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ABSTRACT
Water Use Permits issued to Tampa Bay Water for surface water withdrawals from the Alafia River,
the Hillsborough River, and the Tampa Bypass Canal water supply projects specified the
development of a Hydrobiological Monitoring Program (HBMP) to detect potential adverse impacts
in these riverine estuaries and Hillsborough Bay. The HBMP employs a stratified random sampling
design, and includes monitoring elements for hydrology, water quality, sediments, benthos,
zooplankton, fish, birds and vegetation. The three affected water bodies are distinctly different in
many ways. The lower Alafia River has no major impoundments and is relatively unimpacted by
dredge and fill, urban runoff, or point source discharges. The Hillsborough River is highly urbanized,
and is impounded for public water use. As a result, the lower river receives widely fluctuating
freshwater inflows from releases over the dam, as well as substantial urban runoff. In addition, the
lower Hillsborough River has been substantially impacted by dredge and fill activities. The Tampa
Bypass Canal (TBC) is a deep-dredged and channelized man-made flood control conveyance for the
Hillsborough River. The lower TBC receives very little freshwater inflow, except during the release
of large volumes of floodwaters over the lowest control structure. In addition, the TBC receives
effluent from a municipal wastewater treatment plant. These hydrologic and morphometric
differences affect, and are reflected in, the biotic communities that reside and utilize these riverine
estuaries. This paper presents a comparative summary of the hydrology, water quality, and biota
of these three water bodies based on HBMP data collected between 2000 and 2002.

THE TAMPA BYPASS CANAL AND ALAFIA RIVER WATER SUPPLY PROJECTS
In their Master Water Plan, Tampa Bay Water, the regional water supply authority of the
greater Tampa Bay area, identified the need to develop approximately 46 million gallons per
day (mgd) of new water supplies for the region by year-end 2002 and an additional 41 mgd
of new water by year-end 2007. In 1998, Tampa Bay Water completed feasibility studies
addressing the use of excess surface water flows from the Alafia River, the Tampa Bypass
Canal, and high flows from the Hillsborough River to supplement regional potable water
supplies. These three surface water sources would be connected to a new 60 mgd regional
water treatment facility and a proposed off-stream reservoir. This entire suite of facilities,
including water sources, treatment facilities, and the reservoir, referred to as the Enhanced
Surface Water System. As proposed, the system would function generally as depicted in Figure
1, and as described below:
•
•

•

Surface waters would be withdrawn from one or more sources pursuant to the
permitted withdrawal schedules.
If less than 60 mgd were available from the combination of sources then all water
withdrawn would be conveyed to the new regional water treatment facility for
treatment and distribution.
If more than 60 mgd were available from the combination of surface water sources,
60 mgd would be conveyed to the regional water treatment facilities, and the
remainder of the permitted available supply would be conveyed to the off-stream
reservoir in southeastern Hillsborough County for storage.

The water in storage would be used to supply the new regional water treatment facilities
when less than 60 mgd were available directly from the surface water sources.
High flows from the Hillsborough River can be diverted to the Tampa Bypass Canal via the
Harney Canal to supplement available water supplies in the Tampa Bypass Canal. Because
of the interconnection between the two waterbodies, this water supply system was termed
the Tampa Bypass Canal Water Supply Project. In March 1999, the Southwest Florida Water
Management District (District) issued the final Water Use Permit for the Tampa Bypass Canal
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Water Supply Project. In July 1999, the District issued the final Water Use Permit for the
Alafia River Water Supply Project.

Figure 1. Schematic of the Enhanced Surface Water System (ESWS).

The estimated date for completion of the pumping and pipeline facilities for the Tampa Bypass
Canal and Alafia River Water Supply Projects was the summer and fall of 2002, respectively;
and production was scheduled to begin at these facilities in late 2002 or early 2003. These
facilities and associated infrastructure were essentially completed on schedule, and the
harvesting of surface waters from the Tampa Bypass Canal and Alafia River was initiated on
August 30, 2002 and February 7, 2003, respectively.
Withdrawals from the Tampa Bypass Canal Water Supply Project are made from a single
pump station in the middle pool, located immediately north of M. L. King Boulevard.
Withdrawals are made on a flow based schedule with calculated flow at Structure 160 on the
Tampa Bypass Canal, and calculated flow at Tampa Dam on the Hillsborough River, being
the criteria used to determine how much water Tampa Bay Water is allowed to harvest at any
point in time. Quantities from the Hillsborough River permitted for regional use are diverted
through the existing flood control structure (S-161) on the Harney Canal into the middle pool
of the Tampa Bypass Canal where they are withdrawn.
Withdrawals from the Alafia River are made from a single pump station on the Alafia River
located just upstream of Bell Shoals Road. Withdrawals are made on a flow-based schedule
with calculated river discharge at Bell Shoals Road being the criteria used to determine how
much water Tampa Bay Water is allowed to harvest at any point in time. The permitted Alafia
River surface water withdrawal schedule is shown in Figure 2.
THE HYDROBIOLOGICAL MONITORING PROGRAM
Development and implementation of comprehensive Hydrobiological Monitoring Programs
(HBMPs) for both the Tampa Bypass Canal and Alafia Water Supply Projects were required
as specific conditions of approval for their respective Water Use Permits. However, because
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of the similar schedule for development and the close proximity of the two water supply
projects, the District subsequently agreed that a single integrated HBMP could be jointly
developed and implemented to simultaneously address the permit requirements for both
projects. As specified in the permits, the primary areas within which monitoring and
evaluation will be undertaken must include: the lower Alafia River downstream of Aldermans
Ford Park to Hillsborough Bay; the Tampa Bypass Canal/Palm River below Structure 160;
McKay Bay; and the lower reaches of the Hillsborough River from the Tampa Dam to
Hillsborough Bay. As part of the Water Use Permit review process, by rule all applicants must
demonstrate that the proposed withdrawals or water uses will not cause adverse
environmental impacts to wetlands, lakes, streams, estuaries, fish and wildlife, or other
natural resources.

Figure 2. The permitted Alafia River surface water withdrawal schedule.

Given the technical complexity and political sensitivity of the projects, Tampa Bay Water
elected to develop the HBMP design in an open public forum with input from representatives
of regulatory and resource management agencies, and other stakeholders. A consensus-based
process was subsequently developed and implemented for the HBMP design phase. This
approach created a coordinated, interactive forum from which critical input was provided by
a team of consultant and university experts, as well as representatives of federal, state, and
local environmental regulatory and resource management agencies, and various
environmental activist organizations.
In response to a solicitation of a broad range of potential stakeholders to participate in the
HBMP design process, a core group of participants was identified. The HBMP Design Focus
Group (Focus Group) included representatives from the following agencies:
•
•
•
•
•
•
•

Tampa Bay Water
Environmental Protection Commission of Hillsborough County
Hillsborough County Water Team
Pinellas County
City of Tampa
City of St. Petersburg
Tampa Bay Estuary Program
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•
•
•
•
•
•
•
•

Tampa Bay Regional Planning Council
Southwest Florida Water Management District
Florida Department of Environmental Protection
Florida Fish & Wildlife Conservation Commission
University of South Florida College of Marine Science
Florida Marine Research Institute
National Audubon Society
PBS&J Consultant Team

To solicit and incorporate input from the HBMP Focus Group members, a series of six
workshops and progress meetings were conducted during the summer and fall of 1999. The
consensus-based process allowed for the continuous review and oversight of the emerging
HBMP design by all interested parties, resulting in a more robust technical design, and an
enhanced level of interagency and intergovernmental communication. Consequently,
consensus approval of the HBMP design was achieved in a greatly accelerated time frame.
The final HBMP design was described in the document entitled Tampa Bypass Canal/Alafia
River Water Supply Projects Hydrobiological Monitoring Program—Final Report (PBS&J, 1999).
The HBMP design was subsequently approved by the Tampa Bay Water Board of Directors
for implementation in December 1999.
As set forth in the District’s Basis for Review for water use permitting, the minimal goal of the
HBMP is to generate information at an appropriate scale and resolution to determine if the
permitted water supply projects are in compliance with applicable District rules for water use.
Accordingly, the programmatic goal of the HBMP was articulated by the Focus Group as
follows:
The goal of the HBMP is to ensure that, following the implementation of the permitted
surface water withdrawals, flows in the Tampa Bypass Canal, Hillsborough River and
Alafia River do not deviate from the normal rate and range of fluctuation to the extent
that:
•
•
•

Water quality, vegetation, and animal populations are adversely impacted in streams
and estuaries;
Salinity distributions in tidal streams and estuaries are significantly altered as a result
of withdrawals; or
Recreational use or aesthetic qualities of the resource are adversely impacted.

The Focus Group concluded that any potential impacts from the permitted surface water
withdrawals would likely first be manifested in the river systems where surface water
withdrawals will take place, and possibly Hillsborough Bay. Therefore, the potentially affected
waterbodies were defined to include: the lower reaches of the Alafia River (AR); the Tampa
Bypass Canal/Palm River (PR); McKay Bay (MB); and the tidal or lower Hillsborough River
(HR). These geographic areas of concern, or study areas, were subsequently termed as
reporting units.
The HBMP defines three monitoring program elements including hydrology/water quality,
biota, and habitat/vegetation. For each program element a list of critical indicators was
specified. Indicators are units of measure that describe the status of the statistical populations
or subpopulations of interest, usually in response to some environmental stressor. Table 1
lists the critical indicators identified for each of the HBMP elements, and their application to
the four primary reporting units.
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Two sampling designs were considered for application on the HBMP: probability sampling,
and non-probability sampling. Probability sampling requires that each possible sample has
a known and equal probability of selection, and the places and/or times to be sampled are
selected using a random process. Employing this approach requires a definition of the set of
distinct samples that the program is capable of collecting with respect to a specific population.
Non-probability sampling, on the other hand, typically involves sampling a restricted portion
of a population that is readily accessible (e.g., fixed station sampling of salinity from a
bridge), or the selection of “typical” or “representative” sample units that are close to the
sampler’s perception of the average of the target population (e.g., sampling only in the middle
of a river channel to the exclusion of the channel sides).
A probability sampling approach allows for inferences to be drawn about the target
populations (e.g., fish abundance in the lower Alafia River), as well as a variety of
subpopulations (e.g., fish abundance in a particular segment of the lower Alafia River, during
a particular season) if those subpopulations, or strata, are designed into the sampling
approach. For practical purposes, strata refer to spatial and/or temporal partitions across
which the sampling effort is distributed in order to characterize subpopulations. The use of
strata within a sampling design enhances the power to detect differences because it optimizes
the design based on the natural variability of the indicators being measured. Incorporating
strata into the sampling design and randomly selecting sampling locations across the various
strata is referred to as a stratified random sampling approach.
The Focus Group considered the ability to characterize the status of, and draw inferences
about, the various critical indicators in particular reporting unit segments, during particular
time periods, to be critical to evaluating potential impacts. Therefore, after considering the
merits of both probability and non-probability sampling designs, it was concluded that a
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probability-based design was best suited to meet most of the programmatic goals and
objectives of the HBMP. A probability-based sampling design was considered to be most
appropriate for discerning spatial and temporal variability in the abundance and distribution
of water quality constituents (e.g., salinity, dissolved oxygen) and biological populations (e.g.,
benthos, plankton, fish) within the potentially affected waterbodies. It should, however, be
noted that certain other data needs were identified that could best be addressed using a nonprobability sampling approach (e.g., fixed station measurements of water level and bird
populations). Several fixed stations for salinity, water level, and dissolved oxygen were also
included.
The theory of stratified sampling deals with properties of population estimates derived from
stratified samples, and with the optimal number of samples needed to obtain a level of
precision and statistical power adequate to meet defined monitoring objectives. In
consideration of these factors, a spatial and temporal stratification scheme for the primary
reporting units was adopted, and the minimum number of samples needed to estimate the
status of the various indicators within the defined spatial and temporal strata of interest was
determined.
The HBMP was implemented in April 2000, and has been ongoing since. In addition to
providing important compliance monitoring information that addresses the requirements of
the respective Water Use Permits, the HBMP is the first comprehensive hydrologic, water
quality, and biological monitoring program focused on the characterization of status and
trends in three of major tributaries to Tampa Bay. Information derived from the HBMP has
been widely disseminated and used by multiple regulatory and management agencies and
research organizations for a variety of applications and purposes.
The remainder of this paper presents a summary of period of record data collected by others,
and HBMP data collected through 2002, with the objective of comparing and contrasting prewithdrawals hydrologic and biological conditions in the lower Alafia River, the lower
Hillsborough River, and the tidal Tampa Bypass Canal (Palm River).
COMPARISON OF THE HBMP REPORTING UNITS
The Alafia River, the Hillsborough River, and the Tampa Bypass Canal constitute three of the
five most important tributaries to Tampa Bay with respect to the annual volume of freshwater
inflow, the other two being the Manatee River and the Little Manatee River. These three
tributaries, however, represent a gradient of anthropogenic impact with the Alafia being the
least impacted and the Tampa Bypass Canal being the most impacted. Past and ongoing
anthropogenic impacts to these systems include dredge and fill, point and non-point source
discharges, impoundment, and freshwater withdrawals. The relative effects of these
anthropogenic impacts on the hydrology and biology of these three tributaries have been
characterized by the HBMP.
The Alafia River is the least impacted of the HBMP reporting units. There are no major
impoundments on the river, and the only major surface water withdrawal is that permitted
to Tampa Bay Water. Upstream of the permitted withdrawal point at Bell Shoals Road, the
South Prong of the river has been heavily impacted by past phosphate strip mining, and there
has been a history of wastewater spills from upstream clay settling ponds. Land uses in the
lower river watershed are mostly rural in nature, with low density residential being the most
predominant. There has been relatively little dredge and fill in the river and its riparian
wetlands except near the mouth of the river where the dredging of a ship channel and turning
basin for the old Gardinier (now Cargill) phosphate processing facility extends from
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Hillsborough Bay up to the U.S. 41 bridge. The past discharge of spoil material in this area
resulted in the loss of substantial acreage of emergent tidal wetlands. The tidal river segment
of the Alafia River is approximately 16 km in length.
The Hillsborough River was first dammed in 1898 to provide a salt barrier, and in 1924 a
hydroelectric facility was constructed. The existing Tampa Dam was constructed in 1945 to
create the Hillsborough River reservoir, to provide the primary potable water supply for the
City of Tampa. The tidal Hillsborough River below the Tampa Dam is approximately 16 km
in length with a watershed area of about 11,400 acres. Land uses in the tidal river watershed
are predominantly urban, and approximately 76% of the tidal river shoreline has been
hardened to provide seawalls and bulkheads for residential, commercial, and industrial
development. As a result very little of the historic riparian wetlands remain. In addition, the
tidal river is a major drainage conveyance for urban runoff, with over 114 major storm water
outfalls discharging to it. Most of these non-point source discharges were constructed prior
to federal and state requirements for storm water treatment. The tidal river also receives
freshwater inflows from Sulphur Springs, an artesian spring with a mean annual discharge
of 40 cfs.
The lower Tampa Bypass Canal (TBC) is the most impacted of the HBMP reporting units. The
TBC was constructed between 1966 and 1982 as a flood control project with the objective of
diverting flood flows from the upper Hillsborough River around the City of Tampa. The tidal
segment was dredged along the historic stream channel of the Palm River, and the dredged
channel exceeds 8 m in depth upstream of confluence with McKay Bay. Native riparian
vegetation communities associated with the historic Palm River and its watershed were largely
filled by dredge spoil during the construction of the TBC. Freshwater inflows to the tidal
segment are controlled at Structure 160 (S-160) located approximately 7 km from the
confluence with McKay Bay. There is an existing 3 mgd domestic wastewater discharge just
downstream of S-160.
McKay Bay is a small shallow tidal embayment at the terminus of the lower TBC. Prior to the
extensive dredging and filling that took place in and around the Port of Tampa beginning in
the early 1900s, there was no distinct dividing line separating McKay Bay from the rest of
Hillsborough Bay. However, after the construction of the 22nd Street causeway and bridge in
1927, and the filling of Hooker Point ad Port Sutton, McKay became a semi-enclosed water
body. Like the TBC, McKay Bay has been impacted by dredge and fill, and only remnants of
the native emergent tidal wetlands now remain.
Freshwater Flows
Figures 3, 4 and 5 show box and whisker plots of monthly flows for the period of record in
the Alafia River at Lithia, the Hillsborough River at the Tampa Dam, and the TBC at S-160,
respectively. These plots indicate that the Alafia River exhibits the typical seasonal flow
distribution of west central Florida rivers, with greatest flows occurring during the wet season
months of June through October following the spring dry season low flows. Similarly, the
Hillsborough River exhibits the typical seasonal flow pattern, however, mean monthly flows
are lower than the Alafia, and very low to zero flows are common during the months of April
through June. In contrast, the seasonal flow pattern in the TBC virtually non-existent, and
mean monthly flows for all months are less than 200 cfs.
Figures 6, 7, and 8 show daily flows for the period of record in the Alafia River at Lithia, the
Hillsborough River at the Tampa Dam, and the TBC at S-160, respectively. These plots
indicate that the Alafia River exhibits continuous flows with both seasonal and annual flow
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Figure 3. Monthly flows in the lower Alafia River at Lithia (1975–2002).

Figure 4. Monthly flows in the Hillsborough River at Tampa Dam
(1999–2002).

Figure 5. Monthly flows in the Tampa Bypass Canal at S-160 (1983–2002).
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Figure 6. Daily flows in the lower Alafia River at Lithia (1975–2002).

Figure 7. Daily flows in the lower Hillsborough River at Tampa Dam
(1999–2002).

Figure 8. Daily flows at the Tampa Bypass Canal at S-160 (1983–2002).
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periodicity, with summer and winter ENSO high flows approaching and occasionally
exceeding 6,000 cfs. In contrast, the Hillsborough River exhibits many periods of very low or
zero flows, punctuated by periodic wet season ands winter ENSO high flows approaching and
exceeding 3,000 cfs. The TBC exhibits very low but continuous flows punctuated by
infrequent very high flows exceeding 6,000 cfs. Such high flows are controlled flood flow
diversions following exceptionally high rainfall volumes associated with tropical storms and
ENSO events.
Salinity
Figures 9, 10, and 11 show box and whisker plots for period of record and HBMP surface
salinity data for the Alafia River, the Hillsborough River, and the TBC, respectively. These
plots indicate that the Alafia River exhibits a spatial salinity gradient typical of river estuaries,
with salinities decreasing upstream from the mouth. Mean salinities at mouth range between
20–25 ppt, while mean salinity values decrease to near zero at river kilometer 17 (measured
upstream from the mouth). The Hillsborough River also exhibits a less pronounced salinity
gradient moving upstream from the mouth; however, minimum mean salinity values at the
Tampa Dam are approximately 5 ppt, with freshwater conditions only being attained during
periods of high flow. The TBC, on the other hand, exhibits virtually no spatial salinity
gradient, with mean salinity values of about 25 ppt from the mouth up to S-160.
Dissolved Oxygen
Figures 12, 13, and 14 show scatter plots for HBMP bottom dissolved oxygen (DO) data for
the Alafia River, the Hillsborough River, and the TBC, respectively. These plots indicate that
the Alafia River usually exhibits a healthy oxygen environment, with the vast majority of the
measured concentrations equal to or greater than the state standard of 5 mg/l. Worth noting
is the periodic hypoxia that occurs between river kilometers 2 and 13, as well as the
occasional very high DO concentrations measured near river kilometer 2. Periodic density
stratification and algal blooms are responsible for these anomalies. Comparatively, the
Hillsborough River exhibits a less healthy oxygen environment with many measured values
at or below the State standard, and widespread periodic hypoxia. The TBC exhibits the most
unhealthy oxygen environment with the majority of values at or below the State standard of
5 mg/l, and many zero DO measurements, indicating hypoxic and anoxic conditions ranging
from just upstream of the mouth to S-160. The dredged depth of the TBC and relatively poor
circulation appear to contribute significantly to these conditions.
Sediments
Figures 15, 16, and 17 are histograms of HBMP sediment data (percent fines and organic
matter) by river kilometer for the Alafia River, the Hillsborough River, and the TBC,
respectively. These histograms indicate that percent fines and percent organic matter reach
peaks in the Alafia River between river kilometers 4 and 8. In the Hillsborough River the
percent fines and percent organic matter reach peaks further upstream between river
kilometers 7 and 11, with another smaller peak between river kilometers 3 and 4.
Furthermore, the percent organic matter is generally higher than in the Alafia. In contrast,
mineral fine-grained sediments dominate the deep dredged TBC, with percent fines ranging
from 50 to greater than 90 percent, a far greater proportion of fines than in the Alafia or
Hillsborough. Fine-grained mineral sediments appear to be remnants of the TBC channel
dredging.
Emergent Aquatic Vegetation (EAV)
Figures 18, 19, and 20 are histograms of HBMP emergent aquatic vegetation data (hectares
per 100-meter interval) by river kilometer for the Alafia River, the Hillsborough River, and the
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Figure 9. Surface salinity in the lower Alafia River.

Figure 10. Surface salinity in the lower Hillsborough River.

Figure 11. Surface salinity in the Tampa Bypass Canal.
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Figure 12. Bottom dissolved oxygen in the lower Alafia River.

Figure 13. Bottom dissolved oxygen in the lower Hillsborough River.

Figure 14. Bottom dissolved oxygen in the Tampa Bypass Canal.
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Figure 15. Sediment fines and organic matter in the lower Alafia River.

Figure 16. Sediment fines and organic matter in the lower Hillsborough River.

Figure 17. Sediment fines and organic matter in the Tampa Bypass Canal.
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Figure 18. Emergent aquatic vegetation in the lower Alafia River.

Figure 19. Emergent aquatic vegetation in the lower Hillsborough River.

Figure 20. Emergent aquatic vegetation in the Tampa Bypass Canal.
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TBC, respectively. These histograms indicate that the vast majority of emergent aquatic
vegetation in the Alafia River occurs from the mouth up to river kilometer 6. This vegetation
is predominantly mangroves near the mouth, transitioning to Juncus roemerianus marshes
and then to tidal freshwater marshes. Upstream of about river kilometer 6 the river profile
becomes much more incised and relatively little riparian wetlands exist. Comparatively, the
Hillsborough River has far less area of emergent aquatic vegetation than the Alafia. The
mouth of the Hillsborough is virtually entirely hardened where the river flows through
downtown Tampa. Small clusters of fringing tidal marshes exist between river kilometers 6
and 8, and small tidal freshwater marshes exist in the vicinity of Rowlett Park just
downstream of the Tampa Dam. The TBC has more emergent aquatic vegetation than the
Hillsborough, but substantially less than the Alafia. Most of the emergent aquatic vegetation
in the TBC is mangroves near the mouth extending up to river kilometer 4, while small
fringing tidal marshes occur further upstream to S-160.
Benthic Invertebrates
Figures 21, 22, and 23 are histograms of HBMP benthic invertebrate density data (mean
number of individuals/m2) by river kilometer for the Alafia River, the Hillsborough River, and
the TBC, respectively. These histograms indicate that in both the Alafia and Hillsborough
Rivers, benthic invertebrate densities are generally comparable, and are greatest in the lower
reaches and decrease moving upstream. In the TBC, however, benthic invertebrate densities
in the deep dredged channel are more than an order of magnitude lower than in the other two
reporting units, and densities decline to near zero in the upper reaches near S-160. These
extremely low benthic invertebrate densities are likely due to the poor oxygen environment
that exists in the deep dredged TBC. Benthic invertebrate densities in the shallower shoreline
areas are generally comparable to the Alafia and the Hillsborough Rivers.
Figures 24, 25, and 26 are histograms of HBMP benthic invertebrate species diversity data
(mean number of taxa/sample) by river kilometer for the Alafia River, the Hillsborough River,
and the TBC, respectively. These histograms indicate that benthic invertebrate diversity is
highest in the Alafia River and only slightly lower in the Hillsborough River. In addition, in
both reporting units diversity is greatest in the lower reaches and decreases moving upstream.
In the TBC, this pattern is also observed in the shallower shoreline areas, however, in the
deep dredged channel benthic invertebrate densities are substantially lower than in the Alafia
and the Hillsborough Rivers, declining to less than three taxa per sample in the upper reaches
near S-160.
Zooplankton and Ichthyoplankton
Figures 27, 28, and 29 are histograms of HBMP zooplankton (including both invertebrate
zooplankton and ichthyoplankton) density data (mean number of individuals/m3) by river
kilometer for the Alafia River, the Hillsborough River, and the TBC, respectively. These
histograms indicate that zooplankton densities are highest in the TBC and lowest in the Alafia
River. Furthermore, in the Alafia and TBC peak zooplankton densities occur at the mouth,
whereas in the Hillsborough peak densities occur in the middle and upper reaches.
Figures 30, 31, and 32 are histograms of HBMP zooplankton (including both invertebrate
zooplankton and ichthyoplankton) diversity data (mean number of taxa/m3) by river
kilometer for the Alafia River, the Hillsborough River, and the TBC, respectively. These
histograms indicate that zooplankton diversity is greatest in the Alafia River, and generally
comparable between the Hillsborough River and the TBC. Furthermore, in all three reporting
units zooplankton diversity is greatest near the mouth and decreases moving upstream.
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Figure 21. Benthic invertebrate density in the lower Alafia River.

Figure 22. Benthic invertebrate density in the lower Hillsborough River.

Figure 23. Benthic invertebrate density in the Tampa Bypass Canal.
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Figure 24. Benthic invertebrate diversity in the lower Alafia River.

Figure 25. Benthic invertebrate diversity in the lower Hillsborough River.

Figure 26. Benthic invertebrate diversity in the Tampa Bypass Canal.
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Figure 27. Zooplankton density in the lower Alafia River.

Figure 28. Zooplankton density in the lower Hillsborough River.

Figure 29. Zooplankton density in the Tampa Bypass Canal.
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Figure 30. Zooplankton diversity in the lower Alafia River.

Figure 31. Zooplankton diversity in the lower Hillsborough River.

Figure 32. Zooplankton diversity in the Tampa Bypass Canal.
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Fish
Figures 33, 34, and 35 are histograms of HBMP fish density data (mean number of individuals
per seine net sample) by river kilometer for the Alafia River, the Hillsborough River, and the
TBC, respectively. These histograms indicate that fish densities are highest in the TBC and
lowest in the Alafia River. Furthermore, in the Alafia River peak fish densities occur in the
lower reaches (distinctly at river kilometer 4), whereas in the Hillsborough River and TBC
peak densities generally occur in the middle and upper reaches, respectively. In the TBC very
high numbers of a few species (e.g., Anchoa spp., Menidia spp.) were typically encountered.
Figures 36, 37, and 38 are histograms of HBMP fish diversity data (mean number of
individuals per seine net sample) by river kilometer for the Alafia River, the Hillsborough
River, and the TBC, respectively. These histograms indicate that fish diversities are highest
in the Alafia River and lowest in the TBC. Furthermore, in the Alafia River fish diversity is
greatest near the mouth and decreases moving upstream, whereas in the Hillsborough River
and the TBC fish diversity is relatively even throughout all reaches.
SUMMARY
Table 2 provides a comparative summary of the hydrologic, water quality, and biological
characteristics of the tidal Alafia River, Hillsborough River, and Tampa Bypass Canal. These
three water bodies represent a wide range of physical and hydrologic alteration, and this
range of anthropogenic disturbance is proportionally reflected in the hydrology, water quality,
and biology of these systems. Future regulatory decisions affecting these systems—including
Minimum Flows and Levels, Water Use, NPDES, and Total Maximum Daily Loads—should
be based on both their existing conditions as well as their potential for restoration.
DR: [derobison@pbsj.com]
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Figure 33. Fish density in the lower Alafia River.

Figure 34. Fish density in the lower Hillsborough River.

Figure 35. Fish density in the Tampa Bypass Canal.

95

Robison & McConnell

Figure 36. Fish diversity in the lower Alafia River.

Figure 37. Fish diversity in the lower Hillsborough River.

Figure 38. Fish diversity in the Tampa Bypass Canal.
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