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Water chemistry field parameters were measured on August 13, 2008 from two locations
surrounding the main vent and also during the park tour boat trip along the upper spring run
(Figure 11). Measured temperatures in the spring pool were typical at approximately 23 °C,
while specific conductance was approximately 325 uS/cm (Figure 12). Dissolved oxygen
concentrations from the spring vent were approximately 1.5 mg/L (or 20% saturated) and then
gradually rose with distance downstream to a maximum of about 3.5 mg/L (45% saturated,
Figure 12). It is important to note that while these dissolved oxygen values were measured in
the afternoon, ambient conditions included heavy cloud cover. Higher mid-day dissolved
oxygen concentrations are to be expected during days without cloud cover. Field measured pH
values varied slightly between the spring vent and the run, but averaged near 7.7 standard

units (Figure 12).

FIGURE 11
Weeki Wachee Springs sampling locations (red icon and line) where field parameters were measured on August 13, 2008.
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Field parameters measured from Weeki Wachee Spring on August 13, 2008.
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Biological
Vegetation

During the site visit on August 13, 2008, submersed aquatic vegetation within the Weeki
Wachee Spring pool appeared to be dominated by benthic filamentous algae. In the uppermost
spring run, strap-leaved sagittaria (Sagittaria kurziana) was sparsely present, small beds of the
macro algae muskgrass (Chara sp.) were seen, and several types of filamentous algae were

growing from sediments and underwater structures.

A historical detailed description of the submersed aquatic vegetation (SAV) has been
presented by Sloan (1956) as part of an examination of the aquatic insects utilizing Weeki
Wachee Springs. Even at this date, SAV was sparsely present in the pool but the dominant
species was strap-leaf sagittaria. In the upper 3.2 km (2 mi) of the spring run, the order of
dominance by SAV was strap-leaf sagittaria followed by southern naiad (Najas guadalupensis).
By 9.7 km (6 mi) downstream the order of dominance had switched between these two plants
and was maintained until the lower spring run where sago pondweed (Potamogeton pectinatus)
became dominant, followed by tape grass (Vallisneria americana), strap-leaf sagittaria, and
southern naiad. Abundance of SAV ranged from 10-15% percent area coverage (PAC) in the

spring pool to 45% PAC in the mid-stream area (Table 5, Sloan 1956).

Modern assessments, from the 1998 to 2005 time period, of the SAV in the Weeki Wachee
system have been made by Frazer et al. (2006). This research reveals that while the same
historical SAV species can be observed in the spring system, two additional species, the
macroalgae muskgrass (Chara spp.) and hydrilla (Hydrilla verticillata), are now present.
Additionally, filamentous algae were the most frequently observed SAV type in five of the six

years of monitoring (Frazer et al. 2006). In Sloan’s 1956 report, filamentous algae in the Weeki
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Wachee system are not discussed, and while almost certainly present, this lack of discussion
suggests that filamentous algal abundance may have been historically low in this spring system.
A listing of the frequency of occurrence by SAV species and year is shown in Table 6 and a
comparison between the 1998-2000 and 2003-2005 time periods is shown in Table 7. The
environmental factors contributing to the distribution and abundance of the SAV in the Weeki
Wachee Springs system were examined by Frazer et al. (2001), who reported that riparian

shading was negatively correlated with the presence of SAV.

Aquatic plants in the Weeki Wachee Springs run have been managed by the state through
herbicide applications, apparently from at least 2002 through the present. The amount of
aquatic vegetation treated during the 2002-2003 fiscal period was 0.81 ha (2 ac) of floating plants
and 11.3 ha (28 ac) of hydrilla(FDEP 2007). During the 2006-2007 fiscal period, no floating plants
were treated while approximately 0.4 ha (1 ac) of cattails and 2.8 ha (7 ac) of hydrilla were

treated (FDEP 2007).

The macroalgae community of the Weeki Wachee spring pool area was surveyed on two
dates, March 24 and November 5, 2003 as part of a multi-spring macroalgae study (Stevenson et
al. 2007). During these events, macroalgae in the headspring had 74.1% coverage and a
thickness of 28.4 cm (11.28 in) in March and 86.4% coverage and a thickness of 55.1 cm (21.7 in).
Average macroalgae species composition for the two sampling events were 52.5% Lyngbya sp.,
21.6% Dichotomosiphon sp., 17.3% Spirogyra sp., 9.9% Oscillatoria sp., 9.9% Hydrodictyon sp., 3.7 %

diatoms, and 1.3% Audouinella sp. (Stevenson et al. 2007).

The dramatic thickness of macroalgae in the spring pool was addressed by the SWFWMD,
who estimated that the Weeki Wachee headspring contained an estimated 6,000 cubic yards of

accumulated organic debris and Lyngbya biomass. Removal of the sediments and organic
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material as well as the planting of tape grass in the headspring and upper river took place in

2008 (SWEFWMD 2008).

The submersed aquatic vascular plant community of the Weeki Wachee spring pool area
was also surveyed by Stevenson et al. (2007). In March they estimated vascular plant coverage
to be 1.2% and in November they estimated coverage to be 7.4%, with dominant species being

“moss” (e.g. Fontinalis sp.), Ludwigia sp., and Chara sp. (a macroalgae with plant-like appearance).

TABLE 5

Submersed aquatic plants and environmental features in Weeki Wachee Springs. The abbreviations S. ., N. g., P. p., V. n., and
R. m stand for Sagittaria lorata (S. kurziana) , Najas guadalupensis, Potamogeton pectinatus, Vallisneria neotropicalis (V.
americana), and Ruppia maritima, respectively (from Sloan 1956).

Dominant Submerged Temperature Current Veloeity
Station and Rooted Aquatics °C (Surface of Channel)
miles from
Boil Percent
Order of Bottom Bottom Composition Extreme | Extreme Feet/Second
Dominance Covered Maximum | Minimum
W-1 (0)...... S.1. with some 10-15 | White sand covered sparsely
epiphytic algae with plant detritus 24.0 23.2 Less than 0.01
W-2 (2.0)....] 81, Ng. 30 From firm white sand to
black silt and detritus 25.3 23.3 0.9
W—-3 (6.4)....| N.g, Sl 45 Same type as W—2 26.0 19.0 0.90*
W—-4 (8.5)....| N.g, 8l 30 Same as W—2 except silt
lighter in color 28.0 18.0 0.72
w-5 (11.7)...| P.p,, V.n,, 8.1 1525 | From fine white sand
(drops out in this to brown silt 28.0
station), N.g.
W—-6 (13.6)...| V.n,, P.p,, N.g.,, | 3040 | Sand mixed with black
small amovnt of silt. H,S odor 30.8 15.7 Less than 0.01
R.m.

#Average of USGS cross-sectional values.
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TABLE 6
The frequency of occurrence (% of stations sampled) of submersed aquatic vegetation in the Weeki Wachee River. Five stations
were sampled along each of 20 river transects (n = 100) during August of each year (from Frazer et al. 2006).

RIVER Year Species Frequency of
Occurrence (%)
WEEKI WACHEE 1998 Chara sp. 0
Filamentous algae 68
Hydrilla verticillata 50
Najas guadalupensis 32
None 16
Ruppia maritima 0
Sagittaria kurziana 11
Vallisneria americana 7
1999 Chara sp. 0
Filamentous algae 73
Hydrilla verticillata 49
Najas guadalupensis 39
None 12
Ruppia maritima 0
Sagittaria kurziana 10
Vallisneria americana 17
2000 Chara sp. 1
Filamentous algae 37
Hydrilla verticillata 41
Najas guadalupensis 46
None 22
Ruppia maritima 0
Sagittaria kurziana 8
Vallisneria americana 3
2003 Chara sp. 5
Filamentous algae 51
Hydrilla verticillata 29
Najas guadalupensis 36
None 30
Ruppia maritima 0
Sagittaria kurziana 5
Vallisneria americana 4
2004 Chara sp. 6
Filamentous algae 54
Hydrilla verticillata 34
Najas guadalupensis 53
None 20
Ruppia maritima 0
Sagittaria kurziana 5
Vallisneria americana 11
2005 Chara sp. 14
Filamentous algae 52
Hydrilla verticillata 32
Najas guadalupensis 33
None 28
Ruppia maritima 1
Sagittaria kurziana 6
Vallisneria americana 9
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TABLE 7
The frequency of occurrence (% of stations sampled) of submersed aquatic vegetation in the Weeki Wachee River by time
period and their corresponding differences (from Frazer et al. 2006).

SPECIES 1998 — 2000 2003 — 2005 PERCENTAGE
FREQUENCY OF FREQUENCY OF CHANGE
OCCURRENCE (%) OCCURRENCE (%)

Chara sp. 0.3 8.3 2400
Filamentous algae 59.3 52.3 -12
Hydrilla verticillata 46.7 317 -32
Najas guadalupensis 39.0 40.7 4
None 16.7 26.0 56
Ruppia maritima 0.0 0.3 100
Sagittaria kurziana 9.7 5.3 -45
Vallisneria americana 9.0 8.0 -11
Macroinvertebrates

During the site visit on August 13, 2008 by WSI, numerous small snails, similar in
appearance to the genus Elimia, were observed in the spring run. Several journal publications
concern invertebrate species collected from the Weeki Wachee system. Among the
invertebrates known to utilize Weeki Wachee Springs is the Lepidoptera Pararqyractis drumalis.
This tiny moth, which has aquatic larvae, is known only from Florida, Weeki Wachee Springs
(north of Tampa) south to Fort Lauderdale on the east coast and Sarasota on the west coast
(Heppner 1976). Another possible endemic macroinvertebrate of the Weeki Wachee River
system is the water strider (Hemiptera), Metrobates hesperius depilatus. Nearly 400 individuals
were collected on the Weeki Wachee River July 18, 1948, and subsequent examination suggested

their status as a distinct sub species (Hussey and Herring 1949).

A detailed examination of the aquatic insect larvae utilizing Weeki Wachee Springs (and
Homosassa) has been provided by Sloan (1956) who collected species from the orders Diptera,
Ephemeroptera, Trichoptera, Hemiptera, Coleoptera, Lepidoptera, and Odonata. This research
was conducted to address the observation that fewer species of aquatic insect larvae are found
in spring boil/pool areas than in the associated spring runs (Figure 13). A noticeable gradient in

dissolved oxygen (low in the spring pool and higher in the spring run) was observed in the
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Weeki Wachee system, while a gradient in chloride concentrations was more abbreviated, low
chloride in the pool and run, then abruptly increasing at the estuary. By examining the
correlation of the spatial distribution of aquatic insects with the physical and chemical
environmental factors measured at the collection sites; Sloan (1956) concluded that oxygen and
salinity gradients influenced the observed insect distributions. Sloan (1956) also noted
similarities between insect fauna of springhead areas and organically polluted waters,
suggesting that the similarity may be the result of both environments having low dissolved

oxygen concentrations.
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FIGURE 13
The number of aquatic insect larvae collected from Weeki Wachee Springs by location (from Sloan 1956).

More recent investigations of the benthic invertebrates of the Weeki Wachee River have
been made during 2005 in which core samplers were used to collect infauna and sweep nets
were used to collect epifauna from fifteen transects in the Weeki Wachee River (Janicki

Environmental, Inc. 2006). Dominant epifauna taxa were the polychaete Laconereis culveri and
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the amphipod Gammarus mucronatus; while the dominant epifaunal taxa consisted of
amphipods (Gammarus mucronatus and Grandidierella bonnieroides) and the isopod Uronmunna

reynoldsi (Janicki Environmental, Inc. 2006).

The only mention of crayfish for the Weeki Wachee Springs system comes from an
interesting account of the Twin Dees Springs cave system made during a 1996 dive by Pete
Gomez (Floridacaves.com). He noted a “thriving” community of cave crayfish occupying a
main cavern (“Middle Earth”). The density of crayfish appeared high, about 3-5 per square ft,
as he observed hundreds of small depressions in the silt floor created by the crayfish.

Macro fauna

Fish

During the site visit on August 13, 2008, fish observed included largemouth bass
(Micropterus salmoides), sunfish (Lepomis spp.), and striped mullet (Mugil cephalus). Because this
spring run discharges into the Gulf of Mexico, marine fish, including Crevalle jack (Caranx
hippos), gray snapper (Lutjanus griseus), sheepshead (Archosargus probatocephalus), and Atlantic
needlefish (Strongylura marina) are common in the spring run, particularly in the lower reaches

and during the cold season (personal observations).

As part of the minimum flows and levels evaluation for the Weeki Wachee system, the fish
community utilizing the lower Weeki Wachee River was sampled using three types of sampling
gear (seine, trawl, and plankton net) during 2004-2005 (Matheson et al. 2005). Results of this
sampling found that rainwater killifish (Lucania parva) were the dominant catch in all three
collection types, while dominant plankton net taxa included larval gobies and blennies. Killifish
(Lucania sp.), pinfish (Lagodon sp.) and mojarras (Gerreidae) accounted for 90%of the trawl catch,

while the seine gear captured a greater diversity of taxa, with 90% of the catch represented by
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killifish, silversides (Atherinopsidae), mojarras, pinfish, sheepshead and sailfin mollies (Poecilia

latipinna) (Matheson et al. 2005).

The Weeki Wachee River has been sampled for fish using electrofishing gear by the FWC on

three occasions (1984, 1991, and 2005). Results from this sampling indicate that a total of 20

species have been collected from the river, with a range of 13 to 16 species per sampling event

(SWFWMD 2005). The most commonly collected species were centrarchids (sunfish family), see

Table 8 for details

TABLE 8

Species composition (percent) of fish collected by electrofishing in the Weeki Wachee River (from SWFWMD 2005).

Largemouth bass
Bluegill

Redear sunfish
Spotted sunfish
Warmouth

Florida spotted gar
Lake chubsucker
Brown bullhead
Yellow bullhead
Seminole killifish
Coastal shiner
Mosquitofish
Bluefin killifish
Least killifish
Atlantic needlefish
Striped mullet
Striped mojarra
American eel
Hogchoker

Jack crevalle

Total Species
Fish per minute
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1984

259

6.1
9.5

31.5

0.3
0.0

18.1

1.3
0.3
0.5
0.5
0.0
0.0
0.0
0.0
0.5
0.0
9.2
0.3
0.0

13
3.1

1991

10.6
11.6
3.5
56.5
3.2
1.7
5.2
1.0
0.7
3.2
0.0
0.0
0.0
0.0
0.8
1.0
1.0
0.0
0.0
0.0

13
7.2

2005

20.3
10.2
2.5
20.3
0.0
3.4
0.0
0.0
0.9
0.0
10.3
6.8
42
5.9
0.8
2.5
6.8
0.8
1.8
2.5

16
5.9
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Reptiles

During the site visit on August 13, 2008, several Florida cooters (Pseudemys spp.) were
observed in the spring pool. Cooters are also commonly seen basking in the spring run as well
as smaller alligators (personal observations). A non-fatal alligator attack was recorded from the
Weeki Wachee spring run in July, 1948; when a male alligator slightly over 9 feet in length, bit
the arm and hand of woman swimming alone in the stream (Allen and Neill 1949).
Manatees

Weeki Wachee Springs and the associated river system are available to manatees due to the
direct connection to the Gulf of Mexico. However, park staff report that manatees only
occasionally visit the headspring pool and the number of manatees observed in the spring run is
low compared to nearby coastal spring systems (e.g. Crystal and Homosassa Rivers). Aerial
surveys conducted by the US Fish and Wildlife Service between 1996 and 2005 reveal that the
Weeki Wachee Springs system averaged ten animals per survey during that time period; with

the maximum number of manatees counted in the Weeki Wachee being 34 animals on February

13, 2006 (Heyl 2008).

The suitability of the Weeki Wachee Springs system for manatees was investigated by
Taylor (2006) who found that anthropogenic use and modification of the spring pool shoreline
has resulted in the erosion of beach sand into the spring system. As a result, a shallow shoal
near the mouth of the spring pool has developed which would likely prevent manatees from
entering the spring pool during low water levels. Similarly, portions of the Weeki Wachee River
have shallow riffles and bars due to accumulation of sand which may also limit manatee access

(Taylor 2006).
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Ecosystem Functions
This spring system was previously by Odum (1957) who estimated metabolism during a
one-day sampling event in the spring pool during the summer of 1955. The gross primary
production estimate for Weeki Wachee was estimated to be 10.7 g O/ m?2/d and primary

production was observed to be a function of available light (Odum 1957).

This system is suitable for using changes in dissolved oxygen concentration to estimate
ecosystem productivity as dissolved oxygen concentrations increased relatively quickly, from
1.5 to 3.5 mg/L, in about 2,000 feet of upper spring run. Although the single main spring vent
may reduce variations in water chemistry, there is minor spring input (Twin Dees Springs) in
the upper spring run whose inputs will need to be quantified.

Human-Use Attendance and Activities

Weeki Wachee Springs likely represents one of the first spring systems to be developed for
tourism purposes, with the first mermaid show being performed there in 1947. Another major
milestone in the development of this spring was the 1982 opening of Buccaneer Bay Water Park.
The associated structures of the mermaid show and the water park are still in place today and
have dramatically altered the appearance of this spring. Today, tourism opportunities at Weeki
Wachee Springs include the Mermaid show, a river boat cruise, animal shows, and souvenir
and food concessions. In-water recreation opportunities include swimming, water slides, and
tubing in a portion of the spring pool area (Buccaneer Bay). Canoes are available for rental and
in the past, local dive shops were sporadically permitted to utilize the spring pool for dive
classes. The cave system of Weeki Wachee Springs does not appear to have been mapped,
although nearby Twin Dees Springs has been mapped. Neither of these spring systems are

currently available for cave diving.
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In the spring run, fishing and the operation of power boats are permitted, and it is not
unusual to see tubers, canoers, and power boaters, particularly during the summer. Along the
upper to middle spring run, two public beach type recreation areas are managed by the state
(FWC), while in the lower spring run, Hernando County operates a public park (Rogers Park)
which has a boat ramp, beach area, playground, cooking, and restroom facilities. At the mouth
of the Weeki Wachee River, there is another public property with boat ramps, a fishing pier,

picnic, and restroom facilities.

Until November 2008, Weeki Wachee has been operated as a private attraction and
attendance figures were not public. During the recent time period, annual visitation numbers
range around 200,000 persons a year, and peak visitation occurred in the 1950’s and 60’s, with
close to one million annual visitors. (John Athanason, Marketing Manager, personal
communication).

Minimum Flow and Levels

A MFL has recently been adopted for the Weeki Wachee River System by the Southwest
Florida Water Management District based on a comprehensive evaluation (Heyl 2008). The
proposed MFL for the Weeki Wachee system allows for a 10% reduction in flows that have been
corrected for ground water withdrawals. Depending on the method of averaging historic flow
data, the minimum flow for the Weeki Wachee River System may range from 128 to 141 cfs

(Table 9, Heyl 2008).

Additional evaluation of the thermal refuge provided by the Weeki Wachee Springs system
has been conducted in which a three-dimensional hydrodynamic model was developed
allowing for the projection of the intrusion of the colder, saline waters into the Weeki Wachee

River under varying freshwater flows from the spring (ATM 2007). Results of this modeling
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indicate that the maximum flow reduction that corresponded to a 15 % (an a priori limit)
reduction in manatee habitat area/volume was approximately a 5 % reduction in flow (ATM
2007). This analysis also suggests that the available thermal refuge is capable of supporting
over 1,300 manatees, a value that is two orders of magnitude above the present manatee

utilization of Weeki Wachee Springs.

TABLE 9
Weeki Wachee minimum flows based on various long-term averages (from Heyl 2008).
Minimum
Criterion Flow (cfs)
Minimum 10 yr Moving Average
(Based On Annual Average Flows) 141
Minimum 10 yr Moving Average
(Based On Annual Median Flows) 131
Minimum 5 yr Moving Average
(Based On Annual Average Flows) 136
Minimum 5 yr Moving Average
(Based On Annual Median Flows) 128
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