case provides flotation without capturing drifting plants. The lower portion contains the 
stainless steel datasonde. The whole apparatus is anchored to the stream bottom with a stainless steel cable 

 EXHIBIT 4-9 
Typical In-Situ Troll 9000 Recording Datasonde Installation 
 



WETLAND SOLUTIONS, INC. 
. 

  4-16

4.3.3.2 Analytical Parameters 
A Florida-certified analytical laboratory should be used for all other water quality 
analyses. Spring vent samples should be collected in or near the spring vent by a diver. 
Stream segment samples can be collected as surface “grabs” since this system is assumed 
to be well mixed. 

4.3.4 Aquatic Vegetation 
The seasonal composition, biomass, and growth rates of submerged aquatic vegetation 
(algae and macorphytes) should be monitored at representative sites in the Ichetucknee 
System. 

4.3.4.1 Species Cover and Biomass 
Plant communities should be routinely monitored at representative stations within the 
Ichetucknee System. Cover and biomass of all dominants should be assessed quarterly at 
these stations. 

4.3.4.2 Plant Growth and Respiration Rates 
The functioning of the plant community should be assessed by measuring individual 
plant growth rates (tagged leaves) and metabolism (gross and net primary productivity 
and respiration) in flow-through mesocosms (Exhibit 4-10). 

 
EXHIBIT 4-10 
Stream Mesocosms for Measuring In Situ Metabolism of Selected Submerged Aquatic Plants 
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4.3.5 Aquatic Faunal Populations 
Aquatic fauna that should be periodically quantified include representatives of all major 
invertebrate and vertebrate groups. 

4.3.5.1 Aquatic Macroinvertebrates 
Aquatic macroinvertebrate species composition and abundance should be assessed as a 
function of actual in-stream substrates (sediments, macrophytes, snags, rocks, etc.). All 
estimates should be reported on a per square meter basis to allow comparison between 
sites. The abundant snail populations (Goniobasis sp.) should be quantified by visual 
counts. Insect emergence is a daily occurrence in spring-fed rivers such as the 
Ichetucknee. This emergence represents a readily-quantifiable metric of secondary 
production.  Use of pyramid-type insect emergence traps (Exhibit 4-11) is recommended 
seasonally at representative sampling locations. 

  
EXHIBIT 4-11 
Typical Pyramidal Insect Emergence Trap for Deployment in Spring Run Systems 
 

4.3.5.2 Fish Populations 
Fish species diversity and population sizes are readily quantified in spring-fed rivers by 
direct visual counts. Representative stream segments should be inventoried for fish 
populations on a seasonal basis. Periodic fish sampling using electroshocking methods 
should also be undertaken to gather fish samples for length-weight relationships and for 
opercular studies of fish age. 
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4.3.5.3 Amphibian and Reptiles 
Visual counts of amphibians and reptiles should be periodically (quarterly) conducted to 
provide an inventory of dominant and rare species as well as population densities for 
key species. Frogs and alligators can be counted by nighttime spotlight surveys. Turtles 
and snakes can be counted visually during fish count surveys. 

4.3.5.4 Mammals and Birds 
Larger aquatic and semi-aquatic animals including mammals and birds should be 
censused on a seasonal basis over the entire Ichetucknee System or in representative 
reaches. Daytime visual surveys are adequate for these population estimates. 

4.3.6 Human-Use Metrics 
Human uses are of great importance in the Ichetucknee System. These uses are 
documented on a routine basis by ISSP staff. Types of uses that should be recoded on a 
daily basis include: total park visitors, number of visitors actually entering the springs 
and rivers and by type of activity (tubers, kayakers, canoeists, swimmers, scuba divers, 
snorkelers, etc.), and by other activities such as picnicking, hiking, bird watching, 
volunteering, etc. 

4.3.7 Ecosystem-Level Metrics 
Ecosystem-level functions of stream ecosystems are typically the most cost effective 
properties that can be quantified, are reproducible through time and can be compared to 
reference sites, are sensitive to perturbations and pollutants without being overly 
sensitive, and have the most importance in terms of assessing impairment of designated 
beneficial uses (Odum 1957). Three different measures of the whole ecosystem function 
for the Ichetucknee System are highlighted below and are recommended for inclusion in 
the work plan. 

4.3.7.1 Community Metabolism 
Whole community metabolism can be conveniently and rapidly assessed in flowing 
stream ecosystems by measuring the mass of dissolved oxygen at upstream and 
downstream stations. With recording multi-parameter data sondes that are readily 
available, measurements are automatic with minimal setup and takedown times 
involved. A convenient stream segment is identified and instrumented to provide a 
record of hourly dissolved oxygen concentration, percent saturation, and temperature 
conditions. Diffusion is estimated from knowledge of percent saturation and average 
flow velocity. Oxygen mass transport and rate-of-change are calculated from continuous 
flow records, hydraulic residence time, and dissolved oxygen concentration changes. 
Five components of community metabolism should be estimated in the Ichetucknee 
System using this methodology: 

• Gross primary productivity (the total primary productivity of the entire 
submerged plant community, including all algae and macrophytes) 

• Net primary productivity (the net difference between gross primary production 
and community respiration which is equal to the fixed carbon available at the 
base of the aquatic food web) 
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• Community respiration (the dark respiration or oxygen consumption of the 
entire aquatic community, including microbial populations, algae, macrophytes, 
and fauna) 

• P/R ratio (ratio between gross primary production and community respiration, 
indicating autotrophic vs. heterotrophic status of the aquatic ecosystem) 

• Ecological efficiency (the efficiency of conversion of useable PAR to gross 
primary production) 

These measures have previously been made in similar spring run ecosystems in north 
and central Florida (e.g., Silver River, Wekiva River, Rock Springs Run, Juniper Creek, 
and Alexander Springs Creek), allowing comparison to reference sites. Exhibit 4-12 
provides a sample calculation for these community metabolism indices. 

4.3.7.2 Nutrient Assimilation Rates 
Flowing aquatic ecosystems have tremendous potential to productively assimilate 
nutrients and other pollutants, as long as they are within acceptable concentration 
ranges.  Effectively assimilated nutrients are either used by the aquatic ecosystem to 
enhance their own productivity and food-chain support functions, are permanently 
buried in sediments, or are lost to the atmosphere. Nutrient assimilation rate can be 
estimated based on data collected elsewhere in this proposed work plan, i.e., upstream 
and downstream nutrient concentrations, discharge rates, and effective volume and 
surface area of the aquatic system. 

4.3.8 Community Export 
Community export refers to downstream losses of fixed carbon from the stream reach of 
interest. Plant matter (algae and macrophyte biomass) is typically lost from attached 
plant communities and flows downstream, partially forming the basis for downstream 
foodwebs. This downstream export can be readily estimated by sampling two 
components: 

• Floating macrophytic and algal plant materials 

• Fine particulate export of microscopic plant and algal materials 

Floating macrophytic plant matter can be readily sampled by use of floating or gillnet 
traps (Exhibit 4-13). Fine particulate export is readily measured by use of a plankton net 
(Exhibit 4-14). 
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 EXHIBIT 4-12 
Example Calculation of Ecosystem Metabolism Based on Upstream-Downstream Dissolved Oxygen Data 
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EXHIBIT 4-13 
Typical Floating Plant Export Trap Deployed in Spring Run. Each Trap has a Capture Length of 1 meter. 
 

  
EXHIBIT 4-14 
Plankton Net Used to Measure Fine Particulate Export in Spring Runs 
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4.4 Recommended Sampling Locations 
Exhibit 4-15 presents a summary of preliminary recommended sampling locations in the 
Ichetucknee System. The following proposed sampling locations are highlighted: 

• Climatological 

o Weather station (near middle tubing tram station) 

• Stage and Discharge 

o Principal spring vents (Blue Hole, Mission, Devil’s Eye, Ichetucknee Head 
Spring, Mill Pond) 

o Spring Run Stations (Dampier’s Landing, US 27 Bridge) 

• Physical conditions 

o Entire aquatic system for bathymetry 

o Twenty representative cross sections for sediment characterization 

o Twenty oxygen diffusion stations 

• Water Quality 

o Principal spring vents (Blue Hole, Mission, Devil’s Eye, Ichetucknee Head 
Spring, Mill Pond) 

o Spring run stations (8 stations at key channel locations) 

• Aquatic Vegetation 

o Twenty representative cross sections (epiphyton, macroalgae, and 
macrophytes) 

o Ten mesocosm stations (test metabolism of key plant species including 
filamentous algae, Chara, Sagittaria, and Myriophyllum) 

• Aquatic Faunal Populations 

o Twenty sampling reaches for detailed faunal inventories 
(macroinvertebrates, mollusks, fish, mammals, and birds) 

• Ecosystem-Level Metrics 

o Four stream segments for continuous upstream-downstream 
measurements of community metabolism, P/R ratio, ecological efficiency, 
and community export 
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EXHIBIT 4-15 
Ichetucknee Spring System Ecosystem Study Sampling Stations 
 

4.5 Cost Estimate 
A preliminary order-of-magnitude cost estimate has been prepared for the proposed 
Ichetucknee System Work Plan.  Exhibit 4-16 provides the estimated annual costs for the 
proposed Ichetucknee System Work Plan based on typical environmental consulting 
labor rates, direct expenses, and professional judgment about the approximate time 
needed to complete various project activities. These estimated costs are based on the 
assumption of travel from Gainesville and an averaged burdened hourly labor rate of 
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EXHIBIT 4-16 
Estimated Annual Budget for the Ichetucknee System Work Plan.  Work Plan Assumes a Minimum of Three Years of Monitoring 

Tasks/Subtasks Assumptions Hours Total Printing Travel Shipping Equipment Survey Laboratory Total Total
Task 1 - Meetings and Program Management 8 hrs per month 96 $8,160 $0 $380 $0 $0 $0 $0 $380 $8,540
Task 2 - External Forcing Functions
   2.1 - Precipitation   8 hrs each quarter 32 $2,720 $0 $200 $0 $500 $0 $0 $700 $3,420
   2.1 - Air Temperature 8 hrs each quarter 32 $2,720 $0 $200 $0 $500 $0 $0 $700 $3,420
   2.3 - Insolation and PAR 8 hrs each quarter 32 $2,720 $0 $200 $0 $500 $0 $0 $700 $3,420
   2.4 - Water Stage and Discharge 80 hrs each quarter @ five springs 320 $27,200 $0 $1,000 $0 $1,000 $5,000 $0 $7,000 $34,200
   2.5 - Spring Vent Water Quality 80 hrs each quarter @ five springs 320 $27,200 $0 $1,000 $200 $1,000 $0 $7,200 $9,400 $36,600
   2.6 - Light Attenuation 20 hrs each quarter in four spring run reaches 80 $6,800 $0 $400 $0 $800 $0 $0 $1,200 $8,000
Task 3 - Physical Conditions
   3.1 - Bathymetry once per year for entire spring run 100 $8,500 $0 $400 $0 $1,000 $1,000 $0 $2,400 $10,900
   3.2 - Velocity Profiles 40 hrs each quarter in four stream segments 100 $8,500 $0 $800 $0 $400 $0 $0 $1,200 $9,700
   3.3 - Stream Sediment/Bottom Characterization once per year for 20 transects 200 $17,000 $0 $400 $200 $400 $0 $4,000 $5,000 $22,000
   3.4 - Oxygen Diffusion Rate once per year at 20 stations 100 $8,500 $0 $200 $0 $400 $0 $0 $600 $9,100
Task 4 - Water Quality
   4.1 - Recording Data Sondes continuous at 9 stations re-calibrated biweekly 520 $44,200 $0 $1,300 $0 $18,000 $0 $0 $19,300 $63,500
   4.2 - General Water Chemistry monthly at 6 stations 240 $20,400 $0 $600 $600 $1,200 $0 $21,600 $24,000 $44,400
Task 5 - Aquatic Vegetation
   5.1 - Species Cover and Biomass semi-annually at 20 transects 320 $27,200 $0 $500 $0 $400 $0 $500 $1,400 $28,600
   5.2  Plant Growth and Respiration Rates quarterly mesocosm studies in four stream segments 320 $27,200 $0 $600 $0 $4,000 $0 $0 $4,600 $31,800
Task 6 - Aquatic Faunal Populations
   6.1 - Aquatic Macroinvertebrates quarterly sampling at 20 stations 320 $27,200 $0 $600 $400 $400 $0 $32,000 $33,400 $60,600
   6.2 - Fish populations quarterly visual counts of entire system 160 $13,600 $0 $400 $0 $400 $0 $0 $800 $14,400
   6.3 - Amphibians and Reptiles quarterly visual counts of entire system 160 $13,600 $0 $400 $0 $400 $0 $0 $800 $14,400
   6.4 - Mammals and Birds quarterly visual counts of entire system 160 $13,600 $0 $400 $0 $400 $0 $0 $800 $14,400
Task 7 - Human-Use Metrics daily park records - 2 hrs/day 730 $62,050 $200 $0 $0 $0 $0 $0 $200 $62,250
Task 8 - Ecosystem-Level Metrics
   8.1 - Community Metabolism continuous in four stream segments (based on 3.2 and 4.1 abov 200 $17,000 $0 $0 $0 $0 $0 $0 $0 $17,000
   8.2 - Nutrient Assimilation Rates monthly in four stream segments (based on 2.4 and 4.2 above) 200 $17,000 $0 $0 $0 $0 $0 $0 $0 $17,000
   8.3 - Community Export quarterly in four stream segments 200 $17,000 $0 $400 $200 $200 $0 $500 $1,300 $18,300
Task 9 - Consolidated Reporting three quarterly data summaries and one annual report 320 $27,200 $1,000 $0 $200 $0 $0 $0 $1,200 $28,400

Estimated Total All Tasks 5,262 $447,270 $1,200 $10,380 $1,800 $31,900 $6,000 $65,800 $117,080 $564,350
Est. Total Without Previously Funded Activities 2,948 $257,380 $1,000 $6,680 $600 $27,700 $1,000 $4,500 $41,480 $298,860

Note - assumes average burdened labor rate of: 85$     $/hour
Activities that are assumed to be complete or previously funded:

Est. Labor Estimated Expenses
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$85 that assumes that qualified and experienced personnel will participate in all 
sampling efforts. Actual costs for completion of detailed task work scopes may be more 
or less than these estimates.  

The total estimated annual budget for the entire Work Plan is about $564,000. This 
estimated cost can be roughly divided into about $447,000 for labor (5,262 hours) and 
$117,000 for expenses.  Estimated direct expenses include about $1,200 for printing, 
$10,400 for travel, $1,800 for shipping, $31,900 for equipment rental/purchase, $6,000 for 
surveying, and $65,800 for laboratory analytical services.  

Based on the available information reviewed during preparation of this Work Plan, it is 
assumed that a number of the identified activities are already funded and underway or 
were previously completed. Exhibit 4-16 highlights those efforts that fit in this category 
of previously funded work and gives totals for the currently unfunded activities needed 
to complete a comprehensive analysis of nutrient impairment in the Ichetucknee System. 
The estimated total annual budget amount is about $300,000. It is presently assumed that 
a minimum of three years of study at this level of effort might be needed to document 
and defend a finding of impairment for the Ichetucknee System.  This annual budget 
estimate does not include an initial effort to comprehensively upgrade this preliminary 
Work Plan (assume $50,000) and the final TMDL analysis at the end of the three years of 
study (assume $100,000).  It is recommended that this work plan revision be completed 
using existing funds and that a full proposal be taken to the FDEP and Florida 
legislature to fully fund a comprehensive study of the Ichetucknee System. 

4.6 Interim Ecosystem Evaluation and Impairment Assessment 
The level of work and budget recommended above for a comprehensive evaluation of 
the environmental health of the Ichetucknee System may take a considerable period of 
time to defend and fully fund. In the interim until sources of revenue are found to 
implement the overall Work Plan, a Phase I Ecosystem Evaluation and Impairment 
Assessment is recommended for immediate implementation. This Statement of Work 
(SOW) describes a preliminary effort to quantify certain ecological parameters in the 
Ichetucknee System in a seasonal and synoptic sampling program. The intention of this 
Phase I study is to provide preliminary information concerning the range of these 
ecosystem functions for comparison to published data from other Florida spring 
ecosystems with various levels of anthropogenic impacts. This Phase I Ecosystem 
Assessment will help to ascertain whether continuing, multi-component studies are 
likely to demonstrate impairment of the Ichetucknee System. This section briefly 
describes this SOW and an estimated budget and schedule for its completion. 

4.6.1 Objectives  
Two seasonal ecosystem sampling events (summer and winter) will be conducted in 
four segments in the Ichetucknee River that receive differing input concentrations and 
loads of nitrate nitrogen (Exhibit 4-15). General parameters to be sampled in these river 
segments during this period are ecosystem metabolism (gross primary productivity, 
community respiration, net productivity, and ecological efficiency), flows, water quality, 
pollutant assimilation rates, solar inputs, downstream particulate export, and 
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underwater light attenuation. Data, analyses, and preliminary conclusions concerning 
ecosystem impairment from this Phase I study will be summarized in a final report. 

4.6.2 Scope 
This work will provide two seasons of data collection on ecosystem-level metrics of 
spring-fed stream function that will be analyzed for additional evidence of biological 
impairments due to nutrient pollutants, especially nitrogen and phosphorus. Based on 
conclusions of these analyses, this work will provide preliminary findings concerning 
the possibility of ecological impairment in the Ichetucknee System. Prior to starting 
work on this project, the consultant will meet once with TRI board members and staff of 
the Ichetucknee Springs State park (ISSP) to finalize and confirm schedules, data 
collection methods and stations, and subsequent data analysis and reporting for this 
sampling project.  

Task 1.1  Permits 
Necessary permits shall be in effect before field data collection begins. TRI will work 
directly with staff at the ISSP with technical input from the consultant to obtain permits 
necessary for this work. 

Task 1.2 Stream Segments 
The following four segments in the Ichetucknee River will be used to conduct this Phase 
I study: 

• IS-SEG1  Ichetucknee River from below the Head Spring to above the 
confluence with Blue Hole Spring 

• IS-SEG2 Ichetucknee River from below the confluence with Devil’s Eye 
Spring Run to above the confluence with Grassy Hole Spring Run 

• IS-SEG3 Ichetucknee River below Mill Pond Spring Run to above 
Dampier’s Landing 

• IS-SEG4 Ichetucknee River from below the confluence with Coffee Spring 
to above the first powerline crossing 

The exact starting and ending point of each of the four stream segments will be 
evaluated in consultation with TRI board members and staff of the ISSP and selected to 
best use existing data and to enhance data interpretation. Field sampling will be 
conducted during the following two seasonal periods: 

• Summer: June – August 2006 

• Winter: December 2006 - February 2007 

Task 1.3 Ecosystem Data Collection 
Ecosystem data will be intensively collected for a period of approximately two weeks 
during the summer and winter sampling events in each of the four segments. Intensive 
sampling in the four stream segments during each seasonal period will occur 
sequentially with two segments studied for two weeks and then the remaining two 
segments studied for a later two week period.  
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Data will be collected for the physical environment, water quality, plant communities, 
and ecosystem-level metrics. Exhibit 4-17 summarizes data collection parameters, 
locations, durations, and frequencies.  

Parameters to Be Sampled  
• Physical Environment 

o Precipitation (to be collected by others) 

o Insolation and photosynthetically active radiation (PAR)  

o Stream discharge (water level and flow to be collected by others) and 
current velocity  

o Underwater light transmission (PAR)  

• Water Quality 

o Field variables (water temperature, pH, dissolved oxygen, specific 
conductance)   

o Nutrients (total kjeldahl nitrogen, nitrate+nitrite nitrogen, ammonia 
nitrogen, soluble reactive P, total dissolved P, total P)  

o Miscellaneous (color, total suspended solids, total dissolved solids, 
turbidity)  

• Ecosystem-Level Metrics 

o Ecosystem metabolism (gross primary productivity, net primary 
productivity, community respiration, P/R ratio, ecological efficiency)  

o Segment nutrient assimilation  

o Community particulate export  
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EXHIBIT 4-17
SUMMARY OF ECOSYSTEM-LEVEL DATA COLLECTION 

Parameter
Weather 
Station1

IS
-S

EG
1

IS
-S

EG
2

IS
-S

EG
3

IS
-S

EG
4

Precipitation D
Total Solar Radiation H
Photosynthetically Active Radiation H
Stream Discharge T* T* T* T*
Light Transmission (underwater) T T T T
Channel Cross Sections O O O O
Stream Centerline Depth Profiles O O O O
Bathymetry/Volume O O O O

Water Temperature C* C* C* C*
pH C* C* C* C*
Dissolved Oxygen C* C* C* C*
Specific Conductance C* C* C* C*
Total Dissolved Solids T T T T
Turbidity T T T T
Chloride T T T T
Total Kjeldahl Nitrogen T T T T
Nitrate+Nitrite Nitrogen T T T T
Ammonia Nitrogen T T T T
Soluble Reactive Phosphorus T T T T
Total Dissolved Phosphorus T T T T
Total Phosphorus T T T T
Total Suspended Solids T T T T
Color T T T T
Total Organic Carbon T T T T

Percent Cover/Dominant Species O O O O

Ecosystem Metabolism C* C* C* C*
Nutrient Assimilation  T* T* T* T*
Community Export T* T* T* T*
Notes:
   1existing weather stations will be used for rainfall and air temperature data collection; one new solar radiation station will be establishe
  H = hourly
  D = daily by others
  D* = daily for this project
  C* = continuous (hourly) upstream and downstream for 2-weeks during two seasonal sampling events
  T = two times (beginning and end of two 2-week seasonal sampling events) at upstream and downstream stations
  T* = two times (beginning and end of two 2-week seasonal sampling events) only at downstream stations
  O = once during the project

Ecosystem-Level Metrics

Plant Community Characterization

4 Stream Segments

Water Quality

Physical Environment
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Methods of Data Collection  
Standard methods will be used when available. Changes to methods described below 
will be approved in writing by TRI prior to data collection.  

• Precipitation  

o Continuous rainfall data are collected locally by ISSP staff. Precipitation 
data from other local stations will be reviewed and summarized, and 
incorporated into analyses if needed.   

• Insolation and PAR  

o LI-COR light sensors models LI-190SA (pyranometer) and LI-200SA 
(PAR) will be installed in an open area free of shading at ISSP. Data will 
be recorded using a LI-1400 data logger that takes readings every minute 
and then averages to output integrated hourly data. Data will be 
downloaded to a computer and output to an Excel spreadsheet and 
Access database.  

• Stream Discharge and Current Velocity 

o Discharge will be estimated one time during each of the two sampling 
seasons in the general vicinity of the upstream and downstream ends of 
each stream segment. A staff gauge will be installed at the downstream 
end of each stream segment to provide a point-of-reference for measuring 
water levels. Flow will be measured using a portable flow meter (Marsh-
McBirney Flow-Mate 2000-51). These limited water level and flow data 
will be used in conjunction with continuous records provided by the 
Suwannee River Water Management District to estimate the daily 
discharge at each stream segment sampling station.  

• Underwater Light Transmission 

o Underwater light transmission will be measured at the upstream and 
downstream end of each stream segment at the beginning and end of 
each of the two sampling periods by use of an underwater LI-COR PAR 
light sensor. This PAR sensor will be mounted on an underwater 
weighted frame and light readings will be manually recorded at a series 
of depth intervals from the surface to the stream bottom in an unshaded 
location. Light extinction coefficients will be calculated from these data. 
These extinction coefficients will be used with information about stream 
depth in each stream segment and the continuous insolation and PAR 
measurements described above to estimate the total amount of useable 
light reaching the submerged plant communities. 

• Water Quality  

o Field variables (water temperature, dissolved oxygen, oxygen percent 
saturation, pH, conductivity and specific conductance) will be measured 
using an In Situ Troll-9000 data-loggers (or equivalent) continuously 
deployed at the upstream and downstream ends of each stream segment 
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once for a period of two weeks during each of the two seasonal sampling 
events. These data sondes will automatically record and store hourly 
readings. The In Situ Troll-9000 data sondes will be camouflaged and 
anchored below the average water surface. The data sondes will be 
retrieved and re-calibrated at the end of each sampling period. 

o Water quality samples will be collected at both the upstream and 
downstream ends of each stream segment station twice during each 
seasonal event, with one set of samples collected at the beginning of the 
sampling period and the second set of samples collected at the end of the 
period. This sampling strategy will result in a total of four water quality 
samples being collected at each stream segment during each seasonal 
event. Samples will be collected as surface grabs. A rinsed water 
collection bottle will be used to dip water samples from about 30 cm (1 
foot) below the water surface and used to fill preserved sample bottles.  

o Water quality samples will be analyzed for constituents listed in Exhibit 
4-18 by a laboratory that is currently Florida-certified to analyze those 
constituents at Method Detection Limits (MDLs) suitable for the purposes 
of this project.  

EXHIBIT 4-18
WATER QUALITY CONSTITUENTS TO BE ANALYZED FOR ECOSYSTEM DATA COLLECTION

Parameter
Analytical
Method

Reporting
Limit Units

Total Dissolved Solids EPA 160.1 2 mg/L
Turbidity EPA 180.1 1 NTU
Total Kjeldahl Nitrogen EPA 351.2 0.048 mg/L
Nitrate+Nitrite Nitrogen EPA 353.2 0.015 mg/L
Ammonia Nitrogen EPA 350.1 0.026 mg/L
Soluble Reactive Phosphorus EPA 365.2 0.015 mg/L
Total Dissolved Phosphorus EPA 365.2 0.015 mg/L
Total Phosphorus EPA 365.4 0.02 mg/L
Total Suspended Solids EPA 160.2 2 mg/L
Color E110.2 5 color units

1 All methods for environmental waters from Methods for Chemical Analysis of Water and Wastes, EPA-600-79-020, 
Revised March 1983, and /or Standard Methods for the Examination of Water and Wastewater, 18th Edition, Revised  

• Ecosystem Metabolism 

o Ecosystem metabolism will be estimated for the two seasonal sampling 
periods in the stream segments using the upstream/downstream 
dissolved oxygen change method. Hourly upstream/downstream 
dissolved oxygen data recorded by the In Situ Troll 9000 data sondes will 
be used to estimate ecosystem metabolism. Upstream data will be shifted 
by the estimated travel time between the upstream and downstream 
stream segment stations and an oxygen-rate-of-change curve will be 
prepared. This curve will be corrected for atmospheric diffusion based on 
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previously measured percent oxygen saturation and oxygen diffusion 
rates corrected for water depth and velocity.  

o Gross primary productivity is the entire area under the oxygen rate-of-
change curve.  

o Community respiration is the average nighttime oxygen rate-of-change.  

o Net primary productivity is equal to the difference between these two 
estimates. 

o Ecological efficiency is equal to the rate of gross primary productivity 
divided by the incident PAR during a specified time interval. 

o P/R Ratio is the ratio of gross primary productivity and community 
respiration. 

• Nutrient Assimilation  

o Nutrient assimilation rates for total nitrogen, nitrate, ammonia, dissolved 
ortho-phosphate and total phosphorus, and suspended solids will be 
estimated for each of the six stream segments by calculating upstream-
downstream concentration changes during each of the two sampling 
periods.  

• Community Export 

o Community export will be quantified for fine particulate material 
collected in a plankton net suspended in each stream segment at mid-
depth. The mesh size on the plankton net will be 153 µm. Samples from 
the net at a known stream velocity and for a known time will be rinsed 
into a sample bottle and returned to the laboratory for wet, dry, and ash-
free dry weight analyses. Particulate community export will be measured 
by this method at the beginning and end of each seasonal sampling 
period at the upstream and downstream ends of each of the four stream 
segments. 

Task 1.4  Data Analysis 
• Within-Segment Comparisons  

o For each of the four stream segments, appropriate statistical procedures 
will be used to analyze the relative strength of relationships between 
selected physical, water quality, nutrient assimilation, aquatic plant 
community, and ecosystem-level variables described above.   

• Between-Segment Comparisons 

o Selected physical, water quality, nutrient assimilation, and ecosystem-
level variables for each of the four stream segments will be compared to 
those for the other stream segments to detect differences. Data for the 
Ichetucknee System stream segments will also be compared to similar 
data from reference sites such as the Alexander Springs Creek and 
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Juniper Creek, and other nutrient-impacted sites such as the Silver River, 
Wekiva River, and Rock Springs Run.  

 

Task 1.5 Data Interpretation and Phase I Report 
The consultant will prepare a Phase I Ichetucknee System report based on the data 
collected during these two seasonal periods. This brief report will present a summary of 
all data collected, a comparison of ecosystem metrics between stream segments, and an 
analysis of new evidence of any observed biological impairment(s) and likely reasons for 
impairment (pollutants as well as other possible causes). The consultant will use these 
conclusions as a basis to recommend any additional monitoring that may be necessary to 
further document impairment of ecosystem functions in the Ichetucknee system.  

4.6.3 Deliverables 
Deliverable Due Date 

Phase I report outline for TRI review January 1, 2007 

First draft of Phase I report for TRI review  March 15, 2007 

TRI provides review comments  March 31, 2007 

Final Phase I report to TRI April 15, 2007 

 
4.6.4 Estimated Budget   
The consultant will submit invoices at the end of each month for percentage of each 
task(s) completed based on the total estimated task costs shown below.  

Objective Cost 

Task 1 Permits/Segment 
Selection/Mobilization 

$11,980 

Task 2 Summer Sampling $16,830 

Task 3 Winter Sampling $16,830 

Task 4 Data Analysis $7,840 

Task 5 Data Interpretation and 
Interim Report 

$8,400 

 Total estimated contract 
cost =  

$61,880 
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5.0 Data Analysis and Impairment 
Determination 

5.1 Introduction 
The purpose of this analysis is the careful and thorough documentation of nutrient and 
related pollutant loads acting on the Ichetucknee System and the detection of any 
significant negative impacts (impairment of designated uses) associated with those 
nutrients/pollutants. This section of the work plan provides some preliminary thoughts 
concerning that data analysis effort. It is likely that the methods used for this analysis 
will be refined as additional data collection and analysis for the Ichetucknee System 
continues. 

This project is specifically designed to identify whether or not the Ichetucknee System is 
impaired as defined in Chapter 62-303, F.A.C., and if so, what specific causative agents 
are resulting in impairment. If impairment is shown, then FDEP is required to develop 
TMDLs to control loading rates of pollutants within the springshed and to ultimately 
eliminate violations of water quality criteria in the Ichetucknee System.  

A general discussion of proposed activities included within each of these steps is 
provided as follows. 

5.2 Identification of Impairment 
The Work Plan outlined in Section 4 above is designed to quantify the existing ecological 
structure and functioning of the Ichetucknee System, including specified springs and 
stream segments within the ISSP. This quantification will allow comparison between 
differing parts of the overall system, comparison to control or reference sites with lower 
levels of nutrient inputs (comparable data exist for Juniper Creek and Alexander Springs 
Creek in the Ocala National Forest), and development of correlations between 
independent and dependent variables. Analysis of variance will be helpful for 
understanding the relative importance of each forcing function for determination of 
ecological function. For example, overall aquatic productivity is a function of sunlight, 
nutrients, water clarity, and the density and cover of submerged plant communities. The 
work plan outlined above will provide a fairly detailed response surface for these 
variables over the project period-of-record. These data can be used to document the 
expected aquatic productivity under the most favorable, natural conditions of adequate 
light and moderate nutrient conditions.  

Upstream and downstream ecosystem metabolism data can be contrasted to determine 
the effects of higher or lower nutrient levels.  A perfect control site is probably not 
available in the vicinity of the Ichetucknee System. However, existing similar data from 
other Florida spring runs such as the Silver and Rainbow Rivers and from reference sites 
at Alexander Springs Run and Juniper Creek will be utilized as a benchmark for 
comparison. 
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Water quality data will be compared to relevant water quality Class III criteria to 
provide a direct measure of impairment. Any water quality exceedances due to natural 
conditions should be explainable based on the upstream-downstream sampling design. 
For example, low dissolved oxygen values near spring boils are a natural phenomenon 
when low oxygen ground waters emerge to the surface. Natural re-aeration rapidly 
raises these dissolved oxygen levels in the absence of excessive pollution. Estimation of 
dissolved oxygen re-aeration rates at various locations within the Ichetucknee System 
will allow an analysis of how this natural re-aeration is being affected by internal and 
external sources of organic matter. If nutrient levels are elevating rates of algal 
production and deposition of reduced organic matter, then dissolved oxygen levels may 
be depressed below natural levels. If increased nutrients are favoring weedy algal 
species over natural adapted algal communities, total ecosystem metabolism may be 
decreased in the Ichetucknee system, resulting in reduced export of beneficial forms of 
fixed carbon downstream to support aquatic ecosystem functions. 

Nitrate assimilation rates within each of the monitored stream segments will also be 
estimated by this Work Plan. This is an important natural function of these spring runs 
that helps to protect the downstream water quality of the Santa Fe and Suwannee 
Rivers, but at some cost to the existing ecological balance within the ISSP aquatic system. 
Nutrient assimilation rates may be impaired by multiple stressors acting within the 
aquatic ecosystem. If higher nitrate assimilation rates are detected in the Ichetucknee 
stream segments compared to the reference sites, this finding in concert with altered 
rates of primary productivity may be a convincing sign of impairment. Also, OFWs are 
provided additional protections from changes from baseline. If nitrate nitrogen levels 
are found to have measurably increased since 1979, then nitrogen discharge controls can 
be placed on permitted treatment facilities within the Ichetucknee Springshed. 

It is considered likely that any impairment detected in the Ichetucknee System may be a 
cumulative response to multiple pollutants and physical stressors. For this reason it may 
not be possible to conclusively prove a cause-and-effect relationship between specific 
pollutants and specific indicators of impairment. It is more likely that any impairment of 
the natural system that is documented will be assignable to a variety of likely 
pollutants/stressors. A conceptual system model will need to be prepared and 
periodically updated to illustrate the current understanding of causative pathways 
between pollutant stressors and the structure and function of the aquatic ecosystem. At 
best this assignment of responsibility between specific pollutants and impairment will 
indicate an estimated percent contribution by each of the multiple causative factors. 
Analysis of variance will be helpful in documenting the statistical strength of any 
significant correlations that are discovered. 

5.3 Identify Pollutants and Stressors of Concern 
Existing and new water quality data from the Ichetucknee System will be examined for 
quantification of historic trends and current nutrient concentrations and loads. Water 
quality at upstream stations (below spring boils and the stream segments nearer urban 
and built-up areas) will be compared to ambient water quality data from other Florida 
streams to detect any nutrients with concentrations that are above normal values. 
Regression analysis will be used to determine if there are temporal trends of increasing 
or decreasing levels of nutrient enrichment. Nutrients may have been released at higher 
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concentrations or loads in the past and may still be resulting in lingering sources of 
impairment to the existing river system. This lag-time response is especially likely due to 
historic levels of ground water contamination and the observed long travel times before 
this water enters the Ichetucknee System through the upstream spring boils.  

Water quality data collected from upstream and downstream mass balance stations will 
be examined and compared to data from the stream segment stations to look for 
significant differences that may document inputs or assimilation of identified pollutants. 
For example, pollutants loads from developed areas such as the tram station may 
contribute to elevated nitrogen and phosphorus levels within the mid-section of the 
river. Downstream data may or may not indicate that those loads are fully assimilated or 
that they are causing and contributing to impairment of important biological and 
aesthetic functions.  

Nutrient loads from the surrounding watershed basins to the Ichetucknee System will be 
estimated. Existing and historic land use data will be used in connection with published 
unit nutrient loading rates, event-mean pollutant concentrations, and average rainfall 
amounts to estimate the non-point source inputs of particulate and dissolved nutrients 
into each of the streams at various locations. These estimated pollutant loads will be 
compared to the actual water quality data measured in the streams to help allocate 
internal versus external sources of these potential pollutants. 

5.4 Estimate Acceptable Pollutant Concentration Targets and 
Loads 
If specific nutrients are shown to be singly or in combination resulting in impairment of 
designated beneficial uses of the Ichetucknee Springs aquatic ecosystems, the level of 
each pollutant that is causing impairment will be estimated using the regression models 
described above. For example, if nitrate is found to be directly or indirectly correlated 
with ecosystem gross primary productivity and that the relationship is significant over a 
range of concentrations and productivity levels that span the scale from reference sites 
to eutrophic sites, then this regression model will be used to estimate the nitrate 
concentration below which there is no significant impairment in terms of an imbalance 
in natural populations of aquatic flora and fauna.  

Nutrient loads and concentrations acting on the Ichetucknee System will be quantified 
or estimated as part of the proposed Work Plan described in Section 4 above. For 
nutrients, overall mass balance estimates of loads and assimilation rates will be 
estimated for the specific stream segments included in the assimilation studies. For any 
nutrients found to be correlated with impairment the actual concentration or level will 
be estimated that no longer would result in statistically significant (measurable) 
impairment. This level will be the target concentration that has no significant impact on 
achieving the designated beneficial uses of the aquatic ecosystems. Existing self-
cleansing processes such as nutrient assimilation and plant re-growth will be factored 
into this estimation of acceptable nutrient concentrations. This information will be 
directly beneficial for setting TMDLs, if required. 
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Nutrient TMDLs for the Ichetucknee System will be estimated as the pollutant loads that 
will result in in-stream nutrient concentrations at which no impairment is likely to occur. 
The final report from this project will list specific nutrients (if any) that are impairing the 
ecological conditions within the Ichetucknee System. It will also document the impaired 
designated uses of the aquatic ecosystem (if any).  

The Ichetucknee System is one of the crown jewels in the Florida State Park network. 
While the Ichetucknee System’s natural beauty has attracted development of the 
surrounding uplands and the attention of thousands of loving recreationalists, this 
attraction could prove chronically or acutely harmful if unchecked. The Ichetucknee 
System Ecosystem Evaluation and Impairment Assessment Work Plan will provide an 
improved factual basis for quantifying this potentially damaging relationship between 
humans and the natural environment occupying this region. 
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