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Flow Characteristics and Salinity Patterns of Tidal Rivers 
within the Northern Ten Thousand Islands, Southwest 
Florida, Water Years 2007–14

By Amanda C. Booth and Lars E. Soderqvist

Abstract
Freshwater flow to the Ten Thousand Islands estu-

ary has been altered by the construction of the Tamiami 
Trail and the Southern Golden Gate Estates. The Picayune 
Strand Restoration Project, which is associated with the 
Comprehensive Everglades Restoration Plan, has been imple-
mented to improve freshwater delivery to the Ten Thousand 
Islands estuary by removing hundreds of miles of roads, 
emplacing hundreds of canal plugs, removing exotic vegeta-
tion, and constructing three pump stations. Quantifying the 
tributary flows and salinity patterns prior to, during, and after 
the restoration is essential to assessing the effectiveness of 
upstream restoration efforts.

Tributary flow and salinity patterns during preliminary 
restoration efforts and prior to the installation of pump stations 
were analyzed to provide baseline data and preliminary analy-
sis of changes due to restoration efforts. The study assessed 
streamflow and salinity data for water years1 2007–2014 for 
the Faka Union River (canal flow included), East River, Little 
Wood River, Pumpkin River, and Blackwater River. Salinity 
data from the Palm River and Faka Union Boundary water-
quality stations were also assessed. 

Faka Union River was the dominant contributor of fresh-
water during water years 2007–14 to the Ten Thousand Islands 
estuary, followed by Little Wood and East Rivers. Pumpkin 
River and Blackwater River were the least substantial con-
tributors of freshwater flow. The lowest annual flow volumes, 
the highest annual mean salinities, and the highest percentage 
of salinity values greater than 35 parts per thousand (ppt) 
occurred in water year 2011 at all sites with available data, 
corresponding with the lowest annual rainfall during the study. 
The highest annual flow volumes and the lowest percentage of 
salinities greater than 35 ppt occurred in water year 2013 for 
all sites with available data, corresponding with the highest 
rainfall during the study. 

1Water year is defined as the 12-month period from October 1, for any 
given year, through September 30 of the following year.

In water year 2014, the percentage of monitored annual 
flow contributed by East River increased and the percentage 
of flow contributed by Faka Union River decreased, compared 
to the earlier years. No changes in annual flow occurred at 
any sites west of Faka Union River. No changes in the relative 
flow contributions were observed during the wet season; how-
ever, the relative amounts of streamflow increased during the 
dry season at East River in 2014. East River had only 1 month 
of negative flow in 2014 compared to 6 months in 2011 and 
7 months in 2008. Higher dry season flows in East River may 
be in response to restoration efforts. The sites to the west of 
Faka Union River had higher salinities on average than Faka 
Union River and East River. Faka Union River had the highest 
range in salinities, and Faka Union Boundary had the lowest 
range in salinities. Pumpkin River was the tributary with the 
lowest range in salinities.  

Introduction
The Ten Thousand Islands (TTI) estuary of southwest 

Florida (fig. 1) is part of the largest expanse of mangrove for-
est in the United States and provides valuable fish and wildlife 
habitat. The TTI estuary is home to large populations of 
wading birds, including herons, egrets, rosette spoonbills, and 
wood storks. At least 200 species of fish inhabit the area (U.S. 
Fish and Wildlife Service, 2008), including the endangered 
smalltooth sawfish (Simpfendorfer and others, 2010). More 
than 10 percent of Florida’s manatee population uses the TTI 
estuary throughout the year (U.S. Fish and Wildlife Service, 
2008). The environmental health and ecological functioning of 
the TTI estuary is dependent upon the quality, quantity, timing, 
and distribution of freshwater deliveries to the estuary.

Historically the TTI estuary received its freshwater from 
sheet flow from the Fakahatchee Strand and Picayune Strand 
watersheds through a natural course of sloughs, wetlands, 
marshes, and rivers. This historical freshwater sheet flow was 
altered by the construction of U.S. Highway 41 (fig. 1), also 
known as the Tamiami Trail, and a number of features relating 
to the development of the once-planned residential community 
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of Southern Golden Gate Estates (SGGE) (U.S. Army Corps 
of Engineers, 1998). The Tamiami Trail was completed in 
1928, creating a blockage to the natural drainage of Picayune 
and Fakahatchee Strands (U.S. Army Corps of Engineers, 
1998). A borrow canal was dug along the north side of the 
Tamiami Trail, and water is conveyed under the road at a num-
ber of bridges and culverts. In 2006, nine new culverts were 
constructed under the Tamiami Trail to allow restored sheet 
flow to the TTI estuary as part of the Tamiami Trail Culverts 
project (U.S. Army Corps of Engineers, 2008). 

A number of features were constructed during the 1960s 
as part of the 86-square-mile SGGE development, including 
the Faka Union Canal System. The Faka Union Canal System 
consists of four canals (Miller Canal, Faka Union Canal, 
Merritt Canal, and Prairie Canal) that were built to drain the 
area for the SGGE project (fig. 1). Several roads, with adjacent 
drainage ditches, diverted sheet flow into the Faka Union 
Canal System, accelerating drainage within the watershed and 
reducing wetland inundation, aquifer recharge, and base flow 
into the estuaries. Approximately 48 miles (mi) of canals were 
dredged, and 270 mi of roads were constructed (South Florida 
Water Management District, 2015a) prior to the economic 
failure of the now-defunct SGGE.

Seasonal salinity maps produced by the U.S. Geological 
Survey (USGS) during 2007–10 documented the patterns of 
altered freshwater flows to the estuary. During the wet season, 
Faka Union Canal was a point source of freshwater, as indi-
cated by large freshwater plumes. In addition, higher salinities 
were often observed in the inner bays west of the Faka Union 
Canal, particularly Pumpkin Bay, compared to the inner bays 
east of the Faka Union Canal (Soderqvist and Patino, 2010). 

During 2008–10, discharge flowing to the estuary was 
computed by the USGS at all of the bridges and culverts along 
the Tamiami Trail between County Road 92 and State Road 
29, excluding the Faka Union Canal, which is monitored by 
the South Florida Water Management District (SFWMD). The 
Faka Union Canal accounted for more than half (58–62 percent) 
of the flow during this period. An average of 9 percent of the 
flow under the Tamiami Trail between County Road 92 and 
State Road 29, including the Faka Union Canal, came from 
west of the Faka Union Canal during 2008–10 (Booth and 
others, 2014). 

The goal of the Picayune Strand Restoration Project, a 
Comprehensive Everglades Restoration Plan project authorized 
by Congress in 2007, is to “restore historic hydroperiods and 
sheet-flow patterns in the study area, to the extent possible, 
while maintaining the existing levels of flood protection for 
areas north of the SGGE” (U.S. Army Corps of Engineers, 
2004). The project calls for the removal of 260 mi of roads, 
the placement of 100 plugs within 48 mi of existing canals, 
and the removal of exotic vegetation. In addition, three pump 
stations at the Merritt, Faka Union, and Miller Canals are to 
be constructed with downstream spreader channels to restore 
sheet flow through the area while maintaining flood control 
capacity for communities to the north (U.S. Army Corps of 
Engineers, 2008). The filling of the Prairie Canal began in 

2004 and was completed in 2012. The roads and logging trams 
to the east of the Merritt Canal were degraded or removed dur-
ing 2006–12. Removal of the roads and logging trams between 
Merritt and Faka Union Canals began in 2010, and the major-
ity were removed by the end of 2012. Plugging of the Merritt 
Canal began in the fall of 2014 (Chuirazzi and others, 2015), 
and 10 mi of the Merritt Canal were plugged as of June 2015. 
In June 2015, the Merritt Pump Station began operation. The 
Merritt Pump Station is capable of pumping 810 cubic feet 
per second to provide water for restoration efforts and flood 
control to the north (South Florida Water Management Dis-
trict, 2015a). Road removal between Faka Union Canal and 
Miller Canal began in late 2011. By mid-2014, the majority 
of the road removal between these two canals was completed. 
The Faka Union Pump Station was scheduled to begin opera-
tion in winter 2015; however, the Faka Union Canal will not 
be plugged until 2018. The construction of the Miller Canal 
Pump Station began in 2014 and is projected to be completed 
in 2017. The plugging of the Miller Canal and removal of 
roads west of it is scheduled for 2017–18 (Chuirazzi and 
others, 2015). Quantifying the tributary flows and salinity pat-
terns, before and after these changes, is essential to assessing 
the effectiveness of restoration efforts.

Purpose and Scope

The purpose of this report is to describe the flow char-
acteristics and salinity patterns within the northern parts of 
the TTI estuary between water years 2007 and 2014. Some 
salinity data from 2006 are also included in the discussion 
for Faka Union River. All data presented within this report 
are referenced to water years (October 1 of the previous 
calendar year to September 30 of the current calendar year). 
For example, water year 2012 is from October 1, 2011, to 
September 30, 2012. 

The report primarily focuses on areas within the TTI 
National Wildlife Refuge and Collier-Seminole State Park 
(fig. 1). The report characterizes tributary flow and salinity 
patterns prior to the installation of pump stations as part of the 
Picayune Strand Restoration Project, providing the baseline 
data needed to analyze changes due to restoration efforts. 

Flow and salinity data are presented and discussed for 
Faka Union River, Little Wood River, Pumpkin River, East 
River, and Blackwater River. Salinity data are also presented 
and discussed for the Palm River and Faka Union Boundary. 
Data are available for download from the National Water 
Information System Web interface (NWISWeb) (U.S. Geological 
Survey, 2015). Annual and seasonal flow volumes, seasonal 
patterns in flow, percentage of monitored flow contribution, 
and the effect of annual variations in rainfall on flow are 
discussed. Additionally, the highest and lowest annual mean 
salinities at tidal rivers and bays, instantaneous salinities, 
percentage of salinities less than or greater than 35 parts per 
thousand (ppt), and the effects of annual variations on salinity 
are described.
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Description of Study Area

The TTI estuary is a shallow, subtropical estuarine sys-
tem that consists of numerous bays separated from the Gulf of 
Mexico by many small mangrove islands and tidal passes. Ten 
major rivers contribute freshwater to the northern TTI; from 
east to west they are the Ferguson River, East River, Faka-
hatchee River, Faka Union River, Wood River, Little Wood 
River, Pumpkin River, Whitney River, Blackwater River 
and Palm River (fig. 2). Flow to these rivers is controlled by 
topography and canal inputs (McCoy, 1972). The Faka Union 
Canal is controlled by a fixed crest weir with an elevation 
of 2 feet (ft) above the National Geodetic Vertical Datum 
of 1929 (South Florida Water Management District, 2013). 
The area receives semidiurnal mixed tides with a range of 
approximately 3 ft. 

The climate is subtropical, with an average annual rain-
fall of 54 inches (in.) (Chuirazzi and others, 2015). The major-
ity of the rainfall occurs during June through October. Summer 

rainfalls are typically short, intense, and frequent. Winter 
rainfalls are typically associated with weather fronts and are 
longer, less intense, and not as frequent (McCoy, 1972). 

Data Collection Methods

Stage and water quality were measured at seven sites 
within the TTI estuary (table 1; figs. 2 and 3). In addition, flow 
rate and flow volume (discharge) were measured at five of 
the sites. Stage data were collected by using shaft encoders or 
pressure sensors. Acoustic Doppler velocity meters provided 
continuous measurements of index velocity. Measurements 
were made over a wide range of conditions, on approximately 
6 days per year using acoustic Doppler current profilers. The 
index velocity method, which uses the relation between the 
mean channel velocity (as measured by the acoustic Doppler 
current profiler) and the index velocity (as measured by 
the acoustic Doppler velocity meter), was used to compute 
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Table 1.  USGS station names, station numbers, parameters, and dates of operation, northern Ten Thousand Islands estuary, Florida.

[USGS, U.S. Geological Survey; —, no data collected at this location]

USGS station 
name

USGS station  
number

Stage
Near-surface  
water quality

Near-bottom  
water quality

Mid-depth  
water quality

Discharge

Faka Union River 255432081303900 June 30, 2006 to  
September 30, 2008 
May 11, 2010 to 
present

June 30, 2006 to  
September 30, 2008  
May 11, 2010 to  
October 4, 2011

June 30, 2006 to  
September 30, 2008  
May 11, 2010  
to present

— June 30, 2006 to  
September 30, 2008 
May 12, 2010 to present

Little Wood River 255443081314700 February 27, 2007 to  
September 30, 2008  
April 27, 2010 to  
October 6, 2011

February 27, 2007 to  
September 30, 2008 
April 27, 2010 to  
October 6, 2011

February 27, 2007 to  
September 30, 2008  
April 27, 2010 to  
October 6, 2011

— February 27, 2007 to  
September 30, 2008 
April 27, 2010 to  
October 6, 2011

Pumpkin River 255534081324000 April 18, 2007 to  
September 30, 2008  
July 7, 2010 to present

April 18, 2007 to  
September 30, 2008  
June 3, 2010 to  
October 5, 2011

April 18, 2007 to  
September 30, 2008  
July 7, 2010 to present

— April 19, 2007 to  
September 30, 2008 
July 7, 2010 to present

East River 255327081275900 April 24, 2007 to  
September 30, 2008  
April 23, 2010 to 
present

April 24, 2007 to  
September 30, 2008  
April 23, 2010 to  
October 5, 2011

April 24, 2007 to  
September 30, 2008  
April 23, 2010 to present

— April 24, 2007 to  
September 30, 2008 
April 23, 2010 to  
May 1, 2012 
October 28, 2013  
to present

Blackwater River 255654081350200 May 16, 2007 to  
September 30, 2008 
July 8, 2010 to present

May 16, 2007 to  
September 30, 2008  
May 11, 2010 to  
October 4, 2011

May 16, 2007 to  
September 30, 2008 
July 8, 2010 to present

— May 16, 2007 to  
September 30, 2008  
July 8, 2010 to present

Faka Union 
Boundary

255123081321300 July 9 2010 to  
May 1, 2012

— — June 13, 2007 to  
September 30, 2008  
July 9 2010 to  
May 1, 2012

—

Palm River 255732081363700 November 17, 2011 
to present

— — November 17, 2011 
to present

—
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discharge, using standard USGS methods (Levesque and 
Oberg, 2012). Data were tidally influenced at all sites, and 
therefore discharge data were filtered with the Godin low-
pass filter to remove tidal frequencies according to USGS 
policy (Godin, 1972; U.S. Geological Survey, 2010). Positive 
discharge indicates flow to the Gulf of Mexico, and negative 
discharge indicates reverse flow. Mean daily values of filtered 
discharge for all sites can be accessed through the USGS 
NWISWeb (U.S. Geological Survey, 2015). 

Near-surface and near-bottom salinity monitors were 
installed at several sites (fig. 2) to describe stratification. Near-
surface salinity monitors were installed in floating mounts, 
and recorded data at approximately 1 ft below the water’s 
surface. Near-surface salinity was discontinued at all sites in 
2011 because of the observance of minimal stratification in the 
water column. Near-bottom salinity monitors were installed at 
depths ranging from 4 to 8 ft below the water’s surface. Water-
quality monitoring data were computed using standard USGS 
methods (Wagner and others, 2006). 

Rainfall data were obtained from the SFWMD 
DBHYDRO Web site (South Florida Water Management 
District, 2015c). Rainfall data presented herein are from the 
SFWMD station located at the Dan House Prairie (DANHP; 
fig. 1) within the Fakahatchee Strand Preserve Park. When 
data were missing from DANHP, rainfall was estimated 
based upon trends at nearby rainfall stations accessed from 
DBHYDRO, including Southern Golden Gate Estates weather 
station (SGGEWX), Fakahatchee Strand North Rainfall 
(FKSTRN), and Collier-Seminole State Park (COLLISEM) 
(fig. 1). Missing data in May and June 2007 at DANHP 
were estimated to be zero based on trends at the FKSTRN; 
SGGEWX and COLLISEM were not operational at that time. 
Missing data in May 2013 at DANHP were assumed to be zero, 
based on the three comparison sites. Data for December 2007, 
January 2008, and October 2013 were estimated based on the 
three comparison sites and available data from DANHP. 

Annual and Seasonal Rainfall
The long-term (1981–2010) average rainfall for the 

area is 54.54 in. (South Florida Water Management District, 
2015b). During 2007–14, the average rainfall in the study area 
was 49.44 in. The highest rainfall occurred in 2013, and the 
lowest rainfall was in 2011 (fig. 4). Wet season (June–Octo-
ber) rainfall totals ranged from 31.36 in. during 2008 to 44.93 
in. during 2013. The average wet season rainfall was 36.37 in. 
during 2007–14. Dry season (November–May) rainfall totals 
ranged from 8.49 in. during 2011 to 21.11 in. during 2013 
(table 2). The average dry season rainfall was 13.07 in. during 
2007–14.

Tropical Storm (TS) Fay affected the area during 
the study period. TS Fay made its first Florida landfall at 
Key West shortly before 5:00 p.m. on Monday, August 18, 
2008. TS Fay maintained strong tropical storm force strength, 
with winds up to 65 miles per hour, during the evening and 
overnight hours of August 18 as it approached the southwest 
Gulf Coast and made its first peninsular landfall at Cape 
Romano shortly before 5 a.m. on Tuesday, August 19. Rainfall 
from TS Fay substantially affected the area during the study 
period; however, the rainfall was variable throughout the study 
area. About 4.34 in. of rain were recorded at DANHP between 
August 18 and 25, and 2.15 in. were recorded on August 22. 
Between August 18 and 25, the FKSTRN station recorded 
11.14 in. of rain, including 3.1 in. on August 18 and 3.95 in. 
on August 19. The SGGEWX station recorded 9.42 in. of 
rain during August 18–25, including 5.02 in. on August 19. 
The COLLISEM stations recorded 7.26 in. of rain during 
this period. 

Figure 3.  Streamflow and water-quality station at Faka Union 
River, May 2006. 
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Annual and Seasonal Flow 
Characteristics of Tidal Rivers

Annual and seasonal flow characteristics were deter-
mined for five tidal rivers. For the purpose of this report, 
the Faka Union River refers to the USGS discharge station, 
which measures flow from the Faka Union Canal and the 
Faka Union River. Faka Union River is the largest contributor 

of freshwater to the TTI estuary. Annual flow at Faka Union 
River was highest in 2013 (359,017 acre-feet) and lowest in 
2014 (111,675 acre-feet) (fig. 5). Annual flow at East River 
was highest in 2014 (20,587 acre-feet) and lowest in 2011 
(7,008 acre-feet) with no data recorded in water years 2012 
and 2013. Annual flow at Little Wood River was highest in 
2008 (21,749 acre-feet) and lowest in 2011 (4,408 acre-feet) 
with no data recorded in water years 2012–14. Annual flow at 
Pumpkin River was highest in 2013 (4,907 acre-feet) and low-
est in 2011 (–201 acre-feet). Annual flow at Blackwater River 
was highest in 2013 (18,345 acre-feet) and lowest in 2011 
(–11,962 acre-feet) (fig. 6). Blackwater River is connected 
to Palm River via Mud Bay, and the circulation between the 
two rivers is not well understood; negative flow at Blackwater 
River may become positive flow at Palm River.

Comparison of flow volumes at East River, Faka Union 
River, Pumpkin River, and Blackwater River indicated that 
Faka Union River accounted for more than 80 percent of the 
flow monitored in the area (fig. 7). The amount of monitored 
flow at East River increased to 16 percent in 2014, compared 
to 7 percent in 2008 and 5 percent in 2011. Increases in flow 
volume to rivers west of Faka Union River were not observed 
during the study. In 2014 the amount of flow contributed by 
Faka Union River decreased. 
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Figure 4.  Annual, seasonal, and average rainfall in the northern Ten Thousand Islands, water years 2007–14, 
calculated using data obtained from South Florida Water Management District rainfall stations.

Table 2.  Annual and seasonal rainfall totals in the northern 
Ten Thousand Islands, water years 2007–14.

[Rainfall totals were calculated from South Florida Water Management 
District (2015b) data and are reported in inches]

Water year Dry season Wet season Annual

2007 12.51 32.72 45.23

2008 12.23 31.36 43.59

2011 8.49 31.38 39.87

2012 13.33 40.13 53.46

2013 21.11 44.93 66.04

2014 10.74 37.70 48.44
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Figure 5.  Annual flow at Faka Union River, water years 2008 and 2011–14. 
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Figure 6.  Annual flow at tidal tributaries, water years 2008 and 2011–14: A, East River; B, Little Wood River; 
C, Pumpkin River; and D, Blackwater River. 
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Greater rainfall generally resulted in higher flow volumes 
(fig. 8), although there were several exceptions to this pattern. 
In 2008, Pumpkin River and Blackwater River had greater 
annual flow volumes per inch of rainfall than during any other 
year. Large spatial variations in rainfall from TS Fay may be 
responsible for these results, and the DANHP rainfall station 
may not have adequately represented the amount of rainfall 
that occurred to the west of Faka Union River. Faka Union 
River demonstrated the same trend during the study, with the 
exception of 2014. In 2014 the total annual flow in Faka Union 
River was less per inch of rainfall than in previous years, 
and this change is likely linked to restoration efforts, includ-
ing the plugging of Prairie Canal. East River demonstrated 
higher flow with greater rainfall for the 3 years that had 
available data. 

Distinct seasonal patterns occur in flow rates in the TTI 
estuary, and those patterns coincide with rainfall patterns. 
Wet season (June through October) flows are dominated by 
positive flows moving down the Faka Union River. During the 
dry season (November to May), flows at the Faka Union River 
can be negative, flowing up the river, even when the flows are 
positive at nearby rivers, potentially due to flow controlled by 
the weir. The weir at Faka Union Canal does not allow water 
to flow to the estuary until the water elevation exceeds the 
weir crest; Faka Union Canal is the only tributary controlled 
by a structure. Negative flows are likely due to water moving 
in with the tide and not flowing out towards the Gulf. During 
high tide, the water can breach the tributary banks and flood 

the tidal wetlands; when the tide recedes, some of the water 
remains in the tidal wetlands.

Wet season flow volumes ranged widely during the study, 
from a low of –989 acre-feet at Blackwater River in 2011 to a 
high of 257,956 acre-feet at Faka Union River in 2013 (fig. 9). 
Faka Union River was the dominant contributor of freshwater 
to the estuary in all water years. Excluding the Faka Union 
River, the largest contributors of monitored flow were Little 
Wood River in 2008, East River in 2011 and 2014, and Black-
water River in 2012 and 2013. No data were available for 
Little Wood River after 2011. Pumpkin River was the smallest 
contributor of flow in all water years. The highest wet season 
flows at Faka Union River, Pumpkin River, and Blackwater 
River occurred in 2013; no data were available for East River 
or Little Wood River during 2013. The lowest wet season flow 
for all sites occurred in 2011, and Blackwater River had a 
negative wet season flow volume in 2011.

Dry season flow volumes ranged from –16,712 acre-feet 
in 2008 to 118,866 acre-feet in 2012 at Faka Union River. 
Faka Union River was the greatest contributor of flow volume 
during the dry season in 2011, 2012, and 2013. In 2008, the 
Pumpkin River was the only station with positive net flow dur-
ing the dry season, and East River had the greatest flow during 
the dry season in 2014. The highest flow during the dry season 
occurred in 2012. Blackwater River, Little Wood River, and 
East River all had net negative flow volumes during the dry 
season, with the exception of East River in 2014 (fig. 10).
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Figure 7.  Flow contributed by East River, Faka Union River, Pumpkin River, and Blackwater 
River, water years 2008, 2011, and 2014.
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Figure 8.  Annual flow volume compared to rainfall by water year: A, East River; B, Faka Union River; C, Pumpkin River; and 
D, Blackwater River. [DANHP, Dan House Prairie rainfall station. Note that the y-axes scales differ for each station]
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Figure 9.  Wet season total flows, water years 2008 and 2011–14, A, including and B, excluding the Faka Union River.
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Faka Union River contributed 84 to 94 percent of the 
monitored flow volume during the wet season. Pumpkin River 
contributed up to 1 percent, Blackwater River contributed up to 
7 percent, and East River contributed up to 8 percent of the mon-
itored flow. During the dry season, Faka Union River contributed 
all of the flow during 2011 and contributed no positive flow dur-
ing 2008 or 2014. The percentage of positive flow during the dry 
season increased in 2014 for East River. East River had negative 
flow in 2008 and 2011 during the dry season and was the largest 
contributor to dry season flow volume during 2014. 

The highest monthly total flows occurred in September 2008 
for Blackwater River (7,187 acre-feet), Little Wood River 
(11,702 acre-feet), Faka Union River (83,338 acre-feet), and East 
River (10,573 acre-feet) (fig. 11). The high monthly flows can 
be attributed to the large amount of rainfall from TS Fay in late 
August 2008. The highest monthly total flow at Pumpkin River 
occurred in July 2013 (1,332 acre-feet) (fig. 11), corresponding 
with the highest wet season rainfall recorded during the study. 

The lowest monthly total flows occurred at or near the 
end of the dry season, with the exception of Pumpkin River. 
The lowest monthly total flows occurred at Blackwater River 
(–2,498 acre-feet) and East River (–1,514 acre-feet) in May 2008 
(fig. 11). The lowest monthly total flow at Little Wood River 
(1,847 acre-feet) occurred in April 2007. The lowest monthly 
total flow at Pumpkin River (–461 acre-feet) occurred in 
October 2011. The lowest monthly total at Faka Union River 
was –7,857 acre-feet in May 2007 (fig. 11).

Blackwater River had the highest percentage of time with 
negative flows (table 3). Total monthly flows at Blackwater 
River were negative 7 to 10 months a year during 2008 and 
2011–14. The only stations with no monthly net negative flows 
in any year during the study period were Pumpkin River in 2012 
and Faka Union River in 2011–13. In 2014, East River had 
1 month of net negative flow compared to 6 months in 2011 and 
7 months in 2008.
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Figure 10.  Dry season total flows, water years 2008 and 2011–14, A, including and B, excluding the Faka Union River. 
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Figure 11.  A, Monthly flow volume at Faka Union River, East River, Little Wood River, Pumpkin River, 
and Blackwater River, water years 2007–14. B, Monthly flow volume at East River, Little Wood River, 
Pumpkin River, and Blackwater River, water years 2007–14.
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Salinity Patterns of Tidal Rivers 
and Bays

The highest annual mean salinity recorded was 34.0 ppt 
at Faka Union Boundary in 2011 (fig. 12G, table 4). This find-
ing is to be expected due to the proximity of the Faka Union 
Boundary to the Gulf of Mexico. The highest annual mean 
salinities at Pumpkin River (33.7 ppt), Little Wood and Black-
water Rivers (31.6 ppt), East River (27.9 ppt), and Faka Union 
River (27.3 ppt) were all in 2011. The highest annual mean 
salinity for Palm River (30.4 ppt) was in 2014, but no salinity 
data were available in 2011. The lowest annual mean salin-
ity (18.8 ppt) was recorded in 2013 at Faka Union River and 
East River. The lowest annual mean salinities at Blackwater 
River (23.8 ppt), Pumpkin River (26.8 ppt), and Palm River 
(25.2 ppt) were all in 2013. The lowest annual mean salinities 
at Little Wood River (29.0 ppt) and the Faka Union Boundary 
(33.3 ppt) were in 2008 (fig. 13). No data were available for 
Faka Union Boundary and Little Wood River in 2013.

The instantaneous salinity values varied widely during 
this study (fig. 12, table 4). At East River, the highest instanta-
neous salinity was 41.2 ppt on May 19, 2013, and the lowest 
was 0.8 ppt on September 28 and 29, 2013. The highest instan-
taneous salinity recorded at Little Wood River was 42.2 ppt on 
May 26, 2008, and the lowest was 3.1 ppt on September 24, 2008. 
The highest instantaneous salinity value recorded at Pumpkin 
River was 43.4 ppt on May 26 and 27, 2008, and the lowest 
was 3.1 ppt on October 10, 2012. The highest instantaneous 
salinity value recorded at Blackwater River was 42.1 ppt on 
May 28, 2008, and the lowest was 0.7 ppt on September 24 
and 25, 2008. The highest instantaneous salinity recorded at 
Palm River was 40.1 ppt on May 19, 2013, and the lowest 

was 3.4 ppt on October 8 and 9, 2012, and September 10 and 
11, 2013. The highest instantaneous salinity value at Faka 
Union River was 41.4 ppt on May 28, 2008, and the lowest 
was 0.2 ppt on numerous days in September 2006. The highest 
instantaneous salinity at Faka Union Boundary was 41.2 ppt 
on May 17, 2008. The lowest instantaneous value was 12.2 ppt 
on September 27, 2008. 

The highest percentage of salinities less than 35 ppt 
(full seawater) occurred during 2013 (fig. 13 and table 5), 
corresponding with the highest rainfall totals. The proportion 
of salinity values at Pumpkin River greater than or equal to 
35 ppt was 57.0 percent in 2011, followed by 48.3 percent 
in 2008, 34.9 percent in 2014, 29.3 percent in 2012, and 
25.7 percent in 2013. More than half of the values recorded 
(51.1 percent) were greater than or equal to 35 ppt at the Faka 
Union Boundary in 2008, compared to 30.7 percent in 2011. 
Both 2008 and 2011 have missing data during the dry season 
at the Faka Union Boundary, therefore the percentage of salin-
ity values greater than 35 ppt would be expected to be higher 
than reported. The proportion of salinity values at Blackwa-
ter River greater than or equal to 35 ppt was 50.7 percent 
in 2011, followed by 47.4 percent in 2008, 39.5 percent in 
2014, 34.6 percent in 2012, and 28.4 percent in 2013. At 
Little Wood River, salinity values were greater than or equal 
to 35 ppt 39.9 percent of the time in 2008 and 26.0 percent 
of the time in 2011. The proportion of salinity values at Palm 
River greater than or equal to 35 ppt was 36.1 percent in 2012, 
followed by 35.8 percent in 2014 and 26.3 percent in 2013. 
The proportion of salinity values at Faka Union River greater 
than or equal to 35 ppt was 29.6 percent in 2008, followed 
by 28.4 percent in 2011, 20.3 percent in 2014, 19.7 percent in 
2012, 18.4 percent in 2007, and 11.1 percent in 2013. The propor-
tion of salinity values at East River greater than or equal to 
35 ppt was 29.0 percent in 2011, followed by 23.7 percent in 
2008, 16.4 percent in 2014, 8.1 percent in 2012, and 7.8 percent 
in 2013. 

The relation between annual rainfall and salinity was 
similar at all sites (fig. 14); as annual rainfall increased, annual 
mean salinity decreased. Annual rainfall accounted for 89 to 
94 percent of the variance in annual mean salinity. The slope 
of the regression line ranged from –0.25 for Pumpkin River 
to –0.32 for East River. There were no quantifiable changes in 
salinity and rainfall patterns between 2008 and 2014 that were 
attributable to restoration efforts. In 2008, all sites had a lower 
average salinity with a smaller amount of rainfall; this pattern 
is likely a result of the difficulty of accurately representing the 
rainfall associated with TS Fay. Rainfall stations had a wide 
range of rainfall totals during the storm, and the DANHP rain-
fall station may not have adequately represented the amount 
of rainfall.

Table 3.  Percentage of total monthly flow that was negative 
during water years 2008 and 2011–14 in the northern Ten 
Thousand Islands estuary.

[All values are percentages; —, no data collected during this period]

Water 
year

Blackwater 
River

Little  
Wood  
River

Pumpkin 
River

Faka 
Union 
River

East  
River

2008 75 42 8 50 58

2011 83 50 50 0 50

2012 58 — 0 0 —

2013 58 — 25 0 —

2014 83 — 25 42 8
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Figure 12.  Salinity data by site and water year: A, East River; B, Little Wood River; C, Pumpkin River; D, Palm River; 
E, Blackwater River; F, Faka Union River; and G, Faka Union Boundary.
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Figure 12.  Salinity data by site and water year: A, East River; B, Little Wood River; C, Pumpkin River; D, Palm River; 
E, Blackwater River; F, Faka Union River; and G, Faka Union Boundary.—Continued
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Table 4.  Annual mean and instantaneous minimum and maximum salinity values, water years 2007–14, in the northern Ten Thousand 
Islands estuary.

[—, incomplete water year, statistic not available; All salinity data are in parts per thousand]

Water year Palm River
Blackwater 

River
Little Wood 

River
Pumpkin 

River
Faka Union 

River
Faka Union 
Boundary

East River

Annual mean 
salinity

2007 — — — — 25.0 — —

2008 — 28.9 29.0 31.4 24.2 33.3 24.5

2011 — 31.6 31.6 33.7 27.3 34.0 27.9

2012 30.3 28.0 — 29.5 22.4 — 22.4

2013 25.2 23.8 — 26.8 18.8 — 18.8
2014 30.4 30.2 — 31.9 22.8 — 24.4

Instananeous 
minimum and 

maximum 
salinity

2006 — — — — 0.2, — — —
2007 — — — — 0.3, 38.8 — —

2008 — 0.7, 42.1 3.1, 42.2 5.4, 43.4 0.3, 41.4 12.2, 41.2 1.0, 41.1

2011 — 6.5, 38.8 16.7, 40.6 13.7, 41.1 1.0, 40.0 20.0, 39.5 2.3, 40.8

2012 6.8, 38.4 2.8, 38.9 — 6.9, 38.9 0.5, 38.4 — 1.9, 39.2

2013 3.4, 40.1 1.0, 40.4 — 3.1, 41.0 0.4, 37.0 — 0.8, 41.2

2014 6.3, 39.2 3.0, 38.7 — 8.5, 40.8 0.4, 38.2 — 0.9, 38.9

Table 5.  Percentage of instantaneous salinity values greater than or equal to 35.0 parts per thousand, water years 2007–14, in the 
northern Ten Thousand Islands estuary.

[All values are percentages; —, no data collected during this period]

Water year Palm River
Blackwater 

River
Little Wood  

River
Pumpkin  

River
Faka Union  

River
Faka Union 
Boundary

East  
River

2007 — — — — 18.4 — —

2008 — 47.4 39.9 48.3 29.6 51.1 23.7 

2011 — 50.7 26.0 57.0 28.4 30.7 29.0 

2012 36.1 34.6 — 29.3 19.7 — 8.1 

2013 26.3 28.4 — 25.7 11.1 — 7.8 

2014 35.8 39.5 — 34.9 20.3 — 16.4 
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Figure 13.  Salinity duration curves by site and water year: A, East River; B, Little Wood River; C, Pumpkin River; D, Blackwater 
River; E, Palm River; F, Faka Union River; and G, Faka Union Boundary.
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The lowest monthly mean salinities occurred at Faka 
Union River and East River (fig. 15, table 6), indicating they 
received a greater amount of freshwater than the other sites. 
Additionally, salinities began to decrease at Faka Union River 
and East River before the sites west of Faka Union River, 
indicating freshwater is received at Faka Union and East Riv-
ers first. Monthly mean salinities varied by 15 to 38 ppt during 
the study at individual sites. The minimum monthly mean 
salinity at East River was 2.3 ppt in September 2013, and the 
maximum was 39.7 ppt in May 2011. The minimum monthly 
mean salinity at Little Wood River was 7.9 ppt in September 2008, 
and the maximum was 39.8 ppt in May 2008. The minimum 
monthly mean salinity at Pumpkin River was 11.5 ppt in 
September 2013, and the maximum was 40.5 ppt in May 2008. 

The minimum monthly mean salinity at Blackwater River was 
5.1 ppt in September 2013, and the maximum was 40.9 ppt 
in May 2008. The minimum monthly mean salinity at Palm 
River was 9.0 ppt in September 2013, and the maximum was 
37.4 ppt in May 2014. The minimum monthly mean salinity 
at Faka Union River was 0.8 ppt in September 2006, and the 
maximum was 39.0 ppt in May 2008. The minimum monthly 
mean salinity at Faka Union Boundary was 24.1 ppt in 
September 2008, and the maximum was 39.2 ppt in May 2008. 
Faka Union Boundary had the smallest range in monthly mean 
salinity (15.1 ppt). Faka Union Boundary is located closest 
to the Gulf of Mexico and would be expected to have a small 
range in salinity values.
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Figure 14.  Relation between annual mean salinity and annual rainfall: A, East River; B, Faka Union River; C, Pumpkin 
River; and D, Blackwater River. [Years are water years. DANHP, Dan House Prairie rainfall station. Note that the y-axes 
scales differ for each station]
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Table 6.  Maximum and minimum monthly mean salinity values, water years 2007–14, in the northern Ten Thousand Islands estuary.

[—, incomplete water year, statistic not available; All salinity data are in parts per thousand]

Water year Palm River
Blackwater 

River
Little Wood 

River
Pumpkin  

River
Faka Union 

River
Faka Union 
Boundary

East River

Maximum 
monthly 

mean salinity

2007 — — — — 36.1 — —

2008 — 40.9 39.8 40.5 39.0 39.2 39.3

2011 — 37.3 37.6 38.7 38.7 38.7 39.7

2012 36.7 37.3 — 37.4 36.7 — 36.8

2013 36.9 37.5 — 36.9 34.7 — 36.1

2014 37.4 37.2 — 38.3 37.0 — 36.8

Minimum 
monthly 

mean salinity

2007 — — — — 8.4 — —

2008 — 6.4 7.9 14.3 2.5 24.1 3.7

2011 — 15.8 21.2 21.8 10.0 27.5 12.7

2012 13.6 11.5 — 16.7 5.1 — 6.4

2013 9.0 5.1 — 11.5 2.2 — 2.3

2014 17.4 16.2 — 20.5 6.2 — 7.6
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Figure 15.  Monthly mean salinity values by site, July 2006 to September 2014, Ten Thousand Islands 
estuary area.
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Summary 
Freshwater flow to the Ten Thousand Islands estuary has 

been altered by the construction of the Tamiami Trail and con-
struction of features in the now-defunct Southern Golden Gate 
Estates. The Picayune Strand Restoration Project was imple-
mented to improve freshwater delivery to the Ten Thousand 
Islands estuary. This report describes tributary flow and salinity 
patterns during preliminary restoration efforts and prior to the 
installation of pump stations as part of the Picayune Strand 
Restoration Project, providing baseline data for analyses of 
changes attributable to restoration efforts. 

The USGS station named Faka Union River, which 
includes flow from the Faka Union Canal and the Faka Union 
River, was the dominant contributor of freshwater to the Ten 
Thousand Islands estuary, and supplied more than 80 percent 
of the monitored annual flow during 2008–14. Little Wood and 
East Rivers were the next largest contributors of annual flow. 
Pumpkin and Blackwater Rivers were the least substantial 
contributors of flow during most of the study period; however, 
Blackwater River was a substantial contributor of flow in 2013. 
In 2014, the percentage of monitored annual flow supplied by 
East River was more than doubled compared to 2008 and 2011. 
The increase in flow may be attributable to restoration efforts. 
There were no quantifiable changes in flow volume patterns 
west of the Faka Union River.

The lowest flow volumes at all sites occurred in 2011, 
corresponding with the lowest annual rainfall during the study. 
The highest annual flow volumes occurred in 2013 for Faka 
Union, Pumpkin, and Blackwater Rivers, corresponding with 
the highest annual rainfall; however, no streamflow data were 
available from Little Wood River and East River in 2013. 
Greater rainfall generally resulted in a predictable increase 
in flow volume, with the exception of Pumpkin River and 
Blackwater River in 2008. Both rivers had a greater annual 
flow volume per inch of rainfall in 2008 than in other years. 
The high flow volume per inch of rainfall was likely due to the 
spatial variation in rainfall during Tropical Storm Fay, which 
was probably not accurately represented by the rain gage used 
in the comparison. The total annual flow per inch of rainfall in 
the Faka Union River in 2014 was less than in previous years 
and may be attributable to restoration efforts, mainly the plug-
ging of Prairie Canal. 

Faka Union River was the dominant (greater than 
80 percent of monitored flow) contributor of freshwater to 
the estuary during the wet season in all water years. The next 
largest contributors to wet season flow were Little Wood River 
in 2008, East River in 2011 and 2014, and Blackwater River 
in 2012 and 2013. Pumpkin River was the smallest (less than 
1 percent) contributor of wet season flow in all water years. No 
changes in the relative contributions of freshwater during the 
wet season were observed during the study.

Faka Union River contributed all of the streamflow to the 
estuary during the dry season in 2011, but contributed no posi-
tive flow during 2008 and 2014. Blackwater and Little Wood 
Rivers always had net negative flow during the dry season. 
Blackwater River had the highest percentage of time with 
negative flows; total monthly flows were negative 7–10 months 

of the year during 2008 and 2011–14. The percentage of posi-
tive flow during the dry season was high for East River and 
Pumpkin River in 2014. East River had the greatest flow dur-
ing the dry season in 2014; only 1 month of net negative flow 
occurred in 2014 compared to 6 months in 2011 and 7 months 
in 2008. The increase in freshwater flow at East River during 
the dry season is potentially linked to restoration efforts.

The highest annual mean salinity recorded in the Ten 
Thousand Islands estuary occurred in 2011, corresponding with 
the lowest annual rainfall and flow volume. Data collection did 
not begin at Palm River until 2012. The highest annual mean 
salinities for all water years occurred at the Faka Union Bound-
ary, which is located closest to the Gulf of Mexico. The highest 
instantaneous salinity value recorded was 43.4 ppt at Pumpkin 
River on May 26 and 27, 2008. The lowest annual mean salini-
ties occurred at Faka Union River, which also had the greatest 
flow volume. The lowest instantaneous salinity value during the 
study (0.2 ppt) was recorded at Faka Union River on numerous 
days in September 2006. 

The sites to the west of the Faka Union River had higher 
salinities on average than Faka Union River and East River, 
indicating less freshwater is received to the west. The highest 
percentage of salinity values greater than or equal to 35 ppt 
(full seawater) at the tidal tributaries occurred in 2011 at 
Pumpkin River (57.0 percent) and Blackwater River (50.7 percent), 
corresponding with the lowest annual rainfall and lowest 
annual flow volume during the study. The highest percentage 
of salinities less than 35 ppt occurred during 2013, correspond-
ing with the highest rainfall totals and highest flow volumes. 
Faka Union River had the lowest percentage of salinity values 
greater than 35 ppt, ranging from 11.1 percent in 2013 to 
29.6 percent in 2008. 

The greatest range in monthly mean salinities occurred 
at Faka Union River. The lowest monthly mean salinities 
occurred at Faka Union River and East River. Additionally, 
salinities began to decrease at Faka Union River and East River 
before the sites west of Faka Union. The lowest monthly mean 
salinities occurred at Faka Union River in September 2006. 
The highest monthly mean salinities occurred at Pumpkin 
River in May 2008. The monthly mean salinity was higher 
at Pumpkin River in May 2008 than at Faka Union Bound-
ary, even though the Pumpkin River is farther from the Gulf 
of Mexico. Faka Union Boundary had the smallest range in 
monthly mean salinity, as was expected because it is near the 
Gulf of Mexico. The next lowest range in salinity occurred 
at Pumpkin River, followed by Little Wood River, indicating 
decreased freshwater input at these sites. Patterns in salinity 
indicate that freshwater is not evenly distributed to the Ten 
Thousand Islands. Annual rainfall accounted for 89 to 94 percent 
of the variance in annual mean salinity. No changes in pat-
terns between rainfall and annual mean salinity were observed 
during the study period. 

Flows that would have reached the tributaries in the study 
area continued to be directed into the Faka Union Canal during 
the time of the study. East River receives more freshwater than 
many of the other tributaries. Restoration efforts may have 
had effects at East River and Faka Union Canal in 2014, but 
minimal data were available at the time of publication. 
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