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INTRODUCTION

The Supreme Court places a heavy burden on States like Florida that seek to upset the
status quo through a common-law equitable apportionment action. As the Court has explained,
“the equities supporting the protection of existing economies will usually be compelling,”
Colorado v. New Mexico, 459 U.S. 176, 187 (1982) (Colorado 1), because the “harm that may
result from disrupting established uses is typically certain and immediate, whereas the potential
benefits from a proposed diversion may be speculative and remote,” Colorado v. New Mexico,
467 U.S. 310, 316 (1984) (Colorado II). This case begins and ends with these principles:
Georgia’s existing water uses are compelling, disrupting those uses will cause certain and
substantial harm, and Florida’s claimed injuries are speculative or not attributable to those uses.

Georgia is home to over 98% of the population and economic activity in the
Apalachicola-Chattahoochee-Flint River Basin (“ACF Basin”). ACF waters in Georgia support
a city of five million people and a multibillion dollar agricultural industry. And yet, despite
those highly beneficial uses, the vast majority of water in the Basin flows through to Florida,
both in times of plenty and in times of drought. Florida receives more than 90% of available
water under most conditions. And even in the worst drought conditions, the United States Army
Corps of Engineers (“Corps”) guarantees flows to Florida of at least 5,000 cubic feet per second
(cfs) in most cases—an amount Florida itself says is “enough water both to supply approximately
19 million people and irrigate approximately four million acres of farmland.”*

Before the Supreme Court will interfere with a sovereign State’s decisions on how to use

the water within its own borders, the Court requires a plaintiff State to demonstrate an injury

caused by another State that is “real and substantial,” Idaho ex rel. Evans v. Oregon, 462 U.S.

Fla. Mot. in Limine to Preclude Expert Testimony by Dr. Philip Bedient and Dr. Sorab Panday at 3 (Sept. 16, 2016)
(emphasis in original).



1017, 1028 (1983), and that constitutes “serious damage to her substantial interests and those of
her citizens,” Colorado v. Kansas, 320 U.S. 383, 398 (1943). A plaintiff State, moreover, must
prove those injuries by clear and convincing evidence: “Society’s interest in minimizing
erroneous decisions in equitable apportionment cases requires that hard facts, not suppositions or
opinions, be the basis for interstate diversions.” Colorado Il, 467 U.S. at 320-21.

This case fails at the outset because Florida cannot meet its burden of proving real and
substantial injury by clear and convincing evidence. As Florida readily admits, this is not a case
of economic harm. Rather, Florida attempts to establish a series of ecological harms that it
claims must be caused by Georgia’s upstream water use. But these harms either do not exist, are
based on speculation, or were caused by factors other than Georgia, such as operations of the
Corps, uncontrollable forces of nature, or Florida itself. For example, Florida says that Georgia
caused its oyster collapse, but Florida’s own leading scientists at the University of Florida
studied this issue for thousands of hours and “did not find correlations” between Apalachicola
River flows and the 2012 oyster collapse. Florida also claims that Georgia’s water use has
endangered the fat threeridge mussel, but the U.S. Fish and Wildlife Service has estimated that
between 6 and 18 million fat threeridge live in the Apalachicola River, ten times prior estimates.
And Florida has been forced to concede that it was the Corps (not Georgia) that fundamentally
changed the river’s habitat when it built Woodruff Dam and dredged the river channel.

The evidence will also show that Georgia’s water use is “equitable” by any measure. The
Atlanta metro region is a nationally recognized leader in water stewardship. Georgia has spent
millions on water conservation in the region, and both per capita and total consumptive water use
have declined in Atlanta over the last twenty years. Tellingly, Florida has dropped the expert it

retained to critique Atlanta’s water conservation efforts. Moreover, since the late 1990s when



scientific evidence first began to suggest that agricultural irrigation could have an impact on
streamflows, Georgia has directed significant funds and resources toward agricultural water
conservation. Georgia has extensively studied agricultural water use in the ACF Basin, enacted a
suite of measures to promote conservation and efficient water use, provided resources to farmers
to improve irrigation efficiency, and placed limitations on new irrigations permits in key areas.
Those efforts have had real and meaningful impacts and have stabilized water use in the region.

Florida also has not advanced a remedy that is reasonable, proportionate, cost-justified, or
that would provide Florida relief in the absence of the United States as a party. Florida proposes
draconian reductions in Georgia’s water use—cuts that will cost hundreds of millions (if not
billions) of dollars and will generate a mere fraction of the water that Florida suggests. In some
cases, Florida proposes entirely implausible reductions that would meet or exceed the total
amount of water Georgia consumes on a monthly basis. Those dramatic and costly reductions
will also yield no benefit to Florida in drought times because of the way the Corps manages
dams and reservoirs in the Basin, which involves increasing storage in reservoirs and not
supplementing downstream flow until drought conditions have abated. And even if the Corps
did allow that additional water to pass into the Apalachicola River, Florida has come forth with
no evidence—Iet alone clear and convincing evidence—that those additional amounts would
remedy the ecological harms of which it complains. Accepting Florida’s proposed remedies
would thus inflict massive economic injury on Georgia’s farmers and Atlanta’s water supply,
without providing any measurable benefit to Florida.

For those same reasons, the evidence has now clearly shown that the United States is a
necessary party to this dispute, and that this case cannot be fairly adjudicated in the absence of

the United States as a party. Both Georgia and Florida’s experts have determined that



reductions in Georgia’s consumptive use will not lead to material increases in flow at the state
line during dry months and drought years without Corps involvement. Indeed, when Florida’s
own expert modeled a scenario in which Georgia’s agricultural water use was reduced by 50%,
there was little to no increase in state line flows during recorded dry months and drought
years. These expert analyses prove what Georgia has consistently argued: without Corps
involvement, any limitations on Georgia’s water use will not provide Florida meaningful relief.
For these reasons, and for those discussed below, Georgia respectfully asks that the
Special Master deny Florida’s requested relief, which will only serve to jeopardize Georgia’s
economy and the well-being of its citizens, while providing no corresponding benefit to Florida.

ARGUMENT
l. Florida Must Overcome Substantial Burdens Of Proof.

As the plaintiff in an equitable apportionment action, Florida must prove its case by clear
and convincing evidence. Colorado Il, 467 U.S. at 316. That burden is “much greater” than in
an ordinary civil case. Connecticut v. Massachusetts, 282 U.S. 660, 669 (1931). This Court
imposes that demanding burden because it is “conscious of the great and serious caution with
which it is necessary to approach the inquiry whether a case is proved” in an original jurisdiction
action. Kansas, 320 U.S. at 393-94. Florida is asking the Court to intervene in a dispute
between two sovereign States and impose restrictions on one sovereign’s internal activities at the
behest of another. That is a serious and sensitive task. Colorado Il, 467 U.S. at 314. Before the
Court will take the extraordinary step of intervening in a State’s affairs, “the case must be of
serious magnitude and fully and clearly proved.” Kansas, 320 U.S. at 393.

Florida’s burden is even higher because it seeks to disrupt substantial and longstanding
uses in Georgia. Because “the equities supporting the protection of existing economies will

usually be compelling,” the Court begins its analysis from the presumption that Georgia’s



substantial upstream economies should be maintained. Colorado I, 459 U.S. at 187. To
overcome that presumption and upset the status quo, Florida must prove four things by clear and
convincing evidence: (1) that it is suffering “real and substantial injury or damage,” Idaho, 462
U.S. at 1027; (2) that its injury is proximately caused by Georgia’s upstream water use, and is
not caused by other factors; (3) that Georgia’s upstream water uses are inequitable; and (4) that
its proposed remedy will redress its alleged injuries and that the benefits of its proposed remedy
“substantially outweigh the harm that might result” to Georgia, Colorado I, 459 U.S. at 187.
Relying exclusively on footnote 13 from Colorado I, Florida argues that the downstream
state need only prove injury and causation, and then the burden shifts to the upstream state to
prove that its use is equitable and that a remedy is not justified.” That misreads the law.
Colorado I and Colorado Il do not distinguish between upstream and downstream states for
burden purposes. To the contrary, those cases placed the burden of proof on the state seeking to
disrupt the status quo. Colorado | made clear that the state seeking to change the status quo must
“demonstrate[] by clear and convincing evidence that the benefits of the diversion substantially
outweigh the harm that might result.” 459 U.S. at 187. And Colorado Il reiterated the “long-
held view” that the “proposed diverter” bears the burden of proof on most issues in equitable
apportionment cases. 467 U.S. at 316. Colorado thus bore the burden of proof not because it
was the “upstream state,” as Florida claims, but because it was the state seeking to disrupt the
status quo with a new diversion. Colorado I, 459 U.S. at 177. Florida’s burden-shifting theory
is also inconsistent with other equitable apportionment cases. The Supreme Court has long
required states seeking to change the status quo to prove both inequitable upstream use and that a
proposed remedy will redress its harms. See Kansas v. Colorado, 206 U.S. 46, 117 (1907);

Idaho, 462 U.S at 1028; Washington v. Oregon, 297 U.S. 517, 522 (1936).

Z See Fla. Resp to Ga. Mot. for Extension of Expert Discovery Deadlines at 2-3 (Mar. 15, 2016).



I, Florida Cannot Show Clear And Convincing Evidence Of Substantial Injury
Caused By Georgia’s Water.

The first two elements of the equitable-apportionment analysis can be addressed together:
Unless Florida can prove by clear and convincing evidence that it is suffering substantial injury,
and that its injury is caused by Georgia’s water use, Florida is not entitled to an equitable
apportionment. ldaho, 462 U.S. at 1029 (denying relief because “Idaho ha[d] not carried its
burden of demonstrating a substantial likelihood of injury”); Washington, 297 U.S. at 544
(denying relief because “[i]f any wrong has been done, it is unsubstantial and uncertain”);
Connecticut, 282 U.S. at 667-69 (denying Connecticut’s request to cap Massachusetts’ proposed
withdrawals because Connecticut had not established injury or causation); Pennsylvania v. New
Jersey, 426 U.S. 660, 663 (1976) (per curiam) (“[A] plaintiff State must first demonstrate that
the injury for which it seeks redress was directly caused by the actions of another State™).

Florida has no evidence of economic harm in this case.> There is no evidence, for
example, that Florida has been deprived of water for municipal or industrial purposes, or that it
has been left with insufficient water for agricultural irrigation. Nor is there any evidence that
any local economy in Florida is being harmed. Instead, Florida relies on a series of speculative
ecological harms to try to meet the injury requirement. Discovery has shown, however, that
those arguments have no merit and that Florida has failed to carry its burden on injury.

A. Georgia’s Water Use Did Not Cause Florida’s Oyster Fishery Collapse.

Florida began this case by alleging that it suffered “real and substantial injury” because
Georgia’s upstream water use caused the oyster fishery in the Apalachicola Bay to collapse in
2012. See Compl. 11 6, 43, 54, 56. This allegation has itself collapsed in discovery, principally

on the basis of scientific study and analysis conducted by University of Florida experts.

® See, e.g., Sunding Tr. 16:22-17:2; Phaneuf Tr. 25:14-22.



Although the Florida legal team attempted to derail these experts’ research, the University of
Florida put science ahead of politics and published its findings. And those findings foreclose
Florida’s attempts to attribute the 2012 oyster collapse to Georgia’s water use.

These studies began when Florida Governor Rick Scott requested research on the cause
of the 2012 collapse.* Professor Karl Havens, an ecological biologist at the University of
Florida, assembled a team of experts that came to include oyster biologist and marine fisheries
expert, Dr. William Pine, also of the University of Florida. After more than two years and
thousands of hours of research, Dr. Pine just last year published a peer-reviewed journal article
entitled “The Curious Case of the Eastern Oyster,” which remains the definitive analysis
concerning the subject of the 2012 Apalachicola Bay oyster collapse. Dr. Pine and his
colleagues reached the following unambiguous conclusion:

We did not find correlations between Apalachicola River discharge measures ...

and our estimated relative natural mortality rate ... or oyster recruitment rates|.]

The overall relationships between freshwater flows, drought frequency and

severity, oyster recruitment, and harvest dynamics remain unclear, and this is an
area of ongoing work.”

When asked under oath whether he had seen evidence to support Florida’s allegation that
“[r]educed freshwater inflows ... precipitated a collapse of the Apalachicola Bay oyster fishery,”
Compl. § 54, Dr. Pine unflinchingly testified: “No.”® He also testified that there was no “clear”
or “convincing” evidence “of a connection between Apalachicola River flows and oyster
mortality.”” Dr. Havens similarly testified that his team “never found any quantitative linkage

between flow from the [Apalachicola] river and the crash with the oysters.”®

*Ex. 1 at UFL_0053544 (12/3/2012 Email from Pine to Havens); Havens Tr. 86:6-14.
% Ex. 2 at p.4 (Pine, Curious Case article) (emphasis added).

® Pine Tr. 308:8-19.

" Pine Tr. 291:14-25.

® Havens Tr. 175:18-21.



Florida’s lawyers in this case understood how devastating these findings were for this
case. As Dr. Pine put it: “I was told by my FWC colleague that the attorneys thought the papers
should be withdrawn, and if they were published...they could ‘make things difficult for me.””®
Florida’s legal team was “not happy” with Pine’s findings.’® Dr. Pine was told there was
concern that his papers “may be disadvantageous to Florida’s legal position in the current
litigation.”** And, as he reported contemporaneously, “[a]t issue is the perception that the work
I’ve led undermines the State of Florida’s assertion in the ongoing lawsuit that the Apalachicola
oyster collapse was caused by water policy in Georgia.”** Dr. Havens likewise recognized that
“Ir]esults from some of the [Sea Grant] funded research strongly supports the Georgia case.”*?
Florida’s lawyers threatened Pine with retaliation precisely because he had found that Florida
“can’t figure out what caused the collapse because the evidence isn’t clear.”** This led Pine to
hire his own attorney to protect his academic independence and represent him in any further
dealings with Florida state officials and members of Florida’s legal team.® This is the opposite
of “clear and convincing” evidence that Georgia’s water use caused the oyster collapse. Science,
not threats and suppression of facts, should prevail, and here the science found no connection
between river flow and the health of Apalachicola oysters.

The truth is that Florida’s own mismanagement of its oyster fishery had a devastating

impact on Apalachicola Bay oyster populations. In September 2012, Governor Scott wrote a

letter to the Federal Government seeking federal aid to deal with the oyster situation. Although

% Ex. 3 at UFL_00214273 (12/20/2014 Pine email).
10
Id.
' Pine. Tr. 363:13-20; Ex. 3 at UFL_00214273 (12/20/2014 Pine email).
2 Ex. 3 at UFL_00214273 (12/20/2014 Pine email).
B Ex. 4 at UFL_00251508 (2/9/2015 Havens email).
Y Ex. 3 at UFL_00214273 (12/20/2014 Pine email).
15
Id.



he did point to the (later-disproved) theory of low flows from the Apalachicola River as one
potential cause, Governor Scott also admitted that
[h]arvesting pressures and practices were altered to increase fishing effort, as
measured in reported trips, due to the closure of oyster harvesting in contiguous

states during 2010. This led to overharvesting of illegal and sub-legal oysters
further damaging an already stressed population.*®

This pressure to fish was driven by fear that oil from the Deepwater Horizon oil spill might reach
the Bay and harm the oyster habitat.’” Not long after the Governor’s letter, Florida realized that
blaming its own conduct could jeopardize its ability to secure federal disaster aid.*® Florida
hastily drafted a report that blamed the collapse on Georgia’s upstream water use. It then
submitted that report in an attempt to obtain a federal disaster declaration.™

But Florida cannot avoid plain facts. In the two years immediately prior to the collapse,
oystermen fished at unprecedented and unsustainable levels with regulatory requirements and
fishing restrictions eased by the State to encourage it.?° Florida also tolerated the removal of
“sublegal” oysters, which deprived the Bay of the less mature oysters that are necessary to
sustain the population.”* As a report issued by the Florida agency charged with monitoring
oysters found:

The practice of harvesting sub-legal oysters appears to be an extension of a ‘use it

or lose it’ attitude that prevailed during the fall and winter of 2010.
Throughout the period when oil posed an unpredictable threat to the oyster

1 Ex. 5 at FL-ACF-02425652 (9/6/2012 Gov. Scott disaster request).

YEx. 6 at FL_SEA_GRANT _40074-75 (FDACS Oyster Resource Assessment Report); Parrish Tr. 110:15-111:1
(stating that the “general consensus” was to harvest the resource in case the oil spill impacted the bay).

8 Ex. 7 at FL-ACF-02016441 (4/23/2013 Heil email) (NOAA employee flagging over-harvesting concerns
associated with Florida’s disaster application); Ex. 8 at FL-ACF-01936043 (NOAA official’s “initial conclusion was
overharvesting”); Ex. 9 at FL-ACF-BERRIGAN-0000198 (4/29/2013 Estes email) (conversation with NOAA
official flagging lack of intervention by Florida management and over-fishing concerns).

9 Ex. 10 at FL-ACF-03475196 (Florida Gulf Coast Oyster Disaster Report).

2 Ex. 11 (Order No. EO 10-19) (summer oyster bars opened ten days early); Ex. 12 (Order No. EQO 10-25)
(increased from five to six days); Ex. 13 (Order No. 10-32) (increased from six to seven days; opens winter bars two
months early); Ex. 14 at FL-ACF-04088387 (6/17/2010 Press Release).

21 Ex. 15 at UFL_00233421(2012 Oyster Resource Assessment Report).



fishery, less effort was directed toward enforcing size limits, perhaps, yielding to
the view that it would be more beneficial to harvest the available resource.??

Even as the oyster population declined due to intense fishing, Florida refused to close the Bay to
allow the oyster population to recover.”® As Dr. Havens wrote, “the [Fish and Wildlife
Commission] won’t close the bay to harvesting despite evidence that the bay’s population of
oysters is almost 100% depleted.”** All of this fishing had a devastating impact. As Florida’s
own contemporaneous agency reports found, “the overall condition of many reefs has declined
substantially over the past two years as a result of continuous harvesting from Cat Point and East
Hole Bars, concentrated and intensive harvesting by the majority of the fishing fleet, and the
excessive harvesting of sub-legal oysters.”%

Florida also failed to take critically needed steps to restore the oyster reefs that its own
policies had so badly damaged. Florida officials admit that a process called “re-shelling” is the
single most effective method of restoring the oyster resource.?® Yet re-shelling efforts in the
years immediately prior to the collapse decreased to a mere fraction of historical levels, and
today Florida no longer independently funds them.?” Notwithstanding the recommendation of

Drs. Pine and Havens that Florida aggressively resume re-shelling,?® Florida has not undertaken

meaningful re-shelling efforts or other efforts to restore the oyster habitat.*

2 |d. at UFL_00233421 (emphasis added); see also Berrigan Tr. 151:2-14 (Florida’s enforcement of legal size
oyster rules was “lax” after the oil spill).

% Lipcius Tr. 310:10-311:11; Ex. 16 at 25-31 (Lipcius Rep.).

2 Ex. 17 at UFL_00248654 (9/2/2014 Havens email).

% Ex. 15 at UFL00233420 (2012 Oyster Resource Assessment Report).

% See, e.g., Berrigan Tr. 76:5-77:14; 78:25-79:5 (“Restoring habitat [through re-shelling] is an important aspect in
restoring reef functionality.”); 81:25-82:5 (Re-shelling is the “most cost effective way” to protect oyster resources).
27 Lipcius Tr. 322:17-324:5; Berrigan Tr. 107:3-111:8 (describing difficulties in securing money for re-shelling).

% Ex. 18 at FL_SEA-GRANT _41141(2013 Oyster Situation Report); Ex. 2 at p.4 (Pine, Curious Case article).

# Lipcius Tr. 322:17-324:5; Berrigan Tr. 107:3-111:8 (describing difficulties in securing money for re-shelling
activities from the state legislature during his tenure); Ex. 19 (Oyster_Cultch_time_Series.xlsx); Hartsfield Tr.
123:6-124:12 (noting that as of August 2013, only 2% of areas that needed re-shelling had been re-shelled).
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B. Georgia Has Not Caused Substantial Injury To The Apalachicola River.

Florida also attempts to prove “real and substantial injury” by arguing that Georgia’s
upstream water use has caused harm to various species in the Apalachicola River and its
connected floodplain. Florida’s river ecology expert, Dr. David Allan, concedes that he did not
study most species in the river.*® Instead, he focused primarily on mussels, Gulf sturgeon and
other riverine fish, and Tupelo trees. The evidence shows, however, that the federal dam at the
state line and river dredging are largely to blame for any changes to the ecology of the river and
that populations for the species Dr. Allen studied are stable or increasing.

Impact of Federal Dam & Dredging. Through its operation of dams and reservoirs, the
Corps often provides Florida with more water than it would otherwise receive during dry months
or times of drought. But as scientists from federal agencies and the State of Florida have
repeatedly concluded, the construction of Woodruff Dam by the Corps has also been the single
biggest cause of ecological change to the Apalachicola River. The United States Geological
Survey (“USGS”) published a paper in 2006 that expressly found that “water-level decline
caused by channel change is probably the most serious anthropogenic impact that has occurred
so far in the Apalachicola River and floodplain.”®* That “channel change” is the result of the
Corps’ construction of Jim Woodruff Dam and navigation dredging in the Apalachicola River—
not Georgia’s water use. As Florida’s witness on riverine injury testified: “[w]herever you have
a dam...the dam impedes sediment flow down the river. The river is hungry, and as a result, it
will scour any material below a dam. And as it scours, it will lower the bed of the river.”** That

same witness acknowledged just what USGS found: “[t]he entrenchment right below the dam

%0 Allan Tr. 216:12-262:5 (no study of birds, amphibians, reptiles, or mammals).
1 Ex. 20 at 1 (Light, et al., Water Level Decline article)
¥ Hoehn 30(b)(6) Tr. 89:23-90:8.
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has had an impact on species.”** And Matthias Kondolf, one of Florida’s retained experts, wrote
a paper in 2009 that concluded that “the Apalachicola River ecosystem has been severely
degraded through a long history of navigational dredging by the U.S. Army Corps of
Engineers.”® Dr. Kondolf also opined that Corps “activities have destabilized and widened the
river channel; reduced the river's hydraulic complexity and habitat diversity; smothered and
displaced habitat in the river's rich sloughs, floodplains, and channel margins; and altered the
river's flow regimes.”*® These are the conclusions of Florida’s own scientists and experts.

Mussels. Florida has historically claimed harm to three endangered species of mussels in
the Apalachicola River: the fat threeridge, the purple bankclimber, and the chipola slabshell.
The United States Fish & Wildlife Service (“USFWS”)—the federal agency charged specifically
to monitor and protect those species—has repeatedly found that the flow levels established by
the Corps are sufficient to protect those species and their habitat. In fact, though Dr. Allan,
claims the fat threeridge is somehow in peril, USFWS estimates that there are now between 6
and 18.6 million fat threeridge living in ten times the suitable habitat previously believed to
exist.*® That population is thriving, not failing, and the Government has begun the process of de-
listing the fat threeridge from the endangered species list.*’

Nor are the Chipola slabshell or purple bankclimber impacted by Georgia’s upstream

consumption. The USFWS found as much in its 2012 and 2016 biological opinions, and

% 1d. at 91:12-13.

# Ex. 21 at FL-ACF-03388635 (6/9/2009 Hoehn email); Kondolf Tr. 64:20-65:18.

% Ex. 21 at FL-ACF-03388635.; Kondolf Tr. 69:12-70:15; 72:5-73:20.

% Ex. 22 at 124 (2016 USFWS Biological Opinion); see also Ex. 23 at USFWS0043974 (Smit, Using Sonar article)
(estimating number of fat threeridge mussels in Apalachicola River at more than 8 million as of August 2013); Ex.
24 at USFWS0088935 (2/3/2015 Zettle email)) (FWS is “moving forward with the reclassification” of the fat
threeridge mussel as of February 2015.).

¥ Hoehn Tr. 149-50; Ex. 23 (Smit, Using Sonar article); Ex. 25 (6/7/2013 Information Memorandum); Ex. 26
(6/10/2013 Information Memorandum); Ex. 27 (7/30/2013 Kaeser email); Ex. 28 (FDEP 2013 Coordination Act
Report); see also Ex. 29 at 2-199 (2015 Draft EIS for Water Control Updates) (“Ongoing studies by the USFWS in
the Apalachicola River suggest that previous estimates likely underestimated the population of fat threeridge in the
middle river reaches.”).
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Florida’s expert admitted that he cannot claim Georgia harmed either species. Like the USFWS
found, Dr. Allan conceded that “the Chipola slabshell is not thought to be vulnerable to water-

level changes.”®

He also admitted that the purple bankclimber only lives in stretches of the
river that have been dramatically altered by Corps activities and therefore any harm to that
species cannot be tied to Georgia.** And with regard to habitat for all three species, USFWS
found in 2012 and again in a report released just last week that the Corps’ reservoir operations
and current flow levels “will not destroy or adversely modify designated critical habitat” for
those species.*

In fact, Florida has admitted it has no evidence of population decline caused by Georgia
for any mussel species. As Dr. Allan testified: “I did not do any population studies on these

three species.”*

Florida cannot possibly claim clear and convincing evidence of harm to
mussels where Florida has developed no evidence of population level declines of any mussel
species (and, in fact, where at least one species has made a robust recovery); where the evidence
shows the mussels are unaffected by Georgia; and where the USFWS has repeatedly concluded
that water flows in the Basin are sufficient to maintain these species.

Gulf Sturgeon. Florida officials acknowledge that any harm to historic sturgeon
populations is the result of the construction of Woodruff Dam by the Federal Government, not of

Georgia’s water use. The dam prevents sturgeon from accessing historic spawning areas in

Georgia, and it will continue to do so regardless of how much water Georgia uses or does not

% See Allan Tr. 418:6-19.

% See id. at 402:19-25 (“My analysis did not pursue the issue of harm to the purple bankclimber.”).

0 Ex. 30 at ii (2012 USFWS Biological Opinion) (finding all three endangered species stable or increasing under
Revised Interim Operating Plan over objection by Florida); see also Ex. 22 at 187-89 (2016 USFWS Biological
Opinion).

*“* Allan Tr. 423:9-13.
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use.”? Other witnesses in this case agree.*> Florida also has no evidence that Gulf sturgeon
populations have declined in recent years.** In fact, population estimates by USFWS in 2012
found that Gulf sturgeon populations are stable or gradually increasing,”> and in the report
released last week USFWS reaffirmed that the population is “stable.”*® Dr. Allan, for his part,
testified that he could not offer an opinion on whether the sturgeon population is “increasing,
declining or remaining stable”—not exactly clear and convincing evidence of harm.*’

Tupelo Trees. Florida has also claimed a diminution in Tupelo tree populations. But that
species also has been impacted by the channel changes to the river caused by Woodruff Dam and
dredging activities of the Corps. By deepening the river channel, those activities led to lower
water levels and less inundation even at the same level of flow coming from Georgia.** As the
USGS has recognized, “[a]s a consequence of this decreased inundation, the quantity and quality
of floodplain habitats for fish, mussels, and other aquatic organisms have declined, and wetland
149

forests of the floodplain are changing in response to drier conditions.

C. Florida Cannot Prove Ecological Harm To Apalachicola Bay.

Florida’s argument that the ecology of the Apalachicola Bay as a whole is at a “tipping
point,” is not based on real-world evidence, let alone the clear and convincing sort, and relies on

an attenuated causal chain through the entire food web that cannot possibly be sustained. See

2 Ex. 31 at FL-ACF-03393541 (5/32/2013 Hoehn email) (“The [Jim Woodruff Dam] also resulted in reduced access
to historically important upstream spawning habitat. . . . Important species most affected include the federally listed
Gulf Sturgeon[.]”); Leitman. Tr. 120:5-121:6 (the “population of Gulf sturgeon has declined significantly since Jim
Woodruff Dam was constructed, . .. the construction of the dam limited the potential spawning habitat for the
sturgeon”).

> Weller Tr. 54:3-6; Leitman Tr. 120:5-24.

“ Allan Tr. 193:24-194:12; 515 (admitting no information about change in population of Gulf Sturgeon).

* Ex. 32 at 3 (USFWS and NMFS, 2009 Gulf Sturgeon 5-Year Review).

%6 Ex. 22 at 103 (2016 USFWS Biological Opinion).

“" Allan Tr.194:11-12.

8 Ex. 21 at FL-ACF-03388635 (6/9/2009 Hoehn email); Ex. 20 at 1 (Light, et al., Water Level Decline article).
*Ex. 20 at 1 (Light, et al., Water Level Decline article).
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Aransas Project v. Shaw, 775 F.3d 641, 656 (5th Cir. 2014) (rejecting similar argument under
Endangered Species Act on proximate causation grounds).

To begin, there is no evidence of harm to so-called “primary producers”—the
phytoplankton and other organisms that make up the lowest level of the food chain.®® Aquatic
vegetation has recovered in the Bay since being devastated by Hurricane Dennis in 2005, and the
community structure of plants and animals in the Bay remains strong and dynamic.>* Florida’s
expert on these microscopic organisms admitted that she had “no information or data that food
availability in the Bay is impaired” or “negatively impacted” for white shrimp, blue crab, or any
fish species®; and that she had “not done any analysis that would permit [her] to identify
minimal flows in the Apalachicola Bay that would be required for the ecosystem not to be

harmed or in peril,”>*

rendering the rest of her opinion pure speculation.

Florida also has no evidence of harm to organisms at higher levels of the food chain, such
as fish in the Apalachicola Bay. Florida’s expert on these organisms—Dr. Jenkins—had
exceptional difficulty testifying as to which organisms in the Bay had been harmed.* He also
testified that he could not “point to a decline in the number of freshwater species among the 12

most abundant species in the bay, from the 1970s to the 2000s.”*°

In light of this and similar
testimony, Florida dropped Dr. Jenkins from its witness list. Florida’s other ecology expert, Dr.
Glibert, testified that she had “no data or information indicating any fish species in the

Apalachicola Bay has been negatively impacted by impaired food availability,” because her

%0 See Ex. 33 at 61-63 (Menzie Rep.).

Ld. at 114.

52 Glibert Tr. 73:13-18; 73:19-74:2, 75:2-8; 76:17-77:1.
3 1d. at 107:16-22.

> Jenkins Tr. 65:18-69:11.

*1d. at 443.
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“analyses did not go into specific fish species.”®® With Dr. Jenkins out of the case, Florida has
no testimony on harm to the fish populations of Apalachicola Bay.

In contrast to this complete lack of evidence about harm to the Bay, Georgia’s ecology
expert, Dr. Charles Menzie, demonstrated that there is simply no evidence that the Bay is
suffering severe ecological harm, much less that it has reached any kind of “tipping point.” And
Georgia’s oyster ecology and marine fisheries expert, Dr. Romuald Lipcius, showed that
shellfish in the Bay, such as shrimp and blue crab, have not suffered population declines.>” Even
Dr. Glibert, who is the leading proponent of Florida’s misguided “tipping point” theory, admits
that “estuaries are dynamic systems,”*® that “ecosystems can come back from “tipping points,””>
and most tellingly, that even if a “tipping point” had been reached in 2011-2012, recent flow data
“is consistent with a trajectory of recovery.”® Moreover, she admitted that she could not
“identify any period, prior to 2011 and 2012, when the Apalachicola Bay estuary did not recover
261

from ecological stress to the estuary.

D. Florida Cannot Create New Legal Definitions Of “Harm” To Compensate
For Its Failure to Develop “Clear And Convincing” Evidence.

Realizing it cannot demonstrate clear and convincing evidence of substantial injury
caused by Georgia, Florida has attempted to define “harm” so broadly that it includes virtually
any change to any species for any reason. Florida believes it has suffered injury “if the species
has had anything ranging from death to a disruption of anything regarding its life cycle.”® Thus,
Florida would have this Court define “injury” for equitable apportionment purposes as

constituting disruption to any portion of a species’ “life cycle” or any action that “disrupt|[s]

% Glibert Tr. 76.

" Ex. 16 at 65-66 (Lipcius Rep.).
%8 Glibert Tr. 288:13-18.

% 1d. at 285:12-286:12.

% 1d. at 706:8-706:22; 707:1-708:4.
%% 1d. at 307:16-308:10.

%2 Hoehn 30(b)(6) Tr. 60:18-24.
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some part of their needs. For example, one of Florida’s experts defined harm as the

“reduction of access to optimal feeding habitat,”®*

though he refused to say how far below
“optimal” will actually cause a species to suffer harm.®®> And that exposure to sub-optimal
feeding habitat, according to Florida, need not even result in the death of a single organism in
order to constitute harm.

Florida’s definition of harm is indefensible. This Court has never found that mere
“disruption” in the life cycles of species—without any evidence of an actual or imminent decline
in population—is sufficient to justify the extraordinary remedy of equitable apportionment. To
the contrary, this Court will intervene in a dispute between states only when the injury is shown
to be “of serious magnitude.” Kansas, 320 U.S. at 393. That demanding standard requires, at
the very least, that Florida prove some actual decline in the species with respect to which it
alleges injury. Activities that do not reduce the population of a species, but instead may (or may
not) “disrupt” its lifecycle, are not the “hard facts” showing injury this Court demands and are

thus not cognizable injuries in equitable apportionment actions. Colorado Il, 467 U.S. at 320-21.

E. Florida Cannot Show By Clear And Convincing Evidence That Georgia’s
Water Consumption Is Decreasing Flows At The State Line.

Finally, even if Florida could clear the injury and causation hurdles (and it cannot),
Florida’s claims would fail at yet another level of the causal chain: Florida does not have clear
and convincing evidence that Georgia’s consumptive water use has materially reduced the
volume of water flowing from Georgia into Florida. This is primarily because the Corps largely
controls the amount and timing of flow entering the Apalachicola River at all times of the year

through its operation of a complex system of dams and reservoirs in the Basin. No water enters

% |d. at 62:10-11; see also id. 63:3-4 (a species is harmed “if any parts of [its] life cycle[] are disrupted”).
* Allan Tr. 509:20-21.
% See id. at 511:5-9.
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the Apalachicola River from either the Chattahoochee or Flint River without passing through the
Corps’ facilities, including Woodruff Dam located at the Florida-Georgia border.®® The federal
reservoir system offsets natural variability in streamflow in the ACF Basin, which the Corps
does by storing water in the reservoirs during high-flow conditions and releasing water to
*augment” flows during dry times. This has the effect of “smoothing out” the impact of flow
variability, including that resulting from upstream water use, which renders the link between
Georgia’s water use and state-line flow tenuous.

At the outset, experts on both sides agree that, for the vast majority of months in the vast
majority of years, Georgia’s consumptive water use has only a de minimis impact on streamflows
in the ACF Basin.®” Since 1980, Georgia’s total annual water use in the Basin has reduced
streamflows in Georgia by less than 1,000 cfs per year.®® By comparison, that is less than 5% of
the average annual flow entering the Apalachicola River.”® Georgia’s water use also has no
material impact on state-line flows if the analysis is limited to May to September, the months in
which flows are typically at their lowest. In those months, since 1994, total streamflow
reductions caused by Georgia’s consumptive water use averaged approximately 1,170 cfs, or the
equivalent of less than 10% of streamflow in the Apalachicola River during that period
(approximately 15,000 cfs).”” Thus, even when water is generally in its greatest demand and
flows are at their lowest, Georgia’s water use represents a relatively small percentage as

compared to state-line flow. An overwhelming majority of water remains available for Florida.

% Ex. 34 (USACE Scoping Report).

% Sunding Tr. 281:6-9 (“Virtually all of the discussions that | have had with other Florida experts have focused on
dry years. | just haven't heard any issues raised about average or wet year problems.”) Dr. Allan, Florida’s
ecological expert assumes no flow-related harms occur in the riverine ecosystem during the months of October
through February. Ex. 35 at 132 (Allan Rep.).

% Ex. 36 at 3-4, 36-37 (Bedient Def. Rep.); Ex. 37 (20160223-ACF-GA-total-consumptive-monthly.xlIsx); Ex. 38
(USGS Groundwater and Surface Water Data).

*Ex. 36 at 3-4.

0 1d. at 4, 37-38 (Bedient Def. Rep.); Ex. 37 (20160223-ACF-GA-total-consumptive-monthly.xIsx); Ex. 38 (USGS
Groundwater and Surface Water Data).
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Not only does Georgia consume only a limited amount of water in the rivers in Georgia,
the fact that the reservoirs redistribute water throughout the ACF Basin has the effect of
minimizing the impact of Georgia’s consumptive use. During seasonal low-flow and drought
periods, the Corps strategically releases water from federal reservoirs to guarantee a minimum
flow to Florida. Indeed, during drought periods, actual flows at the state line are often
significantly higher than they would be in the absence of Corps operations. Most relevant here,
during times of drought, the Corps guarantees flows of at least 5,000 cfs into the Apalachicola
River (except in very narrow circumstances when it can be lowered to 4,500 cfs).”* As a result,
Georgia’s consumptive use often has no direct effect on flows entering the Apalachicola River,
especially during low-flow and drought periods when Florida purports to need water the most. "

To the extent Florida asserts it is receiving less water than it did historically, the evidence
shows that such decreases are largely due to an increase in the severity and frequency of natural
droughts. The past 15 years of record have seen several severe, multi-year droughts, including
droughts in 1999-2001, 2006-2008, and 2010-2012.” Indeed, according to NOAA, the 24-
month period from December 2010 to November 2012 was the driest 24-month period ever
recorded for the State of Georgia, and drought conditions for those years were acutely focused on
the southwest corner of the State.”* Georgia’s expert hydrologist has found a clear, direct
relationship between precipitation and streamflow in the ACF Basin.” In fact, Florida’s own
hydrology expert, Dr. George Hornberger, concluded that flow declines within Florida were

attributable to “natural climate variations” resulting from “the dry period in the last roughly 15

™ Ex. 29 at ES-11 to ES-12 (2015 Draft EIS for Water Control Updates) (explaining that during “drought
operations,” “the minimum release from Jim Woodruff Lock and Dam is 5,000 cfs [and] any basin inflow above
5,000 cfs may be stored™); see also id. at 2-70 to 2-73 (describing RIOP operations); Ex. 39 at 17-23 (Bedient Rep.).
2 Ex. 36 at 37-38 (Bedient Def. Rep.).

" Ex. 40 (US Drought Monitor data).

" Ex. 41 (NOAA Drought Annual 2012).

™ Ex. 36 at 72-76 (Bedient Def. Rep.) (finding a relationship after analyzing over 80 years of precipitation and
streamflow data).
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years.”’® The evidence thus shows that any lower streamflows into Florida are the result of these
multi-year droughts, not Georgia’s consumptive use.’’

There is also some irony in Florida’s attempts to blame Georgia for reductions in
streamflow. The evidence will show that over the past several decades a material amount of
Apalachicola River water has been lost entirely within Florida’s borders. Since 1978, Florida’s
contribution of flows to the Apalachicola River has declined from approximately 5,000-6,000 cfs
to approximately 1,000-2,000 cfs.”® Florida does not contest this long-term decline.”” And as
Florida’s percentage “share” of water contributed to the Apalachicola River has been shrinking
over time, Georgia’s “share” has been increasing.*® In a very real sense, Florida is asking
Georgia to make up for water that Florida has lost in the last 40 years.

I1l.  Florida Cannot Show Clear And Convincing Evidence That Georgia’s Water Use Is
Inequitable.

Beyond proving injury and causation, Florida must also prove that Georgia’s upstream
water use is inequitable, which it cannot do. The Court will closely evaluate the nature and value
of Georgia’s uses, and can “decline[] to grant any relief ... on the ground that the great benefit to
[the upstream state] outweighl[s] the detriment to [the downstream state].” Colorado I, 459 U.S.
at 186; Kansas, 206 U.S. at 117 (denying relief notwithstanding “perceptible injury” where
upstream use “transform[ed] thousands of acres into fertile fields”); Washington, 297 U.S. at 523
(denying relief where remedy would injure upstream state with no benefit to downstream state).

The evidence shows that Georgia uses water in the ACF Basin for highly beneficial purposes,

"® Hornberger Tr. 573:3-8; Ex. 42 at 18-19 (Hornberger Def. Rep.).

" Ex. 36 at 74-76 (Bedient Def. Rep.).

®1d. at 76-77.

™ Fla. Reply in Support of Mot. in Limine to Preclude Expert Testimony of Dr. Bedient and Dr. Panday on “Lost
Water” at 3-4 (Oct. 7, 2016).

8 Ex. 36 at 78-79 (Bedient Def. Rep.).
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supporting millions of people and billions in economic output. At the same time, Georgia has
been a conscientious and effective steward of water resources.

A. Georgia’s Water Consumption Is Plainly Equitable.

There can be no dispute that Georgia uses ACF waters for highly beneficial purposes.
ACF waters are the principal municipal and industrial water supply for the Atlanta Metropolitan
Area, the ninth largest metropolitan area in the United States.®* Approximately 5.1 million
citizens in Georgia rely on the ACF Basin for their daily water supply, including drinking,
cooking, cleaning, and other everyday uses.®” As this Court has noted, “[d]rinking and other
domestic purposes are the highest uses of water[,]” and “[a]n ample supply of wholesome water
is essential.” Connecticut, 282 U.S. at 673. ACF Georgia is also home to many industries and
businesses for which water is a key input, including manufacturing industries such as poultry
processing and aircraft manufacturing, and green industries such as greenhouse production,
landscaping, and horticultural services. Together, those industries contribute nearly $13.5 billion
to total Gross Regional Product (GRP) and employ nearly 50,000 people.®

ACF waters are also the driving force behind Georgia’s agricultural industry, which is
one of the largest and most productive in the Nation. In 2013 alone, agricultural revenues in
ACF Georgia from three key row crops (corn, cotton, and peanuts) were over $1 billion, and
total agricultural revenues for the region exceeded $4 billion.?* ACF Georgia accounts for over
25% of all peanut acreage nationwide, and grows nearly half of all cotton in the State, which is

the nation’s second largest cotton producer. Within the ACF Basin, substantial economic

81Ex. 49 at GA02451835 (Georgia’s Comments on Water Control Manual Update).
82 Ex. 44 at Att. A, p.2 (4/29/2016 Metro District Memo); Ex. 45 at 16 (Mayer Rep.).
8 Ex. 43 at 28-29 (Stavins Rep.).

* 1d. at 30.
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activity also depends on output from the agricultural sector, contributing an additional $687
million per year to GRP.%°

Farmers must irrigate to ensure the viability of their crops and provide the agricultural
commodities on which the State and our nation depend. Without irrigation, farmers lack a
reliable source of water for their crops, particularly during dry periods. Even Florida’s
agricultural irrigation expert agreed that “farmers using dryland farming are at an increased risk
of low yields” and “face an increased risk of crop failure compared to farmers who irrigate.”®
Another of Florida’s experts explained that crop yield “is extremely responsive to supplemental

87 and without irrigation, “complete crop failure” was possible.?® Crop yield data

irrigation
bears this out: without irrigation, Georgia’s farmers would produce 51 percent smaller peanut
yields, 78 percent lower cotton yields, and 93 percent lower corn yields during dry years.®® Even
during normal years, both Georgia and Florida experts agree that yields from irrigated fields are
significantly greater than yields from non-irrigated fields for all major row crops.*

In comparison to the highly beneficial purposes to which Georgia puts the waters in the
ACF Basin, Florida’s uses are relatively minor. In 2014, the permanent population of the Florida
portion of the ACF basin was less than 3% of the total population of the Basin, and ACF Florida

accounts for less than 1% of the economic activity in the basin.** Florida has relatively little

agricultural activity in the ACF Basin.** And there is no large metropolitan area in ACF Florida

 Ex. 44 at Att. 2 (4/29/2016 Metro District Memo); Ex. 43 at 30-32 (Stavins Rep.).

% Bottcher Tr. 81:8-18.

¥ Hoogenboom Tr. 89:20-23.

%1d. at 117:20-118:1.

8 Ex. 43 at 33 (Stavins Rep.) at 33.

% Ex. 46 at 16-17 (Irmak Rep.); Ex. 47 at 10 (peanuts), 18-19 (corn), 27-28 (cotton), 36-37 (soybean) (Hoogenboom
Rep.).

1 Ex. 43 at 22 (Stavins Rep.).

% Barr Tr. 254:13-15.
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that must be supported. Even the oyster industry Florida seeks to protect generates only between
$5-8 million in revenue per year.*®

In light of Georgia’s highly beneficial uses, and Florida’s comparatively minor uses,
Georgia’s consumptive water use is exceedingly reasonable. ACF Georgia is home to 98% of
the population in the ACF Basin, has 99% of the economic activity in the ACF Basin, 5 times the
land area of ACF Florida, 80 times more employees than ACF Florida, 56 times the population
than in ACF Florida, and a GRP that is 129 times larger than ACF Florida.** Yet, Georgia
consumes only a small fraction of the water available in the ACF system, and the vast majority
of water flows through to Florida.

What is more, there is no indication that Georgia’s water use will substantially increase in
the near future. Georgia’s projected water supply needs for the entire ACF Basin through 2040
would amount to an increase in Georgia’s water use of only 62 cfs.*> The resulting decrease of
streamflow at the state line during low-flow periods resulting from that increase would often be 0
cfs, as a result of the Corp’s regulation of water in the Basin.”® Florida’s asserted fears of “ever-
increasing” water use by Georgia are therefore unfounded.

B. Georgia Has Made Substantial Efforts To Conserve Water For Municipal
And Industrial Purposes.

Florida has struggled to make a case against Atlanta’s municipal and industrial
conservation practices. Florida has now dropped the sole expert it had retained to critique
Atlanta’s conservation measures. And for good reason: Georgia has invested heavily in

comprehensive efforts to conserve water for municipal and industrial purposes.

% Ex. 48 at 43 (Phaneuf Rep.). Dr. Phaneuf also admits that the total annual revenue from the combined harvest of
shrimp, crab, and finfish is only $4.5 million.

% Ex. 43 at 18, 22 (Stavins Rep.).

®Ex. 36 at 7 (Bedient Def. Rep.).

*1d. at 54.
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To begin, the vast majority of water that Georgia withdraws from the ACF Basin for
municipal and industrial purposes is thereafter treated and returned to the system, after which
that water is free to flow down the watershed. The Metro Water District®” returns more than
70% of the water it withdraws back to the ACF Basin.” That is true even in drought years. In
2011, Georgia achieved a return rate of over 70% during one of the worst droughts in State
history.*® Return rates are projected to reach 75% by 2050.'® Achieving those high return rates
has been extraordinarily costly. For example, Gwinnett County spent more than $1 billion to
construct a water reclamation facility capable of returning 20 mgd of wastewater back to the
Chattahoochee River and 40 mgd to Lake Lanier.'*

Georgia also has required all water systems and local governments within the Metro
Water District to enact some of the most aggressive conservation measures adopted anywhere in
the United States. Those mandatory practices include: residential and commercials water audits;
replacement of older, inefficient plumbing fixtures; award-winning education and customer
outreach programs; low-flow retrofit kits for residential units; high-efficiency toilets in
government buildings; multi-family high-efficiency toilet rebates; meters with point-of-use leak
detection; and high-efficiency plumbing fixtures in new construction.'®® Georgia requires
rigorous water loss audits that must be validated by a third party.’® Additionally, the Metro

Water District and other water providers in the ACF Basin implement increasing block rate,

" The Metro Water District encompasses 15 counties and 92 separate municipalities in the metropolitan Atlanta area
and is tasked by statute with preserving and protecting water resources. The Metro Water District develops
comprehensive regional and watershed specific water resource plans to be implemented by local governments.

% Zeng Tr. 632:7-11; Ex. 45 at 15 (Mayer Rep.); Ex. 49 at GA02451997- GA02451998 (Georgia’s Comments on
Water Control Manual Update).

% Zeng Tr. 523:19-23.

0 1d. at 42:24-44:8.

101 Ex. 45 at 51 (Mayer Rep.).

192 1d. at 80:4-14, 695:7-18; Ex. 50 at GA02451936 (1/11/2013 Gov. Deal letter); Ex. 45 at 58-59 (Mayer Rep.).

103 Ex. 45 at 26 (Mayer Rep.).
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* These forward-

conservation pricing—an important practice reducing overall water use.™
looking measures have been supported by billions of dollars of investment by local governments
and water suppliers in the Atlanta metropolitan area.'®

Georgia has also implemented drought-management rules designed to reduce M&I water
use during periods of severe drought. Those rules establish pre-drought mitigation strategies'®
and set forth graduated increases in restrictions based upon the level of severity of a drought.*’
Georgia has not hesitated to utilize these tools. For example, during the 2007-2009 drought,
Georgia ordered an almost total outdoor watering ban'® and mandatorily required all water
suppliers in the Atlanta region to reduce their use by 10%.' Georgia updated the drought rules
in 2015 to incorporate additional pre-drought mitigation strategies; a drought declaration
process; a menu of drought response strategies; and a drought response committee.*°

In 2010, Georgia enacted the Water Stewardship Act, which supplemented the Metro
District’s water conservation and efficiency programs and was designed “to create a culture of
water conservation in the state of Georgia.”*** The Stewardship Act required local governments,
public water systems, and state agencies to adopt permanent outdoor water use restrictions,
increased block rate pricing for all residential customers, and required sub-metering in all new
buildings and annual water loss audits for public water systems statewide.*?

As a result of these conservation measures, M&I water usage in the Metro Water District

has dropped dramatically—both in terms of total consumptive use and per capita use. Total M&lI

104 Mayer Tr. 231:19-24; Kirkpatrick Metro District 30(b)(6) Tr. 49:10-15; Ex. 45 at 61 (Mayer Rep.).
105 See Ex. 51 at GWNT-DWR0012553 (2009 Summary of Water Conservation).

105 Ex. 52 (2003 Georgia Drought Management Plan).

7 Ex. 53 at GA00081536- GA00081539 (Ga. Comp. R. & Regs. R. 391-3-30-.01-08).

108 Ex. 54 at FL-ACF-02640133 (9/28/2007 Press Release).

109 Ex. 55 at GA01210159 (10/23/2007 Press Release).

10 Ex. 53 (Ga. Comp. R. & Regs. R. 391-3-30-.01); Ex. 56 (12/30/2014 Turner memo).

" Ex. 57 at § 1 (S.B. 370).

"2 1d. at 88 2-3, 10.
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consumptive use decreased from 1994 to 2013 in the Metro District, even as the population more

than doubled over the same period.?

Per capita water use in the Metro District has also
declined rapidly since 2000—dropping from 155 gallons per capita per day (GPCD) in 2000 to
98 GPCD today.™ Per capita water use in the Metro District is lower than Florida’s per capita

5

rate in the ACF Basin, in Jacksonville, and in Tampa.'*®> Florida’s own expert, Dr. Dracup,

acknowledged in his deposition that “something below a hundred gallons per day per capita”
would indicate that “water conservation measures are being appropriately implemented.”*®
With per capita use in Atlanta at 98 GPCD, Florida decided not to bring Dr. Dracup to trial.

In light of these efforts, Georgia has emerged as a national leader in public water supply
management. In 2012, the Alliance for Water Efficiency gave Georgia the highest score given to
any state nationally for water conservation and efficiency, while Florida earned a “C”.'!
Georgia also leads the nation in progress on auditing of public water systems,™® and has been

recognized as a leader for its water conservation, education, and customer outreach programs.***

C. Georgia Has Made Substantial Efforts To Conserve Agricultural Water
Resources.

Georgia also has taken a number of wide-ranging, large-scale, and proactive measures to
enhance management and conservation of agricultural water resources. Throughout discovery in
this case, Florida has repeatedly cited a number of documents and public statements indicating
that Georgia was aware of potential water management issues in the Lower Flint River Basin by

the late 1990s. Florida ignores, however, what happened next: Georgia promptly took a series of

113 See Mayer Tr. 88:12-90:23, 102:12-19.

14 1d, at 95:29-97:9, 101:10-102:6; Ex. 45 at 17-19 (Mayer Rep.).

115 See Mayer Tr. 67:2-23; 74:20-76:19.

18 Dracup Tr. at 132:12-18.

7 Ex. 58 (State Scorecard).

118 Ex. 59 at 45-46 (Water Audits in the United States).

91n 2015, the Metro District was awarded the prestigious 2015 EPA WaterSense Excellence in Education and
Outreach award. See EXx. 60.
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proactive and reasonable actions in response to these potential issues and developed a regime of
comprehensive and effective water management in the ACF Basin.

In the late 1990s, signs emerged that, during times of extreme drought, agricultural
pumping in ACF Georgia could have an impact on water levels in the Flint River. At the time,
the evidence was uncertain. Very few scientists had studied the issue; the hydrologic models
available were rudimentary; there were no precise studies of the amount of irrigated acreage in
the ACF Basin; agricultural water uses were unmetered and estimates of total agricultural water
use were often overstated; and the interaction and impacts of groundwater pumping to surface
water flows was not fully understood.*®® Nonetheless, Georgia quickly implemented a process to
comprehensively and scientifically study agricultural water use in the ACF Basin, while also
taking steps to better conserve and manage water resources.

That multi-year process had two primary components. First, Georgia’s Environmental
Protection Division (EPD) placed a moratorium on new agricultural groundwater and surface
water permits in the ACF Basin.'?* The moratorium, which prohibited any new permits in areas
where streamflow was considered most sensitive to agricultural withdrawals, lasted for over six
years. Second, Georgia initiated a Sound Science Study to better understand the impact of

agricultural irrigation on surface water flows.'??

The Sound Science Study brought together
technical experts, policymakers, farmers, environmental groups, and other stakeholders in a
collaborative process that lasted several years. Georgia hired contractors to map irrigated
acreage; collected data on irrigation application amounts for different crops and climatic

conditions; measured distributions of agricultural water use; worked with USGS to study the

120 see Ex. 61 at USGS-0020249, USGS-0020260-USGS0020265 (Torak, Water Availability and Competing
Demands) (explaining that the Torak and McDowell (1996) model was outdated but USGS working to fill data gaps
and develop model to improve understanding of groundwater and surface-water interaction).

12l Reheis Tr. 34:8-37:3.

122 Reheis Tr. 288:19-290:3; Cowie Tr. 473:1-21.
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hydrology of the region; commissioned the development of an advanced hydrologic model to
study the impact of groundwater pumping on streamflows; and evaluated numerous conservation
practices and irrigation efficiency measures.'?®

While the moratorium was in place and the Sound Science Study was underway, Georgia
took other steps to improve conservation in the ACF Basin. In 2000, Georgia passed the Flint
River Drought Protection Act (“FRDPA”), which empowered the Director of EPD to issue a
prediction of “severe drought conditions” by March 1st of each year, and to administer an
auction whereby farmers may voluntarily agree not to irrigate in return for monetary payments.
EPD conducted auctions pursuant to the FRDPA in both 2001 and 2002, which resulted in the
removal of 33,000 and 40,000 acres from irrigation, respectively, at a combined cost of $10
million.*** Policymakers had mixed views on the effectiveness of the auction process in the
FRDPA, and Georgia ultimately amended the Act in 2014 with the goal of improving it. In the
meantime, Georgia pursued other, more efficient programs to address conservation.

Building on the FRDPA, in 2003 Georgia passed legislation requiring the installation of

125

flow meters on irrigation withdrawals. Georgia has invested more than $22 million in

metering efforts under the Agricultural Water Metering Program, and over 11,000 meters have

® In addition to

been installed throughout the state, including over 4,000 in the ACF Basin.*
providing a benefit to growers, who can use this knowledge to better plan their irrigation
activities, the agricultural metering data has been used for water planning and policymaking.

In 2006, after years of careful study and development, Georgia’s Sound Science Study

culminated with the Flint River Basin Regional Water Development and Conservation Plan

12 Ex. 62 at GA00185754-755, GA00185783-792 (2006 Flint River Regional Water Plan).

124 Ex. 63 at GA00201026 (Summary of FRDPA Auctions).

125 Ex. 46 at 60-61 (Irmak Rep.).

126 See id.; Ex. 64 at 11 (Torak, Summary of Georgia Agricultural Conservation and Metering Programs)); Ex. 65
(USGS, GA Agricultural Water Conservation and Metering Program); Ex. 66 (GSWCC Metering Program).
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(“FRB Plan”). The FRB Plan divided the Basin into different “zones” based on hydrologic
sensitivity to groundwater withdrawals. After the issuance of backlogged permits, applications
for new irrigation permits were severely restricted in the most sensitive zones, termed “Capacity
Use Areas,” and remain so to date. New or modified permits in the remaining zones were
required to implement a suite of advanced conservation protections, including end-gun shut-off
switches, which prevent center pivot irrigation of non-cropped areas; leak prevention and repair
plans; pump-safety shutdown switches; rain-gage shut-off switches; and low-flow protection
plans that mandated cessation of irrigation during extreme drought conditions.*?’

Georgia has also implemented mandatory statewide and regional water planning, which
requires regional councils—including councils located in the ACF Basin—to devise water
management plans and update those plans every five years. Those plans, which are compiled
with the support of expert technical consultants and policymakers, seek to identify the amount of
water available in a given region, the amount of water that is projected to be required for
agricultural or other uses, and management and conservation practices that will help use water
resources efficiently. The first state plan was completed in 2008 and the first regional planswere
completed in 2011. Currently the regional councils are in the initial five-year process of
reviewing and revising their regional water plans.*®

Georgia has also implemented aggressive efficiency requirements for irrigation
equipment in the ACF Basin. As mentioned above, the FRB Plan requires all irrigation systems
in Conservation, Capacity, or Restricted Use areas to implement efficiency measures. Georgia

has also passed legislation mandating that all center-pivot irrigation systems—by far the most

127 See Ex. 62 at GA00185768-70 (2006 Flint River Regional Water Plan).
128 Masters Tr. 696:3-24.

29



common irrigation systems—be at least 80% efficient.'?® These efforts have worked. Currently,
farmers in the Lower Flint River Basin use low pressure irrigation systems to irrigate over 90%
of the irrigated acreage in the region.”® In the most hydrologically sensitive areas, farmers use
low pressure irrigation systems to irrigate 93% of irrigated acreage.**

Georgia also makes numerous resources available to help farmers manage their irrigation
systems more efficiently. The State has invested millions in a Mobile Irrigation Lab program,
which (at no cost to farmers) audits the uniformity of farmers’ center pivot irrigation systems and
subsidizes the costs of retrofitting those systems to achieve greater efficiency.'** Georgia has
completed over 460 irrigation system retrofits, covering over 40,000 irrigated acres. Georgia has
also funded institutes like the University of Georgia Extension, which has had over 250,000 face-
to-face contacts with farmers and overseen 1,740 hours of farmer training;** the Georgia Water
Planning & Policy Center, which provides technical assistance and educational outreach to
farmers and helps them access USDA programs; and the Flint Soil and Water Conservation
District, which has has helped farmers implement conservation measures on over 200,000 acres.

Georgia’s aggressive agricultural conservation efforts have continued in recent years.
Significantly, during the historic 2012 drought, Georgia reinstituted a moratorium on new
agricultural water withdrawal permits, including new permits for withdrawals from the Floridan
aquifer or from surface waters in critical areas.™** That suspension is still in effect today, and
there is no reasonable prospect of the moratorium being lifted in the future. As a result, irrigated

acreage from the Floridan aquifer and surface-water sources in the most-critical areas of the ACF

129 See Ex. 46 at 63 (Irmak Rep.); Cowie Tr. 567:9-25; O.C.G.A. § 12-5-546.1(b).

130 See Ex. 46 at 74 (Irmak Rep.); Ex. 67 (LF Mapping.pptx).

31 See Ex. 46 at 73-74 (Irmak Rep.); Ex. 68 (GWPPC Mapped Pivtos_Flint Basin.xIsx).
132 See Ex. 46 at 64-71 (Irmak Rep.); Eigenberg Tr. 46:20-47:2, 191:15-192:10.

133 See Ex. 46 at 84 (Irmak Rep.).

134 Ex. 69 at GA00043929 (Suspension Announcement).
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Basin are effectively capped going forward, protecting against future growth. Moreover, in 2014
Georgia enacted new legislation creating new efficiency requirements for irrigation systems in
the Lower Flint Basin and giving EPD the authority to protect stream flows generated from state-
sponsored augmentation projects.*®

Those efforts have had meaningful impacts on agricultural water use in ACF Georgia.
Combined acreage irrigated from surface water and Floridan Aquifer sources in ACF Georgia
has declined since 2004; irrigation efficiency has improved; and the streamflow impact of
agricultural water use has remained relatively constant. At the same time, crop yields have
increased as Georgia farmers have become more efficient users of water resources.’* Taken
together, the initiatives discussed above demonstrate that Georgia has taken a reasonable,

responsible, and conscientious approach to agricultural water conservation.

IV. Florida’s Proposed Remedies Will Not Redress Its Alleged Harms, Will Impose
Extreme Costs, And Cannot Be Imposed Without The United States As A Party.

Even if Florida could prove injury, causation, and inequitable use, it still would bear the
burden of proving (1) that its proposed remedies will redress its alleged harms; and (2) that the
benefits of its proposed remedies substantially outweigh the harms they will do to Georgia. See
Colorado 1, 459 U.S. at 187. If Florida cannot prove both of these elements by clear and
convincing evidence, the Court will deny relief, as it has in past cases. Kansas, 320 U.S. at 385-
86 (denying relief, in part, because “[b]efore the developments in Colorado consequent upon
irrigation were to be destroyed or materially affected, Kansas must show not merely some
technical right but one which carried corresponding benefits.”); Washington, 297 U.S. at 523
(denying WA'’s requested relief, in part, because “[t]o limit the long established use in Oregon

would materially injure Oregon users without a compensating benefit to Washington users™).

135 See Ex. 70 at GA00305431 (2014 FRDPA amendments).
136 Ex. 46 at 145-49 (Irmak Rep.).
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Both at trial and in post-trial briefing, Georgia will renew its argument and seek dismissal
on the ground that the United States is a necessary and indispensable party that cannot be
feasibly joined under Rule 19. In denying Georgia’s motion to dismiss on this issue, the Special
Master found that Georgia and the United States had made a “persuasive case that the United
States is a party required to be joined if feasible” under Rule 19(a),"*” but nonetheless held that
the case could proceed “in equity and good conscience” under Rule 19(b) because, at the
pleading stage, it was “possible” that Florida could obtain adequate relief through a cap on
Georgia’s consumptive water use that would not affect the United States’ operations in the ACF
Basin.™*® The Court cautioned, however, that Florida would have to meet its burden of proof on
that issue at trial: “Having voluntarily narrowed its requested relief and shouldered the burden of
proving that the requested relief is appropriate, it appears that Florida’s claim will live or die
based on whether Florida can show that a consumption cap is justified and will afford adequate
relief.”**® Florida cannot make either showing. The consumption caps proposed by Florida are
so costly to Georgia, and result in so few benefits to Florida, that they are neither “justified” nor
“equitable.” And in any event, those caps—without the United States as a party—will not
provide Florida meaningful relief from the harms it alleges.

Florida’s experts have proposed draconian restrictions on Georgia’s water use. Dr.
Sunding—Florida’s lead economist—has proposed a number of drastic remedy scenarios,
including scenarios (using his calculations) that would require Georgia in “dry” years to reduce
irrigation of row crops by up to 71% and proposals that require Georgia to reduce outdoor

domestic water use from anywhere between 20-75%.**° Dr. Sunding believes (inaccurately) that

7 Order on State of Georgia’s Motion to Dismiss (June 19, 2015) at 8.
8 1d. at 11-15.

1. at 13.

M0 Ex. 71 at9, 75, 78 (Sunding Rep.); Ex. 72 at 2, 4 (Sunding Def. Rep.).
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those scenarios could generate between 1,000-2,000 cfs in additional streamflow in peak summer
months—amounts that sometimes exceed Georgia’s total consumptive use in those months.
Indeed, according to Florida’s own experts, even completely eliminating all agricultural
irrigation from surface water and groundwater in Georgia could not generate the peak summer

flows that Dr. Sunding’s claims to achieve.**!

Dr. Flewelling, another Florida expert, has
proposed similarly draconian remedial scenarios. He proposes reducing total agricultural
irrigation by 50%, eliminating half of all man-made small impoundments, and eliminating all

interbasin transfers.*?

He also proposed a scenario that would require banning irrigation on
150,000 acres in two watersheds that are critical to agricultural productivity in the basin.'*?
Unsurprisingly, the costs of those potential remedies are staggering. Two scenarios
proposed by Dr. Sunding, which solely focus on agricultural water use, would cost Georgia
between $205-$335 million each time the proposed restrictions are imposed.*** Combining
those agricultural water-use reductions with certain reductions in municipal and industrial water
use proposed by Florida would cost Georgia $433 million when restrictions are imposed.*** And
a final scenario proposed by Dr. Sunding—which he suggests would generate 2,000 cfs in
streamflow—would cost billions. Dr. Flewelling’s scenarios, particularly his proposal to
eliminate interbasin transfers, are similarly costly. These staggering impacts would dwarf any
potential benefit to Florida, even if they did actually generate the streamflow Florida claims.

But Florida’s proposals will not generate nearly the amount of water that Florida

believes. Dr. Sunding estimates that three of his scenarios will increase peak summer

Y1 Dr, Langseth testified that eliminating all agricultural pumping from surface water in the entire basin and
eliminating all groundwater irrigation considered by Dr. Sunding would result in a peak summer streamflow of
1,231 cfs (636 cfs from surfacewater and 595 cfs from groundwater). See Langseth Tr. 869:1--870:9, 875:3-16.

142 Ex. 73 at 38 (Flewelling Rep.).

314, at 39.

144 See Ex. 43 at 52, 54-60 (Stavins Rep.).

% See id. at 53.
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streamflows by 1,000 cfs. Georgia’s analysis, however, shows that his measures would increase
streamflows by only around 616-682 cfs.**® Indeed, it would not be possible to generate 1,000
cfs increase in peak summer streamflows even if all row crop irrigation in ACF Georgia were

7

eliminated in a dry year.'*” Dr. Sunding’s purported benefits from M&I conservation are

similarly impossible to achieve. Dr. Sunding testified that certain M&I conservation measures

8

could generate 546 cfs in peak summer streamflows.'*® But even Florida’s consumptive use

expert found that that eliminating all M&I use throughout the entire ACF basin would have had a
maximum impact of 468 cfs in the peak drought month of June 2011.°

Florida’s proposed remedies also suffer from a much more fundamental problem: They
will not lead to material increases in flows at the state line—at least without the Corps
participating as a party in this case. Georgia’s expert performed hydrologic modeling of 18
potential remedial scenarios using the Corps’ ResSim model. That analysis shows that even
significant reductions in Georgia’s consumptive use would not materially increase state-line
flows during many summer and fall months in dry years, because the Corps would offset any
increases in Flint River flows with decreased releases from reservoirs on the Chattahoochee
River.”® The same is true with respect to Dr. Sunding’s scenarios purporting to generate 1,000
cfs additional streamflow in peak summer months. Even assuming Dr. Sunding’s scenarios
could generate 1,000 cfs in additional streamflow, given how the Corps manages the integrated
system of reservoirs to achieve multiple project purposes, a 1,000 cfs increase in Flint River

flows would not materially increase flows in the state line in peak summer months.***

146 See Ex. 43 at 52-53 (Stavins Rep.).
“71d. at 78.
148 Ex. 72 Table 1 at 2 (Sunding Def. Rep.).
9 Flewelling Tr. 363:17-23.
i:‘l) Ex. 36 at 60-69 (Bedient Def. Rep.).

Id.
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Florida’s expert reached the same conclusion. Dr. Hornberger—Florida’s expert on the
“hydrological impacts” of Georgia’s water use—performed modeling using his modified version
of ResSim. That modeling showed that even draconian reductions in Georgia’s water use
would not materially increase state-line flows during many low flow months of dry years as a
result of the Corps’ management of ACF dams and reservoirs.*®® Dr. Hornberger admitted that,
when he modeled a scenario in which Georgia’s agricultural water use was reduced by over 50%,
his results showed multiple months in which state-line flows did not increase at all.™** Dr.
Hornberger decided not to report these results in his expert report, but they were buried in his
backup materials and they confirm Georgia’s position and undermine Florida’s.**

These findings are not surprising and, indeed, were presaged by Georgia at the outset of
this case: reductions in Georgia’s consumptive use do not cause increased flows at the state line
in the summer months of dry years because of the significant role the Corps plays in managing
water resources in the ACF Basin.™®® Releases from Georgia into Florida are tightly controlled
by the Corps according to a precise set of rules and a careful balance of multiple federal project
purposes. In dry times, that ensures Florida a 5,000 cfs minimum flow. Under the Corps’
protocols, any additional water saved by reductions in Georgia’s water consumption (at least

during dry times) would be stored in upstream reservoirs and not passed through to Florida.*

52 Hornberger Tr. 417:11-418:1.

153 |d

' 1d. at 415:21-416:5.

155 Ex. 36 at 60-69; 69-71, 101 (Bedient Def. Rep.).

156 See, e.g., Ex. 74 at ACE-0118072 (12/7/2007 Brandt email) (“Once the determination is made to exercise the
trigger, releases from Jim Woodruff Dam would be made to meet the 4,500 cfs minimum flow, and storage of
inflows above the 4,500 cfs would occur.”); Ex. 75 at ACE-0118126 (explaining that basin inflow “is all stored in
W.F. George” during certain times); Ex. 76 at ACE-0118593 (Corps biologist stating that the Corps “intend[s] to
store basin flows greater than 5,000 cfs if conditions permit....“[D]ue to the continuing drought we believe it is
prudent to recover the storage as opportunities present themselves. Recovery of storage will assist us in continuing
to augment flows to meet the 5,000 cfs minimum release requirement at Jim Woodruff Dam in support of listed
mussels.”).
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The only way to deliver reliable or meaningful increases above 5,000 cfs during these
times would be to change the Corps’ operational protocols—and that cannot happen as long as
the United States is not a party to this case. Indeed, when Florida’s expert on Corps reservoir
operations, who has over 30 years of experience with management of federal reservoir projects,
was directly asked whether the Corps would have to be involved in delivering a predictable flow
to Florida, he answered: “I don’t see how else you would do it.”**" Florida’s expert also testified
that “because the Corps operates the Woodruff Dam and that’s what releases the water into
Florida, there would probably need to be some involvement of the Corps.”**® And, like the other
Florida experts who acknowledged the truth, Mr. Barton was dropped from Florida’s witness list
and will not be coming to trial.

To be sure, there are limited circumstances in which, under the Corps’ operating rules for
the reservoirs, increases in flow entering the reservoir system would lead to some increases in
flows at the state line. However, this would almost always occur during high-flow months when
water is already plentiful, and even those times are difficult, if not impossible, to predict.">®
There is no evidence that increased flows would occur during dry times or times of drought—
when Florida claims to need the water most. For example, under hydrological conditions of
2007 (which was a drought year), Florida would receive no additional state-line flow for 273
days of the year, and the full benefit of any increase in only 19 days in the summer and fall

160

months. Under the hydrology of 2012 (another drought year), Florida would receive no

additional state-line flow for 307 days of the year, and would not receive any benefit during the

57 Barton Tr. 205:14-20.

158 1d. at 204:6-16.

19 Ex. 39 at 26 (Bedient Rep.).
160 1. at 25.
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summer and fall months.*®* Such unpredictable flows do not provide the kind of reliable remedy
that equitable apportionment cases demand. Those cases ask whether the plaintiff state can be
assured streamflows which are “fairly constant and dependable.” Wyoming v. Colorado, 259
U.S. 419, 480, 483-84 (1922). Without the United States as a party, however, there is no way to
assure Florida a “constant” or “dependable” increase in flow. And there is, moreover, a virtual
assurance that Florida will not get a dependable increase in flow—or any increase in flow—
during the times that it claims to need it most.

In addition to the infrequency and unpredictability of these impacts, Florida has no
evidence—much less clear and convincing evidence—that short-term flow increases across the
state line would redress the ecological harms of which it complains. That is true both with
respect to the Apalachicola Bay and the Apalachicola River.

Florida has put forth no evidence showing that consumption caps on Georgia’s water use
would improve the ecology of the Apalachicola Bay. In fact, Florida’s own expert found that
cutting Georgia’s agricultural consumption by 50% and halting all interbasin transfers would

result in only a 1-3 part per thousand (ppt) change in salinity in East Bay (a portion of the

162 163

Apalachicola Bay),™ an ecologically insignificant amount. Those same measures would
result in less than 1 ppt change during the drought years of 2007 and 2012, the years in which
Florida alleges its oyster industry suffered most.

No evidence proves, or even suggests, that such small changes in salinity levels would
increase the population of oysters or in any other species in the bay. Florida’s oyster biologist

did not attempt to analyze what effect, if any, Florida’s proposed remedies would have on overall

161 1d. at 28.
162 See Greenblatt Tr. 182:1-16.
163 Ex. 33 at 115 (Menzie Rep.); id. App C at C-15.
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4

oyster abundance in the Bay.*®* Instead, his model evaluated only the counter-factual scenario

where Georgia consumes no water at all.*®®

In addition, Florida’s expert on fish species in
Apalachicola Bay failed to analyze any remedy or conservation scenario.*®® Thus, Florida will
present no evidence of the effect of realistic reductions in Georgia’s water use on the Bay’s
oyster or fish populations. Id. Georgia’s experts, in contrast, have determined that even
increasing streamflows by 1,000 cfs in peak summer months (as Dr. Sunding proposes) “would

»1%7 Florida has no evidence to

not have significant ecological benefits for the Apalachicola Bay.
contradict that determination. In fact, Florida’s Bay biology expert and one of its state employees
admitted that it was impossible to quantify precisely what salinity level would be desirable for any
species in Apalachicola Bay.®®

Florida also has not put forth evidence showing that consumption caps on Georgia’s
water use would improve the ecology of the Apalachicola River. Florida’s riverine expert will
offer no opinion on whether any of Florida’s proposed remedies would have a material impact on
the population of any species in the Apalachicola River region.’® And even under Florida’s

amorphous and expansive concept of “harm,” Florida’s own expert found that cutting Georgia’s

agricultural consumption by 50% would improve the number of “flow days” by miniscule

164 White Tr. 51:24-53:9; Ex. 16 at 57-58 (Lipcius Rep.) (observing that because Florida’s oyster experts did not
evaluate the proposed remedy scenarios, the State of Florida does not have a “modeled estimate of the effect of
practical reductions in water use upon the Apalachicola Bay oyster population™).

165 Ex. 77 at 12 (White Rep.).

1 Jenkins Tr. 330:21-331:3.

187 Ex. 33 at 115 (Menzie Rep.); see also id. App. C, C-15; Figure C-7 (increasing freshwater inflows into the Bay
by 1,000 cfs would have a negligible impact on salinity in Apalachicola Bay and that even that negligible change in
salinity is “dwarfed” by natural variability in the system).

1%8 See Jenkins Tr. 206:7-11 (“Q: And, likewise, you cannot tell me, as you sit here today, what value of salinity
change impacts the nursery function for any species in East Bay? A: Precisely. | cannot.”); Edmiston Tr. 73:4-12
(“The fish move around to the salinities and habitats they prefer natural variability is so great in the system that is is
impossible to set a number.”).

1% Allan Tr. 469:10-21.
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amounts (on the average of just a few days per year over 16 years) and in some cases could
actually increase “harm,” as Florida defines that concept.'™

Moreover, for years prior to this litigation, Florida told federal courts that the Corps was
the primary cause of the same injuries it alleges in this case, and that changes to the Corps’
operating procedures were necessary for those injuries to be fully redressed. For example,
Florida told the Supreme Court in a related case that “[w]hen the Corp structures its operations to
retain water in Lake Lanier,” that has “devastating consequences for the ecology and species of
the Apalachicola River and Bay,” such as by “eliminate[ing] those water bodies’ hydrologic
connections to stream and marshland habitats ... and increase[ing] salinity in the Bay.”!™ In
addition, Florida argued to the U.S. District Court of the Middle District of Florida that “the
Corps’ exercise of discretion was a ‘factual cause’” of its alleged injuries, because “the
devastation of the listed mussels and the negative impact on the spawning by Gulf sturgeon
would not have occurred ... but for the Corps exercising its discretion to hold water in storage in

Lake Lanier.”'"

Florida has also argued in numerous letters to the Corps that “the Corps’
operation of dams, reservoirs and related facilities ... currently affects and will continue to
affect” natural resources in the Apalachicola Region, and cited the very same injuries Florida
alleges here, including harm to oysters, Gulf sturgeon, mussels, river-floodplain animals and
vegetation, and Apalachicola Bay fisheries and estuaries.*” Florida has thus admitted time and
again, before multiple federal courts and agencies, that the Corps was the primary cause of its

injuries, and that changes to Corps operations are necessary to redress those injuries. Florida

cannot walk away from those admissions now because it finds it convenient to do so.

1701d, 463:24-464:7; 465:11-466:16.

L Ex. 78 at 29 (Tri-State Water Rights Cert. Petition).

12 Ex. 79 at 42 (Fla. Response in Tri-State Water Rights Litig.).

173 See Ex. 80 at FL-ACF-02427524 (6/12/2007 Fla. Letter to Corps); see also Ex. 81 at FL-ACF-02427485 (Jan. 6,
2005 Fla. Letter to Corps).
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In short, Florida has no evidence that any meaningful ecological benefit will result from

placing a cap on Georgia’s upstream consumption of water. The benefits of Florida’s proposed

remedies are speculative and uncertain, whereas the costs those remedies would impose on

Georgia are certain and substantial.

CONCLUSION

Florida will not be able to prove its case a trial. Discovery has shown that Florida does

not have clear and convincing evidence that (1) it is suffering real and substantial ecological

injury caused by Georgia’s water use; (2) Georgia’s water use is inequitable; or (3) its injuries

would be redressed by a remedy that is possible without the participation of the Corps as a party,

or that is justified in light of the substantial costs it would impose on Georgia. Accordingly,

Florida’s request for an equitable apportionment must be denied.
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From: Pine, Bill

Sent: Monday, December 03, 2012 9:21 PM
To: Havens, Karl

Subject: RE: research needs for AB - confidential

Here's the thing, | can't find any relationship between flow and effort or landings. Neither can Carl. So we (all of us)
read these papers and think flow drives all these things like predation and nutrients etc., so if it does there should be a
relationship, with maybe an 18-24 month lag time for the little oysters to grow to harvestable size, between flow and
landings. But the landings and trips data since 1986 {post-hurricane and the year the landings data were mandatory and
not voluntary) are pretty flat, they don't change that much. So maybe the fandings data are completely made up by the
dealers {what FDACS seems to think) or there isn't a strong flow-oyster relationship. Maybe Leslie is right, the folks in
AB are super politically savvy and know how to play this game to their political advantage. It wouldn't be the first time.

Dr. Bill Pine

Associate Professor

Department of Wildlife Ecology and Conservation and Fisheries and Aquatic Sciences Program University of Florida
http://floridarivers.ifas.ufl.edu

-——---Original Message-----

From: Havens, Karl

Sent: Monday, December 03, 2012 9:16 PM

To: Pine, Bill

Subject: Re: research needs for AB - confidential

OK, these are good points -- it is different approach, however, | get it as a greater payoff from the standpoint of effective
management.

After reading Livingston's work and papers on predation, | think you can make a pretty good case for both predation and
nutrient limitation effects with jow flow. The key would be to figure out what kind of flow regime is needed to keep
predators in check and maintain sufficient input of P, N and perhaps arganic C. | think this is much more chalienging than
figuring out a harvest rate, AND both are linked.

Karl

Karl Havens, Professor and Director
Florida Sea Grant College Program
University of Florida

Website: Aseagrant.org

Office phone: 352-392-5870

Cell phone: 352-284-8558

Sent from my iPad

On Dec 3, 2012, at 9:12 PM, "Pine, Biil" <billpine@ufl.edu> wrote:
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> The reason is because | don't think we are seeking a mechanistic understanding of the system in order to manage it
better, instead we are seeking to better manage the system, which doesn't require a mechanistic understanding of fine
scale biological and physical processes.

>

> We have to ask ourselves first "what can we do?" from a management perspective. If the only thing we can do is
regulate harvest {I'm not sure we can do that) then that's what we do focus on. If we can regulate plankton, then we
include that. If we can regulate flows we do that.

>

> Dr. Bill Pine

> Associate Professor

> Department of Wildlife Ecology and Conservation and Fisheries and

> Aquatic Sciences Program University of Florida

> http://floridarivers.ifas.ufl.edu

> Original Message-—--

> From: Havens,Karl

> Sent: Monday, December 03, 2012 9:04 PM

> To: Pine, Bill; Allen,Micheal 5; Kane,Andrew S

> Cc: Payne,Jack M; Hayes,John P; Havens,Karl

> Subject: Re: research needs for AB - confidential

>

> 1 suggest we include Ed Phlips and Shirley Baker. We have not delved

> into phytoplankton compositional changes, because of lack of funds,

> but Ed and his PhD student have at least thre years of data from AB

>from 2010-2012 and we have not yet looked at direct effects of

> increased salinity, which is documented to have effects on growth of

> oysters - this is Shirley's area of expertise -- Karl

>

> Karl Havens, Professor and Director

> Florida Sea Grant College Program

> University of Florida

> Website: flseagrant.org

> Office phone: 352-392-5870

> Cell phone: 352-284-8558

>

> Sent from my iPad

>

> 0On Dec 3, 2012, at 8:04 PM, "Havens,Karl" <khavens@ufl.edu> wrote:

>

>> Bill, Mike and Andy,

>>

>> | was called today by a friend in a senior level position at the FWC, and told that the Governor wants to know what
research needs to be done to figure out what happened to the oysters in Apalachicola Bay and what actions need to be
taken to prevent it from happening again. It was suggested that we put together a clearly defined list of research needs
as quickly as possible to have ready when requested.

>>

>> | suggest that the four of us quickly get our heads around this, and then as part of the discussion we determine if
anyone else at UF {or elsewhere) who currently is not working in this issue needs to be involved {my sense is that we
have all the bases covered, given that there are not other UF faculty actively working on this - not from the 'what
caused it' perspective anyway).

>>

UFL_00053544



>> | don't know about including David because he is leaving FSU. Perhaps we can start to informally discuss over dinner
and beer when we all are in Apalachicola this Thursday evening, and then have a brainstorming meeting towards the
end of next week to come up with a list. Or, just start thinking about research needs in your area and we willdo a
meeting next week,

>>

>> | think we need to think big and think comprehensively -- ‘what is needed to really nail this one down?' It probably
will require experiments, a multi-year assessment, and modeling, and my guess is that it will take close to the amount
Jack provided us with an additional zero after the end of the number — $2M anyway. | can tell you that just from the
nutrient / trophic dynamics aspect, things are unfolding just like Livingston observed in the 1990s, right down to
increased clarity, then increased Chl-a, and ... | don't think we have the relevant biological data on consumers. But, it will
be a test to determine how important this is compered to salinity effects on enhancing predation by conchs, sponges
and welks, on Perkinsus, and then all of this relative to over-fishing. ! also have no idea what the Governor means by
finding out how to prevent it from happening again, if the main cause is insufficient water input from the river and that
is determined ultimately by what a court decides about a USACE water controf manual. Suggest our focus is in the bay
and on inflows, and maybe even some prescriptions about seasonal flow pattern and volumes and fishing regulations ...
but not on things like how to regulate lakes and groundwater wells in Georgia. In the discussion | had today, it was
pretty clear that the FWC folks [at least) understand quite well the importance of groundwater discharges vs. reservoirs.
>>

>> |'m copying Jack and John in case they have caught wind of this and know anything more. It was not specifically said
that the idea was for UF to do this research, however, given that we are the only ones actively doing research on the bay
right now and will be a good ways towards some answers, it seems logical it would go that way. Jack and {ohn might
advise how to work that angle to make sure that if there is money for research it comes to UF and not to the FWC -- we
know that the people in the community, for good reason or not, do not trust the agencies, and have been calling for our
'independent’ analysis.

>>

>> If this became a reality it would be critical to have the money go through the FWC (25% IDC) and not FDACS (5% IDC),
else we will come out at a loss on the money side,

>>

>> For obvious reasons, I'd not share this email or information around just yet, since we don't have all the details.

>>

>> Karl

>>

>> Karl Havens, Professor and Director

>> Florida Sea Grant College Program

>> University of Florida

>> Website: flseagrant.org

>> Office phone: 352-392-5870

>> Cell phone: 352-284-8558

>>

>> Sent from my iPad
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Overall. the key result from ouy simulations was identilying the
prvatal role that recruitment rates likely play in oyster population
recovery. If recruitment levels retorn to the average observed in
2004-2013, then oyster yields are likely to recover in aboul lve
years without any munagement action. [P jecruitment rates
remain low tsimilar to 2012-2013), then the likelihood is high lor
avery slow oyster population recovery or even callapse. There are
multiple factors that could lead to low recraitment at present or
in the future. including:

L. Changes in A, caused by environmental Factors and/or
fishing. 1n this scenario. declines i the total srea of oysier
habitat would result in overcstimates in oyster population
levels based on extrapolation fronl DACS surveys {Tom 4
sinall subset of ayster bars.

2. Removalof dead shell during the harvesting process, leading
to a negative shell budget {shell Josses exceeding deposition)
and an overall decline in settlement area.

3. [rreversible increases in eslimated relative natnral mortality
rate (M) becanse of invasion or expansion iu the systent ol
oyster predaiors or diseases.

4. Nonstationarity in the stock-recruit relationship, meaning
that uncorrelated random deviations from the mean stock-
recruitment relationship can lead 1o very misleading
assessments, while long-term recruitnient trends because of
liabitat changes (1.e.. settlement area, larval food supply) are
masked. In traditional fisheries stock assessments, we
sometinies attempt to deal with this structural problem by
using virtual population analysis methods to back-caleulate
recruitment  without assuming any underlying stock-
reernitment refationship; however, we were unable to
determine parameters for a virwal population analysis
model with oyster popubations because we did noi know the
ape siructure of the harvested population.

DISCUSSION

Factors contributing to the 2012 oyster population collapse based
on available data

Wihat led to the oysier population collapse in Apalachicola Bay
in 2012-20037 Our resulis suggest that the 2012-2013
Apalachicola oyster populann collapse was likely due 10 low
recruitment and/or low sublegal survival raies. Our results warn
that this decline may have resulted in or resulted lom a decrease
in larval settlement arvea (dead shell), which could severely retard
population recovery ar even send the stock inte irreversible
decline. depending on fultive recruitment and shell dyuamics.
Although the Apalachicols Bay oyster fishery has proven resilient
over its > | SU-year history. this (ishery now may be at a crossroads
in terms of continued existence, and il reeruitment levels remain
low, then large-scale restoration programs mdy be necessary Lo
avoad anirreversible collapse.

Perhaps the most impaortant (inding rom our work is that none
of the available data give superior estimates of historical
exploflahion rates [shing impacts. The sudden decline in
Apalachicola Bay oyster landings in 2012 was preceded by several
yeanrs of ncreasing harvest and ellorl. We initially suspected a
case of overlishing led to the collapse of the oyster [ishery,
lLiowever, our aualyses suggest a nuch more complex bul classic

I T Y. FPE T TS

problem in fish stock assessment: we can generally attribuie the
observed changes in relative abundance either Lo fishing or
productivily changes. but we can never be sure which was more
important withoul good independent daa on  absolute
expluitation rates over time, With the data currently available for
Apalachicola Bay, we cannot be sure whether we are dealing with
a small oyster population that has been subject to strong [ishing
impacts or a larger population (hat has been sabject to stronp
environmental influences that have impucted the long-term
carrying capacity. [n the later case, the population may recaver,
but, if the long-term carrying capacity is reduced. it may not
recover to the same historie levels,

Factors likely not contributing to the 2012 oyster pepulation
collapse based on available data

Our results are notable for what they did not lind. Within the
Apalachicola community there are two widespread hypotheses
related to drivinp forces of the oyster fishery collapse. First, there
is widespread concern that the oyster population collapse in 2012
was related 1o (he Deepwater [orizon oil spill that occurred in
March 2010, In a related project, a large number of sediment.
water, and animal tissue samples were collected 1 2012 by the
University of Florida and 0o pollutants were detected (Havens
et al, 2013, Camp et al. 2015). This corroborates results from
sampling by state and Jederal agencies immediately alter und in
the years following the oil spill. Our medel results suggest that
the decline in sublepal oyster abundance in Apalachicola Bay did
not begin untl 2012, two years after the vil spill, Ta the best of
our knowledge. the Apalachicols Bay oyster population was not
directly impacied by oil or oil dispersants used during the 2010
Deepwater Horizon oil spill,

A second recent cancern umong the Apalachicoda oysier Bishing
community and resource managers is the impact ol Tow Iteshwater
inputsinto Apalachicola Bay [rom drought conditions within the
Apalachicola-Chattahoochee-Flint basin. During 2011-2012, the
Apalachicola-Chattahoochee-Flint basin experienced exlensive
Arnuehr i Palmor Niranelt Severisvy indey of severe o exoremc.

CLLINE SLEESLL% ] LARLEES LIWFd LLLEEE OULLLEAd L] JAdS bhadlil frud L0 d Sl uflf ale 1 md Ak et vd
historically important oyster harvesting reefs (Havensct al. 2013).
A series of previous studies have noted positive correlation
between hiph-salinity drought conditions and vyster disease-
related monality (Petes et al. 2012, as well as complex
relationships between estuarine freshwater discharge and oyster
Tarvest {Wilber 1992, Turner 2006, Livingston 2015). We did not
lind covrelations between Apalachicola River discharpe measures
javerage nionthly, total annual. total mentkly, or cocllicient of
varialion on annual discharge, inean seasotal. or total seasonal)
and our estimated relative naural mortality rate (M} or ovster
recruitment rates {example Fig. 6). The overall relationships
bewween freshwater (lows, dronght frequency and severity, oyster
recruiunent. and harvest dynamics remain unclear. and this is au
arca of ongoing work.

Manapement implications: oyster stock rebuilding scenarios

A key finding from simulations of management scenarios is that
vyster recruitment likely drives the Apaluchicola Bay oyster
lishery, We are uncertain as to the extent oysier recruitment can
be influenced by managementactions, This is seen in the relatively







[t is also uncertain what the impacts ol lishery practices are on
the persisience of shell material as culteh and sublegal oysters on
oyster reels. Swift (1897) warned of this potential for loss of shell
material i his surveys ol the Apalachicela Bay oyster lishery and
sugpested that “itis doubtiul whether the low regarding the taking
of small oysters and the culling ol the oysters, especially the latter,
are strictly complied with by the oystermen, yet it is ol the greatest
impartance that they should realize that this law should be strictly
obeyed if’ they wish to maintain the productiveness of the beds
and thus jnsure themselves a livelihood in the future.” Whether
culling and disearding currently take place on the bars where the
tonging ceeurs or it arcas ofl” of the bar is not known, but itis a
sensible practice 1o only cull in the same location that tonging
oceurs, The key existing uncertainties in informing management
actions regarding shelling density, productive fishery area, and
availability snd persistence ol culich nterial, as well as current
harvest rates and effects of changing environmental conditions.
disease, and oyster predator responses, all likely influence oyster
recruitment levels that apparently drive the Oshery These
uncertainties can be addressed. aud their reduction is critical 1o
informing deciston making and balstering the resilience ot the
Apalachicola Bay oyster fishery (Camp et al, 2015),

CONCLUSION

The Apalachicola Bay oyster lishery is currently at the lowest level
observed in recen! decades; honvever, this is not the st ayster
populaion collapse in Apalachicola Bay (Swift 1898, Andree
1983, Berrigan 1990, 11avens et al. 201 3 ). L'ormore than 120 years,
varous reports and workshops bave repeated the same key
uucertaintics for vyster resources i Apalachicola Bay (e,
unknown tolal area of oysters, unknown shell budget dynamics)
and made the same ypes of management recommendations to
address fundamental {ishery practices, such as preservation and
cultivation of shell substrate. seasonal closures. and size limits to
protect oyster bars Irom being “overworked” (Tahle A2.4.
Appendix 2. These recommendations often highlight recorring
issues reluted to poor complisnce with existing regulations,
includiug high harvest rates of undersized oysters. harvest {rom
closed areas, or culling and discarding that eccur ofT of oyster
bars. The results of our stock dssessmient mede] suppest that
Apalachicola Bay oyster resotrces will respoud positively 1o
mnAgement  actions,  particularly  uctions  that  improve
availability and area of shell substrate. Our simulation results
sugpest that i recruiunent does not return 10 some long-ternt
stationary level similar to past averages or il the resilience of the
Apatachicola Day oysier resource changes over time (Camp eval.
2315), then these types of management actons may nol be
elfective.

Acvariety ol state and federal restoration programs totaling more
than U5, 310 million are currently commitied (o the Apalachicols
oyster fishery and community, The oyster industry is likely to play
a large role in deteripining bow these Tninds are spent. The
polential exists Jor restoralion Lo be effective. given the success of
prior oyster restoration eflorts coupled with intensive Nishery
managenent for oyster resources in Apalachicola Bay (Berrigan
1990). Altbough restoration and management strategics are
known, whether or not to foHow these practices and how to use
available restoration funds are choices 1o be made by the [oeal
community that are likelv o determine the long-tern viability of’
the Apalachicola Day oyster fishery.
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Appendix 1. Age-structured oyster stock assessiment model.







observations, the net mortality rate of oysters in a dense “clump™ may be very low and the oyster
populations persist for a long time. This is accounted for in our model in Equation 5 which can
predict a “stagnant” high density situation where L, ; has been severely reduced through
competition when most oysters have reached this length or larger,

We assumed that the vulnerability of oysters to harvesting (v., in Equation 1) varies with body
fength and the legal minimum length for harvest (in Apalachicola Bay, Ligu = 76.2 mm)
according to a logistic function that represents variation in size at age around the mean length L.
{Equaiion 6). Monthly exploitation rates U, are predicted in our model from fishing efforts using
a standerd Baranov catch equation (Equation 7; Hilborn and Walters 1992). This catch equation
assumes density dependence and variation in vuinerable biomass in catchability (¢) according to
a type 1 functional response (Equation 8). Note that Equation 8 can represent combined effects
of nonrandom searching for oysters by fishermen, handling and processing time, and caps on
daily harvests by regulation or orders from wholesale oyster dealers per oyster license holder,

In the population dynamics model, information on annual oyster recruitment is required to drive
initial oyster year class size in each year. For Apalachicola bay, we developed a standardized
index of oyster recruitment using fisheries independent survey data of oysters by 5-mm size
classes collected by the Florida Department ol Agriculture and Consumer Services (DACS) on
the major commercial fishing reefs in Apalachicola Bay (available from 1990-2013). As a tong
tishery, a fishing trip in Apalachicola Bay consists of a number of oyster tong lifts that each
“sweep” some area ajip of the bottom. From our assessment of the fisheries independent survey
data, it appears that when fishing effort 1s measured hy the number of ayster fishing trips
annually, ¢ varies as predicted by Equation 8 The DACS survey data also provided annual
estimates of mean legal oyster biomass per unit area D, . The catch per trip should thus vary as
caftch-per-unit-effort (CPUE) =aup x number of lifts per trip x Dygy. IUlifts per trip were constant
and lift locations were random with respect to fine-scale variation in oyster densities, CPUL
should be proportional to Dy (i.e., ¢ measured as aiip x number of lifts per trip shouid be
constant). However, when we plot the observed ratio of CPUE to mean DACS density. we see
instead that the apparent ¢ has increased considerably when densities have been low (Appendix
Figure A2.2). Apalachicola oyster fishermen have told us that they do indeed stay out longer and
make more lifts when oyster abundance 1s low, and typically end each trip when their catch
approaches trip limits imposed by regulations or daily limits based on market orders from
dealers.

Recruitment

Monthly recruitment Ny, (Equation 9) to the population is predicted as a [unction of larval oyster
settiement (Equation 10, 10a) and available shell material with a density-dependent mortality
function applied during the first month of settlement to match observed survival patterns
(Equation 11). We examined an alternative model for larval settlement where base settlement
rate was made a power function of the relative spawning biomass index SB; (Equation ]0a).

Shell Accummuliation

A kev aspect of our population dynamics maodel is the development of an accounting and
prediction system for oyster shell biomass and the explicit linkage in our model between oyster
recruitment, oyster monality rates, and availability of shell matenal for spat settlement







exploitation rate U, in which case the population s assumed to have been fished at this rate (and
to be near equilibrium with respect to it) for enough time for abundances and sizes to have
reached equilibrium. These initial equilibrium values are used to set N, (numbers at age in the
first simulation month) and catchability scaling parameter kq that will give a catchability g. that
insures U,=U, when effort is at its initial time value E;.

Alternative Model Formulation to Check Model Assumptions and Predictions

We were concerned that the Ricker functional form for density dependent early survival in our
model may have a dome shape, and hence may provide overly optimistic predictions about
recruitment changes when oyster stock size is reduced. To check this possibility, we ran the
model with an alternative stock-recruitment relationship of Beverton-Holt form (described in
Equations 23-25, final form Equation 26). This alternative model was derived by assuming that
larval settlement LS, has a mass-action relationship to both relative egg production {refative
spawning biomass index SB;) and relative effective shell settlement area Asa.

Foquilibrivm Analysis Using Growth 1ype Group Splitting of Recridtment

We were also concemned that the population dynamics model could give misleading predictions
of length distribution patterns if the length distribution predictions are based on treating the
length distribution at each age as “regenerating” each month by having constant standard
deviation independent of harvesting effects (Walters and Martell 2004). In reality, faster growing
individuals from each cohort wili reach legal size sooner and be removed by fishing, which
progressively distorts the length distribution for each age. The distortion could be represented by
dividing each cohort into a set of growth types, and tracking size and survival (natural and
fishing) separately for each group. However, this computation would result in extremely
complex monthly accounting unless it was used simply to predict average or equilibrium length
distributions over periods of stable growth and exploitation rate in a growth type group (GTG)
model structure (Waiters and Martell 2004, Box 5.3, p. 121) Using this simplified method,
equilibrium length frequency predictions were made for five-year periods from 1990-2012.

The equilihrium GTG predictions were constructed by first dividing a typical cohort of N = 1.0
recruits into 21 growth types g, each initialized at | month age to N, = p(g) recruits where p(g)
is the proportion of recruits assigned to group g. All groups were assumed to have the sante von
Bertalanffy K value, and distinct maximum lengths L. (g) given hy L,(g) = L.[1+CVA(g-11)]
where CVL. is the standard deviation of L. among individuals (we assumed CV =0.1). We alse
assumed that A is the standard normal distribution increment between groups and we set A such
that the groups vary in L, over two standard deviations from average, with g = 11 representing
the average group. Applying the von Bertalanffy growth equation by g and age resultsin a 21 x
36 matrix L,, of predicted lengths at age. we then applied the basic survival equation (Equation
1) to each group over age to predict the 21 x 36 matrix Ng,, using the Lorenzen size-dependent
survival rate for each L, , (Equation 5) and vulnerability vy, to fishing set at 0.0 for predicted
lengths at age < 75 mm and at 1,0 for lengths 75 mm and larger {approximate legal size of
harvest in Florida). Finally, the equilibrium length distribution was obtained by simply summing
all the Ny, by 5-mum length bins. with length bin assignment determined by the L, 4 lengths.

Papulation Dynamics Model Parameier Estimation for Apalachicola Bay







Population Dynamics Model Istimation Procedure for Apalachicola Bay Oyster Fishery
We maximized a concentrated log likelihood function for the time series data (Equation 28)
using Solver, by varying the following parameters:

{Rs, Jo. Uy, Que Mo, Pioge-Paoiz, RY 1oxe-RY o012}
where R,, sets the basic simulated population scale, |, dctermines resilience (how low the
population can be driven before recruitment fails), base exploitation rates U, and quay determine
average monthly exploitation rate U, given effort E; and harvestable biomasses B, P, drives
interannual variation in natural mortality rate, and RY drives interannual changes in relative
recruitment rate. Note that we would not ordinarily try to estimate both fishing (Us, Quex) and
natural mortality (M,) rates at the same time, but having sublegal and legal density estimates
from the DACS data makes this possible. As recommended by Walters and Ludwig {1994),
SSpacs (Equation 29) is evaluated at the conditional maximum likelihood estimate of g5, As an
alternative to this SS that assumed qs to be unknown, we note that given the DACS units of
measurement (counts/m®), g« can be interpreted as 1/ Ay, where Ay, is the total productive area
of the fishery. For some fitting trials, we froze Ay, to various reasonable values, ranging from
2.0 km? to 10 km?. The “penally” terms for recruitment and survival anomalies (Equations 30
and 31) are the same as assuming RY, and PY, = e*, where £, is assumed to be normally
distributed with mean zero,

The estimation criterion defined by Equation 28 requites an estimate of the four o° variances:
catch, survey abundance, recruitment, natural mortality. However, we were unsure how to
estimate these variances, or what to assume about their structure. We initially attempted to
estimate them as additional unknown parameters [by changing from SS/variance to (n/2}In(SS)
terms in Equation 28, thus evaluating the normal log likelihood terms at their conditional
maximum likelihood variance estimates], but this led to unrealistically high estimates of RY,
variation and no variation in Py, basically “ignoring” evidence of mortality variation in the
DACS data in favor of fitting the catch data more precisely. To force the model to better fit the
DACS data, we assumed relatively high varance in the catch 6°c =1.0, and low DACS variance
&*51¢5=0.04 based on coefTicient of variation of the annual abundance estimates of around 0.2
based on observed variation in densities among bars sampled each vear. We also tried various
combinations of values for o’xy and a°p, generally in the range 0.1-1.0, to represent altemative
hypotheses about how much of the observed variation has been due to recruitment versus
survival variation,

Age-structired Population Model Results

Model estimates of natural mortality (M, = 0.095/tnonth) and exploitation rates (averaging 5%o-
10% per month) from our stock assessment model are quite reasonable and the qs estimate
implies a productive area of around 2 km*. When we used the Beverton-Holt formulation for
recruitment { Equation 26). best fits were oblained at unrealistically high unfished recruitments
R, (huge productive area}, low productivity (), and unrealistically low exploitation rates UL,
That is, the Ricker stock-recruitment formulation indicated a small, productive stock while the
Beverton-Holt indicated a large, unproductive one.

The DACS data represents the best available information on trends in abundance and oyster size
composition of areas fished. Because of uncertainty in the total area (Ajua) of oysters to which







Growth Dype Group Model Results

The equilibrium GTG model gives average exploitation rates by 3-year period similar to those
resulting from fitting the age-structured model with A =5 km? (Appendix Table A2.2),
provided the natural mortality parameter M, is set to 0.1 (M =K assumption, also best M,, from
that same age-structured model fit). These fits were obtained by visual comparison of the model
and observed legal {ength proportions (Appendix Figures A2.4 and A2.5). For alternative
estimates of the monthly exploitation rate, comparisons based on a binomial likelihood
compariscn of observed and predicted proportions resulted in somewhat higher exploitation
rates, for reasons that are unciear, Unfortunately, the reasonable agreement between the age-
structured and GTG model predictions is not good evidence that the monthly exploitation rate is
indeed low, since the best GTG estimate of exploitation rate is highly sensitive to the assumed
M., lower exploitation rates are obtained when M, is increased and higher rates when it is
decreased. Absent independent estimates of M from unexploited populations, the GTG model
does not resolve the issue of how large the productive area Ay really is.







Recrwitment and shell accunmlation
Equation 9 Ny, =LS§; AS; SL,

where SB; =Z,Nu:L’.,

Equation LS,=l,R,R,.(SB/SB,)"
10a

Equation 11 R, =spawning component x
predation component

Equaticn 12 AS| 1 =SqaAS) ke ZaNaa(1-
Sa)las”

Equation 13 SLi=exp{-KaensiLaNa Ly |

By 1s half of its unfished level (i.e. k,=2/B.
where B, is the predicted average biomass of
the stock absent harvesting)

Ny = monthly recruitment where LS,= annual
and seasonally varying larval settlement per unit
suilable shell area, AS;= suitabie shell area
generated from natural mortality, SL,= density-
dependent survival of pre or post settlement
juveniles.

LS, = Larval settlement rate where, 1, = average
settlement rate, Ry = interannual variation in
larval production estimated from data, Ry,
monthly variation in spawning and predation
rate on larvae and spat, SB, spawning biomass
that is proportion to body weights at age
Alternative model for larval setilement
assuming a power function of SB;. Power
parameter 3 represents possible density
dependence in larval or early juvenile survival
rats, and/or delivery of a substantial proportion
of the larvae from non-harvested spawning
sources (e.g. intertidal areas where oysters
never reach legal size).

Monthly variation in spawning and predation
rate set by user in spreadsheet model to vary
seasonally following either a unimodal spat
seftlement pattern peaking midsummer, bimodal
recruitment pattern with high mid-summer
predation loss, or unimodal spring or fall peak
with high predation rates in spring or fall
(patterns similar to Appendix Figure AZ.1).

AS, — Shell area available for recruitment
following a balance rate of shell survival Syl
(persistence of old shell) and recruitment of new
shell due to natural monality of live oysters 1-
Sat Ksnell 18 @n arbitrary area scaling constant =
107 . By summing over ages of numbers, times
squares of lengths, this represents age-size
variation in shell area per dying oyster
Density-dependent effects on larval survival
and/or survival over the first month after
settlement, Kgensity 15 a scaling constant for the
effect per unit live oyster area present on
survival rate.







Estimation procedure
Equation 28  InL= -0.5|88c/0+8Snacs/0 acs

+ 88 v/ v+ S8OH]

Equation 29 §S8pacg=2,[In{DS,/NS,)-
In(q,)] “+Z, [In(DLy/NLy)-

Equation 30
Equation 31

SSgy =XJn*(Ry)
§Sp =2 n“(Py)

area x over time, while the year effects 1, were
estimated as the mean of the deviations Dy~ Ji«
in year y from the overall mean densities for the
areas sampled in year y. corrected density
estimates D*x y=exp{u,+ty) were then averaged
using stratum weights equal to estimated bar
areas for each x to give weighted density
estimates DS, for sublegal sized oysters and
DL, for legal sized oysters for each year

Log-likelihood function for time series data
assuming log-normal variation in all observed
quantities, recruitment, and mortality anomalies
and weighting the sums of squares deviations by
assumed variances.

SSpacy calculated by assuming observed values
have averages proportional to model sublegal
and lepal abundances (NS, and NL,} abtained
by adding abundances over the simulated age
structure in an index month {August) each year,
with constant of proportionality or survey
catchability q; (qs 15 interpreted as the inverse of
the number of square kilometers of oyster bar
habitat at DACS densities needed to produce the
inodel abundances). The MLE In{q,) is the
arithmetic average over all DACS estimates of
the In{Dy/N,} raios.

Penalty term for recruitment anomalies

Penalty term for recruitment anomalies







(b} Interpolated mean cyster density (number/m*) for sublegal oysters using log-linear model
with bar and year effects

1990
1991
1992
1993
1994
1995
1996
1697
1998
1699
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

Cat
Point
168.2
2251
325.1
2336
285.5
2724
338.5
273.8
199.6
302.7
2632
3292
2037
2664
341.8
153.0
224.7
3201
235.3
217.0
245.6
396.7

87.2

Dry

Bar
170.3
2279
3292
236.5
2890
2758
3427
2772
202.0
306.5
2969
33313
20062
2698
346.0
154.9
2275
3332
2383
2197
2487
401.6
88.3

East
Hole
165.9
222.0
3206
230.3
281.5
268.6
3338
270.0
196.8
298.5
2862
3246
2009
2627
337.0
150.9
2216
3245
232.1
214.0
2423
391.2
86.0

Eleven
Mile
Bar
G5.0
127.1
183.6
131.9
161.2
153.8
1911
154.6
112.7
170.9
165.6
185.9
115.0
1504
193.0
86.4
1269
185.8
1329
122.5
138.7
224.0
493

Lighthouse Normans

Bar
172.0
2302
3325
238.8
2919
2785
346.1
280.0
204.1
309.5
2699
336.6
208.3
272 4
3495
156.5
2298
336.5
240.6
2219
251.2
405.6
892

South
186.8
2500
3611
25904
317.0
302.5
3759
304.0
221.6
3362
3257
3656
226.2
2856
3795
1699
249.6
365.5
261.3
241.0
2728
440.5
969

Platform
2138
2862
413.4
2070
3629
3463
4303
348.1
253.7
384.8
3728
4185
258.9
3387
434 5
164 .5
285 7
418.4
2992
2759
3123
5043
110.9

Porters
Bar
113.4
151.7
2191
157.4
192.4
183.6
2281
184.5
134.5
204.0
197.6
2219
1373
179.6
2303
i03.1
151.5
221.8
158.6
146.3
165.6
26713
58.8







{d) Interpolated mean oyster density {number/m-) for legal oysters using log-linear model
with bar and vear effects

1990
1991
1992
1993
1954
1995
1996
1997
1994
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
20098
2010
2011
2012

Cat
Point
13.0
183
24.2
41,4
30.6
60.2
72.5
52.5
366
271
941
482
313
23.4
48.3
307
264
322
200
15.6
21.0
258
171

Dry
Bar
15.4
21.7
28.7
491
364
71.4
86.0
62.4
43.4
32.2
111.7
57.3
372
27.8
574
36.5
313
382
35.5
18.5
249
306
203

East
Hole
16.8
235
312
53.3
395
77.5
034
67.7
47.1
350
121.3
622
404
302
62.3
396
340
415
385
201
27.0
332

22.0

Eleven
Mile
Bar
17.4
245
324
554
41.0
BO.5
97.0
703
489
363
126.0
64.06
41,9
314
647
411
353
431
40.0
208
281
34.5
229

Lighthouse Normans

Bar
221
311
412
704
52.1
102 .4
1233
89.4
62.2
46.2
160.2
82.1
533
399
82.2
523
449
54.8
509
26,5
157
439
291

South
344
48 3
64.0
109.4
81.0
159.0
191.6
138.9
6.6
71.7
2488
127.5
82.8
619
127.7
g12
698
85.1
72.0
412
354
682
452

Platform
18.7
263
349
596
44.1
86.7

104.5
757
52.7
391
1357
69.5
451
338
69.6
443
380
46.4
431
224
30.2
37.2
24.6

Porters
Bar
13.0
18.2
241
413
305
60.0
723
52.4
36.5
27.1
939
481
31.2
234
482
30,6
263
32.1
29.8
15.5
209
25.7
17.0




Table A2.3. Estimates of monthly exploitation rate from the age-structured model with Ay S
km*, compared to cstimates from fitting the growth type group model 10 ihe uverage legal size
distribution over 5-year periods.

Period Age model  G'TG model

1990- 1094 {(yu67 106
[GO5. [ (NRSR ({1
200122004 s i
2005 2000 FNIE 006

ez s oS



Table A2.4. Apalachicola Bay oyster resource management recommendations compiled from
reports from local sympaosia or agency assessments,

Swift 1898

Matintain dredge fishery ban

Extend harvest closure period to April 15 through October 15 in order to protect early
spawning season

Adhere strictly to laws regarding culling and taking of small oysters

Improve enforcement of harvest laws and laws protecting oyster planters

Break up and separate transplanted clusters of overcrowded oysters in order to improve
growth

Use shell as cultch for new planting locations to create productive beds

Add cultch to depleted beds and allow to recuperate for a year or two

Improve communication with oystermen to reduce mistrust of planting laws

Whitfield and Beaumariage 1977

Balance protection of resources and enhancement of product marketability through
technological innovation and modernization of industiry
Develop non-destructive mechanical harvesting technology
Construct state-sponsored oyster fattening plants 1o allow year-round culture
Shorten harvest season to November 1 through May 1

o Refuse demands by oystermen for legislation allowing year-round harvest
Adhere vigorously to harvest regulations
Amend anti-leasing laws to encourage private management and reef development
Continue State-directed construction of new oyster reefs and rehabilitation of existing
reefs
Inform general public on impacts of development and upstream health on coastal
economy and food production
Have resource managers work closely with resource users to implement management
plans
Initiate FD'A-sponsored oyster marketing and sanitation inspection program to improve
product quality
Expand sanitary surveillance of harvesting waters
Discourage further development, channelization. and dam constniction on Apalachicola
River

Andree 1983

Environmental effects on productivity of oysters
o Correlate biological productivity of oysters with ramnfall, salinity, density of
predators, and other environmental parameters
o Map substrate bottom types and locations in order to improve oyster cultch
planting efforts in suitable locations
o Examine sedimentation and current scour in relation to oyster spat survival in
order to improve reef construction site selection
Management and regulation of fishery resources
o Re-examine laws on undersized oyster harvest. oyster transporl, and summer
harvest to make law enforcement more efticient







fishery with river flow, nutrients, salinity, harvesting intensity, and restoration
methods
o Assess oystermen harvesting practices and adaptation to changes in oyster
abundance
o Use ECOSPACE model to identity effects of varying flow regimes and flow
alternatives on oyster population dynamics and harvest potential
*  Qutreach and education
o Develop community-based outreach and education programn
a Involve oyster harvesters and processors in research and restoration projects
*  Miscellaneous discussion
o Exploration of alternative and “non-traditional” seafood products







ity)
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20 80

Figure A2.2. Density dependence in relative catchability g as evidenced by variation in mean
annual catch per unit effort (CPUE), measured as trips per year divided by mean legal oyster
density from DACS surveys. Assuming constant area swept per tong lift, this relationship
implies that number of tong lifts Per trip increases by a factor of about 4 when densities drop
from around 100 legal oysters/m* to the observed low of near 10/m?*.
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Exhibit 3



From: Pine, Bill

Sent: Saturday, December 20, 2014 11:12 AM
To: Payne,Jack M; Hellgren,Eric C; Havens,Karl
Subject: Apalachicola: Not for distribution
Importance: High

*Please do not distribute this email*
Hello Jack, Eric and Karl:

On Thursday morning ! received a call from a colleague at FWC as a “heads up.” The purpose of the call was to let me
know that following a meeting on Wednesday in Tallahassee with the legal team representing Florida in the Florida vs.
Georgia case pending in the US Supreme Court that the lead attorneys were “not happy” with two manuscripts that |
have in journal review on oyster populations in Apalachicola Bay. 1was told by my FWC colleague that the attorneys
thought the papers should be withdrawn, and if they were published that they could “make things difficult for

me.” When told that the funding for the work was provided by IFAS, the response was that things could be made
difficult for IFAS as well. | was told to expect a call from the attorneys to meet with them to explain the papers and the
current situation. | have not received that call.

At issue is the perception that the work I've led undermines the state of Florida’s assertion in the ongoing lawsuit that
the Apalachicola oyster collapse was caused by water policy in Georgia. The papers basically say “we can’t figure out
what caused the collapse as the evidence isn't clear, but here are some ways to figure it out going forward”. But based
on my experience with similar issues in the Colorado, Gila, and Sacramento river basins this type of uncertainty doesn’t
match well with legal maneuverings related to “take” and “loss”. I've read the brief(s) filed by Florida and the Georgia
response so | am familiar with the points raised by both states. These two papers are part of a group of four
manuscripts I've been working on related to this issue. The third paper is basically complete and can be ready for
submission with four or five more hours of work. My estimate of my time invested in this project and papers since the
fall of 2011 is probably 3000-3500 hours.

Our work in Apalachicola, motivated by the request from Franklin County to IFAS and the oyster recovery task force
headed by Karl Havens, predates the current lawsuit under review by the US Supreme Court. All of our state agency
players have also been closely involved in this work by sharing data, and in participating in three or four workshops we
had in developing the models and manuscripts (in an adaptive ecosystem assessment style at the FWC lab in Cedar

Key). So whether the attorneys working on the case like it or not, state of Florida staff have been involved in this work
since late 2011 predating the current lawsuit. The state has also had copies of the main paper, reviewed it numerous
times, and many of their staff were included as co-authors untif very late drafts of the manuscript when they were asked
by legal staff to “step off” the paper.

I’'ve watched these types of science-policy-legal conflicts play out in several places now. It usually disintegrates into a “if
you don’t like the science then attack the scientist” situation. I've seen people almost lose their jobs with FWS
(suspended and ultimately reinstated after omnibus review). I’'ve had a friend ultimately quit his job with USGS over the
stress associated with repeated intense criticism over his work in various legal proceedings in the Colorado Basin. 1 do
not want to be in this position and hope that it does not evolve into that. | take the veiled threat of this type of
environment, if that is what it is, very seriously. 1 will not work in an environment where I’'m attacked personally for
doing the job | was asked to do by UF and in a situation where | have been as above baard as possible with our agency
partners.
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I’'ve retained a personal attorney (Ron Kozlowski) at the recommendation of a senior faculty member in the UF law
school whom | consulted on the Apalachicola situation and my role as a UF faculty member. My reason for engaging a
personal attorney is to try and create what | think of as a “firewall” between the Apalachicola legal issues, my work on
the subject as part of my job at UF, and my family and personal well being. At the advice of my attorney I'm sort of
laying low for the next little bit and seeing how things shake out. I’'m taking Monday off and may take Tuesday off as
well. | probably won’t be in Gainesville and will be in Cedar Key or somewhere else. Hopefully nobody from FWC gave
the attorneys my cell number.

From a legal perspective there is a February 2 deadline for Georgia to provide an updated response to a series of recent
filings. At the same time a “special master” {a lawyer from Maine) was appointed by the Supreme Court with the
authority to “fix the time and conditions for the filing of additional pleadings, to direct subsequent proceedings, to
summon witnesses, to issue subpoenas, and to take such evidence as may be introduced and such as he may deem it
necessary to call for.” More info and the original appointment of the special master is in the document linked below.

See http://www.scotusblog.com/2014/11/special-master-named-in-river-dispute-2/

Thank you for your time in reading this email. Please do not distribute it to UF counsel or anyone else. Please do not
contact Nick Wiley or anyone eise with FWC, DEP, other agencies, the legisiator, or anyone like this on my behaif or
anything related to what I've shared in this email. 1 will keep you up to date on any developments.

Thanks,
Bill Pine
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From: Havens,Kari

Sent: Monday, February 09, 2015 8:57 PM

To: Leon.Cammen@noaa.gov

Subject: Regarding Supreme Court Case GA vs FL
Leon,

As you may be aware, there is a pending supreme court case of Florida vs. Georgia, in which the state of
Florida is suing Georgia for taking water from the Apalachicola-Chattahoochee-Flint River system for
consumptive uses and as a result causing the collapse of the Apalachicola Bay oyster fishery in fall 2012.
You may also know that I led the research and outreach team in 2012-present that conducted research,
modeling and community outreach after the collapse and identified the (1} likely causal agents, and (2}
remedies to establish a more resilient fishery and economy. We now have a $5.4M grant from NFWF with
the Florida Fish and Wildlife Commission to do experimental reef restoration work.

So that is all good. The not so good news, and the reason for the email is to inform you that Florida Sea
Grant was served with a subpoena on Friday from the State of Georgia that requires us to turn over a
large amount of information ... including the research proposals and reviews of two current ongoing Sea
Grant projects (and all projects we have funded in that ecosystem since 1975). We have no choice but to
comply and are being assisted by the UF Office of Counsel. | just wanted to let you know before you might
happen to see a news story indicating that FL SG was subpoenaed in this case.

Results from some of the SG funded research strongly supports the GA case, which will be interesting.
The work is very rigorous and already is accepted in peer-reviewed journals.

Karl

Karl E. Havens, Director, Florida Sea Grant
Office Phone: (352) 392-5870, Cell Phone: {352) 284-8558

Sent from my MS Surface Pro 2
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Ms. Rebecca Blank
Page Two
September 6, 2012

f freshwater contributes to higher salinity levels adversely affecting oyster populations
and contributing to mass natural mortality events and a dramatic increase in oyster
predation.

Harvesting pressures and practices were altered to increase fishing effort, as
measured in reported Lrips, due to the closure of oyster harvesting in contiguous states
during 2010. This led to everharvesting of illegal and sub-legal oysters further
damaging an already stressed population. Other undetermined causes may alsc have
been involved.

Disaster relief funds authorized by the Magnuson-5tevens Act are needed to: 1)
further assess the primary and secondary causes of the oyster decline; 2} determine the
feasibility of actions to remediate or restore the affected resources; 3) begin actions to
prevent and restore affected resources; and 4) provide economic assistance to {ishing
communities and small businesses, including ovster fishermen affected by the disaster.

The State of Florida is prepared to provide the inforination necessary for you to
properly assess this situation, On behalf of Florida's oyster community, I thank you for

your prompt consideration of this urgent request.

Sincerely,

Rick Scott
Governor
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FLORIDA DEPARTMENT OF AGRICULTURE AND CONSUMER SERVICES
COMMISSIONER ADaM H. PoTnanm

Tue Carmon
September 5, 2012
The Honorshie Rick Scott
Gaovernor
State of Florida

The Capitol, Plaza [eval 05
Tallahassee, Florida 32399

Dear Govemor Scoti:

1 am writing today to edvise you of a situation that is quickly becoming a crisis for
Florida's coastal communities who rely on 4 vibrant and healthy oyster population for economic
viability. The oyster resources in the state, particularly those in Apalachicole Bay, have been
significantly impacted by the prolonged drought that many aress of the state are facing. The
drought condirions in the Bay have caused the oysier regources to decrease 1o g level that will no
longer sustain Florida's commercial oyster industry. This situation has been exacerbated by the
low leved of fresh water coming down the Apalachicola River ints the Bay,

As you know, oysters require e delicate balance of bath fresh and salt water. If salinity
levels in and around oyster reefs get toe high, the water is hospitable to marine organisms that
prey on oysters such as oyster drills, stone crebs and conchs, In addition, high salinity creates
unfaverable conditions for juvenile oyster growth, First with Tropical Storm Debby and followed
shortly thereafter by Tropical Storm Isaac, the alvesdy scarce resource was further impacted, A
recent ussessment of the oyster resources in the Bay conducted by the Florida Department of
Agriculture and Consumer Service (FDACS) conchided that current oyster resource levels have
not been this Jow since immediately aRer Hummicane Elena in 1985,

In addition to Apalachicola, we have almeady begun to hear from oysier harvesters in
Wakulis, Dixie and Levy countics that they are also secing high nyster mortality rates due to the
drought. These areas huve been closed seasonally 10 oyster harvesting through the summer and
only opened on September 1, 2012. FDACS will condust assessments on those areas over the
nexl twa weeks, however given the situstion in Apalachicola Bay, it is likely these areas will also
not support & sustained conunercial harvest,

[‘%ﬁ; i-BDO-HELPFLA {850} 486-3022 www FreshFramFloridacom
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Governor Eick Scotl
September 3, 2012
Page Two

On bebalf of Florida's oyster harvesters snd processors, 1 respectfully reguest that
you ask United States Department of Comnmerce Acting Secretary Rebecca Blank to declare a
federal fishery disaster for Florids's oyster harvesting areas in the Gulf, 1 believe the current
conditions meet the requirements established in Section 312{u) of the Magnusorn-Stevens Fishery
Conservation and Managereent Act and Section 308(b) of the Interjurisdistionsl Fisheries Act
and iherefore wamrant this request,

To assiat in your consideration of this request, | am enclosing the Apalachicola Bay
Oysier Resource Assessment Report. Thank vou in zdvence for your support of Flurida’s
commercial oyster indusiry. Should you need additional information on this situation, please do
not hesiiate to contact me.

Sincercly,

Comroissioner of Agnculture

Enclosure
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Oyster Resource Assessment Report
Apalachicola Bay

August 2012
Department of Agriculture and Consumer Services
Division of Aquaculinire

Executive Summary

Observations and sumpling of oyster populations on the primary oyster producing reefs in
Apalachicoln Bay during July 2012 indicated that oyster populations were depleted over most of
the reef areas sampled and thet surviving oyster populstions are severely stressed. Staff of the
Department of Agriculture and Consurer Services® Division of Aquarubture conducted
assessments of oyster populations after preliminary reconnsissance following the passajge of
Tropical Storm Debby indicated that eyster populations on Cat Point Bar and Easti Hole Bar were
in poor condition. More detailed sampling and anslyses confinmed the condition of oyster
resources aod supgested that the poor condition was the result of combination of environmental
factors snd fishery practices. Analyses and observations further suggested that Tropical Storm
Debby was only a minor contributing factor to the overall poor condition of oyster resources sand
vonfirmed evidence that prolonged drought conditions, continuing low river discharge rates and
intensive harvesting were adversely affecting oyster populations in Apalachicola Bay.

‘This report provides interpretative analyves of sampling dats, fisheries dats, environmentz!
conditions, fishery practices and other factors to describe the current status of oyster resonrees
and predict cyster fishery trends for the 2012/13 Winter Harvesting Season in Apalachicola Bay.
Analyses and observations indicate that a combination of factors have resufied in & cagcading
effect that has contributed to the depletion of oyster populations and mey lead to longer-term
debilitation of gyster resourves and oyster reef hahitats,

Introduction

The Florida Depariment of Agricultare and Consumer Services (DACS) shares responsibility for
managing oyster resources in Apalachicola Bay with the Florida Fish and Wildlife Conservation
Commission (FWC); more specifically, the Divigion of Aquaculture manages oysters from both
resource development and public health protection perspectives. This report summarizes
information related to oyster resource compiled by the Division of Aquaculture from 2009
through Augnsi 2012,

Oyster Fisheries Statistics

Since 1980, reported landings of oysters in Florida ranged from about 1 fo 6.5 million pounds of
mests: highest landings were reported in the emely 1980s, wound 6.5 milion pounds
Apalechicola Bay accounts for sbout 90% of Florids's landings and sbout 9% of the landings
trom the Gulf of Mexico (2000-2008 average). Reported oyster landings from Apalachicoia Bay
for 2011 were spproximately 2.4 million pounds of meat, representing & shight increase in
landings from 2010 (Table 1).
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In 2811, oystermen ip Franklin County reported landings of 2,380,810 pounds of meats fiom
39,176 trips.  Landings for Apalachicols Bay are higher than reported for Franklin County,
because oysiermen in peighboring counties may report landings fom Apslachicola Bay in those
counties.

Table 1. Oyster Landings in Apatachicols Bay, Florida

Year Pounds Mumber AB Oyster  Dags/
{Meats) of Trips Harvesting  Trip
Reported Licenses
2060 2327402 25,550 S48 13.9
2001 2,333,968 25,261 1,135 i4.4
2002 1725776 20,294 914 13.0
2003 1,449,890 18,467 759 12.0
2004 1,302,056 17,692 719 12.9
2003 1,260,989 12,663 714 152
2006 2127049 22,644 518 143
2007 2,543,359 28104 1,142 139
2008 2,238,482 17603 1,168 123
2009 2,695,701 30,942 1,433 6.2
2010 1,538,050 32,330 1,509 9.1
2011 2,380,810 a9.176 §,799 9.3
2012 1,687

Landings par ip remained relatively stable during 2010 and 2011, ranging from 9.1 to 9.3 bags
per trip. Landings per trip continged 0 trend downwurd from sbhout 15 bags per trip in 2005 to
aboot 9.3 bags per trip in 2011, Oyster landings and bags per irip do not show a direct
comziation with the sumber of ABOHL sold; there were 1,799 ARHOL sold in 2011 and 1,687
sold in 2012. The dockside value of oyster landed in Frankiin County was estimated at §6.64
miflion in 2011,

Oyster lnodings appear to be comeleted with three primary varisbies; resowrce availability,
fishing effort, and market demand. Fishing effort hes increased while market demead has been
highly variable dee to economic iustability, concems associated with the Deep Water Horlzon
(DWH) oil spil} incident in 2010, and inconsistent supplies from other Gulf states,

Oyster Resource Assessments

The Division hes conducted oyster resource survays on the principle oyster-producing reefs in
Apalachicols Bay since 1982, This information is used by resource managers to relishly predict
trends in oyster prodection; to monitor oyster population dymamics, including recruitment,
growth, natural montality, standing stocks; and to determine the impacts of climatic events such
as humicapes, foods, and Jroughts on oyster resources. Sampling oysier populations allows
resourse managers to compare the relative condition of standing stacks aver time usieg a defined
sempling protocol. The Standard Oyster Resvurce Manegement Protocol (SORMP) provides #

2
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calculation to estimate production based on the density of legal size ovsters collected during @
defined sampling interval. Production estimates exceeding 400 bage of nysters per acre i§
applied as an indicator of healthy nyster reeft capable of sustaining commercis! harvesting.

The Division of Agusculnue conducted oyster resource assessments on the commercially
important oysler reefs in Apslechicols Bay during July 2012, Commercially imporiant reefs
included Cat Poirg Bar, Fast Hole Bar and the St Vincent Bar and Dry Bar reef complex. Oyster
resource assessments were also conducted on thres recently rehabilitated reefs, and on shailow
and intertidal reefs in 81, Vincent Sound.

Prodection estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294
bags/acre) were the Jowest production estivates veported in the past twenty years prior to the
opening of the Winter Harvesting Scason. Similerly, production estimates from St Viocont Bar
and Dry Bar (bags per acre) demonsirated depressed production estimates. Estimated oyster
population parameters for Cat Point Bar, Fast Hole Bar and St. Vincent / Dry Bar wre below
tevelz gememlly observed on these reefs prior to opening the Winter Harvesting Season, and
suggest thet stocks are not sufficiently sbundant at this time o support coramarcial barvesting
throughout the Winter Harvesting Season. Factors affecting estimated production parameters on
individua] reef complexes are disoussed later in this report.

{at Point Bar and East Hole Ber have historically been the primary producing reefs in
Apaiachicols Bay, These reefs formy s contignous reef system (except for the Intracoustal
Waterwmy) that extends north to south scross St. George Sound and separstes the sound from
Apulachicola Bay, Over the past twenty years, landings from these reefs have been critical o
supporting the oyster fishery in the region.

Oyster density and estimated production showed marked declines on Cat Polst Bar when
compared t0 261 1. Esticuted produetion declined from 417 hags per acre in August 2011 to 287
bags per acre in July 2012 {Table 2). Oyster densities decreased substantially from 430 to 64
oysters per square neler over the samne saopling interval {Teble 2. The decresse in oyster
density reflecis poor recruitment, as well as severely reduced number of oysters in the juvenile
stz classes, snd is indicative of the degraded quality of reef subsimie and structie,

Cat Point and Bast Hole Bar have been subject to 8 combination of factors that have adversely
affected oyster populations, oyster reef habitut, and the oyster fishery. Oyster populations aver
much of the reef area are depicted and the guality of the substrate iz degraded {0 a poimt whers
spat seitiement and recruitment bave been disrupted.  Stress associsted with prolonged high
salinity, high natural mortality and predstion, and intensive fishing effort have markedly redused
standing stocks of juvenile, sub adult and adult ovsters.

The Dry Ber and 81 Vincent Bar complex is z lsrge vonfiguous reef systern in western
Apaischicola Bay, This reef complex provides a substantial portion of the Bay’s landings during
normal years, but fishing pressure was spormdic during 2011 and 2012, The estimsted
production for Dry Bar-81. Vincent (Table 2 indicated s substantis] reduction from 323 bags per
sere in August 2011 to 215 bags per sore in Joly 2012, Samples were collected from the Litte
Gully arza on Dry Bar, because no live oysters were collested on St. Viacent Bar. St Vincent
Bar, extending from Dry Bar southward was considered to be depleted of markeiabie oysters.
The oyster population on §t. Vincemt Bar was likely decirnated by stress associsted with high

3
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salinity, disease snd predstion. Fishing pressure has declined as s ramit of reduced standing
stocks of markebsize oysters over the entire reef complex over the past iwo years. The current
condition of oyster rusoumrces on Dry Bar is nol expected to be at levels that will sustain
comrnercial harvesting through the 2012/13 Winter Harvesting Season.

Estimated production perameters for the reef complexes in the western portion of the Bay and
the “Mites” indicate that standing stocks of marcket size cystess are st varions levels. Stending
stocks on some reefs will support rommercial harvesting, while other reefs show signs of severe
sirens end depletion. Oyster reefs, including North Spur, Green Point snd Csbbage Lumps Plant
Sites are in moderately good condition, with standing stocks and production at levels thar will
suppori fimited commercial harvesting. These plant sites have been planted with processed
eyster shell within the last three years, and the substrate remains i good condition; size
frequency distributions are typical of healthy oyster populations. Hewever, these reefs are small
and overmll production will be limited. Also, oysters on these reefs wili Hkely be suhject to
intense predation from rock snails, while salinity levels remain high. Oyster populations on
shallow and intertidal reefs in the *Miles® {Spacey’s Flats, Fleven Mile Bar, Picolene Bar) sre
aiso severely siressed, showing signs of imtense predation and satural mortslity. Bas in
northwestern Apalachicols Bay and esstern 8i. Vincernt Sound, including Green Point, North
Spur and Cabbage Lumps are more strongly influenced by giver flows than bars located further
away from the river mouth, Prevailing flows and ciroulstion patierns move plumes of fresbwater
westward from the river over these reefs before they are dispersed throughowt the Bay and St
Vincent Sound.

The Standerd Ovster Resouree Management Protocol

Contipuous monitoring aod data snelyses have sllowed resource managers to develop a scale
using defined sampling profovs! to determine the relstive condition of oyster resources based on
estimated production parameters. The Standard Oyster Besource Masagement Protoeo)
{SORMP) provides that estimated production excesding 400 bags of oystess per acre is applied
as @n indicator of hesithy oyster resfs capable of sustsining commercial harvesting.
Acvordingly, oysier populations are 1) capable of supporting Hmited commercial harvesting
when stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting
when stocks Ball below 200 bags/acre, and 3) considered depleted when marketabie stocks are
below 100 bags/acre. Genemlly, production from Cst Point Bar has beens the most scourste
indicater of oyster production in Apalachicola Bay, but East Hole Bar and St. Vincent Bar are
aiso reliable indicators of the condition of ovster resources throughout the Bay, ‘This scale forms
the basis for the Standumrd Oyster Resource Masagement Protocol provided in Subsection 588~
27.017, Floride Administative Code, which has been used as the critenis for setting the number
of harvesting days in the Winter Harvesting Sesson in Apelachicolan Bay.

Depletion of Oyster Resources

Standing Stocks and Corurpercial Production Estimates

Stze frequency distributions for oyster standing stocks ere strong indicaicrs of the health of
osyster populations and are usefo! for predicting fishery drends. Size distributions smong oyster
popalations are used to evaluste recruitment to the popudation, recruittoent of juveniles to market
size, growth, survival and potental production. Accordingly, size fregueacy distributions can be
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used to evaluste oyster depletion events, Current anslyses of size frequency distributions and
ovster standing astocky indicate that oyster populations on (he mejor producing reefls in
Apulachivola Bay are experiencing an on-going depletion svent.

Oyster populations can be depleted from a nember of factors; inchiding climatic conditions,
waler quality, drought and flood events, catastrophic storms and tngricanes, natural mortality
from diseases and predation, and fisheries. Most of the fime, depletions sceur because of @
combination of these factors {multiple siressors).

Data analyses and observations on the major reef complexes showed substantial losses of oyster
populations over the past two years, with severe declines in oyster densities, standing stocks and
production estimates. Declining populations can be attributed to less than optimal environmental
conditions (prolonged drought, reduced river discharpe raies, high saiinity), storm events
(Tropical Storm Debby), and incressed predation and natwal mortality, wesk recruitinent, and
extensive harvesting on the major reefs. It is evident from divers® observationy that many reefs
in Apalachicols Buy are showing the negative sffects of decreased rainfall and freshwater flow
rates from the Apslachicola River over the past two yeary, including depressed recenisment and
increased patural oyster mortality (predation, disesse, and stress sssociated with high salinity
regimes). Additionally, the long-term impairment of reef structure (reef clevations, shell matrix,
and shell balance) is of sericus concern. Each of (ae factors contributing 1o oyster depletion in
Apalachicnia Bay are discussed below,

Prodonged Droughi and Flevated Salinity

Adverse environmental conditions can have & devastating effect on ovsier populations; and high
salinity is among the most detrimental factors. Because oysters are zessile animals, they are not
capable of moving when environmental sonditions become less than optimal or sometimes
jethal. While oysters can tolerate 2 wide range of salinities, prolonged exposure to less than
optimal conditions will adversely impact affected populations. Oysters become physiologically
stressed when salinity levels are below or sbove optimal levels (10-25 ppt) for extended periods,
affecting reproductive pofential, spatfall, recruitment, growth and survival,

Rainfall pnd concomitant river discharge are essentisl for produciive oyster populations in
Apulachicola Bay, and provide three oritical requirements for survival. First, survival depends
upon salinity regimes that are suitable for oysters 1o reproduce, grow and survive, Rainfall in the
drainage basin and discharge into the Bay are vssential, as productive oyster popalations reqoire
a combination for fresh weier and marine waters. Fluctuating salinity regimes, within the
oyster's olerance [imits, is the single most important factor influencing oyster populations in
Apalachicola Bay. Secord, minfall, flooding i the flood plain, and river discharge into the Bay
are essential for supplyving nuirisnts and detritus necessary o nounsh and susiain food webs and
trophic dynamics within the estuaring system. And third, rainfall end river discharge is & onitical
factor driving fluctuations in salinity levelz thet prevent destructive predators with merine
affirdties from becoming established in the Bay. The critics]l infhiences of minfall and river
discharge wers severely diminished during the past two years, The region and much of the
drainage bamn have been subject to extensive drougt during 2011 and 2012, and these
conditions have been reflected in low river stages and low river discharge rutes.
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Although, environmental conditions improved with relatively normal rainfall and viver discharge
in 2009 and early 2010, and abuadant spat &l was reported on Cat Point and East Hole Bars
during 2010, pyster resovrees have not rebounded completely. Conditicns began to decline and
drought conditions hive perzisted in the Apslachicola River Besin since August 2070, With
drought conditions zeturming tc the replon, desreased rainfall and tiver discharge have
contributed to stress on ayster populations in Apalachicola Bay.

The Floride Panhandle and the Apalachicols River [ACF) dminage basin have experienced
projonged droupht conditions for several years, and the reduced freshwster inpul into
Apslachicola Bay has seriously affected oyster populstions in the Bay. Poor recmuitment and
poor survival can be directly attribuled to prolonged high-salinity environment, which is also
confirmed by the presence of marine predators, primarily stone crabs and Florida rock soails
(oyster drills). The predators are prosent in great pumbers and are currently overwhelming
oyster populations throughout Apalachicols Bay. Petes et al, (2012} and Wilber {1992)
investigated the effects of reduced freshwater flows on oyster populations in Apalachicola Bay
and reported sdverse impacts resulting from low river flows.

Netural Modtalivy and Predation

The combination of high salinity and high water temperatures are known o severely stress oyster
pupulstions and muay resull in magsive mortality events. It is highly Likely that these
envirommenial factors have contributed substantially to natural mortality and low recruiiment in
the Bay, High selinity and high water temperatures also comrelate with the increased prevalence
and intensity of the oyster parasite, Perkinsus marinus, This parasite (dermo) is oftep associated
with oyster mortality in the holer swumer wonths and is commonly described as *Sumemer
Monality Syndrome’ in Florida, The Department participates in the Uyster Seatine! Program in
the Guif and monitors the presence and intensity of P. marinus in oysters in Apalachicole Bay,

Gbservations by divers confirmed the presence and sbundance of stone crabs, Menippe
mercenaria, on the primery oyster reefs in Apalachicola Bay. Stone ceab burrows are 2asy to
recognize angd the sppetite of these destructive predators is obvious. Stone creb burrows are
surrgunded by living and dead oysters; the result of crebs aslively forsging and bringing live
oysters 1o their burrows. The shells of devoured oysters are also present and form a ring around
burrows, Examining dead oyster shell provides confiimation of the crushing actien of stone
crabs on the shell of oysters. Stone crabs arc considered primary predstors of oysters when
salinities remain high for extended periods and crab populations become established on oyster
reefs.

Ohsegvations and sampling confirmed the prosence and abundance of the Florida rock snail,
Stramonita haemastoma, (formerly Thaly haemasfoma), & destructive snaif coromonly referred to
as gn oyster drifl. Oyster drills are considered as one of the most serious oyster predators along
Fiorida’s Gulf Coast, and huve become established in Apalachicola Bay over the past two years,
Reports from oystermen suggest that drifls are more sbundant than at any tme in recent memory,
it appears thet drill populations are moving farther info the estusry as oyster populations in the
more marise portions of the Bay are depleted. High numbers of drills were found wherever
viable yster populations were observed The presence and establishment of snaif populstions
correlate with prolonged high salinity weters. It s also disturbing that dri¥ls are completing their
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ife eycles within the estusry, since egg cases, juvenile, subadult and aduli sowily are abundant on
oyster reefs.

Additionally, the Flords crown conch, Afelengena coronu, was commonly observed on nyster
reefs. These conchs are also known 1o be serious oyster predatars with marine effinities. Mud
crabs of various species are #iso common predators on oyster reefs, generally attacking spat and
smalier juvenile oysiers.

Increased strass associated with high salinily tegimes acts to exacerbate the level and intensity of
predation by weakening oysters. Prolonged pedods of high salinity result in naturzl mortality
from predation which can have & signifivent impact on oyster populstions and result in sericus
gconomic losses to commercial oyster fisheries. The presence snd sbundance of marine
preclators on oyster reefs in Apalachicola Bay the leng duration of high salinity conditions within
the estuary,

Haryesting Pressure

Declining  oyster populstion parameters can be assosipted with hurvesting, as well as
environmentsl influences and natural mortality. Reporied oyster landings for Franklin Coungy in
2011 incremsed marginally over 2010 in both production snd bags per frip, but harvesting
pressure (as measured in reported trips) increased by showt 20 percent.  Oyster population
purameters for Cat Point Bar end Bast Hole Bar suggest that oyster sbundances and potentisl
produstion i markedly depressed, possibly reflecting the «ffects of continuous harvesting, pooy
harvesting practices, as well 8s, less than optismal enviroamental conditions in 2010 and 2011,
Over harvestiog is most damaging when environmental conditions are lass than optimal,
recruitinent is low, and natural mortality is ugh,

Respurce managers beliove that seversd activities sssociated with harvesting heve had =
detrimenial Impact on standing stocks and oyster resiirces on the primary producing recfs in 8t
George Sound in eastern Apalechicolas Bay. The standing stocks of juvenile, sub-iegal, and
market-size oysters suggest that the oversl] condition of many reefs has declined subsfentially
wver the past two years ag a result of continucus harvesting from Cat Point and East Hole Bars,
concentrated and intensive barvesting by the majority of the fishing fleet, and the excessive
harvesting of sub-iegal oysters.

Vessel counts during the 2013/12 Winter Harvesting Season show that sbout & percent of the
fishing fleet was concentrated on Cat Point and East Hole Baxs. Fishing effort often averaged
more: than 120 vessels per day fhroughout 2011 and 2012 placing added pressure on Cat Point
snd Bast Hole Bers, In response to limiting the number of hours harvest can occur each day to
eoutrel for ¥ibrio velnificns, sdditional hurvesting days during 2611 and 2012 were implemented
which increased fishing pressure and further deteriorated the condition of the resoumce, Another
contributing factor was the manugement decision to allow harvesting froe these reefs during the
surnmer of 2010 o response fo the ofl spill event {April, 2010), This sesulted in en intense
hagvesting effort which precluded any recovery tims for the resource

Harvesting pressure is usually high oo reefs in the eastemn portion of the Bay ui the beginning of

the oyster harvesting season, and in 2011 and 2012 harvesting pressure was almost exclugively
directed o Cat Point and East Hole Bars, Harvesting pressure on Cat Point Bar and East Hole

7
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Bar in St George Sound demonstrated an upward trend in effort over the past two years. This
chasge in fishing effort is not asy w0 explain, since it dues not seemn 1o be swicdy associated with
resource svailability. Onpe plausible explanation may be the proximity of St George Sound to
Eaztpoint, where many licensed oystermen reside and sel their oysiers.

Some of the decline of legal-size oysters cun be atiribuded to the excessive harvesting of sub-
legal oysters. Since 201, there have been numerous reports of oystermen harvesting oysters
below the legal size Jimit, and observations in the markeiplace confirmed that the harvest of
smail pysters was very commmon during the DWH oil spill event snd has parsisted o the present.
Excessive harvesting of sub-legal oysters from 2010 theough 2012 reduced recruitment among
sub-legal size classes 1o legal size, contributing to declining tronds in cstimated production in
20122013, This sifuation results from bervesting and culling practices of the fishermen, when
sub-legal oysters are ot culled and returned to the reef to prow to merketable size.

The practice of hervesting sub-fegal oysters sppears to be an extension of a "use it or lose it
attitude that prevailed during the fall snd winter of 2010, Following the off spill in Apeil 2010,
there was an acknowledged threat to oyster resources in Apelachicols Bay, snd mensgement
policies were directed toward harvesting available resources in the face of a growing risk of joss.
Throughowt the period when oil posed an unpredictable threat t¢ the ovster fishery, less effort
way directed towsrd enforcing size limits, perhaps, vielding to the view thet it would be more
beneficial to harvest the available resource. But unforfunately, many pystermen have continued
the sume harvesting practices thut were aliowsd during the oil spill threat,

The Division's 2011 Oyster Resource Assessment Report for Apolachicola Bay {Division of
Aquaculture, 2011} stated thet oyster population estimates indicated that recruitment would Keep
pace with harvesting pressure and sustain production throughout the 201 1712 Winter Harvesting
Beason: with the cavest that increased harvesting pressure and/or the vnabated hwrvesting of
sublagal stocks may alter the production / hervesting belance. In 2011, reports of the harvest and
sale of pysters below the legal size limit was still common practice, and it is sow clear that there
are not sufficient oumbers of juvenile and market size oysters 1o support harvesting throughout
the up coming season.

Tropical Storm Debby

Tropical Storm Debby made its closest spproach to Apalechicola Bay on June 25, 2012 before
moving eestward and making landfall near the mouth of the Suwannee River. Despite the fact
that Debby never achisved hurricane strenpth, it was accompanied by moderate storm surge in
the Big Bend region. Maximurn surge st Apalachicols was 3.51 feet,

The greatest impacts to oyster reefs were expected to be in 5t George Scund and westem
Apalachicola Bay (81 Vincent Bar) becsuse of the long fetch of open water. Scouring was
expecied az g result of storm surge and wave achion across the Bay. Fortunately, most of the
storm suwige and strongest wave action oceurred during high tides when the reefs are most
protected from severs hydrologicsl impacts.

Preliminary reconnaissance following T.5.Debby did not indiate severe disruption of oyster reef
structure. Examination of shells and Hve pysters did not display the effects of severe scowing
{ex. polished shell surfices, sbrasion, dead oysters) snd observetions by divers did not

§
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demonstrate extensive disruption of the reef's surface (suspension and deposifion of reef shell
and sediments, concrefion of reef material, or burial of shell and living oysters). Although reef
areas were sometimes devoid of live oysters, clusters of oysters were present in adiacent aress
that did not indicate severe distwbance. Scouring and wave action may have impacted reef
surfaces and oyster resources in some areas, but widespread damage o reef structure was oot
observed.

Heavy rainfall and coastsl flooding may have an adverse impact on oyster veefs clogest to the
river and distribateries in the river delta, but the sudden inflx of freshwater did not appear o
couse extensive oyster mortalities on reefs away from the river delts (reefs in the Winter
Harvesting Areas). Preliminary reconnsissance and sampling did not identify oyster populetions
where mass mortalities occurred; it is penerally apparent when a mass mortality event oceurs
froro a freshet or poor water quality (low dissolved oxygen concentrations). Howaver, it reroaing
likely that oyster populations in close proximity fo the river delts may be subject to prolonged
low salinity ané associeted low dissolved oxyges comcentrations, end may suffer mortalities,
There have been zome veports of recent mortalities {iate July) among oysters on reefs in the
Summer Hervesting Area (Norman's Lumps),

Fighery Menagement lmplications

The Department of Agriculture and Consumer Services and the Fish mnd Wildlife Conservation
Commission enscled severel policies thet allowed oystermen a grester opporiunity to harvest
availshie oyster resources in Apalachicola Bay in response io the Deepwater Horlzon oil spill
event and national shelifish program requirements, The Executive Director of the FWCC signed
an Executive Order that alfowed commersial harvest of oysters from Apalachicols Bay seven
deys a week beginning Seplernber 1, 2011, contingent vpon the Standard Oyster Resource
Management Protocol (SORMP). On Jume 1, 2012, the FWCC enacted rule amendments in
Chapter 68B-27.017 that allowed harvesting of oysters seven deys a week, year round in
Apalachicola Bay. This action was taken, in pert, to ascommodete commercial oysier fishermen
Tor time: on the water harvesting that was decressed as 8 result of rocent menagement practices to
enhance public heaith proteciion. These prachices, consistent with netional Vibrio vainifiows
reduction criteria, Imposed more siringent Hinilstions on harvesting times from April through
November,

Subsection 68B-27.017(1)&), Florida Administrative Code, provides that oysters msay be
harvested for commercial purposes on sny day of the week, Subsection (1)(b) provides that - Jf
duning the period of November 16 through May 31 DACS establishes thet the oyster resources
on Cat Point Bar and East Hole Bar car not sustain a barvest of 300 bags per acre (SORMP),
then the harvest of oysters for commercial purposes shall be prohibited on Saturdays and
Sungdeys. Results of the curment sssessment indicated thet estimsted production on Cat Point Bar
and East Hole Bar mgy not exvesd the level provided in the SORMP for DACS to recommend
that oyster harvesting for commercial purposes be continued at seven days a week. Oyster
resources will be reeasgessed in November and recommendations will be forwarded to the
Florida Fish and Wildlife Conservetion Commission.
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Fishery Trends

Analyses of nyster resource zssezsment dela over the past hwo veurs indicate several general
canclusions regarding oyster rescurces in Apshachisola Bay.

The pudook for oyster production for the 2012/2013 Winter Harvesting Season in 81 Gzorge
Sound {Cat Point, East Hole, Porters Bar and Platform) s described a5 “poor™. It appears
untikely that oyster populations on Cat Point and East Hole Bars cen sustain comcentrated
barvesting effort throughout the Winter Harvestiog Season.

Decliming population estimates over the past two years generally indicated that nyster
populations are severely stressed.  Although oyster population parameters for 2016 and 2011
reflecied velatively stable production estimales, declines in 2012 suggest that overall resource
svailability may not be capable of sustaining current harvesting levels (bags per trip). The
number of bags per tzip ks continued to decline over the past five years,

Prior to 2009, the demand for oysters from Apelachicola Pay was & primary factor limiting
harvests, as harvests did not appear to be limited by availeble stocks., Higher landings in 2009
likely reflected sirenpthening market demand and increased fishing effort rather than increased
resource availability. Howsver, in 201172012 demend for Apslachicols Bay oysters increased
beeguse of reduced production from historicelly productive sreas in other Guif states, while
oyster resowrces in the Bay have suffered during the current drought.  Consequently, oyster
resources mey not be adequate o support increased harvesting pressure snd meet increased
demand throughout the upcorning season.

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012,

Spmpls Qysler | Mean | Density Qysters ; Bags
Cauzdral | Mumber | Leng. 1000x
Oale {0,25m) il {rm} {im} >S0mm (%t >I0mm (%) (imd fan {ipod
08H8 20 518 382 | 9232 88.2 17.21 212 858 381
11408 10 564 20 | 2256 88.7 1833 438  1¥6.4 T84
12108 10 333 5682 | 14332 8.4 2482 3.4 124.3 £9v
GBS 20 828 50.1 1858 45,2 1540 250 104.4 44%
1148 18 #5268 £8.2 2504 56.F ?.83 18.8 73.3 352
B4/40 20 989 48.4 193.8 46.7 9.81 18.2 7.7 k]
GG 24 1,043 505 208.6 £3.8 8.82 18.8 75,3 334
1440 28 BES 5248 | 173D 83.7 1225 212 658.7 389
o811 15 1611 48.2 428.6 48,8 540 3.2 839 417
g72 ia 161 58.8 54.4 8§71 24.84 188 84,7 287
1)
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Table 2. East Hole Bar Population Estimates: November 2008 1o July 2012,

Semple | Oyster | fean | Densi Oyslers } Bags
Quadrat | Number | Leng, 1000x

Date (0.258m) {n} frnn} {frn) >Bnwn (35 »7Emm (%) {fn) ifach {fag)

R ' 318 578 127.2 &3 22.33 284 114.8 510

| 0ae 20 1023 | 483 | 2044 50,7 808 18.5 75.2 3Y

11410 10 882 47.0 2728 48.8 8.35 258 1038 480

07412 10 127 80.8 50.8 8663 34.28 18.3 86,3 284

Table 2. Dry Bar Population Estimates: September 2008 to July 2012,

Soemple Ovster | Mean 1151 Qyalarmn . Bags
Quadrat | Mumbser | Leng. 1300

Cate  0,25m) {n3 {rm) {fm) «E0mun (%) »75mm (%] {'m) ] {fac)
0BI08 20 1,487 4.0 283.4 54.4 14,86 43.8 178.4 784
12008 0 585 47 4 384d.4 488 7.81 308 124.8 554
OB/0e 20 1,352 48.8 2728 41.2 5.31 17.2 £88.8 308
1148 18 588 458 § 2358 417 743 16.7 £7.9 32
0810 20 /77 5.2 175.4 50.5 10,83 18.9 5.5 341
1140 20 1,313 43.1 282.5 344 11.85 305 1238 550
ot 15 587 47.% 1512 448 11.80 17.8 737 323
07112 1g° 158 56.0 800 68.0 0.0 12.9 48.8 215"

a - Samples collected Bom Little Gally on Dry Ber. Ne live oysters were collecled from St Vincent Har

Table 2. Narth Spur (Plant) Population Estimsates: September 2008 - July 2012

| Sample _70\&8? Mean | Dansity | . Cysters Bacs
Quadrat | Mumbser | Leng. | o 1000x
Date | (0.28m) Iy {um (i) >B0mmi (%) | >T6mm (%) | Um) tfac) {fac)
beme . & 2841 529 2272 50.6 1056 2391  @ro 431
08/08 | 190 541 495] 2164 49.9 12.75 ' 27.5 111.8 495
54712 5.  soan| 480] 8320 504 510 424 | 1717 763 |
0811 5 286 | 23 2152 580 ) Be8i M4 1392 819
1}
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i g

L0742 10| 352[ 53.4[ 144.5{ 678 | 18.23 | 6.4

T
106.8 |

475 |
Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012.
Sample Oyster | Mean | Densily |  Oysters Baas
Guadrat | Number | Leng. ! 1060x%
Date | (0.25m) | {m} {mm) i »H0mm (%) | >78mm (%) | {my 8] ifac
DBRE 10 482 838 | 1922 75.8 20331 292 168.5 05
05108 10 274541 4821 103.8 44,7 i7.52 1 182 7.7 348
: 0841 10 510 . 544! 204.0 88.5 1284 1 264 106.5 474
o712 5 126 sos| 100.0 85.0 28001 280! 1133 503 |
13
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Exhibit 6



Oyster Resource Assessment Report
Apalachicola Bay 2011

Department ot Agriculture and Consumer Services
Division of Aquaculture

Introduction

The Florida Department of Agriculture and Consumer Scrvices (FDACS) shares responsibility
for managing oyster resources in Apalachicola Bay with the Florida Fish and Wildlife
Conscrvation Commission (FWC); more specifically, the Division of Aquaculture manages
oysters from both resource development and public hicalth protection perspectives. This repont
summarizes oyster resource surveys conducted by the Division of Aguaculture from 2009
through Scptember, 2011,

Fisheries Siatistics

Since 1980, reported tandings in Florida ranged from about 1 to 6.5 million pounds of meats:
highest landings were reported in the carly 1980s, around 6.5 million pounds. Apalachicola Bay
accounts for about 90% of Florida’s landings and about 9% of the landings from the Gulf of
Mexico (2000-2008 average). Reported oyster landings from Apalachicola Bay for 2010 were
approximately 1.9 mitlion pounds of meat, representing a decline in landings from 2009 {Table
1. Dockside vaiue for oysters from Apalachicola Bay was about 5.6 million dollars in 2010.

Table I. Oyster Landings in Apalachicola Bay, Flonda

Year Pounds Number AB Qyster  Bags/
{Mcats) of Trips Harvesting  Trip
Reported Licenses
2000 2327402 25,550 958 13.9
2001 2,333,968 25.201 1135 14.1
2002 1,725,776 20,294 914 13.0
2003 }.449 890 18.4067 759 12.0
2004 1,502,056 17,692 719 12.9
2005 1,260,996 12,663 714 15.2
2000 2,127,049 22,644 916 14.3
2007 2,045,359 29,104 1,142 139
2008 2,238.482 27,603 1,168 12.3
2009 2.695.701 39942 1433 10.2
2010 1.916.155 31.984 1.909 9.1

Oyster landings appear to be corrclated with three primary variables; resource availability,
fishing ¢ffort, and market demand. Most recently, tishing etfort and market demand have been
highly vanablc duc to cconomic instability and concems assoctated with the Decp Water
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Horizon (DWH) oil spill incident. In 2010, oystermen reported 31,984 trips and the number of
Apalachicola Bay Oyster Harvesting Licenses reached 1,909, the highest number of licenses sold
since the license was created. Landings per tnip have declined from about 15 bags per trip in
2005 to about 9.1 bags per trip in 2010, and show an mverse correlation with the number of
ABOHL sold.

Oyster Resource Assessments

The Division has conducted oyster resource surveys on the principle oyster-producing reefs in
Apalachicola Bay since 1982. This information is used by resource managers to reliably predict
trends in oyster production; to monitor oyster population dynamics, inchuding recruitment,
growth, natural mortahty. standing stocks; and to determine the impacts of climatic events such
as hurricanes, floods, and droughts on oyster resourccs,

Continuous monitoring and data analyscs have allowed resource managers to develop a scale
using defined sampling protocol to determine the relative condition of oyster resources based on
cstimated production paramcters.  The Standard Oyster Resource Management Protocol
(SORMP) provides that cstimated production cxcceding 400 bags of oysters per acre 1s applied
as an indicator of hcalthy oyster reefs capable of sustaining commercial harvesting.
Accordingly, oyster populations arc I) capable of supporting limited commercial harvesting
when stocks cxceed 200 bags/acre, 2) below levels necessary to support commercial harvesting
when stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are
below 100 bags/acre. Generally, production from Cat Point Bar has been the most accurate
indicator of oyster production m Apalachicola Bay, but East Hole Bar and St. Vincent Bar arc
also reliable indicators of the condition of oyster resources throughout the Bay. This scale forms
the basis for the Standard Oyster Resource Management Protocol provided in Subscction 68B-
27.017, Flonda Administrative Code, which has been uscd as the eriteria for setting the number
of harvesting days 1n the Winter Harvesting Scason in Apalachicola Bay.

Subscction 68B-27.017(2)a}, Florida Admimstrative Code, provides that oysters may be
harvested for commercial purposcs on any day of the week from November 16 to May 31 of
each year when the Bay 1s not closed for public health purposes and when the ovster resources
on Cat Pomt Bar or Easthole can sustamn a harvest of 300 bags of oysters per acre. The
Executive Director of the FWCC signed an Executive Order that allowed commercial harvest of
oysters from Apalachicola Bay scven days a wecek beginning Sceptember 1, 2011, contingent
upon the SORMP. Under the protocol, oyster abundance (standing stocks of legal size oysters)
must be sufficicent to sustain a harvest of 300 bags of oysters per acre on Cat Point and East Hole
Bars.

This action was taken, in part, to accommodate commercial oyster fishermen for time on the
watcr harvesting that was decreased as a result of recent management practices to enhance public
health proteetion. These practiees, consistent with nationat Fibrio vu/nificns reduction criteria,
imposed more stringent limitations on harvesting times from Aprif through November.

The Division of Aquaculture conducted oyster resource asscssments on the commercially
important oyster reefs in Apalachicola Bay during August and September, 204 1. Results of these
assessments indicated that estimated production on Cat Point Bar (417 bags per acrc) exceeded
the level provided in the Standard Oyster Resource Management Protocol to open the bay to
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harvest for seven days per week. Based on this resource assessment data, the Division of
Aquaculture can also recommend that oyster harvesting for commercial purposes be continued at
scven days a weck beginming on November 16, 2010, This recommendation will be assessed
after the November sampling interval and forwarded to the Florida Fish and Wildlife
Conservation Commission.

Production estimates from Cat Point Bar for September 2011 (417 bags/acre} improved slightly
over production cstimates for November 2010 (381 bags/acre), but population parameters still
suggested that standing stocks of market oysters were siressed. Production estimates from Dry
Bar ovcr the same samphing intervals (September 201 1; 323 bags/acre and November 2010; 550
bags/acre), showed a decline in standing stocks of markcet-sizc oysters.  Although production
csttmates cxcceded 300 bags per acre on both reef complexes, cstimated oyster population
paramcters on Cat Point Bar and Dry Bar suggest that stocks are not sufficiently abundant at this
time to support intcnse commereial harvesting throughout the Winter Harvesting Season. Factors
affecting estimated production parameters on individual reef complexes will be discussed in this
report.

Vessel Counts

The most recent vessel counts indicated that most of the fishing flect was concentrated on Cat
Point and East Hole Bars when the 2011/12 Winter Harvesting Scason opened.  Vessels counts
to monitor fishing pressurc showed that oystermen moved their fishing cffort from reefs in the
western portion of the Bay to reefs m St. George Sound, primarily Cat Point and East Hole Bars
n 2011. Fishing cffort ithroughout the winter and spring of 2011 placed added pressure on Cat
Point and East Hole Bars, which, in conjunction with fishing cffort that was placed on these reefs
during the summer of 2010 in response to the o1l spill event, resulted in a cumulative increasc in
harvesting pressure from a relatively limited resource.

Vessel counts during the Summer Harvesting Scason confirmed that typical scasonal harvesting
efforts returnied -to bars in the Summer Harvesting Arcas, in sharp contrast to the previous
summer (2010) when management responscs to the Deep Waler Horzon (DWH) oil spill
contributed to directing fishing cffort to bars that are nommally closed during the summer
harvestmg scason. Vessel counts showed harvesters moved back to the traditional Summer
Harvesting Arca and effort was concentrated primarily on Lighthouse Bar and Norman’s Bar.

Cat Point Bar and East Hole Bar

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in
Apalachicola Bay. These reefs form a contiguous recf system (except for the Intracoastal
Waterway) that extends north to south across St. George Sound and scparates the sound from
Apalachicola Bay. Over the past twenty years, landings from these reefs have been critical to
supporting the oyster fishery in the region.

Oyster density and ecstimated production showed marked incrcases on Cat Point Bar when
compared to 2010. Estimated production inereased from 334 bags per acre in September 2010 to
417 bags per acre in September 2011 (Tabie 2). Oyster densities increased more substantially
from 208 to 429 oysters per mcter over the samce sampling interval.  The increase in oyster
density reflects strong recruitment, as well as a high number of oysters in the juvenile and
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sublegal size classes. Nearly 96% of the oyster population sampled on Cat Point were less than
three inches (Table 2).

Beeause harvesting pressurc has been relatively intense over the sampling penod, population
parameters can be associated with harvesting and environmental influences. Oyster population
parameters for Cat Point Bar and reported landings over the past three years suggest that oyster
abundances and potential production is depressed, reflecting the cffects of continuous harvesting,
as well as, less than optimal environmental conditions in 2010 and 2011, Excesstve harvesting
of sub-lcgal oysters reduced recruitment among sub-lcgal size classes to lcgal size, and higher
salinity regimes adversely affeeted recruitment, survival and growth, contributing to stable or
declining trends in population dynamics in 2010, Although, ecnvironmental conditions improved
with rclatively normal rainfall and river discharge in 2009 and carly 2010, and abundant spat fall
was rcported on Cat Pomnt and East Hole Bars during 2010, oyster resources have not rebounded
completely.  Conditions began to decline and drought conditions have prevailed in the
Apalachicola River Basin since August 2010, With drought conditions returming to the region,
decrcased rainfall and river discharge have contnbuted to stress on oyster populations in
Apalachicola Bay.

Dry Bar and St. Vincent Bar

The Dry Bar and St. Vincent Bar complex is a large contiguous reef system in western
Apalachicola Bay. This reef complex provides a substantial portion of the Bay's landings during
normal ycars, but fishing pressure was sporadic during 2010 and 2011, The ecstimated
production for Dry Bar-St. Vincent {Table 2) indicated a modest decrease [rom 341 bags per acre
in August 2010 to 323 bags per acre m August 2011, probably reflecting poor recruitment and
survival resulting from higher salinity regimes over the past ycar. Fishing pressure has declined
as a result of reduced standing stocks of markct-size oysters. The cwrent condition of oyster
resources on St. Vincent Bar i1s somewhat typical during drought periods.

tFishery Trends in Apalachicola Bay

Annual oyster resource surveys showed moderate fluctuations i oyster densities. standing stocks
and production cstimates,  Downward fluctuations can be attmbuted to less than optunal
environmental conditions, increased predation and natural mortality resulting in weak
recruitment, and extensive harvesting on some of the major reef complexes. 1t is evident from
divers’ obscrvations that many rects in Apalachicola Bay arc showing the negative cftects of
decrcasced rainfall and freshwater flow rates from the Apalachicola River over the past year,
including decreased recruitment and ihereased natural oyster mortality (predation, discase, and
stress associated with high salinity regimes).

The overall condition of reefs and the abundance of juvenile, sub-legal, and market-size oysters
suggest that the overalt condition of many reefs has declined over the past two years. Some of
the dectine of legal-size oysters can be attributed to the excessive harvesting of sub-legal oysters
during the fall and winter of 2010. when a “usc it or loose it attitude prevailed. The outlook for
oyster production for the 2011/2012 Winter Harvesting Season in St. George Sound {Cat Point,
East Hole, Porers Bar and Platfonn) 1s desenibed as “moderate”™, but the short-term outlook is
not as dirc as the perception currently expressed by the oyster industry. Howcever, it remains
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unccrtain whether oyster populations on Cat Point and East Hole Bars can sustamn concentrated
harvesting cffort for the remainder of the Winter Harvesting Season.

Harvesting pressure is usually high on reefs in the castem portion of the Bay at the beginning of
the oyster harvesting scason, but in 2011 harvesting pressure was almost cxclusively directed to
Cat Point and East Hole Bars. Harvesting pressure on Cat Point Bar and East Tole Bar in St.
George Sound demonstrates an upward trend in effort aver the past two years. This change in
fishing eftort is not casy to cxplain, sincc it does not scem to be strictly associated with resource
avatlability. One plausible cxplanation may be the proximity of St. George Sound to Eastpoint,
where many licensed oystermen reside.

Estimated production parameters for the minor recf complexcs in the western portion of the bay
and the “Miles” indicate that standing stocks of market size oysters arc at vanous levels.
Standing stocks on some reefs will support commercial harvesting, while other recfs show signs
of stress. Oystermen may have to become more intent on searching for reefs where oyster stocks
arc more abundant, since minor reefs are expected to support an mncreasing level of harvesting as
fishing cffort shifts away from Cat Point and East Hole Bars.

Cursory analyses of oyster resource assessment data over the past two years indicate several
general conclusions regarding oyster resources in Apalachicola Bay.

The outlook for oyster production for the 2011/2012 Winter Harvesting Season is deseribed as
“modcrate”.

Stable or declining population cstimates over the past two years generally indicated that oyster
populations arc stressed.  During 2010 and 2011, oyster population paramcters reflected
relatively stable production estimates. which when compared to harvesting pressure (number of
trips) suggests that resource avatlability may not be capable of sustaining current harvesting
levels (bags per trip). The number of bags per trip has declined each ycar for the past five years.

Prior to 2009, the demand for owvsters from Apalachicola Bay was a primary factor limiting
harvests, as harvests did not appear to be limited by available stocks. Higher landings in 2009
hkely reflected strengthening market demand and increased fishing effort cather than increased
resource availability.  However, it is likely that 2011/2012 will bring increased demand for
Apalachicola Bay oysters, since landings from many historically productive arcas in other Gulf
statcs may decline as the result of various challenges. At the same time, oyster resource
availability has not markedly improved during the recent drought. Consequently, oyster
resources may not be adequate to support increased harvesting pressure throughout the upcoming
SCasOM.

Oyster population estimates indicate that rceruitment will keep pace with harvesting pressure and
sustain production throughout the 2011/12 Winter Harvesting Scason. However, substantially
increasing harvesting pressure and/or the unabated harvesting of sublegal stocks may alter the
production / harvesting balance. Again in 2011, there are reports that the harvest and sale of
oysters below the legal size himit s still common practice. However, cstimated production
parameters indicate that there are sutficient stocks to support harvesting over the short term and
that there are sufficient numbers of juvenile oysters to support harvesting throughour the scason,
1f they arc returned to the reef and allowed to grow to marketable size.
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There were numcrous reports of oystermen harvesting oysters below the legal size limit, and
observations in the marketplace contirmed that the harvest of small oysters was very common
during thc DWH oil spill cvent. This situation resulted from harvesting and culling practices
attributed to tfishermen responding to the uncertaintics that the Bay would be closed and the
fishery lost. Throughout the period when ol posed an unpredictable threat to the oyster fishery,
less effort was dirccted toward enforcing size limits, perhaps, yielding to the view that it would
be more beneficial to harvest the available resource, a “usc-it or loose-it” approach.

Table 2. Cat Point Bar Population Estimates: Scptember, 2008 to September, 2011.

Sample Qyster | Mean | Density Oysters . Bags
Quadrat | Number | Leng.
Date (0.25m) (n) (mm) (/m) >50mm (%) >75mm (%) (/m) 1000x (/ac) (/ac)
09/08 20 616 55.2 123.2 66.2 17.21 21.2 858 381
11/08 10 564 52.0 225.6 55.7 19.33 436 176.4 784
12/08 10 333 56.9 133.2 661 24 .92 33.1 134.3 597
08/09 20 828 50.1 1656 499 15.10 250 1011 449
11/09 10 626 48,2 2504 50.2 7.83 19.6 793 352
04/10 20 969 48.4 193.8 46.7 9.91 19.2 77.7 345
08/10 20 1,043 50.5 208.6 539 8.92 18.6 75.3 334
1110 20 865 52.8 173.0 63.7 12.25 21.2 857 381
08/11 135 1,611 48.2 429.6 48.5 5.40 16.7 67.5 417
Tablc 2. East Hole Bar Population Estimates: November, 2008 to November, 2010
Sample Oyster | Mean | Density Oysters Bags
Quadrat | Number | Leng.
Date  {0.25m) (n) (mm) | (fm) | >50mm (%) >75mm (%) {/m) 1000x (/ac) | (/ac)
11/08 10 318 57.5 127.2 69.1 22.33 28.4 114 .9 510
09/09 20 1,023 49.3 204.6 50.7 9.09 18.5 752 334
11110 10 682 47.0 272.8 48.6 9.38 256 103.6 460

G
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Table 2. Dry Bar Population Estimates: September, 2008 to September, 2011.

Sample QOyster | Mean | Density Qysters ) Bags
Quadrat | Number | Leng.

Date (0.25m) {n) (rmm) {fm) >50mm (%) >75mm (%) {(/m) 1000x (/ac) {/ac)
09/08 20 1,467 54.0 293.4 64.1 14.86 43.6 176.4 784
12/08 10 986 47 1 394 4 49.8 7.81 30.8 124 .6 554
08/09 20 1,353 46.6 272.6 41.2 6.31 17.2 69.6 308
11/09 10 589 456 235.6 417 7.13 167 67.9 302
08/10 20 B77 50.2 175.4 50.5 10.83 18.9 76.8 341
1110 20 1,313 431 2625 34.4 11.65 30.5 123.8 550
08/11 15 567 47.5 151.2 44.8 11.90 17.9 72.7 323

Table 2. North Spur (Plant) Population Estimates: September, 2008 - September, 201 1.

Sample QOyster | Mean | Density Ovysters ~ Bags
Quadrat | Number | Leng.
Date | {0.25m) {n} {mm) {/frm) >50mm (%) | >75mm (%) | (/m) | 1000x (/ac) (fac)
09/08 5 28B4 52.9 227.2 60.6 10.56 | 239 97.0 431
08/09 10 541 495 216 .4 49.9 12.75 | 275 111.6 496
04/10 5 1040 | 48.0 832.0 504 510 | 424 171.7 763
08/11 5 269 | 529 215.2 58.0 1599 | 344 139.2 619
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From: Heil, David

Sent: Tuesday, April 23, 2013 11:18 AM
To: Estes, Jim
Subject: RE: Report

to language | sent NOAA Fisheries Service:

And, | sent a needed

Note: No size limits, bag limits, gear or any other provision of the oyster rules were deviated or waived for
oysters in 2010 (or anytime before 2010 or anytime after 2010). Based on oyster conservation, the Agency
{FWC) did not change anything except the several seasonal dates described. Even if FWC would have been
requested to change size limits, bag limits, gear, . . . the request would have been denied.

From: Heil, David

Sent: Tuesday, April 23, 2013 10:16 AM
To: Estes, Jim

Subject: FW: Report

See latest email response below from NOAA Fisheries Service.

| WILL NEED ASSISTANCE TO ADDRESS THIS.

Below are excerpts from the DACS Report addressing fishery practices, over-harvest and or undersized-

harvest:

Oyster Resource Assessment Report
Apalachicola Bay
August 2012

Department of Agriculture and Consumer Services
Division of Aquaculture

Executive Summary

Observations and sampling of oyster populations on the primary oyster producing reefs in Apalachicola Bay
during July 2012 indicated that oyster populations were depleted over most of the reef areas sampled and that
surviving oyster populations are severely stressed. Staff of the Department of Agriculture and Consumer
Services’ Division of Aquaculture conducted assessments of oyster populations after preliminary
reconnaissance following the passage of Tropical Storm Debby indicated that oyster populations on Cat Point
Bar and East Hole Bar were in poor condition. More detailed sampling and analyses confirmed the condition of
oyster resources and suggested that the poor condition was the result of combination of environmental factors
and § 5. Analyses and observations further suggested that Tropical Storm Debby was only a
minor contributing factor to the overall poor condition of oyster resources and confirmed evidence that
prolonged drought conditions, continuing low river discharge rates and ig were adversely
affecting oyster populations in Apalachicola Bay.

FL-ACF-02016441




This report provides interpretative analyses of sampling data, fisheries data, environmental conditions, #
and other factors to describe the current status of oyster resources and predict oyster fishery trends for
the 2012/13 Winter Harvesting Season in Apalachicola Bay. Analyses and observations indicate that a
combination of factors have resulted in a cascading effect that has contributed to the depletion of oyster
populations and may lead to longer-term debilitation of oyster resources and oyster reef habitats.

Introduction

The Florida Department of Agriculture and Consumer Services (DACS) shares responsibility for managing
oyster resources in Apalachicola Bay with the Florida Fish and Wildlife Conservation Commission (FWC);
more specifically, the Division of Aquaculture manages oysters from both resource development and public
health protection perspectives. This report summarizes information related to oyster resource compiled by the
Division of Aquaculture from 2009 through August 2012.

Oyster Fisheries Statistics

Since 1980, reported landings of oysters in Florida ranged from about 1 to 6.5 million pounds of meats: highest
landings were reported in the early 1980s, around 6.5 million pounds. Apalachicola Bay accounts for about
90% of Florida’s landings and about 9% of the landings from the Gulf of Mexico (2000-2008
average). Reported oyster landings from Apalachicola Bay for 2011 were approximately 2.4 million pounds of
meat, representing a slight increase in landings from 2010 (Table 1).

In 2011, oystermen in Franklin County reported landings of 2,380,810 pounds of meats from 39,176
trips. Landings for Apalachicola Bay are higher than reported for Franklin County, because oystermen in

neighboring counties may report landings from Apalachicola Bay in those counties.

Table 1. Oyster Landings in Apalachicola Bay, Florida

Year Pounds Number AB Oyster  Bags/
(Meats) of Trips Harvesting ~ Trip
Reported Licenses
2000 2327402 25,550 958 13.9
2001 2,333,968 25,261 1,135 14.1
2002 1,725,776 20,294 914 13.0
2003 1,449.890 18,467 759 12.0
2004 1,502,056 17,692 719 12.9
2005 1,260,996 12,663 714 15.2
2006 2,127,049 22,644 916 143
2007 2,645,359 20,104 1,142 13.9
2008 2,238,482 27,603 1,168 12.3
2009 2,695,701 39,942 1,433 10.2
2010 1,938,059 32,330 1,909 9.1
2011 2,380,810 39,176 1,799 93
2012 1,687

Landings per trip remained relatively stable during 2010 and 2011, ranging from 9.1 to 9.3 bags per

trip. Landings per trip continued to trend downward from about 15 bags per trip in 2005 to about 9.3 bags per

trip in 2011. Opyster landings and bags per trip do not show a direct correlation with the number of ABOHL
2
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sold; there were 1,799 ABHOL sold in 2011 and 1,687 sold in 2012. The dockside value of oyster landed in
Franklin County was estimated at $6.64 million in 2011,

Oyster landings appear to be correlated with three primary variables; resource availability,
market demand. has increased while market demand has been highly variable due to economic
instability, concerns associated with the Deep Water Horizon (DWH) oil spill incident in 2010, and inconsistent
supplies from other Gulf states.

Oyster Resource Assessments

The Division has conducted oyster resource surveys on the principle oyster-producing reefs in Apalachicola
Bay since 1982. This information is used by resource managers to reliably predict trends in oyster production;
to monitor oyster population dynamics, including recruitment, growth, natural mortality, standing stocks; and to
determine the impacts of climatic events such as hurricanes, floods, and droughts on oyster
resources. Sampling oyster populations allows resource managers to compare the relative condition of standing
stocks over time using a defined sampling protocol. The Standard Oyster Resource Management Protocol
(SORMP) provides a calculation to estimate production based on the density of legal size oysters collected
during a defined sampling interval. Production estimates exceeding 400 bags of oysters per acre is applied as
an indicator of healthy oyster reefs capable of sustaining commercial harvesting.

The Division of Aquaculture conducted oyster resource assessments on the commercially important oyster reefs
in Apalachicola Bay during July 2012. Commercially important reefs included Cat Point Bar, East Hole Bar
and the St. Vincent Bar and Dry Bar reef complex. Oyster resource assessments were also conducted on three
recently rehabilitated reefs, and on shallow and intertidal reefs in St. Vincent Sound.

Production estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294 bags/acre) were
the lowest production estimates reported in the past twenty years prior to the opening of the Winter Harvesting
Season. Similarly, production estimates from St. Vincent Bar and Dry Bar (bags per acre) demonstrated
depressed production estimates. Estimated oyster population parameters for Cat Point Bar, East Hole Bar and
St. Vincent / Dry Bar are below levels generally observed on these reefs prior to opening the Winter Harvesting
Season, and suggest that stocks are not sufficiently abundant at this time to support commercial harvesting
throughout the Winter Harvesting Season. Factors affecting estimated production parameters on individual reef
complexes are discussed later in this report.

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in Apalachicola Bay. These
reefs form a contiguous reef system (except for the Intracoastal Waterway) that extends north to south across St.
George Sound and separates the sound from Apalachicola Bay. Over the past twenty years, landings from these
reefs have been critical to supporting the oyster fishery in the region.

Oyster density and estimated production showed marked declines on Cat Point Bar when compared to
2011. Estimated production declined from 417 bags per acre in August 2011 to 287 bags per acre in July 2012
(Table 2). Oyster densities decreased substantially from 430 to 64 oysters per square meter over the same
sampling interval (Table 2). The decrease in oyster density reflects poor recruitment, as well as severely
reduced number of oysters in the juvenile size classes, and is indicative of the degraded quality of reef substrate
and structure.

Cat Point and East Hole Bar have been subject to a combination of factors that have adversely affected oyster
populations, oyster reef habitat, and the oyster fishery. Oyster populations over much of the reef area are
depleted and the quality of the substrate is degraded to a point where spat settlement and recruitment have been
ress associated with prolonged high salinity, high natural mortality and predation, and
have markedly reduced standing stocks of juvenile, sub adult and adult oysters.

3
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The Dry Bar and St. Vincent Bar complex is a large contiguous reef system in western Apalachicola Bay This
reef complex provides a substantial portion of the Bay’s landings during normal years, but
sporadic during 2011 and 2012. The estimated production for Dry Bar-St. Vincent (Table 2) indicated a
substantial reduction from 323 bags per acre in August 2011 to 215 bags per acre in July 2012. Samples were
collected from the Little Gully area on Dry Bar, because no live oysters were collected on St. Vincent Bar. St.
Vincent Bar, extendmg from Dry Bar southward was considered to be depleted of marketable oysters. The
oyster pop incent Bar was likely decimated by stress associated with high sahnlty, disease and
predation. ¢ has declined as a result of reduced standing stocks of market-size oysters over the
entire reef complex over the past two years. The current condition of oyster resources on Dry Bar is not
expected to be at levels that will sustain commercial harvesting through the 2012/13 Winter Harvesting Season.

Estimated production parameters for the reef complexes in the western portion of the Bay and the “Miles”
indicate that standing stocks of market size oysters are at various levels. Standing stocks on some reefs will
support commercial harvesting, while other reefs show signs of severe stress and depletion. Oyster reefs,
including North Spur, Green Point and Cabbage Lumps Plant Sites are in moderately good condition, with
standing stocks and production at levels that will support limited commercial harvesting. These plant sites have
been planted with processed oyster shell within the last three years, and the substrate remains in good condition;
size frequency distributions are typical of healthy oyster populations. However, these reefs are small and
overall production will be limited. Also, oysters on these reefs will likely be subject to intense predation from
rock snails, while salinity levels remain high. Oyster populations on shallow and intertidal reefs in the ‘Miles’
(Spacey’s Flats, Eleven Mile Bar, Picolene Bar) are also severely stressed, showing signs of intense predation
and natural mortality. Bars in northwestern Apalachicola Bay and eastern St. Vincent Sound, including Green
Point, North Spur and Cabbage Lumps are more strongly influenced by river flows than bars located further
away from the river mouth. Prevailing flows and circulation patterns move plumes of freshwater westward
from the river over these reefs before they are dispersed throughout the Bay and St. Vincent Sound.

The Standard Oyster Resource Management Protocol

Continuous monitoring and data analyses have allowed resource managers to develop a scale using defined
sampling protocol to determine the relative condition of oyster resources based on estimated production
parameters. The Standard Oyster Resource Management Protocol (SORMP) provides that estimated production
exceeding 400 bags of oysters per acre is applied as an indicator of healthy oyster reefs capable of sustaining
commercial harvesting. Accordingly, oyster populations are 1) capable of supporting limited commercial
harvesting when stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting when
stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are below 100
bags/acre. Generally, production from Cat Point Bar has been the most accurate indicator of oyster production
in Apalachicola Bay, but East Hole Bar and St. Vincent Bar are also reliable indicators of the condition of
oyster resources throughout the Bay. This scale forms the basis for the Standard Oyster Resource Management
Protocol provided in Subsection 68B-27.017, Florida Administrative Code, which has been used as the criteria
for setting the number of harvesting days in the Winter Harvesting Season in Apalachicola Bay.

Depletion of Oyster Resources

Standing Stocks and Commercial Production Estimates

Size frequency distributions for oyster standing stocks are strong indicators of the health of oyster populations
and are useful for predicting fishery trends. Size distributions among oyster populations are used to evaluate
recruitment to the population, recruitment of juveniles to market size, growth, survival and potential
production. Accordingly, size frequency distributions can be used to evaluate oyster depletion events. Current
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analyses of size frequency distributions and oyster standing stocks indicate that oyster populations on the major
producing reefs in Apalachicola Bay are experiencing an on-going depletion event.

Opyster populations can be depleted from a number of factors; including climatic conditions, water quality,
drought and flood events, catastrophic storms and hurricanes, natural mortality from diseases and predation, and
Most of the time, depletions occur because of a combination of these factors (multiple stressors).

Data analyses and observations on the major reef complexes showed substantial losses of oyster populations
over the past two years, with severe declines in oyster densities, standing stocks and production
estimates. Declining populations can be attributed to less than optimal environmental conditions (prolonged
drought, reduced river discharge rates, high salinity), ical Storm Debby), and increased
predation and natural mortality, weak recruitment, and » on the major reefs. It is evident
from divers’ observations that many reefs in Apalachicola Bay are showing the negative effects of decreased
rainfall and freshwater flow rates from the Apalachicola River over the past two years, including depressed
recruitment and increased natural oyster mortality (predation, disease, and stress associated with high salinity
regimes). Additionally, the long-term impairment of reef structure (reef elevations, shell matrix, and shell
balance) is of serious concern. Each of the factors contributing to oyster depletion in Apalachicola Bay are
discussed below.

Prolonged Drought and Elevated Salinity

Adverse environmental conditions can have a devastating effect on oyster populations; and high salinity is
among the most detrimental factors. Because oysters are sessile animals, they are not capable of moving when
environmental conditions become less than optimal or sometimes lethal. While oysters can tolerate a wide
range of salinities, prolonged exposure to less than optimal conditions will adversely impact affected
populations. Oysters become physiologically stressed when salinity levels are below or above optimal levels
(10-25 ppt) for extended periods, affecting reproductive potential, spatfall, recruitment, growth and survival.

Rainfall and concomitant river discharge are essential for productive oyster populations in Apalachicola Bay,
and provide three critical requirements for survival. First, survival depends upon salinity regimes that are
suitable for oysters to reproduce, grow and survive. Rainfall in the drainage basin and discharge into the Bay
are essential, as productive oyster populations require a combination for fresh water and marine
waters. Fluctuating salinity regimes, within the oyster’s tolerance limits, is the single most important factor
influencing oyster populations in Apalachicola Bay. Second, rainfall, flooding in the flood plain, and river
discharge into the Bay are essential for supplying nutrients and detritus necessary to nourish and sustain food
webs and trophic dynamics within the estuarine system. And third, rainfall and river discharge is a critical
factor driving fluctuations in salinity levels that prevent destructive predators with marine affinities from
becoming established in the Bay. The critical influences of rainfall and river discharge were severely
diminished during the past two years. The region and much of the drainage basin have been subject to
extensive drought during 2011 and 2012, and these conditions have been reflected in low river stages and low
river discharge rates.

Although, environmental conditions improved with relatively normal rainfall and river discharge in 2009 and
early 2010, and abundant spat fall was reported on Cat Point and East Hole Bars during 2010, oyster resources
have not rebounded completely. Conditions began to decline and drought conditions have persisted in the
Apalachicola River Basin since August 2010. With drought conditions returning to the region, decreased
rainfall and river discharge have contributed to stress on oyster populations in Apalachicola Bay.

The Florida Panhandle and the Apalachicola River (ACF) drainage basin have experienced prolonged drought
conditions for several years, and the reduced freshwater input into Apalachicola Bay has seriously affected
oyster populations in the Bay. Poor recruitment and poor survival can be directly attributed to prolonged high-
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salinity environment, which is also confirmed by the presence of marine predators, primarily stone crabs and
Florida rock snails (oyster drills). The predators are present in great numbers and are currently overwhelming
oyster populations throughout Apalachicola Bay. Petes et al., (2012) and Wilber (1992) investigated the effects
of reduced freshwater flows on oyster populations in Apalachicola Bay and reported adverse impacts resulting
from low river flows.

Natural Mortality and Predation

The combination of high salinity and high water temperatures are known to severely stress oyster populations
and may result in massive mortality events. It is highly likely that these environmental factors have contributed
substantially to natural mortality and low recruitment in the Bay. High salinity and high water temperatures
also correlate with the increased prevalence and intensity of the oyster parasite, Perkinsus marinus. This
parasite (dermo) is often associated with oyster mortality in the hotter summer months and is commonly
described as ‘Summer Mortality Syndrome’ in Florida. The Department participates in the Oyster Sentinel
Program in the Gulf and monitors the presence and intensity of P. marinus in oysters in Apalachicola Bay.

Observations by divers confirmed the presence and abundance of stone crabs, Menippe mercenaria, on the
primary oyster reefs in Apalachicola Bay. Stone crab burrows are easy to recognize and the appetite of these
destructive predators is obvious. Stone crab burrows are surrounded by living and dead oysters; the result of
crabs actively foraging and bringing live oysters to their burrows. The shells of devoured oysters are also
present and form a ring around burrows. Examining dead oyster shell provides confirmation of the crushing
action of stone crabs on the shell of oysters. Stone crabs are considered primary predators of oysters when
salinities remain high for extended periods and crab populations become established on oyster reefs.

Observations and sampling confirmed the presence and abundance of the Florida rock snail, Stramonita
haemastoma, (formerly Thais haemastoma), a destructive snail commonly referred to as an oyster drill. Oyster
drills are considered as one of the most serious oyster predators along Florida’s Gulf Coast, and have become
established in Apalachicola Bay over the past two years. Reports from oystermen suggest that drills are more
abundant than at any time in recent memory. It appears that drill populations are moving farther into the estuary
as oyster populations in the more marine portions of the Bay are depleted. High numbers of drills were found
wherever viable oyster populations were observed. The presence and establishment of snail populations
correlate with prolonged high salinity waters. It is also disturbing that drills are completing their life cycles
within the estuary, since egg cases, juvenile, subadult and adult snails are abundant on oyster reefs.

Additionally, the Florida crown conch, Melongena corona, was commonly observed on oyster reefs. These
conchs are also known to be serious oyster predators with marine affinities. Mud crabs of various species are
also common predators on oyster reefs, generally attacking spat and smaller juvenile oysters.

Increased stress associated with high salinity regimes acts to exacerbate the level and intensity of predation by
weakening oysters. Prolonged periods of high salinity result in natural mortality from predation which can have
a significant impact on oyster populations and result in serious economic losses to commercial oyster
fisheries. The presence and abundance of marine predators on oyster reefs in Apalachicola Bay the long
duration of high salinity conditions within the estuary.

Declining oyster population parameters can be associated with , as well as environmental influences
and natural mortality. Reported oyster landings for Franklin County in 2011 increased marginally over 2010 in
both production and bags per trip, but (as measured in reported trips) increased by about 20
percent. Oyster population parameters for Cat Point Bar and East Hole Bar suggest that oyster abundances and
potential production is markedly depressed, possibly reflecting the effects of
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as well as, less than optimal environmental conditions in 2010 and 2011
is most damaging when environmental conditions are less than optimal, recruitment is low, and natural
mortality is high.

Resource managers believe that several activities associated with g have had a detrimental 1mpact on
standing stocks and oyster resources on the primary producing reefs in St. George Sound in eastern
Apalachicola Bay. The standing stocks of juvenile, sub-legal, and market-size oysters suggest that the overall
condition of many reefs has declined substantially over the past two years as a result of
from Cat Point and East Hole Bars s by the majority of the fishing fleet,
and the g

Vessel counts during the 2011/12 Winter Harvesti w that about 60 percent of the fishing fleet was
concentrated on Cat Point and East Hole Bars. | often averaged more than 120 vessels per day
throughout 2011 and 2012 placing In response to limiting the
number of hours harvest can occur each day to control for Vibrio vulnificus, additional harvesting days during
2011 and 2012 were implemented which i; e and further deteriorated the condition of the
resource. Another contributing factor was the management decision to allow harvestlng from these reefs during
the summer of 2010 in response to the oil spill event (April, 2010). This resulted in an i  effort

which precluded any recovery time for the resource

ortion of the Bay at the beginning of the oyster
was almost exclusively directed to Cat Point and
East Hole Bars. st Hole Bar in St. George Sound demonstrated an
upward trend in effort over the past two years. This change in i not easy to explain, since it does
not seem to be strictly associated with resource availability. One plausible explanatlon may be the proximity of
St. George Sound to Eastpoint, where many licensed oystermen reside and sell their oysters.

is usually high on reefs i
harvesting season, and in 2011 and 2012 |

Some of the decline of legal-size oysters can be attributed to th
oysters. Since 2010, there have been numerous reports of oystermen
, and observations in the marketplace confirmed that the harvest of
the DWH oil spill event and has persisted to the present.
through 2012 reduced recruitment among sub-legal size classes to legal size, contributing to declining trends in
estimated production in 2012/2013. This situation results from |
fishermen, when sub-legal oysters are not culled and returned to the reef to grow to marketable size.

The practice of a
prevailed during the fa and winter o . Followin
threat to oyster resources in Apalachicola Bay, and

The Division’s 2011 Oyster Resource Assessment Report for Apalachicola Bay (Divisio
stated that oyster population estimates indicated that recruitment would keep pace with
sustain production throughout the 2011/12 Winter Harvesting Season: with the caveat that i
and/or the 3 may alter the production / harvestlng balance. In
2011, reports of the t was still common practice, and it is
now clear that there are not sufficient numbers of juvenile and market size oysters to support harvesting
throughout the up coming season.
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Tropical Storm Debby

Tropical Storm Debby made its closest approach to Apalachicola Bay on June 25, 2012 before moving eastward
and making landfall near the mouth of the Suwannee River. Despite the fact that Debby never achieved
hurricane strength, it was accompanied by moderate storm surge in the Big Bend region. Maximum surge at
Apalachicola was 3.51 feet.

The greatest impacts to oyster reefs were expected to be in St. George Sound and western Apalachicola Bay (St.
Vincent Bar) because of the long fetch of open water. Scouring was expected as a result of storm surge and
wave action across the Bay. Fortunately, most of the storm surge and strongest wave action occurred during
high tides when the reefs are most protected from severe hydrological impacts.

Preliminary reconnaissance following T.S.Debby did not indicate severe disruption of oyster reef
structure. Examination of shells and live oysters did not display the effects of severe scouring (ex. polished
shell surfaces, abrasion, dead oysters) and observations by divers did not demonstrate extensive disruption of
the reef’s surface (suspension and deposition of reef shell and sediments, concretion of reef material, or burial
of shell and living oysters). Although reef areas were sometimes devoid of live oysters, clusters of oysters were
present in adjacent areas that did not indicate severe disturbance. Scouring and wave action may have impacted
reef surfaces and oyster resources in some areas, but widespread damage to reef structure was not observed.

Heavy rainfall and coastal flooding may have an adverse impact on oyster reefs closest to the river and
distributaries in the river delta, but the sudden influx of freshwater did not appear to cause extensive oyster
mortalities on reefs away from the river delta (reefs in the Winter Harvesting Areas). Preliminary
reconnaissance and sampling did not identify oyster populations where mass mortalities occurred; it is generally
apparent when a mass mortality event occurs from a freshet or poor water quality (low dissolved oxygen
concentrations). However, it remains likely that oyster populations in close proximity to the river delta may be
subject to prolonged low salinity and associated low dissolved oxygen concentrations, and may suffer
mortalities. There have been some reports of recent mortalities (late July) among oysters on reefs in the
Summer Harvesting Area (Norman’s Lumps).

Fishery Management Implications

The Department of Agriculture and Consumer Services and the Fish and Wildlife Conservation Commission
enacted several policies that allowed oystermen a greater opportunity to harvest available oyster resources in
Apalachicola Bay in response to the Deepwater Horizon oil spill event and national shellfish program
requirements. The Executive Director of the FWCC signed an Executive Order that allowed commercial
harvest of oysters from Apalachicola Bay seven days a week beginning September 1, 2011, contingent upon the
Standard Oyster Resource Management Protocol (SORMP). On June 1, 2012, the FWCC enacted rule
amendments in Chapter 68B-27.017 that allowed harvesting of oysters seven days a week, year round in
Apalachicola Bay. This action was taken, in part, to accommodate commercial oyster fishermen for time on the
water harvesting that was decreased as a result of recent management practices to enhance public health
protection. These practices, consistent with national Vibrio vulnificus reduction criteria, imposed more stringent
limitations on harvesting times from April through November.

Subsection 68B-27.017(1)(a), Florida Administrative Code, provides that oysters may be harvested for
commercial purposes on any day of the week. Subsection (1)(b) provides that - If during the period of
November 16 through May 31 DACS establishes that the oyster resources on Cat Point Bar and East Hole Bar
can not sustain a harvest of 300 bags per acre (SORMP), then the harvest of oysters for commercial purposes
shall be prohibited on Saturdays and Sundays. Results of the current assessment indicated that estimated
production on Cat Point Bar and East Hole Bar may not exceed the level provided in the SORMP for DACS to
recommend that oyster harvesting for commercial purposes be continued at seven days a week. Oyster
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resources will be re-assessed in November and recommendations will be forwarded to the Florida Fish and
Wildlife Conservation Commission.

Fishery Trends

Analyses of oyster resource assessment data over the past two years indicate several general conclusions
regarding oyster resources in Apalachicola Bay.

The outlook for oyster production for the 2012/2013 Winter Harvesting Season in St. George Sound (Cat Point,
East Hole, Porters Bar and Platform) is described as “poor”. It appears unlikely that oyster populations on Cat
Point and East Hole Bars can sustain concentrated harvesting effort throughout the Winter Harvesting Season.

Declining population estimates over the past two years generally indicated that oyster populations are severely
stressed. Although oyster population parameters for 2010 and 2011 reflected relatively stable production
estimates, declines in 2012 suggest that overall resource availability may not be capable of sustaining current
harvesting levels (bags per trip). The number of bags per trip has continued to decline over the past five years.

Prior to 2009, the demand for oysters from Apalachicola Bay was a primary factor limiting harvests, as harvests
did not appe ilable stocks. Higher landings in 2009 likely reflected strengthening market
demand and t rather than increased resource availability. However, in 2011/20]12 demand
reased because of reduced production from historically productive areas in
other Gulf states, while oyster resources in the Bay have suffered during the current drought. Consequently,
oyster resources may not be adequate to support increased harvesting pressure and meet increased demand
throughout the upcoming season.

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012.

Sample Oyster | Mean | Density Oysters _ Bags
Quadrat | Number | Leng. >50mm >75mm 1000x

Date (0.25m) (n) (mm) (/m) (%) (%) (/m) (/ac) (/ac)
09/08 20 616 55.2 | 123.2 66.2 17.21 212 858 381
11/08 10 564 52.0 | 2256 55.7 19.33 436 1764 784
12/08 10 333 56.9 | 133.2 66.1 24.92 33.1 1343 597
08/09 20 828 50.1 | 165.6 49.9 15.10 250 101.1 449
11/09 10 626 48.2 | 2504 50.2 7.83 196 79.3 352
04/10 20 969 484 | 193.8 46.7 9.91 192 77.7 345
08/10 20 1,043 | 505 | 208.6 53.9 8.92 18.6 753 334
11/10 20 865 528 | 173.0 63.7 12.25 212 857 381
08/11 15 1611 | 482 | 4296 48.5 5.40 232 939 417
07/12 10 161 588 | 644 67.1 24.84 159 64.7 287
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Table 2. East Hole Bar Population Estimates: November 2008 to July 2012,

Sample Oyster | Mean | Density Oysters Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date (0.25m) (n) (mm) | (/m) (%) (%) (/m)  (/ac) (/ac)
11/08 10 318 575 | 127.2 69.1 22.33 284 1149 510
09/09 20 1,023 | 49.3 | 2046 50.7 9.09 185 752 334
11/10 10 682 470 | 2728 48.6 9.38 256 103.6 460
07/12 10 127 60.8 | 50.8 65.3 32.28 16.3 66.3 294
Table 2. Dry Bar Population Estimates: September 2008 to July 2012.
Sample Oyster | Mean | Density Oysters ) Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date (0.25m) (n) (mm) | (/m) (%) (%) (Im)  (/ac) (lac)
09/08 20 1,467 | 54.0 | 2934 64.1 14.86 436 176.4 784
12/08 10 986 471 | 394.4 49.8 7.81 30.8 1246 554
08/09 20 1353 | 466 | 2726 41.2 6.31 172 69.6 309
11/09 10 589 456 | 2356 41.7 7.13 16.7 67.9 302
08/10 20 877 50.2 | 1754 50.5 10.83 189 76.8 341 |
11/10 20 1,313 | 431 | 2625 34.4 11.65 305 1238 550 |
08/11 15 567 475 | 151.2 44.8 11.90 179 727 323
07/12 10° 150 56.0 | 60.0 66.0 20.0 12.0 486 215°

a - Samples collected from Little Gully on Dry Bar. No live oysters were collected from St. Vincent Bar

Table 2. North Spur (Plant) Population Estimates: September 2008 - July 2012.

Sample Qyster | Mean | Density QOysters _ Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date | (0.25m) (n) (mm) | (/m) (%) (%) (/m) | (/ac) (/ac)
09/08 5 284 | 529 2272 60.6 10.56 | 23.9 97.0 431
09/09 10 541| 495| 216.4 49.9 12751275 111.6 496
04/10 5 1040| 48.0| 832.0 50.4 510|424 171.7 763
08/11 5 269 529| 2152 58.0 1599|344 139.2 619
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lorn2] 10| 3e2| 53.4] 1448] 57,5 18.23 | 26.4] 106.8|  475|

Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012.

Sample Qvyster | Mean | Density Oysters _ Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date | (0.25m) (n) (mm) (/m) (%) (%) (/m) | (/ac) (/ac)
09/08 10 482 | 58.8| 192.2 75.9 20.33]139.2| 158.6 705
09/09 10 | 274541 48.2| 109.6 441 17.52119.2 77.7 345
09/11 10 510 544 204.0 65.5 12941264 | 106.5 474
07/12 5 1251 596 100.0 65.0 28.00|28.0| 1133 503

From: Steve Branstetter - NOAA Federal [mailto:steve.branstetter@noaa.gov]
Sent: Tuesday, April 23, 2013 9:22 AM

To: Heil, David

Subject: Re: Report

just remember, your Agriculture report states such harvest did occur.

On Tue, Apr 23, 2013 at 8:54 AM, Heil, David <David Heil@myfwc.com> wrote:

Understood. Thursday morning, | will send you the orders in Appendix 5 and we can further discuss this issue and any
other issue you find. These discussions are very helpful to us.

Note: No size limits, bag limits, gear or any other provision of the oyster rules were deviated or waived for oysters in
2010 (or anytime before 2010 or anytime after 2010). Based on oyster conservation, the Agency (FWC) did not change
anything except the several seasonal dates described. Even if FWC would have been requested to change size limits, bag
limits, gear, . . . the request would not have been denied.

From: Steve Branstetter - NOAA Federal [ mailto:steve.branstetter@noaa.gov]
Sent: Tuesday, April 23, 2013 7:35 AM

To: Heil, David

Subject: Re: Report

You don't include Appendix 5 for our cross-reference, but you do note the following

11
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Florida’s Governor issued Executive Order Numbers 10-99, 10-100 and numerous subsequent ones extending
these Orders (Appendix 5). The Orders specify that the Governor delegates to agencies: “to deviate from the
statutes, rules, ordinances and orders they administer, and I delegate to such agencies the authority to waive or
deviate from such statutes, rules and ordinances or orders to the extent that such actions are needed to cope with

this emergency.”

and then follow it up with descriptions of opening seasons early for all areas. you note landings were down, but

like you note, I suspect the lack of product is more related to lack of ability to sell gulf seafood.

Nevertheless, a disaster has to be beyond the scope and control of management. This relaxation of harvest

restrictions in 2010 could be a reason for lack of oysters in 2013.

On Mon, Apr 22, 2013 at 10:50 PM, Heil, David <David. Heil@myfwc.com> wrote:

Steve,

I will address. Thanks. There was and is no allowable undersized harvest (above the tolerances allowed by rule).
Industry pushes undersized harvest at times and law enforcement responds appropriately. T will make that
crystal clear. Again, thank you. Please Keep reviewing, I would rather take care of all misconceptions and
explain anything needed before we submit report.

David

Sent from my iPhone

On Apr 22, 2013, at 6:08 PM, "Steve Branstetter - NOAA Federal"
<steve.branstetter(@noaa.gov<mailto:steve.branstetter@noaa.gov>> wrote:

sorry, hit send too quick.

You state that in 2010 and 2011 the state allowed harvest of undersized oysters and continues to do so. And
now in 2013, you have minimal harvestable oysters in the system. Lets see 3 years........ hmmmmmmm.

On Mon, Apr 22, 2013 at 3:21 PM, Heil, David <David. Heil@myfwc.com<mailto:David Heill@myfwc.com>>
wrote:
Attached. Draft is in review and subject to change. Your input would be greatly appreciated.

From: Steve Branstetter - NOAA Federal
[mailto:steve.branstetter@noaa.gov<mailto:steve branstetter@noaa.gov>|
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Sent: Monday, April 22, 2013 3:15 PM
To: Heil, David
Subject: Re: Report

sure

On Mon, Apr 22, 2013 at 3:02 PM, Heil, David <Dayid.Heill@myfwe¢.com<mailto:David Heil@myfwc.com>>

wrote:
Steve,

Our agency is drafting the Report containing the information in support of the Florida Governors’ request for

the oyster fishery failure. I anticipate the Report will be sent to Roy on May 1, 2013.

I can send you a draft to you if you think that will help your review and or our strengthen our Report. Just let

me know.

Thanks,
David

Steve Branstetter, Ph.D., Gulf Branch Chief
NMFS, SERO

263 13th Ave. S.

St. Petersburg, FL 33701
727-551-5796<tel:727-551-5796>

Steve Branstetter, Ph.D., Gulf Branch Chief
NMFS, SERO

263 13th Ave. S.

St. Petersburg, FL 33701

727-551-5796

Steve Branstetter, Ph.D., Gulf Branch Chief
NMES, SERO

263 13th Ave. S.

St. Petersburg, FL 33701

727-551-5796
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Steve Branstetter, Ph.D., Gulf Branch Chief
NMFS, SERO

263 13th Ave. S.

St. Petersburg, FL. 33701

727-551-5796
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From:
Sent:
To:

Cc:
Subject:

Estes, Jim

Monday, April 29, 2013 3:36 PM
Wiley, Nick

McCawley, Jessica

Re: need some info ASAP on oysters

It does. It clearly states that recruitment overfishing did not occur. However, the original DACS report cited overfishing
as one of the culprits. We will add a section to our report explaining that this was not the case, citing UF report

rationale.

Sent from my iPhone

On Apr 29, 2013, at 1:00 PM, "Wiley, Nick" <Nick.Wiley@MyFWC.com> wrote:

Jim. Help me here. | was thinking the UF report would help us.

From: McCawley, Jessica

Sent: Monday, April 29, 2013 11:56 AM

To: Wiley, Nick

Cc: Estes, Jim

Subject: Fwd: need some info ASAP on oysters

Sent from my iPhone

Begin forwarded message:

From: "Heil, David" <David.Heil @ MyFWC.com>

Date: April 29, 2013 11:54:59 AM EDT

To: "McCawley, Jessica" <jessica.mccawley@MyFWC.com>
Subject: RE: need some info ASAP on oysters

The Report to NOAA is FWC’s and no one else (we are the resource agency). Therefore,
FWC is the author of this report (of course, we needed t use DACS, DEP, UF data and
information).

Itis the DACS report that alludes to overharvesting and poor harvester practices. Unless
| am missing something, the UF report does not state that overharvesting was not a
factor.

From: McCawley, Jessica

Sent: Monday, April 29, 2013 11:44 AM

To: Heil, David

Subject: Fwd: need some info ASAP on oysters

Sent from my iPhone
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Begin forwarded message:

From: "Wiley, Nick" <Nick.Wiley@MyFWC.com>

Date: April 27,2013 1:48:46 PM EDT

To: "McCawley, Jessica" <jessica.mccawley@MyFWC.com>
Subject: Re: need some info ASAP on oysters

Also if we didn't already, we need to provide details on factors that
restricted harvest. We only expanded seasons during the oil spill and
harvest during this time was limited because the boats were working for
BP. We went back to regular seasons after the spill with time, size,
harvest and season restrictions. Who makes the NMFD/NOAA
recommendation? Who is the authority on this?

Nick Wiley

On Apr 27, 2013, at 10:16 AM, "McCawley, Jessica"
<jessica.mccawley@MyFWC.com> wrote:

See info. | have asked to review letter before goes to
NOAA

Sent from my iPhone

Begin forwarded message:

From: "Heil, David"

<David.Heil@ MyFWC.com>

Date: April 26, 2013 6:00:12 PM EDT
To: "McCawley, Jessica"
<jessica.mccawley@MyFWC.com>
Cc: "Estes, Jim"
<jim.estes@MyFWC.com>

Subject: Re: need some info ASAP on
oysters

Jessica,

Report, Supplement document and
suggested transmittal letter on my
desk. Jim has reviewed. Amanda
reviewed for content. Steve Geiger
promised a review this weekend. Target
date to send to NOAA St Pete is May
1st. As planned draft was sent to Steve
Bransttler (? spelling) to be sure what
he needed was there. His initial
conclusion was over harvesting. |
respectively disagreed. If over harvest
or lack of endorsement or judicial
ignorance or any other fishery
management action or lack of action,
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the disaster request will be denied.
Please weigh in with all the influence

we have

David

Sent from my iPhone

On Apr 26, 2013, at 5:49 PM,
"McCawley, Jessica"

<jessica.mccawley@MyFWC.com>

wrote:

Where are we on the
disaster

declaration? Have we
provided all the info
that NOAA needs to
them? Are we still
waiting on data? Didn’t
we have a meeting with
them recently about
the data needs?

Nick needs this info
Thanks
Jessica

Jessica R. McCawley
Director, Division of
Marine Fisheries
Management

Florida Fish and Wildlife
Conservation
Commission

2590 Executive Center
Circle E, Suite 201
Tallahassee, FL 32301
Ph: 850-487-0554
(general number)

NEW PH: 850-617-9635
(direct number)

Fax: 850-487-4847
jessica.mccawley@myf

wc.com
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Berrigan, Mark

From: Heil, David [David. Hell@My FWC.com]
Sent: Tuesday, Qctober 089, 2012 3:25 PM
To: Berrigan, Mark

Subject: FW. oyster disaster request

Mark,

FYi. Just got this.
David
1

w-e--Original Message--~-- -

From: McCawley, Jessica

Sent: Tuesday, October 02, 2012 3:21 PM
To: Heil, David

Subiect: FW: oyster disaster reguest

Jessica R. MoCawley
Director, Divisien of Mavine Fisheriezs Mansgemznb Florida Fish and wildllife Conservation

Commission

2590 Bxerutive Center Circle B, Suite 251 Tallahassgee, FL 32301
Ph: 850-487-0554 {general number)

NEW PH: 850-617-9625 (dirsst number}

Pax: B850-487-4847

jessica.mccawley@myfwe . cam

-----0riginal Message-----

Prom: Roy Crabtree [mailto:roy.crabtree@nocaa.govi

Bent: Tuesday, October €9, 2012 10:43 AM

To: Wiley, Nick

Co; MeCawley, Jessica; Miles Creoom; Heather Blough; Steve Branstetter;
Jirm; WMcRae, Gil; Roberson, Louie; Faule, Jackie

Subject: Re: oyster disaster request

Phil Sreele; Estes,

Nick, T think we can work with survey fdata if landings are
incoaplete. Bere is some language from the MNOAA PolicyGuidance for
Disaster Assistance’.

Y"If available sclentific information indicates that there has heern an unexpected sudden
and precipitous decrease in the harvestable hiomass or spawning stock size of a fish stock
that causes a siyn:ficant number of persons to lose access ta the fishery for a
substantial periced of time in a specific area. a serious dxaruption affecting Future
production will be deemed to have occurred. The Secretary will consider, among other
things, most recent trawl surveys and other fishery resource surveys conducted by the
National Marine Fisheries Service and/or stare officiais, as well as most recent stock
assessments and other indicators of future preduction from the fishery.

The same percentage thresholds used to evaluate revenue losses for a commercial fishery
failure determination will be applied in making this determination, based cn estimated
decrease in harvestatle biomass or spawning stock size of the fish targetzd by the fishery
{which is dependen: on the fishery resource subject to a fishery resource disaster)

compared to the mosgt recent 5-year period.®

If your folks can get us with what they have {landings, revenues, suvrveys etc.) then we
can have a discussion about how to proceed. Roy

On Fri, Ogct 5, 2012 at 3:15 PM. Wiley, Nick <Nick.Wiley@myfwe.coms wrote:

> KHello Roy. First 1 waant to thank you and your team for taking accion on this. Thi
very important to our state and an extremely high priority for FWC. Secondly, Jessicd
her team, principally Jim Estes, are coordinating our efforts on this. I believe we

1
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already are compiling the laadings data you reguested. It ig important to note, however,

that the local oyster harvesgters are now reporting reductions in harvest rates, bubt this
ie likely a fairly recent development that may not show up yet in landinge data. In fact,
beyond recent observations by oyster harvesters, most of the concern about this sibtuation
is being driven by the receni oyster survey conducted by Florida Dept. of Agriculture and
Consumers Services that projected seriocus declines in oysters that would be avallgble for
the major winter barvest season when most of the commercial crop is harvested. This survey
and report indicated that there would not ke encugh cysters to support any commercial
harvest this winter. Jim Estes can provide the report in case you den't have it. Given
this and your need ~o docwsent a decline, I am thinking it will be several months kefore
landings data will b2 available to make this assessment. Not sure if there is any other
way to tackle this and move it forward more qguickly. It would be much hetter if we could
somehow get you guys comfortable with the survey data whick is based on state sxperts
diving the oyster bars. I know we have at ieast 5 years of survey daca that could be
correlated withk econcomic data and then used to calculate the expecitszd ecenomic lwmpact.
We would be glad to help. Let us know. Thanke and

tihis something we vould discuss?
v

heve a nice weekend. Niok

Vi

el

=

>

> Sent from my Verizon Wireless 4G LTE DROID

>

» Boy Crabtree «<yoy.cCrabtreedncaa.gove wrole:

>

> Jessica,

>

» Just want to follow cp on our phone call of last weekregarding the

> Govenoyr's disaster request. We need landings and revenues for oysturs
> from the affected avea for the past five years to evaluate the

> Governor‘s disaster requesk. We normally look to see how much

> landings and revenues have declined; sc, we need encugh to establish a
» baseline and then see how much landings and revenues have declined

> this year. I'm assuming you will be our point of contact, but if

> there is someone else we should go through let me know. If vou have
> guestions you can either contact me or HSteve Branstetter.

> Thanks

» Ur. Roy Crabtree

> Regional Administrator

> foutheast Regional Office

> KOAh Pisheries

Dr., Roy Crabtree

Regional rdministrator
Scutheast Regional Office
NCAR Fisherics
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Steve Branstetter
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From: Estes, Jim

Sent: Monday, August 05, 2013 8:07 AM

To: roy.crabtree®noaa.gov

Cc: McCawley, Jessica; Heil, David

Subject: Oyster Report

Attachments: Letter to Dr Crabtree.pdf; Florida Oyster Disaster Report to NMFS Final 8-2-13.pdf;

Supplemental Document for Report to NMFS.pdf

Dr. Crabtree,

Attached you should find three attachments; one is a transmittal letter to you; another is our report describing a
commercial fishery failure due to a fishery resource disaster for Florida’s oyster harvesting areas in the Gulf of Mexico,
particularly those in Apalachicola Bay, pursuant to Section 312(a) of the Magnuson-Stevens Fishery Conservation and
Management Act; and a third is a supplemental document of appendices in support of the report. We are also mailing
paper copies to you. . We intend on issuing a press release this morning about the document. Piease let me know if
you have any questions or if any of the documents were removed hy one of our servers because of the size.

Jim

dim Estes

Deputy Division Director, Division of Marine Fisheries Management
Florida Fish and Wildlife Conservation Cormmission

2580 Executive Center Circle £, Suite 201

fallahassee, FL 32301

850-617-5622

Fax: 850-487-4847

EXHIBIT
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Florida Fish
and Wildlife
Conservation
Commission

Commissioners
Richard A, Corbett
Chairman

Tampa

Brian S. Yablonski
Yice Chairman
Tallahassee

Ronald M. Bergeron
Fort Lauderdale

Aliese P. “Liesa” Priddy
immokalee

Ba Rivard
Panama City

Charles W. Roberts IH
Tallahassee

Kenneth W, Wright
Winter Park

Execuiive Staff
Nick Wiley
Executhve Dlrector

Greg Holder
Assistant Executive Director

Karen Ventimiglia
Chief of Staff

Office of the
Executive Director
Nick Wiley
Executive Director

(B50) 487-3796
{B50) 921-5786
FAX

Managing fish and wildlife
resources for their long-term
well-being and the benefit
of peaple,

620 South Meridian Stroet
Tallahassee, Florida
32399-1600

Voice: (850) 488-4676

Hearing/speech-impalred:
(800) 955-8771(T)
(BOD) 955-8770 (V)

MyFWC.com

August 5, 2013

Dr. Roy Crabtree, Regional Administrator

NOAA Fisheries Service, Southeast Regional Office
263 13 Avenue South ‘

Saint Petersburg, Florida 33701

RE: Floridd ommercial Oyster Fishery Failure

Dear Dr. treed”™ ™

The Florida Fish'ehnd Wildlife Conservation Commission is pleased to provide your
office with the enclosed Report and Supplemental Document in support of Florida
Governor Rick Scott’s request to Secretary Rebecca Blank to declare a commercial
fishery failure due to a fishery resource disaster for Florida’s oyster harvesting areas
in the Gulf of Mexico, particularly those in Apalachicola Bay, pursuant to Section
312(a) of the Magnuson-Stevens Fishery Conservation and Management Act.

This disaster was the result of low water flows due to water management policies
which exacerbated the impact of severe drought conditions experienced in the
southeast United States. The mechanisms for this disaster have not been

quantified, but include increased predators and disease from increased salinities and
decreased oyster nutrition from decreased freshwater input.

I want to personally thank you and your staff for taking the time to work with us so
that we could provide the information your office needs for review of the Florida
request as timely as possible.

Please feel free to contact Jim Estes with our Division of Marine Fisheries
Management at 850-487-0554 if you have any questions.

Nick Wiley
Executive Director

nw/je/lh

Enclosures

cel The Honorable Rick Scott, Governor
Richard A. Corbett, Chairman
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STATE OF FLORIDA
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION

Order No. EO 10-19 Early Opening of the Summer Harvest Season for Oysters
In Apalachicola Bay Established in Rule 68B-27.019 (1}a)1,
F.A.C.

The Fish and Wildlife Conservation Commission of the State of Florida, acting under the
authority of Article [V, Section 9, of the Florida Constitution, and acting through its Executive
Director under Delegations of Authority Paragraph 17 and Paragraph 22. Executive Order of the
Govemnor Number 10-99, dated April, 30, 2010, hercby opens the summer harvest season for
oysters in Apalachicola Bay, Franklin County, Florida effective May 21, 2010. This action is
taken 1n order to relieve economic hardships on the commercial fishing industry that may occur
in the area due to the BP Deepwater Horizon o1l spill. This action is authorized only as follows:

1. All other provisions governing harvest of oysters in Apalachicola Bay remain in
effect.

2. This order shall take effect at 12:0]1 a.m. EDT, May 21, 2010 and shall expire at
12:01 a.m. EDT, June 1, 2010,

Specific Authority: Article 1V, Section 9, Florida Constitution

Law Implemented: Article 1V. Section 9, Florida Constitution and Executive Order of
the Governor Number 10-99, dated April, 30, 2010 and 120.81(5),
Florida Statutes

Effective Date: 12:01 a.m. EDT, May 21, 2010
Given under my hand and seal of the Florida Fish

And Wildlife Conservation Commission on this

20th day of May 2010 .
/signed/
Nick Wiley

Executive Director

Attest: Isigned/
Apgency Clerk g XTI
§ ____-—'-"""-—-—-.
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STATE OF FLORIDA
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION

Order No. EO 10-25 Additional Oyster Harvest Days for Apalachicola Bay

The Fish and Wildlife Conservation Commussion of the State of Florida, acting under the authority of
Article IV, Section 9, of the Florida Constitution, and acting through its Executive Director under
Delegations ol Authority Paragraph {7 and Paragraph 22, Executive Order of the Governor Number
10-99, as amended. hereby opens the harves! for oysters in Apalachicola Bay, Franklin County,
Florida on Saturdays, so long as Apalachicola Bay is not closed for public health purposes. This
action is taken in order to relieve economic hardships on the commercial fishing industry that may
occur in the area due to the BP Deepwater Horizon otl spill. This action is authorized only as follows:

1. Harvest for oysters in Apalachicola Bay is hereby opened on Saturdays, notwithstanding
amything to the contrary in rule 68B-27.017, Florida Administrative Code.

2. All other provisions goveming harvest of oysters in Apalachicola Bay remain in effect.

3. This order shall take effect at 12:01 a.m. EDT, June 5. 2010, shall expire August 31, 2010,
and shall be limited to when Apalachicola Bay is not closed for public health purposes.

Specific Authority: Article IV, Section 9, Florida Constitution

Law Implemented: Article IV, Section 9, Florida Constitution and Executive Order of the
Governor Number 10-99, dated April, 30, 2010 and 120.81(5),
Florida Statutes

Effective Date: 12:01 a.m. EDT, June 5, 2010

Given under my hand and seal of the Florida
Fish and Wildlife Conservation Commission
on this 4th day of June 2010.

/signed/

Nick Wiley
Executive Director

Attest /signed/
Apgency Clerk

EXHiar
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STATE OF FLORIDA
FLORIDA FISH AND WILDLIFE CONSERVATION COMMISSION

Order No. EO 10-32 Additional Oyster Harvest Days and Areas for
Apalachicola Bay

The Fish and Wildlife Conservation Commission of the State of Florida, acting under the authority of
Article IV, Section 9, of the Florida Constitution, and acting through its Executive Director under
Delegations of Authority Paragraph 17 and Paragraph 22, Executive Order of the Governor Number
10-99, as amended, hereby opens the harvest for oysters in Apalachicola Bay, Franklin County,
Florida seven days per week and hereby opens the winter harvesting areas, so long as Apalachicola
Bay is not closed for public health purposes. This action is taken in order to relieve economic
hardships on the comnercial fishing industry that may occur in the area due to the BP Deepwater
Horizon o1l spill. This action is authorized only as follows:

1. Notwithstanding the prohibition for harvesting on Fridays and Saturdays June through
August in rule 68B-27.017, Florida Administrative Code, harvest for oysters in Apalachicola
Bay is hereby opened seven days per week.

2. Harvest for oysters in areas approved in rule 5L-1.003(1), Florida Administrative Code for
winter harvesting in Apalachicola Bay, are hereby opened for harvest notwithstanding
anything to the contrary in rule 68B-27.019, Florida Administrative Code.

3. All other provisions governing harvest of oysters in Apalachicola Bay remain in effect.

4. This order shall take effect at 12:01 a.m. EDT, June 18, 2010, shall expire August 31,
2010, and shall be limited to when Apalachicola Bay is not closed for public health purposes.

Specific Authority: Article IV, Section 9, Florida Constitution
Law lmplemented: Article IV, Section 9, Florida Constitution and Executive Order of the
Govemor Number 10-99, dated April, 30, 2010 and 120.81(5),
Florida Statutes
Effective Date: 12:01 a.m. EDT, June 18, 2010
Given under my hand and seal of the Florida

Fish and Wildlife Conservation Commission
on this 17th day of June 2010.

Nick Wiley
Executive Director

Attest:
Agency Clerk
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FOR IMMEDIATE RELEASE: FOR MORE INFORMATION:

June 17, 2010 David Heil: 850 488-5471, or

Terence McElroy: 850 488-3022

Florida Provides for Increased Apalachicola Bay Oyster Production

TALLAHASSEE - Florida Agriculture and Consumer Services Commissioner Charles H. Bronson
and Chairman Rodney Barreto of the Florida Fish and Wildlife Conservation Commission (FWC)
today announced that both the winter and summer oyster harvesting areas in the Apalachicola

Bay System will be opened for harvest seven days per week through August 31, 2010.

Before this action was taken, the summer oyster areas were closed for harvest on Fridays in
June, July and August, and the winter oyster areas were closed altogether for harvest during
those months. This action marks the first time that the two agencies, which jointly manage
oyster resources in Florida, have permitted seven day per week harvest during the summer

months opened the winter oyster areas during the summer months.

“"We are pleased to support Commissioner Bronson in this effort to help the hard working

people in Florida’s oyster industry,” Barreto said.

Staff of both Agencies will continue to closely monitor Bay water quality, oyster harvest,
oyster handling and oyster processing to ensure oysters resources are protected and are safe

to consume.

“This action should be viewed by the citizens of Florida and the United States that Guif of
Mexico seafood in restaurants and markets is safe,” Bronson said. “"With demand for safe Guif

oysters at a peak, this action will benefit both our oyster industry and consumers alike.”
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Apalachicola Bay, Franklin County Florida Summer and Winter Oyster Harvesting Areas
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Oyster Resource Assessment Report
Apalachicola Bay
August 2012

Department of Agriculture and Consumer Services
Division of Aguaculture

Executive Summary

Observations and sampling of oyster populations on the primary oyster producing reefs in
Apalachicola Bay during July 2012 indicatcd that oystcr populations were depleted over most of
the reef areas sampled and that surviving oyster populations are severely stressed. Staff of the
Department of Agriculture and Consumer Services’ Division of Aquacuiture conducted
assessments of oyster populations after preliminary reconnaissance following the passage of
Tropical Storm Debby indicated that oyster populations on Cat Point Bar and East Hole Bar were
in poor condition. More detailed sampling and analyses confirmed the condition of oyster
resources and suggested that the poor condition was the result of combination of environmental
factors and fishery practices. Analyses and observations further suggested that Tropical Storm
Debby was only a minor contributing factor to the overall poor condition of oyster resources and
confirmed evidence that prolonged drought conditions, continuing low river discharge rates and
intensive harvesting were adversely affecting oyster populations in Apalachicola Bay.

This report provides interpretative analyses of sampling data, fisheries data, environmental
conditions, fishery practices and other factors to describe the current status of oyster resources
and predict oyster fishery trends for the 2012/13 Winter Harvesting Season in Apalachicola Bay.
Analyses and observations indicate that a combination of factors have resulted in a cascading
effect that has contributed to the depletion of oyster populations and may lead to longer-term
debilitation of oyster resources and oyster reef habitats.

Introduction

The Florida Department of Agriculture and Consumer Services (DACS) shares responsibility for
managing oyster resources in Apalachicola Bay with the Florida Fish and Wildlife Conservation
Commission (FWC); more specifically, the Division of Aquaculture manages oysters from both
resource development and public health protection perspectives. This report summarizes
information related to oyster resource compiled by the Division of Aquaculture from 2009
through August 2012.

Oyster Fisheries Statistics

Since 1980, reported landings of oysters in Florida ranged from about 1 to 6.5 million pounds of
meats: highest landings were reported in the early 1980s, around 6.5 million pounds.
Apalachicola Bay accounts for about 90% of Florida’s landings and about 9% of the landings
from the Gulf of Mexico (2000-2008 average). Reported oyster landings from Apalachicola Bay
for 2011 were approximately 2.4 million pounds of meat, representing a slight increase in
landings from 2010 (Table 1).
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In 2011, oystermen in Franklin County rcported landings of 2,380,810 pounds of mcats from
39.176 trips. Landings for Apalachicola Bay are higher than reported for Franklin County,
because oystermen in neighboring counties may report landings from Apalachicola Bay in those
counties.

Table 1. Oyster Landings in Apalachicola Bay, Florida

Year Pounds Number AB Oyster  Bags/
(Meats) of Trips Harvesting  Trip
Reported Licenses
2000 2,327 402 25,550 958 139
2001 2333968 25261 1,135 14.1
2002 1,725,776 20,294 914 13.0
2003 1,449 8%0 18,467 759 12.0
2004 1,502,056 17,692 719 12.9
2005 1,260,996 12,663 714 15.2
2006 2,127,049 22,644 916 14.3
2007 2,645,359 29,104 1,142 13.9
2008 2,238,482 27,603 1,168 12.3
2009 2,695,701 39,942 1,433 10.2
2010 1,938,059 32,330 1,909 9.1
2011 2,380,810 39,176 1,799 9.3
2012 1,687

Landings per trip remained relatively stable during 2010 and 2011, ranging from 9.1 to 9.3 bags
per trip. Landings per trip continued to trend downward from about 15 bags per trip in 2005 to
about 9.3 bags per tnp in 2011. Opyster landings and bags per trip do not show a direct
correlation with the number of ABOHL sold; there were 1,799 ABHOL sold in 2011 and 1,687
sold in 2012, The dockside value of oyster landed in Franklin County was estimated at $6.64
million in 2011.

Oyster landings appear to be correlated with three primary variables; resource availability,
fishing effort, and market demand. Fishing effort has increased while market demand has been
highly variable duc to cconomic instability, concerns associated with the Deep Water Horizon
(DWH) oil spill incident in 2010, and inconsistent supplies from other Gulf states.

Oyster Resource Assessments

The Division has conducted oyster resource surveys on the principle oyster-producing reefs in
Apalachicola Bay since 1982. This information is used by resource managers to reliably predict
trends in oyster production; to monitor oyster population dynamics, including recruitment,
growth, natural mortality, standing stocks; and to determine the impacts of climatic events such
as hurricanes, floods, and droughts on oyster resources. Sampling oyster populations allows
resource managers to compare the relative condition of standing stocks over time using a defined
sampling protocol. The Standard Oyster Resource Management Protocol (SORMP) provides a

2
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calculation to cstimatc production bascd on the density of lcgal size oysters collected during a
defined sampling interval. Production estimates exceeding 400 bags of oysters per acre is
applicd as an indicator of healthy oyster reefs capable of sustaining commercial harvesting.

The Division of Aquaculture conducted oyster resource assessments on the commercially
important oyster reefs in Apalachicola Bay during July 2012. Commercially important reefs
included Cat Point Bar, East Hole Bar and the St. Vincent Bar and Dry Bar reef complex. Oyster
resource assessments were also conducted on three recently rehabilitated reefs, and on shallow
and intertidal reefs in St. Vincent Sound.

Production estimates for July 2012 from Cat Point Bar (287 bags/acre) and East Hole Bar (294
bags/acre) were the lowest production estimates reported in the past twenty years prior to the
opening of the Winter Harvesting Season. Similarly, production estimates from St. Vincent Bar
and Dry Bar (bags per acre) demonstrated depressed production estimates. Estimated oyster
population parameters for Cat Point Bar, East Hole Bar and St. Vincent / Dry Bar are below
levels generally observed on these reefs prior to opening the Winter Harvesting Season, and
suggest that stocks are not sufficiently abundant at this time to support commercial harvesting
throughout the Winter Harvesting Season. Factors affecting estimated production parameters on
individual reef complexes are discussed later in this report.

Cat Point Bar and East Hole Bar have historically been the primary producing reefs in
Apalachicola Bay. These reefs form a contiguous reef system (except for the Intracoastal
Waterway) that extends north to south across St. George Sound and separates the sound from
Apalachicola Bay. Over the past twenty years, landings from these reefs have been critical to
supporting the oyster fishery in the region.

Oyster density and estimated production showed marked declines on Cat Point Bar when
compared to 2011. Estimated production declined from 417 bags per acre in August 2011 to 287
bags per acre in July 2012 (Table 2). Oyster densitics decrcased substantially from 430 to 64
oysters per square meter over the same sampling interval (Table 2). The decrease in oyster
density reflects poor recruitment, as well as severely reduced number of oysters in the juvenile
size classes, and is indicative of the degraded quality of reef substrate and structure.

Cat Point and East Hole Bar have been subject to a combination of factors that have adversely
affected oyster populations, oyster reef habitat, and the oyster fishery. Oyster populations over
much of the reef area are depleted and the quality of the substrate is degraded to a point where
spat settlement and recruitment have been disrupted. Stress associated with prolonged high
salinity, high natural mortality and predation, and intensive fishing effort have markedly reduced
standing stocks of juvenile, sub adult and adult oysters.

The Dry Bar and St. Vinccnt Bar complcx is a large contiguous rccf systcm in western
Apalachicola Bay. This reef complex provides a substantial portion of the Bay’s landings during
normal years, but fishing pressure was sporadic during 2011 and 2012. The estimated
production for Dry Bar-St. Vincent (Table 2} indicated a substantial reduction from 323 bags per
acre in August 2011 to 215 bags per acre in July 2012. Samples were collected from the Little
Gully area on Dry Bar, because no live oysters were collected on St. Vincent Bar. St. Vincent
Bar, extending from Dry Bar southward was considered to be depleted of marketable oysters.
The oyster population on St. Vincent Bar was likely decimated by stress associated with high

3
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salinity, discasc and prcdation. Fishing prcssurc has declined as a result of reduccd standing
stocks of market-size oysters over the entire reef complex over the past two years. The current
condition of oyster rcsources on Dry Bar is not cxpected to be at levels that will sustain
commercial harvesting through the 2012/13 Winter Harvesting Season.

Estimated production parameters for the reef complexes in the western portion of the Bay and
the “Miles” indicate that standing stocks of market size oysters are at various levels. Standing
stocks on some reefs will support commercial harvesting, while other reefs show signs of severe
stress and depletion. Oyster reefs, including North Spur, Green Point and Cabbage Lumps Plant
Sites are in moderately good condition, with standing stocks and production at levels that will
support limited commercial harvesting. These plant sites have been planted with processed
oyster shell within the last three years, and the substrate remains in good condition; size
frequency distributions are typical of healthy oyster populations. However, these reefs are small
and overall production will be limited. Also, oysters on these reefs will likely be subject to
intense predation from rock snails, while salinity levels remain high. Oyster populations on
shallow and intertidal reefs in the ‘Miles’ (Spacey’s Flats, Eleven Mile Bar, Picolene Bar) are
also severely stressed, showing signs of intense predation and natural mortality. Bars in
northwestern Apalachicola Bay and eastern St. Vincent Sound, including Green Point, North
Spur and Cabbage Lumps are more strongly influenced by river flows than bars located further
away from the river mouth. Prevailing flows and circulation patterns move plumes of freshwater
westward from the river over these reefs before they are dispersed throughout the Bay and St.
Vincent Sound.

The Standard Oyster Resource Management Protocol

Continuous monitoring and data analyses have allowed resource managers to develop a scale
using defined sampling protocol to determine the relative condition of oyster resources based on
estimated production parameters. The Standard Opyster Resource Management Protocol
{(SORMP) provides that estimated production exceeding 400 bags of oysters per acre is applied
as an indicator of healthy oyster reefs capable of sustaining commercial harvesting.
Accordingly, oyster populations are 1) capable of supporting limited commercial harvesting
when stocks exceed 200 bags/acre, 2) below levels necessary to support commercial harvesting
when stocks fall below 200 bags/acre, and 3) considered depleted when marketable stocks are
below 100 bags/acre. Generally, production from Cat Point Bar has been the most accurate
indicator of oyster production in Apalachicola Bay, but East Hole Bar and St. Vincent Bar are
also reliable indicators of the condition of oyster resources throughout the Bay. This scale forms
the basis for the Standard Oyster Resource Management Protocol provided in Subsection 68B-
27.017, Florida Administrative Code, which has been used as the criteria for setting the number
of harvesting days in the Winter Harvesting Season in Apalachicola Bay.

Depletion of Oyster Resources

Standing Stocks and Commercial Production Estimates

Size frequency distributions for oyster standing stocks are strong indicators of the health of
oyster populations and are useful for predicting fishery trends. Size distributions among oyster
populations are used to evaluate recruitment to the population, recruitment of juveniles to market
size, growth, survival and potential production. Accordingly, size frequency distributions can be
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uscd to cvaluatc oyster deplction cvents.  Current analyscs of size frequency distributions and
oyster standing stocks indicate that oyster populations on the major producing reefs in
Apalachicola Bay are experiencing aa on-going depletion event.

Opyster populations can be depleted from a number of factors; including climatic conditions,
water quality, drought and flood events, catastrophic storms and hurricanes, natural mortality
from diseases and predation, and fisheries. Most of the time, depletions occur because of a
combination of these factors (multiple stressors).

Data analyses and observations on the major reef complexes showed substantial losses of oyster
populations over the past two years, with severe declines in oyster densities, standing stocks and
production estimates. Declining populations can be attributed to less than optimal environmental
conditions (prolonged drought, reduced river discharge rates, high salinity), storm events
(Tropical Storm Debby), and increased predation and natural mortality, weak recruitment, and
extensive harvesting on the major reefs. it is evident from divers’ observations that many reefs
in Apalachicola Bay are showing the negative effects of decreased rainfall and freshwater flow
rates from the Apalachicola River over the past two years, including depressed recruitment and
increased natural oyster montality (predation, disease, and stress associated with high salinity
regimes}. Additionally, the long-term impairment of reef structure (reef elevations, shell matrix,
and shell balance) is of serious concern. Each of the factors contributing to oyster depletion in
Apalachicola Bay are discussed below.

Prolonged Drought and Elevated Salinity

Adverse environmental conditions can have a devastating effect on oyster populations; and high
salinity is among the most detrimental factors. Because oysters are sessile animals, they are not
capable of moving when environmental conditions become less than optimal or sometimes
lethal. While oysters can tolerate a wide range of salinities, prolonged exposure to less than
optimal conditions will adversely impact affected populations. Oysters become physiologically
stressed when salinity levels are below or above optimal levels (10-25 ppt) for extended periods,
affecting reproductive potential, spatfall, recruitment, growth and survival.

Rainfall and concomitant river dischargc are essential for productive oyster populations in
Apalachicola Bay, and provide three critical requirements for survival. First, survival depends
upon salinity regimes that are suitable for oysters to reproduce, grow and survive. Rainfall in the
drainage basin and discharge into the Bay are essential, as productive oyster populations require
a combination for fresh water and marine waters. Fluctuating salinity regimes, within the
oyster’s tolerance limits, is the single most important factor influencing oyster populations in
Apalachicola Bay. Second, rainfall, flooding in the flood plain, and river discharge into the Bay
are essential for supplying nutrients and detritus necessary to nourish and sustain food webs and
trophic dynamics within the cstuarinc system. And third, rainfall and river discharge is a critical
factor driving fluctuations in salimity levels that prevent destructive predators with marine
affinities from becoming established in the Bay. The critical influences of rainfall and river
discharge were severely diminished during the past two years. The region and much of the
drainage basin have been subject to extensive drought during 2011 and 2012, and these
conditions have been reflected in low river stages and low river discharge rates.
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Although, cnvironmental conditions improved with rclativcly normal rainfall and river discharge
in 2009 and early 2010, and abundant spat fall was reported on Cat Point and East Hole Bars
during 2010, oyster resources have not rcbounded completely. Conditions began to decline and
drought conditions have persisted in the Apalachicola River Basin since August 2010. With
drought conditions returning to the region, decreased rainfall and river discharge have
contributed to stress on oyster populations in Apalachicola Bay.

The Florida Panhandle and the Apalachicola River (ACF) drainage basin have experienced
prolonged drought conditions for several years, and the reduced freshwater input into
Apalachicola Bay has seriously affected oyster populations in the Bay. Poor recruitment and
poor survival can be directly attributed to prolonged high-salinity environment, which is also
confirmed by the presence of marine predators, primarily stone crabs and Florida rock snails
(oyster drills). The predators are present in great numbers and are currently overwhelming
oyster populations throughout Apalachicola Bay, Petes et al, (2012) and Wilber (1992)
investigated the effects of reduced freshwater flows on oyster populations in Apalachicola Bay
and reported adverse impacts resulting from low river flows.

Natural Mortality and Predation

The combination of high salinity and high water temperatures are known to severely stress oyster
populations and may result in massive mortality events. It is highly likely that these
environmental factors have contributed substantially to natural mortality and low recruitment in
the Bay. High salinity and high water temperatures also correlate with the increased prevalence
and intensity of the oyster parasite, Perkinsus marinus. This parasite (dermo) is often associated
with oyster mortality in the hotter summer months and is commonly described as “Summer
Mortality Syndrome’ in Florida. The Department participates in the Oyster Sentinel Program 1n
the Gulf and monitors the presence and intensity of P. marinus in oysters in Apalachicola Bay.

Observations by divers confirmed the presence and abundance of sione crabs, Menippe
mercenaria, on the primary oyster reefs in Apalachicola Bay. Stone crab burrows are easy to
recognize and the appetite of these destructive predators is obvious. Stone crab burrows are
surrounded by living and dead oysters; the result of crabs actively foraging and bringing live
oysters to their burrows. The shells of devoured oysters are also present and form a ring around
burrows. Examining dead oyster shell provides confirmation of the crushing action of stone
crabs on the shell of oysters. Stone crabs are considered primary predators of oysters when
salinities remain high for extended periods and crab populations become established on oyster
reefs.

Observations and sampling confirmed the presence and abundance of the Florida rock snail,
Stramonita haemastoma, (formerly Thais haemastoma), a destructive snail commonly referred to
as an oyster drill. Oyster drills arc considered as onc of the most scrious oyster predators along
Florida’s Gulf Coast, and have become established in Apalachicola Bay over the past two years.
Reports from oystermen suggest that drills are more abundant than at any time in recent memory.
It appears that drill populations are moving farther into the estuary as oyster populations in the
more marine portions of the Bay are depleted. High numbers of drills were found wherever
viable oyster populations were observed. The presence and establishment of snail populations
correlate with prolonged high salinity waters. It is also disturbing that drills are completing their
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life cycles within the cstuary, since cgg cascs, juvenilc, subadult and aduit snails arc abundant on
oyster reefs,

Additionally, the Florida crown conch, Melongena corona, was commonly observed on oyster
reefs. These conchs are also known to be serious oyster predators with marine affinities. Mud
crabs of various species are also common predators on oyster reefs, gencrally attacking spat and
smailer juvenile oysters.

Increased stress associated with high salinity regimes acts to exacerbate the level and intensity of
predation by weakening oysters. Prolonged periods of high salinity result in natural mortality
from predation which can have a significant impact on oyster populations and result in serious
economic losses to commercial oyster fisheries. The presence and abundance of marine
predators on oyster reefs in Apalachicola Bay the long duration of high salinity conditions within
the estuary.

Harvesting Pressure

Declining oyster population parameters can be associated with harvesting, as well as
environmental influences and natural mortality. Reported oyster landings for Franklin County in
2011 increased marginally over 2010 in both production and bags per trip, but harvesting
pressure (as measured in reported trips) increased by about 20 percent. Oyster population
parameters for Cat Point Bar and East Hole Bar suggest that oyster abundances and potential
production is markedly depressed, possibly reflecting the effects of continuous harvesting, poor
harvesting practices, as well as, less than optimal environmental conditions in 2010 and 2011.
Over harvesting is most damaging when environmental conditions are less than optimal,
recruitment i low, and natural mortality is high.

Resource managers believe that several activities associated with harvesting have had a
detrimental impact on standing stocks and oyster resources on the primary producing reefs in St.
George Sound in eastern Apalachicola Bay. The standing stocks of juvenile, sub-legal, and
market-size oysters suggest that the overall condition of many reefs has declined substantially
over the past two years as a result of continuous harvesting from Cat Point and East Hole Bars,
concentrated and intensive harvesting by the majority of the fishing fleet, and the excessive
harvesting of sub-legal oysters.

Vessel counts during the 2011/12 Winter Harvesting Season show that about 60 percent of the
fishing fleet was concentrated on Cat Point and East Hole Bars. Fishing effort often averaged
more than 120 vessels per day throughout 2011 and 2012 placing added pressure on Cat Point
and East Hole Bars. In response to limiting the number of hours harvest can occur each day to
control for Vibrio vufnificus, additional harvesting days during 2011 and 2012 were implemented
which incrcascd fishing pressurc and further detcriorated the condition of the resource. Another
contributing factor was the management decision to allow harvesting from these reefs during the
summer of 2010 in response to the oil spill event (April, 2010). This resulted in an intense
harvesting effort which precluded any recovery time for the resource

Harvesting pressure is usually high on reefs in the castern portion of the Bay at the beginning of

the oyster harvesting season, and in 2011 and 2012 harvesting pressure was almost exclusively
directed to Cat Point and East Hole Bars. Harvesting pressure on Cat Point Bar and East Hole
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Bar in St. George Sound demonstrated an upward trend in cffort over the past two ycars. This
change in fishing effort is not easy to explain, since it does not seem to be strictly associated with
resource availability. Onc plausiblc explanation may be the proximity of St. George Sound to
Eastpoint, where many licensed oystermen reside and sell their oysters.

Some of the decline of legal-size oysters can be attnibuted to the excessive harvesting of sub-
legal oysters. Since 2010, there have been numerous reports of oystermen harvesting oysters
below the legal size limit, and observations in the marketplace confirmed that the harvest of
small oysters was very common during the DWH oil spill event and has persisted to the present.
Excessive harvesting of sub-legal oysters from 2010 through 2012 reduced recruitment among
sub-legal size classes to legal size, contnibuting to declining trends in cstimated production
2012/2013. This situation results from harvesting and culling practices of the fishermen, when
sub-legal oysters are not culled and returned to the reef to grow to marketabie size.

The practice of harvesting sub-legal oysters appears to be an extension of a “use it or lose it’
attitudc that prevailed during the fall and winter of 2010. Following the oil spill in April 2010,
there was an acknowledged threat to oyster resources in Apalachicola Bay, and management
policies were directed toward harvesting availahle resources in the face of a growing risk of loss.
Throughout the period when oil posed an unpredictable threat to the oyster fishery, less effort
was directed toward enforcing size limits, perhaps, yielding to the view that it would be more
beneficial to harvest the available resource. But unfortunately, many oystermen have continued
the same harvesting practices that were allowed during the oil spill threat.

The Division’s 2011 Oyster Resource Assessment Report for Apalachicola Bay (Division of
Aquaculture, 2011) stated that oyster population estimates indicated that recruitment would keep
pace with harvesting pressure and sustain production throughout the 2011/12 Winter Barvesting
Season: with the caveat that increased harvesting pressure and/or the unabated harvesting of
sublegal stocks may alter the production / harvesting balance. In 2011, reports of the harvest and
sale of oysters below the legal size limit was still common practice, and it is now clear that there
are not sufficient numbers of juvenile and market size oysters to support harvesting throughout
the up coming season.

Tropical Storm Debby

Tropical Storm Debby made its closest approach to Apalachicola Bay on June 25, 2012 before
moving eastward and making landfall near the mouth of the Suwannee River. Despite the fact
that Debby never achicved hurricane strength, it was accompanied by moderate storm surge in
the Big Bend region. Maximum surge at Apalachicola was 3.51 feet.

The greatest impacts to oyster reefs were expected to be in St. George Sound and western
Apalachicola Bay (St. Vincent Bar) because of the long fetch of open water.  Scouring was
expected as a result of storm surge and wave action across the Bay. Fortunately, most of the
storm surge and strongest wave action occurred during high tides when the reefs are most
protected from severe hydrological impacts.

Prcliminary reconnaissance following T.S.Dcbby did not indicate severe disruption of oyster reef
structure. Examination of shells and live oysters did not display the effects of severc scouring
(ex. polished shell surfaces, abrasion, dead oysters) and observations by divers did not
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dcmonstrate cxtensive disruption of the recf’s surface (suspension and dcposition of reef shell
and sedimcnts, concretion of reef material, or burial of shell and living oysters). Although reef
areas were sometimes devoid of live oysters, clustcrs of oysters werc prescnt in adjacent areas
that did not indicate severe disturbance. Scouring and wave action may have impacted reef
surfaces and oyster resources in some areas, but widespread damage to reef structure was not
observed.

Heavy rainfall and coastal flooding may have an adverse impact on oyster reefs closest to the
river and distributaries in the river delta, but the sudden influx of freshwater did not appear to
cause extensive oyster mortalities on reefs away from the niver delta (reefs in the Winter
Harvesting Areas). Preliminary reconnaissance and sampling did not identify oyster populations
where mass mortalities occurred; it is generally apparent when a mass mortality event occurs
from a freshet or poor water quality (low dissolved oxygen concentrations). However, it remains
likely that oyster populations in close proximity to the river delta may be subject to prolonged
low salinity and associated low dissolved oxygen concentrations, and may suffer mortalities.
There have been some reports of recent mortalities (late July) among oysters on reefs in the
Summer Harvesting Area (Norman’s Lumps).

Fishery Management Implications

The Department of Agriculture and Consumer Services and the Fish and Wildlife Conservation
Commission enacted several policies that allowed oystermen a greater opportunity to harvest
available oyster resources in Apalachicola Bay in response to the Deepwater Horizon oil spill
event and national shellfish program requirements. 'The Executive Director of the FWCC signed
an Executive Order that allowed commercial harvest of oysters from Apalachicola Bay seven
days a week beginning September 1, 2011, contingent upon the Standard Oyster Resource
Management Protocol (SORMP). On June 1, 2012, the FWCC enacted rule amendments in
Chapter 68B-27.017 that allowed harvesting of oysters seven days a week, year round in
Apalachicola Bay. This action was taken, in part, to accommodate commercial oyster fishermen
for time on the water harvesting that was decreased as a result of recent management practices to
enhancc public health protection. These practices, consistent with national Vibrio vulnificus
reduction criteria, imposed more stringent limitations on harvesting times from April through
November.

Subsection 68B-27.017(1)(a), Florida Administrative Code, provides that oysters may be
harvested for commercial purposes on any day of the week. Subsection (1)(b) provides that - If
duning the period of November 16 through May 31 DACS cstablishes that the oystcr resources
on Cat Point Bar and East Hole Bar can not sustain a harvest of 300 bags per acre (SORMP),
then the harvest of oysters for commercial purposes shall be prohibited on Saturdays and
Sundays. Results of the current assessment indicated that estimated production on Cat Point Bar
and East Hole Bar may not exceed the level provided in the SORMP for DACS to recommend
that oyster harvesting for commercial purposes be continued at seven days a week. Oyster
resources will be re-assessed in November and recommendations will be forwarded to the
Florida Fish and Wildlife Conservation Commission.
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Fishery Trends

Analyses of oyster resource assessment data over the past two years indicate several general
conclusions regarding oyster resources in Apalachicola Bay.

The outlook for oyster production for the 2012/2013 Winter Harvesting Season in St. George
Sound (Cat Point, East Hole, Portcrs Bar and Platform) is described as “poor”. It appears
uniikely that oyster populations on Cat Point and East Hole Bars can sustain concentrated
harvesting effort throughout the Winter Harvesting Season.

Declining population estimates over the past two years generally indicated that oyster
populations are severely stressed. Although oyster population parameters for 2010 and 2011
reflected relatively stable production estimates, declines in 2012 suggest that overall resource
availability may not be capable of sustaining current harvesting levels (bags per trip). The
number of bags per trip has continued to decline over the past five years.

Prior to 2009, the demand for oysters from Apalachicola Bay was a primary factor limiting
harvests, as harvests did not appear to be limited by available stocks. Higher landings in 2009
likely reflected strengthening market demand and increased fishing effort rather than increased
resource availability. However, in 2011/2012 demand for Apalachicola Bay oysters increased
because of rcduced production from historically productive areas in other Gulf states, while
oyster rcsources in the Bay have suffered during the current drought. Conscquently, oyster
resources may not be adequate to supportt increased harvesting pressure and meet increased
demand throughout the upcoming season.

Table 2. Cat Point Bar Population Estimates: September 2008 to July 2012.

Sample Oyster | Mean | Density Oysters . Bags
Quadrat | Number | Leng.
Date (0.25m) {n) {mm) {fm) >50mm (%) >75mm (%) (/m) 1000x (fac (/ac)
09/08 20 616 55.2 | 123.2 66.2 17.21 21.2 85.8 381
11/08 10 564 520 | 22586 55.7 19.33 43.6 176.4 784
12/08 10 kkk] 56.9 | 133.2 66.1 24.92 331 134.3 597
08/09 20 828 50.1 | 165.6 49.9 15,10 25.0 101.1 449
11/09 10 626 48.2 | 2504 50.2 7.83 19.6 79.3 352
04/10 20 969 484 | 193.8 46.7 9.91 19.2 77.7 345
08/10 20 1,043 50.5 | 208.6 53.9 B.92 18.6 75.3 334
11/10 20 865 528 173.0 63.7 12.25 212 85.7 381
08/11 15 1,611 | 482 | 4296 48.5 540 23.2 93.9 417
07112 10 161 588 | 644 67.1 24.84 15.9 84.7 287
10
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Table 2. East Hole Bar Population Estimates: November 2008 to July 2012.

Sample Oyster | Mean | Density Oysters _ Bags
Quadrat | Number | Leng.

Date (0.25m) (n) (mmj) (/m) >50mm (%) >75mm (%) (/m) 1000x (/ac) (/ac)
11/08 10 318 575 | 127.2 69.1 22,33 28.4 114.9 510
08/09 20 1,023 49.3 204.6 50.7 9.09 18.5 75.2 334
11110 10 682 47.0 2728 48.6 9.38 256 103.6 4860
Q7/12 10 127 60.8 50.8 65.3 32.28 16.3 66.3 294
Table 2. Dry Bar Popuiation Estimates: September 2008 to July 2012.

Sample Oyster | Mean | Density Oysters _ Bags
Quadrat | Number | Leng.

Date  (0.25m) {n} (mmy) (/m) | >50mm (%) >75mm (%} (/m) 1000x (/ac) {/ac)
09/08 20 1,467 54.0 293.4 64.1 14.86 43.6 176.4 784
12/08 10 986 47 .1 394.4 49.8 7.81 30.8 124.6 554
08/08 20 1,353 | 466 | 272.6 41.2 6.31 17.2 69.6 309
11/09 10 589 45.6 235.6 41.7 7.13 16.7 67.9 302
08/10 20 877 50.2 175.4 50.5 10.83 18.9 76.8 341
11110 20 1,313 431 262.5 344 11.65 30.5 123.8 550
08/11 15 567 47.5 151.2 44.8 11.90 179 727 323
07/12 10° 150 56.0 60.0 66.0 20.0 12.0 48.6 215°
a - Samples collected from Little Gully on Dry Bar. No live oysters were collected from 5t. Vincent Bar
Table 2. North Spur (Plant) Population Estimates: September 2008 - July 2012.

Sample Oyster | Mean | Density Oysters _ Bags
Quadrat | Number | Leng.

Date | (0.25m) {n) {mm) (/m) >50mm (%) | >75mm (%) | (‘/m) | 1000x (/ac) {/ac)
08/08 5 284 | 529 | 2272 60.6 10.56 | 23.9 97.0 431
09/09 10 541 | 495| 2164 49.9 12.75 | 27.5 111.6 496
04/10 5 1040 48.0 832.0 50.4 510 | 42.4 171.7 763
08/11 5 269 | 529 | 215.2 58.0 15.99 | 4.4 139.2 619

11
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07112 10 362 534 144.8 57,5 18.23 | 26.4 106.8 475
Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012.

Sample Oyster | Mean ! Density Ovsters . Bags
Quadrat | Number | Leng.

Date | (0.25m) {n) {mm) | {{m) >50mm (%) | >75mm (%) | {/m) | 1000x (/ac) | (fac)
09/08 10 482 58.8 192.2 75.9 20.33 | 39.2 158.6 705
09/09 10 | 274541 48.2 109.6 441 17.52 | 19.2 77 345
0g/11 10 510 | 544 | 2040 65.5 12.94 | 264 106.5 474
0712 5 125 596 100.0 65.0 28.00 | 28.0 113.3 503
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7.2 Unsustainable Fishing Pressure and Harvest Practices 25

The contemporaneous data I analyzed indicated that fishing pressure and harvest practices
used on the oyster population in Apalachicola Bay were excessive, unprecedented, and un-
sustainable, and collectively caused the collapse of the Apalachicola Bay oyster population
in 2012, as indicated by:

e fishing effort and landings were at the highest levels of the contemporary reporting
period (1986-2014) in the two years immediately preceding the fishery collapse;

e the number of oyster fishers licensed by the State of Florida increased considerably from
2009 through 2012 to high values not observed since 1990;

e Catch Per Unit Effort (CPUE), a measure of fishing efficiency calculated as oyster
landings per fishing trip, began to decline precipitously in 2009, eventually dropping
and remaining below historical low values last observed in 1992;

o fishery exploitation rates increased spectacularly from 2009 through 2012-monthly rates
in 2011 and 2012 were in the top 6% of those in the 336 months from 1986 to 2014,
and annual rates exceeded those deemed sustainable in oyster fisheries; moreover, as
the population declined through 2012, oyster fishers were catching a higher fraction of
oysters, a practice known as depensatory fishing;

e population persistence, population recovery, and fishery yield depend critically on habi-
tat quality, such that inadequate consideration of habitat degradation due to oyster
harvest practices will lead to fishery collapse, even when a traditional stock assessment
deems the fishery stock not to be overfished; and,

e removal of shell substrate from the Apalachicola Bay oyster grounds during the period
prior to and during 2012 was excessive and not replenished adequately (Section 11.2).

e Thus, unsustainable fishing pressure and harvest practices led to the col-
lapse of the Apalachicola Bay oyster fishery in 2012.

7.2 Unsustainable Fishing Pressure and Harvest Practices

As noted in Florida Governor Rick Scott’s letter to the Department of Commerce request-
ing that the U.S. government declare a federal fisheries disaster in Florida’s Gulf of Mexico
fisheries, “[h]arvesting pressures and practices were altered to increase fishing effort, as mea-
sured in reported trips, due to the closure of oyster harvesting in contiguous states during
2010. This led to overharvesting of illegal and sub-legal oysters further damaging an already
stressed population.” (Knickerbocker Ex. 20). Governor Scott also attached the August
2012 FDAC Oyster Resource Assessment Report to his request. This report stated that
harvesting pressure contributed to declining stocks of “juvenile, sub-legal, and market-sized
oysters” due to “continuous harvesting” of Apalachicola Bay’s primary oyster bars, Cat Point
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7.2 Unsustainable Fishing Pressure and Harvest Practices 26

and East Hole. (FDACS August 2012 Assessment at p. 7). The report continued that the
“excessive harvesting of sub-legal oysters” contributed to declines in legal-size oysters, and
that this “excessive harvesting” started after the Deepwater Horizon oil spill event, but then
continued through at least August 2012. (FDACS August 2012 Assessment at p. 8) My
findings are largely consistent with the findings of the Governor’s letter and accompanying
report, as detailed below.

Unsustainable fishing pressure by recruitment overfishing (i.e., harvesting too great a
fraction of the reproductive segment of the population—spawning stock) can lead to recruit-
ment failure (i.e., too few juveniles entering the fishable segment of the population). This
can occur when too few larvae are produced, such as when densities of adults in a habitat
are too low or when fertilization efficiency is greatly reduced, or when the requisite substrate
(shell) for larval settlement and juvenile survival is inadequate. To reduce the risk of fishery
collapse, fishery managers typically attempt to control fishing effort (e.g., number of fishing
licenses or trips) or catch (i.e., fishery landings) or both. For example, when a fishery stock
is at risk (e.g., abundance declining past a biomass threshhold, or exposed to a natural envi-
ronmental stress), a risk-averse management approach based on the precautionary principle
dictates that fishing effort and catch be capped at current levels, or reduced to allow the
fished population to recover from a decline or withstand environmental stress. In the case of
exploited populations that are also reliant on habitat, ecosystem-based fishery management
approaches are indicated, such as enhanced re-shelling of oyster bars or minimization of
harmful fishing practices on oyster bars (i.e., removal of shell). In addition, managers must
attempt to eliminate sublegal and illegal fishing practices, which by themselves can deplete
a population to fishery collapse. Established measures of fishing pressure, including (i) fish-
ery landings, (ii) fishing effort represented by the number of fishing trips, (iii) fishing effort
represented by the number of licensed fishers, and (iv) fishing mortality, were assessed to
determine if there was excessive fishing pressure on the Apalachicola Bay oyster population
and habitat in the years immediately preceding the fishery collapse.

7.2.1 Fishery Landings

Landings data provide one measure of fishing pressure. Annual landings data for Franklin
County reflect harvest of oysters in Apalachicola Bay (Figure 4). These data were down-
loaded from the FWC website (https://public.myfwc.com/FWRI/PFDM/ReportCreator.
aspx). This analysis relied on data from 1986-2014 because these were the longest landings
time series that were standardized as to the data reporting system. Landings data reporting
became mandatory in 1986; prior to 1986 reporting was voluntary. Data prior to 1986 were
thus not used because those data could not be compared directly with the data after 1985
due to the change in reporting system. This situation is common in fishery management;
the solution is to use standardized data in analyses of fishery performance.

Oyster fishery landings from Franklin County in 2011 and 2012 were the two highest in
the time series (Figure 17). In addition, Franklin County landings from 2007-2012 encom-
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7.2 Unsustainable Fishing Pressure and Harvest Practices 27

passed four of the five highest landings since 1986, and were consistently above the time
series average (Figure 17). Accordingly, the level of fishing pressure (as measured by land-
ings) on oysters in Apalachicola Bay in the years preceding the collapse was the highest
during the entire contemporary period of record (1986-2014) comprising standardized har-
vest data. Note that the landings may have been high due to significantly higher oyster
abundance, not just excessive fishing pressure. This alternative, though, is not supported
by the evidence on population abundance presented in Section 6.

7.2.2 Fishing Effort—Trips and Catch per Unit Effort (CPUE)

Another measure of fishing pressure is derived from fishing effort, which can be estimated
by the number of fishing trips and by the number of license holders. The first estimate was
calculated as the annual number of fishing trips by Franklin County oyster fishers (Figure
8). Data on fishing trips were downloaded from the FWC website (https://public.myfwc.
com/FWRI/PFDM/ReportCreator.aspx).
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Figure 8: Number of fishing trips per year (grey bars) and CPUE as catch
per fishing trip (square symbols connected by line) by the oyster fishery
in Franklin County. Catch per trip was calculated as landings divided by
trips. The blue shaded rectangle encompasses the three highest numbers
of fishing trips (2009, 2011, 2012) in the contemporary historical record
from 1986 through 2014. The blue dotted line is the average of the trips
time series.

As with Franklin County landings, the number of fishing trips executed by Franklin
County oyster fishers in 2011 and 2012 were the two highest in the time series (Figure
8). The third highest value in the time series was in 2009 and fifth highest was in 2010,
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7.2 Unsustainable Fishing Pressure and Harvest Practices 28

indicating that fishing pressure (as measured by fishing trips) on oysters in Apalachicola
Bay was extreme in the years preceding the collapse.

Fishery efficiency, as estimated by the catch per fishing trip (usually referred to as Catch
per Unit Effort-CPUE), began to decline precipitously in 2009, having dropped to a low
level last observed in 1992. This drop happened at the same time that the number of fishing
trips rose significantly above the time series average (Figure 8). Catch per trip continued
to decline below the time series average through 2012, eventually reaching lowest values in
2013 and 2014.

The significant decline in CPUE from 2009 through 2012 along with the very high fishing
effort (fishing trips) reflected excessive fishing pressure and inefficient fishing performance,
which are warning signs that often precede fishery collapse, and which should have triggered
risk-averse management actions for the Apalachicola Bay oyster fishery.

7.2.3 Fishing Effort—Licenses

Another surrogate measure of fishing effort was estimated by the number of licensed oyster
fishers in Apalachicola Bay from 1986 through 2012 (Figure 9). The data were derived from
document UFL_00088115.xls and were checked against the data in the Oyster Resource As-
sessment Report, Apalachicola Bay, August 2012 by the Florida Department of Agriculture
and Consumer Services, Division of Aquaculture (http://www.freshfromflorida.com/
content/download/5108/90903/). The number of licensed fishers per year in Apalachicola
Bay from 2009-2012, which encompasses the period subsequent to the Deepwater Horizon
oil spill and immediately before the fishery collapse, ranged from 774-972 (Figure 9). All of
these values were well above the 1986-2012 average of 644 licensed fishers, indicating high
nominal fishing effort.

7.2.4 Exploitation Rate

Exploitation rate is the fraction of the fishable population harvested by the fishery per unit
time; in this case, it is the fraction harvested per month (Figure 10) or per year (Figure 11)
in Apalachicola Bay from 1986 through 2013.

Exploitation rate data were derived from Appendix 1 of Pine III et al. (2015). Of the
336 monthly values depicted in Figure 10, 15 of the highest 20 values occurred in 2011
and 2012, and all exploitation rates since 2009 were above the average exploitation rate.
The monthly exploitation rates were used to calculate annual exploitation rates (Figure
11).  Annual exploitation rates were at highest levels from 2009 through 2013, ranging
from 45-73%, which greatly exceeded the recommended annual exploitation rate (20%) for
sustainable exploitation of oyster populations in the Gulf of Mexico (Powell et al., 2012).
In addition, extremely high fishing pressure for several years is a key predictor of fishery
collapse (Essington et al., 2015), and contemporaneous analyses by official Florida agencies
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7.3 Habitat Degradation and Fishery Collapse 29

Figure 9: Number of licensed fishers per year in the Apalachicola Bay
oyster fishery. Data were derived from document UFL 00088115.xls.
The blue shaded rectangle encompasses the period subsequent to the Deep-
water Horizon oil spill and immediately before the fishery collapse. The
blue dotted line is the average of the time series.

repeatedly documented the fact of extremely high fishing pressure in the years immediately
preceding the collapse. For example, in the FDACS 2011 Report, p. 3, it noted that “Fishing
effort throughout the winter and spring of 2011 placed added pressure on Cat Point and East
Hole Bars, which, in conjunction with fishing effort that was placed on these reefs during
the summer of 2010 in response to the oil spill event, resulted in a cumulative increase in
harvesting pressure from a relatively limited resource.” This observation is consistent with
my conclusion that the Apalachicola Bay oyster fishery collapsed due to excessively high
exploitation rates in combination with habitat degradation.

7.3 Habitat Degradation and Fishery Collapse

The mechanism by which unsustainable harvest of oysters collapses fisheries involves some
combination of recruitment overfishing and degradation or destruction of oyster reef habi-
tat. Recruitment overfishing entails reduction of the spawning stock and its subsequent
recruitment of young oysters below a level that allows the population to persist (Pine III
et al., 2015). Habitat degradation occurs when the method normally used to harvest oys-
ters (Figure 12) destroys the physical profile of reefs, which places the oysters lower in the
water column where water flow is reduced and sediment accumulation rates are highest,
thereby suffocating oysters and reducing larval settlement (Lenihan, 1999; Newell, 1988). In
contrast, on unexploited high-relief reefs, oyster density and larval recruitment are higher
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Figure 10: Monthly exploitation rate in Apalachicola Bay from 1986
through 2013. Blue shaded rectangle encompasses 2009-2012, immedi-
ately before the fishery collapse. The blue dotted line is the time series
average. The red line is a reference to emphasize the high rates in 2011
and 2012.
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Figure 11: Annual exploitation rate, the fraction of the legal population
harvested by the oyster fishery per year, in Apalachicola Bay from 1986
through 2013. The blue shaded rectangle encompasses 2009 through 2013,
immediately before and during the fishery collapse. The blue dotted line
is the average of the time series.
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the 2012 fishery collapse in Apalachicola Bay.

9.3.6 Assessment of White/Kimbro Population Model and Conclusions

The general model used by Dr. White (integral projection model) is an advanced type of
population model used widely in studies of population dynamics and conservation (Ellner and
Rees, 2006; Rees and Ellner, 2009). In fact, my colleagues and I have a scientific publication
in press on the use of an integral projection model with the Pacific oyster Crassostrea gigas
(Appendix A: Moore, J.L., R.N. Lipcius, B. Puckett and S.J. Schreiber. The demographic
consequences of growing older and bigger in oyster populations. Ecological Applications
in press, doi: 10.1002/eap.1374). However, White’s model contains serious errors in the
parameterization and assumptions underlying the model, which preclude application of the
model results and conclusions to the Apalachicola Bay fishery collapse. Herein I will highlight
some of the issues.

The model used FDACS oyster survey data from one oyster bar, Cat Point, to extrapolate
to conditions throughout the entire Bay. Such an approach does not capture the unique
environment of each oyster reef, as well as the critical distinction between oyster reefs that
are harvested and those that are lightly harvested and/or re-shelled, which have dramatically
different oyster densities of legal and sublegal oysters, as demonstrated in Section 8.5.

In addition, Dr. White decided to run only Dr. Greenblatt’s “unimpacted scenario”
to study the changes in Apalachicola Bays oyster biomass. The “unimpacted scenario,”
however, rests on an assumption that the State of Georgia removes zero water from the
Apalachicola-Chattahoochee-Flint River basin. Such an assumption makes Dr. White’s
model have little practical utility. Dr. White, for instance, did not run any of Dr. Green-
blatt’s remedy scenarios, which I understand are similar to the restrictions the State of
Florida has asked be imposed on the State of Georgia with respect to its water consumption.
Thus, there is no modeled estimate of the effect of practical reductions in water use upon
the Apalachicola Bay oyster population.

The principal conclusion Dr. White offers in his Expert Report does not provide any
specific calculation of the effect of lower water consumption: “High salinity conditions in the
Apalachicola Bay due to reductions in flow of the Apalachicola River by Georgia contributed
to reductions in oyster biomass in Apalachicola Bay from 2007-2012.” Accordingly, this
conclusion provides no valid scientific basis that could allow Dr. Kimbro to draw concrete
conclusions about the relationship between Georgia water consumption, predation and the
collapse of the oyster fishery in 2012.

As an example of mistaken parameterization in the model, I will discuss the function
relating larval growth and survival to salinity in Dr. White’s model. In the report it was
noted that “[oyster larval] recruitment decreased as salinity moved away (higher or lower)
from 15 ppt, which was consistent with reported effects of salinity on larval growth and sur-
vival (e.g., Davis 1956).” The reference was actually Davis (1958), which was cited correctly
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in the report’s Literature Cited section, but which does not conclude that larval survival and
growth are optimal at 15 psu (partial salinity units, previously termed “ppt”). Davis (1958)
actually noted that “The salinity range for development of normal straight-hinge larvae...for
eggs from oysters conditioned at 26.0-27.0 p.p.t. was from 12.5 to above 35.0 p.p.t.” and
that the optimum salinity for growth of larvae of oysters from waters at 26-27 psu “was 17.5
p.p-t.” in one study and “about 22.5 p.p.t.” in another study. Davis (1958) also noted that
oysters raised in low-salinity waters will have lower salinity optima, but that is not relevant
in the case of Apalachicola Bay oysters during drought conditions. Furthermore, the litera-
ture on habitat requirements for larval settlement states “maximal setting at 18 to 22 ppt”
in general for the eastern oyster (Cake, 1983). For example, Cake (1983) cites data from
11 years of spatset data from Louisiana, which found “Setting intensities were consistently
high...between 16 and 24 ppt with a peak of more than 12 spat/cm between 20 and 22 ppt.”
Thus, the parameterization for the larval survival function is in error relative to the case in
Apalachicola Bay during drought, and raises concerns about the veracity of other parameter
and function estimates used in the model.

Hence, I conclude that, as presented, the modeling results and conclusions
cannot address the actual situation underlying the Apalachicola Bay oyster fish-
ery collapse in 2012.

9.4 Stone Crab

The Gulf stone crab Menippe adina ranges from peninsular Florida through the Gulf of Mex-
ico (Figure 29), and supports a major commercial fishery along the Gulf coast of Florida
(Bert and Harrison, 1988), including the counties of Wakulla (Apalachee Bay) and Franklin
(Apalachicola Bay) (http://myfwc.com/media/195801/florida-stone-crab.pdf). In
this region, hybrids of the Gulf stone crab and Florida stone crab Menippe mercenaria
also occur, but are aggregated with Gulf stone crab in landings data (http://myfwc.com/
media/195801/florida-stone-crab.pdf).

The Gulf stone crab was implicated in the fishery collapse by Fish and Wildlife Conser-
vation Commission (2013), as follows:

“Observations by divers confirmed the presence and abundance of stone crabs
(Menippe mercenaria), on the primary oyster reefs in Apalachicola Bay.” and
“Stone crabs are considered the primary predators of oysters when salinities
remain high for extended periods and crab populations become established on
oyster reefs.”

The rationale for this is that the stone crab, like the rock snail, prefer higher salinities,
and should have increased in abundance to some degree during the drought. Consequently;,

I examined available data on stone crab landings in both Franklin and Wakulla counties
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10 Ecosystem Productivity of Apalachicola Bay

10.1 Rationale and Findings

Relationships between river flow, salinity, and ecosystem productivity of estuaries along the
Gulf of Mexico, such as Apalachicola Bay, has been investigated in depth (see Livingston
(2014) for a review). In some cases, ecosystem productivity increases with salinity (Liv-
ingston et al., 1997), while in others it decreases (Livingston, 2014). Consequently, I exam-
ined whether or not CPUE of exploited crustaceans, surrogates for Apalachicola Bay produc-
tivity, had dropped significantly during the years of low flow and oyster fishery collapse-2011
through 2013. These data were compared to those for the oyster and stone crab fisheries,
which demonstrated conspicuous declines immediately preceding and during the fishery col-
lapses (Figures 8, The findings indicate that, during and immediately after the years of low
flow and oyster fishery collapse from 2011 through 2013:

e CPUE of white shrimp, pink shrimp and blue crab did not exhibit a significant reduc-
tion;

e landings of these species were either positively correlated or not correlated with river
flow at 0 or 1 year time lags;

o the patterns in CPUE over time differed significantly from those of oyster and stone
crab; and,

o CPUE for shrimp species in Apalachicola Bay (white and pink shrimp) did not dif-
fer from those of the brown rock shrimp, which inhabits deeper waters outside of
Apalachicola Bay.

e Thus, ecosystem production of the blue crab and shrimp during and im-
mediately after the years of low flow and oyster fishery collapse was not
low relative to non-drought years, and was also not correlated with river

flow.

I investigated three species that depend on productivity of Apalachicola Bay, the blue
crab, pink shrimp, and white shrimp (Figure 33). I also investigated data for brown rock
shrimp (Figure 33), even though it is primarily a deep-water species outside of Apalachicola
Bay, to assess whether its patterns in CPUE were similar or different from those of the
three that are abundant in Apalachicola Bay. CPUE was calculated as (landings/fishing
trips) using data for Franklin County derived from the Florida Fish and Wildlife Conserva-
tion Commission website (https://public.myfwc.com/FWRI/PFDM/ReportCreator.aspx).
Blue crab landings were for hard crabs, and did not include landings of soft crabs produced
by shedding operations.
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Figure 33: (A) white shrimp Litopenaeus setiferus, (B) pink shrimp Farfan-
tepenaeus duorarum, (C) brown rock shrimp Sicyonia brevirostris, and (D)
blue crab Callinectes sapidus. Photo credits: (A) http://www. ncfishes.
com/ families/ aquatic-invertebrates/ litopenaeus-setiferus/, (B) http:
//votices. nationalgeographic. com/ 2010/ 02/ 01/ shrimp_ trawl_ excluder_
cuts_bycatch/, (C) http://naturewatch. org. nz/observations/ 862824,
(D) http: //splendidwallpapers. com/blue-crab-wallpapers. html.
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From:
Sent:
To:

Cc:
Subject:

lack and Nick,

Havens Karl

Tuesday, September 02, 2014 9:31 PM
Payne,Jack M; Place Nick T

Kane Andrew $

Apalachicola

See below from Erik Lovestrand. all that 1 have heard there may be major politics involved. We will continue to do
research, education and outreach however { don't see a clear role for IFAS or Sea Grant or the Oyster Recovery Team to
‘act proactively to help' since there may be big politics afoot. The agencies are creating a management plan pretty much
behind closed doors [from the perspective of the community] and the FWC won't close the bay to harvesting despite

evidence that the bay's population of oysters is almost 100 percent depleted.

¥'m available to talk more should there be a desire to do this and Andy could join us as someone with much first hand /

in the water knowledge.

This is largely a heads up that when the fall oystering season opens (yesterday) and days go by with no harvest, things
could quickly get dire in the community.

My understanding is that there are millions of dollars from Congress to restore the bay ... so the state has federal money

to employ oystermen in useful restoration projects. A win-win that is not occurring.

| don't know why this is not happening {though t have an educated guess) .. vs allowing depletion of the tiny remaining

amount of oysters, a real collapse of the industry and many people out of work.

Karl

Karl Havens, Ph.D.
Director, Florida Sea Grant

Professor, University of Florida/IFAS

Sent from my iPhane

Begin forwarded message:

From: Andy Kane <kane@ufl.edu>
Date: September 2, 2014 at 5:17:43 PM EDT

To: Karl Havens <khavens

ufl.edu>

Cc: Jack M Payne <jackpayne @ufl edu>

Subject: Fwd: Today's County Commission meeting

This is what's been brewing, as nicely captured by Erik. It's "winter season" as of September 1st, and it's
now a gquestion of who has egg on their face when depletion goes to the point of "worse depletion” that
closes the fishery. The option of coming up w the relatively sparse dollars needed to engage the limited
number of honest licensed harvesters, whase income is primarily from oyster harvesting, in a closed-bay

restoration process, is a win-win alternative to the current {seemingly) one-for-all & all-for-one

maelstrom.
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Hope to hear from Luiz soan. Would you like to chat by phone?
andy

From my iPhone in Portland

SAISSS SIS I SIS S
Andrew S. Kane, MS, PhD

Associate Professor of Environmental and Global Health, and Graduate Program Director
College of Public Health and Health Professions
University of Florida

Director, UF Aquatic Pathobiclogy Laboratories
Emerging Pathogens Institute

KANE@UFL.EDU

(352) 273-9090 - desk

(352) 213-8407 - cell

Begin forwarded message:

From: "Lovestrand, Erik L" <elovestrand@ufl.edu>
Date: September 2, 2014 at 9:18:46 AM PDT

To: "Kane, Andrew $" <kane@ufl.edu>

Subject: Today's County Cornmission meeting

Hi Dr. Kane,

There was quite a discussion today during the Franklin County Commission meeting
regarding the state-of-the-Bay and the lack of information that is forthcoming from the
“state agencies” involved in looking into the problem. Mainly, people are getting very
nervous regarding the poor condition of the summer bars now and the bleak outlook for
what wil! be available on the winter bars. As often happens in these situations, people
are emotionally involved as this affects livelihoods and getting increasingly impatient for
answers on what is happening. Comments were even made from the Commission that
the “state” doesn’t care and that they won't tell the people what they do know. Also,
“enough research, we need some communication from these agencies.” Most of the
negativity is typically aimed at DACS and also the blame for allowing over-harvest when
they thought the oil was coming. 1think folks are finally at the realization that the more
harvest pressure put on the depleted bars, the longer recovery will take and we are in
for hard times for a long time if we don’t deal with this reality. I’'m hearing guite a few
people saying we need to shut down oystering {oystermen and dealers even) but no one
is willing to do this without an alternative way to pay oystermen, either through a
shelling program or via disaster assistance.

The Commission passed a motion to contact the agencies involved and the Governor to
see what can be done.

I just wanted to touch base with you and see if you thought the UF Oyster Recovery
Team might be able to act proactively in any way to help. The Board is looking for
communication mainly so they feel like they know what is going on. | thought | wouid
give a head’s-up that this was building.

Confidential - . Ct. 142 UFL_00248655



“C ik

Erik Lovestrand

UF/IFAS Franklin County Extension Director
Sea Grant Regional Specialized Agent 11
elovestrand@ufl.edu
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This report summarizes efforts conducted through

the University of Florida Oyster Recovery Team, in
collaboration with various stakeholders, to describe
conditions in Apalachicola Bay prior to and after a historic
collapse of the oyster fishery. The report characterizes
conditions in the bay, reviews possible causes for the
fishery collapse, and outlines a plan for future monitoring,
research and fishery management. Conclusions in this
report are based on analyses of data collected in historical
monitoring programs conducted by the Florida Fish and
Wildlife Conservation Commission, Florida Department

of Agricuiture and Consurner Services, Apalachicola
National Estuarine Research Reserve (Florida DEP) and
Northwest Florida Water Management District, as well as
field, experimental, and community data collected by the
authors, who are reporting in their capacity as members of
the UF Oyster Recovery Team.

Apalachiccla River discharge levels are strongly
influenced by rainfalt over the Apalachicola-
Chattahoochee-Flint River Basin. The lower part of
this basin was frequently classified by the National
Integrated Drought Inforrnation Systern as in an
‘exceptional drought’ during the last three years.

Water quality data indicate that 2012 was a year of high
salinity at all monitoring stations in the bay likely caused
by low river flows and limited local rainfall in most
months.

A large decline in oyster landings was reported after
August 2012 in the bay, and the number of reported
oyster harvesting trips aiso dropped off each month
during the second half of that year.

The 2012 decline in oyster landings and recruitment of
juvenile oysters is unprecedented during the period of
data analyzed and has likely involved recruitment failure
or high mortality of small oysters.

Fisheries independent monitoring data, collected by
state agencies, indicates a general downward trend in
abundance of legal-sized (3 inch or larger) oysters in
the bay in recent years and a large decline in sub-legal
(smaller than 3 inches) oysters present in 2012.

Because of the low abundance of sub-legal oysters in
2012 there is a high likelihood that legal-sized oysters
will be in low abundance in 2013 and likely in 2014 as
well.

The current size limit of 3 inches appears to be effective
at reducing the risk of “growth overfishing” where

yield {pounds of meat harvested) is reduced because
oysters are harvested at too small a size. However,

it is essential that this size limit be accepted by the
community, adopted by the industry, and enforced by
regulatory agencies and the county judicial system.
Substantial future harvesting of sub-legal oysters could
have negative effects not only on oyster populations
but also a serious impact on the national reputation of
Apalachicola oysters as a high-quality seafood product.

Oysters, white shrimp, brown shrimp, blue crab and
multiple finfish species have been analyzed for the
presence of oil residue. All samples were either below
the limits of detection or below quantifiable limits.

Thus, based on analyses conducted so far, there

is no evidence of chemical contamination from the
Deepwater Horizon oil spill in the seafood sampled from
Apalachicola Bay.

A large percentage of oysters in the bay have some
degree of shell parasitism by clams, polychaete wormns,
sponges or other organisms. This parasitism negatively
affects the integrity and aesthetics of the oyster shell,
the overall growth and productivity of the oysters, and
the economic value of product bound for the half-shell
market. There are no historic data to compare degree of
shell parasitism observed in 2012-2013.

Je the monitoring of oysters
In Apalachicola Bay, both in terms of tracking landings
reported by oystermen, and in the sampling done by
state agencies.The fisheries independent monitoring
program needs to be expanded in its spatial extent to
include all of the bay where oyster bars occur, inciuding
areas that are closed to fishing, because these may
represent important sources of oyster spat.

Oysters should be included on the list of invertebrate
species routinely assessed by Fish and Wildlite
Research Institute (FWRI) stock assessment staff.
These assessments can identify persistent uncertainties
in oyster ecology or population status and help guide
research such as the relationship between Apalachicola
River flows and juvenile oyster survival rate or culling
mortality.
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Acceptance by the community and industry, and
enforcement and adjudication of rules regarding size
limits, spatial restrictions, and weekly and seasonal
closures is essential for these measures to be effective
in sustaining the oyster population.

Throughout our work on this project there were
persistent reports of high levels of unreported harvest
and illegal harvest from closed areas. While tangible
evidence of illegal activity is not available, it is clear
from our simulation models that {ack of compliance with
current regulations could greatly reduce the likelihood
of Apalachicola Bay oyster populations returning to
historic population levels, regardless of management
action taken.

Oyster leases should be explored as a possible
alternative to open-access fisheries. The concept

of TURF (Temritorial User Rights Fisheries) as a lease
arrangement could be appealing to oyster fishemmen
and help promote restoration actions such as
re-shelling because the fishermen would benefit directly
from the restoration activities they were engaged in

by having a “share” of the restored area (the lease) to
manage and harvest from.

The total current area of oyster bar in Apalachicola

Bay that is not open to fishing is unknown, and the
degree to which this area is the source of the oyster
spat for the entire bay also is unknown. If this area is
small or declining, then large-scale oyster relay from
these closed areas to areas open to fishing may reduce
the total spat available throughout Apalachicola Bay,
increasing the risk of “recruitment overfishing” where
harvests of aduits could influence availability of future
spat.

Therefore, the practice of ‘redaying’ should be carefully
evaluated in regard to its short-term benefits versus
potential longer-term negative impacts to the fishery —in
other words, whether or not it is depleting a substantive
portion of the source population of oyster spat.

Management actions such as shell planting could
expedite the recovery of Apalachicola Bay oyster
resources. However, a new modeling tool called
ECOSPACE, brought forward by the UF Oyster
Recovery Team, suggests that sheil planting needs

to be conducted at a considerably greater scale than
current levels to be effective—approximately 200
acres per year for a 5-year period. A very important
uncertainty is whether shell planting should concentrate
large amounts of shell in small areas to create thick
layers of shell or whether shell should be spread over
larger areas but not in as thick a shell layer. Restoration
should be done in a manner that provides information
on efticacy and cost-effectiveness of different shelting
strategies, including evaluating different densities of
shelling and different kinds of shell material.

A participatory decision-making process, involving
SMARRT {the Seafood Management Assistance
Resource and Recovery Teamn), relevant state agencies
and experts from the state university system is needed
to support long-term management of the oyster fishery

in a more robust manner. The ECOSPACE model could
further support members of SMARRT and management
agencies to screen different policy or restoration
afternatives.

h is needed to identify an optimal approach
for monitoring long-term sattlernent, juvenile and adult
survival, productivity, health, mortality, oyster diseases,
and product quality of oysters. Subsequently this
information could be used to inform changes in the
oyster monitoring program.

Research is needed to quantify how oyster population
dynamics, product quality and the fishery are affected
by interactions between river flow, nutrients, salinity,
harvesting intensity and restoration metheds.

There is a need to assess the harvesting practices of
the oystermen and how they respond to changes in
oyster abundance.

The ECOSPACE modet has additional functionality to
idertify effects of varying flow regimes and to screen
flow alternatives, relative to Apalachicola Bay oyster
population dynamics and harvest potential when the
model is linked with the Apalachicola Basin River
Model currently being used by the Apalachicola-
Chattahoochee-Flint River Stakeholders Group.

treach and education program
is needed to foster actions consistent with supporting a
sustainable bay ecosystem and economy.

Involvemnent of oyster harvesters and processers in
research and restoration projects can aid in educating
the entire community about bay stewardship.

The situation in Apalachicola Bay, as outiined in the pages
of this report, highlights a series of interwoven ecoiogic,
fisheries, and community concerns. The bay is a national
treasure, and its demise would sever critical links among
our modern society, nature and our heritage. Work to date
is a starting point toward understanding the processes
underlying the current crisis, and includes steps that can
and should be taken in initial efforts to restore the hay.
However, if we are truly committed to bringing the bay
back to a point even close to its former productivity, a
great deal of work is still required. These studies and
analyses were conducted on a shoestring budget with
internal funds from UF/IFAS, and limited support from
Florida Sea Grant and from the National Institute of
Environmental Health Sciences. If we are truly committed
to the restoration of the bay, we can’t stop here. There is

a critical need for follow-up work, bringing together state
and federal agencies, academic researchers, and the
community, to look out over a 5-, 10-, and 20-year time
scale, to conduct interventions, do the necessary research,
and monitor outcomes. This will require a strong leadership
structure and it will cost money. The guestion remains

as to whether we, as a society, are willing to make this
investment of time, and money, to preserve this priceiess
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naturat resource for our lifetime, and the lifetimes of our
children.

Apalachicola is a heritage fishing community located in

the Big Bend Gulf coast region of Florida. For decades, it
has been the state's prime production estuary for oysters
prized for their outstanding quality and taste. Today this
unique oyster fishery may be on the verge of collapse. This
collapse is associated with multiple environmental and
human factors.

Apalachicola Bay traditionally has been a great place for
oysters to grow. Freshwater inflows from the Apalachicola
River are retained in Apalachicola Bay by a series of
barrier islands fringing the coast. This retention of

fresh water lowers the salinity level in Apalachicola Bay
creating preferable salinity conditions that favor good
oyster growth, survival, and low disease occurrence, but
unfavorable conditions for marine predators that feed on
oysters such as conchs and whelks. Apalachicola Bay
has other natural geclogic features such as ancient hard
bottomn areas that provide nucleation sites for oysters

to grow forming oyster bars. In addition to lowering the
salinity, fresh water flows from Apalachicola River also
deliver nutrients from upstream areas that are essential for
the entire Apalachicola Bay ecosystem.

During the last two years, a severe drought in the
southeast U.S., including Georgia, where much of the
water in the Apalachicola River originates, has dramatically
reduced freshwater inflows to Apalachicola Bay. Adding

to this problem are withdrawals of water from upstream
reservoirs for use by metropolitan Atlanta and water
withdrawals in the basin for Georgia and Alabama
agriculture. Oystermen and other concemed citizens in the
Apalachicola area have pointed to declines in abundance
of a wide range of aquatic animals in the bay, inciuding
economically and ecologicaliy valuable oysters and other
seafood products. This situation could reflect a variety of
stressors, including increased disease and predation as
salinity in the bay has increased without the typical rate of
freshwater inflow, perhaps nutrient limitation of the food
web, and a historically high level of oyster harvesting.

The number of oysters harvested and the number of
oyster fishermen in Apalachicola Bay has increased in
recent years due to severat factors including high oyster
prices because of reduced oyster availability in other
areas following the Deepwater Horizon cil spill in 2010.
There also were temporary changes in harvest regulations
immediately following the oil spill, due to concerns that
oysters might be lost to oil contamination. This led to
increased harvest rates — yet the oil did not reach the

bay, and no evidence of oil contamination has ever been
found in Apalachicola Bay. In 2011 and 2012 oyster prices
again remained high and the number of oyster harvesting
trips reported by fishermen reached the highest levels
observed since the mid-1980s. Additionally, fishermen
raised concerns about large harvests of sub-legal (less
than 3 inch) oysters over this same time period—all while
Apalachicola River flows reached some of their lowest
points recorded and salinity levels increased within the bay
to higher and higher levels. In essence, the period from

2010 to 2012 may have been a perfect storm for the oyster
fishery in Apalachicola Bay with low river flows and higher
salinity creating poor environmental conditions and several
years of low juvenile survival and naturally low populations.
At the same time, oyster demand, prices, and fishing
effort, combined with insufficient fishery management
enforcement and adjudication, led to a large portion of

the oysters being harvested. Unfortunately, the storm

may not be over as surveys of juvenile oysters suggest
that legal oyster abundance will be low in 2013 and likely
2014 as well. Now is the time to address key long-term
uncertainties related to managing and restoring oyster
resources in Apalachicola Bay, in order to create and
maintain a resilient oyster fishery.

University of Florida/|FAS responded to this situation

in fall 2012, when Senior Vice President Jack Payne
formed the UF Oyster Recovery Team, and appointed Kari
Havens, director of Florida Sea Grant, to serve as chair.
The team includes UF researchers with a broad range

of experience and knowledge about oysters and coastal
ecosystems in Florida. Also included are researchers
from Florida State University and Florida Gulf Coast
University, state regulatory agencies, the Northwest Florida
Water Managernent District, and representatives from

the oyster industry and other fishing-related businesses

in Apalachicola. The work reported here was funded
primarily by intemal funds from the Institute of Food and
Agricuttural Sciences at UF, Florida Sea Grant, and with
some components funded by the National Institute of
Environmental Health Sciences (Grant U19ES020683} as
part of the Deepwater Horizon Research Consortium.

The team met in Apalachicola for public meetings in
QOctober 2012 and January 2013, and researchers have
met with agency scientists on a number of occasions
throughout this period to obtain and jointly evaluate
historical and contemporary data con oysters, water quality
and other features of the bay. The focus of research

has been on looking for signs of increased infection,
signs of oil or dispersant from the Deepwater Horizon

oil spill, evidence of over-harvesting and harvesting of
sub-legal oysters, and predation impacts on oysters

and how it relates to salinity at different locations in

the bay. The team has also worked with members of

the industry and community to develop approaches for
increased community resiliency, and evaluated options for
diversification of seafood products.

While researchers were doing this work, a group of
oystermen, oyster dealers and other members of the
community formed a citizen action group called SMARRT
(Seafood Management Assistance Resource and Recovery
Tearn}) that aims to work with the state regulatory agencies
to develop a process to ensure that the oyster industry has
long-term sustainability. UF/IFAS faculty supported this
effort, by developing a process for participatory decision
making and by developing a tool (an interactive and visual
computer model of the bay) that can be used by SMARRT
to screen restoration and policy alternatives.
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severe mortality events. Perhaps most important, we do shrimp were collected by trawling from two distinct sites

not know the effective productive area of Apalachicola in the bay. Blue crab were collected using crab pots from
Bay for oysters, and because of this we do not know two separate sites in the bay, and finfish were collected by
how much area really needs to be cultched. Additionally, hook and line from multiple bay sites.

we do not know whether restoration efforts could and
should be applied to the much larger bar area that may
have supported higher historical catches in the voluntary
reporting data prior to 1986. Many of these needs could
be addressed through field studies and the results used to
update these types of models for assessing trade-offs in
policy options.

Analytical results at the time of this report include

oyster PAH, or polycyclic aromatic hydrocarbons data
(see Table 1). Data focus on PAHs with known relative
carcinogenic risk factors, allowing for the development of
risk assessment based on: (a) the levels of contaminants
present in seafood, (b) and frequency and portion sizes of
seafood meals consumed, and (¢} consumer body weight,
Further, these PAHs are the same chemicals that were
analyzed by federal and state agencies throughout the
Guli. Focus on these chemicals, therefore, may also allow

In response to community concerns about environmental  for comparison of analytical results throughout the region.
health impacts associated with the Deepwater Samples processed for additional organic analyses, metal
Horizon oil spill, and concerns about the health of the analyses, and seafood types are underway.

Apalachicola Bay oyster fishery, studies were initiated

to discern the presence of oil spill-retated contaminants
in Apalachicola Bay seafood products. These costly
efforts were incorporated into a larger, ongoing regional
study to discern the safety of inshore-harvested seafood,
particularty for coastal residents who regularly consume
portions of their catches.

Table 1 shows analytical results for sixteen parent PAHs
for individual oyster samples collected from AP Bay

int 2012. In addition to parent PAHs, alkyl homologues
were also analyzed. These data provide quantitative
information about the presence and concentrations of
these PAHSs in oyster meats, as well as inter-individual
o . ) variability of potential contaminant levels between oysters
Seafood sampling in Apalachicola Bay included oyster, sampled from the same site. Such variability data is lost
white shrimp, brown shrimp, biue crab and multiple finfish when samples are “pooled”, i.e., the meats of three to
species. Sampling was accomplished with the assistance  twelve oysters from a site are homogenized together,

of the Franklin County Seafood Workers Association, and subsampled, and processed to generate an “average”

fishers who were assigned specific tasks to contribute from those oysters (typical method used by state and

to the effort. Oysters were collected by tonging from four federal laboratories). Although sample pooling greatly

east-west distributed sites in the bay. White and brown reduces effort and cost (analyzing one sample rather than
PAH Concentraton, ng/g
wet sample wt. (g) 5.342 | 5496 | 4954 | 5155 | 5.211 | 5059 | 5344 | 5336 | 5.227 | 4989 | 5204 | 5.327
Sample ID " 02 03 04 05 06 07 08 09 10 1 12
Naphthalene nd nd nd nd nd nd nd nd nd nd nd nd
Acenuphihylene nd nd nd nd nd nd nd nd nd nd ng nd
Avenaphithene nd nd nd nd nd nd nd nd nd nd nd nd
Fluoneng nd i nd nd nd nd nd nd nd nd nd nd
Phenanthrene a1s nd BAL nd nd nd nd BOL nd nd 801 nd
Anthracerig nd nd nd el nd nd nd nd nd nd nd nd
Fluomantheny nd nd nd ned nd nd nd nd nd nd nd nd
Pyrenc nd nd nd nd nd nd nd nd nd nd nd nd
Chrysene nd nd nd nd nd nd nd nd nd nd nd nd
Benz(alanthracene nd nel nd nd nc nd nd nd nd nd nd nd
Benzofbjfivoranthenc nd nd nd nd nd nd nd nd nd nd nd nd
Benzefh jfluoranthenc nd nd nd nd nd nd nd nd nd nd nd nd
Benzofapyrence nd nd nd nd nd nd nd nd nd nd nd nd
Dadena| 1.2, 2-ed |pyrene nd nd nd nd nd nd nd nd nd nd nd nd
Dibenzjah anthrucenc nd nd nd nd nd nd nd nd nck nd nd nd
Bensofehoajperylene nd nd nd nd nd nd nd nd nd nd nd nd
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continue to assist with resilient strategies and outreach
efforts to combat recent economic downturns caused

by the oyster harvesting crisis. These efforts included
organizing and guiding community listening sessions and
public forums, as well as collaborating with stakeholders
on efforts to minimize damage and better prepare for
future disasters.

Since the 1990s, there has been a change in development
projects and processes in which researchers have focused
on community participation as a formative research
technique. This shift has brought about a host of different
social science research methods, including participatory
rural appraisal, appreciative inquiry, and community
capitals framework, that all include a focus on more
participatory methods when working with the community.
Within these approaches, community participation has
been used as a way to increase community empowerment
and resilience.

Using the community participation methed, a listening
session and public forum meeting were held to hear the
concerns of the community. The goal of these events was
to understand community perceptions of the problems
facing these communities. The first community meeting
was an informal community listening session held on
QOctober 9, 2012. The purpose of this session was to bring
interested parties together to address the oyster industry
decline in Apalachicola Bay, FL. The session was divided
in two different phases including: (1) what is happening,
and how (are these events} affecting you? And (2) what

are potential solutions to the situation? For this event,
there were about 30 participants in attendance and these
included representatives from the Franklin County Seafood
Workers Association, Franklin's Promise Coalition, Florida
Sea Grant, UF/IFAS Extension, and the university's Oyster
Recovery Task Force. In addition, more than 15 community
members were in attendance.

It was during this session that community members
described their idea of forming a stakeholder-based
community initiative that focuses on the sustainability
and resilience of the local seafood industry. The proposed
effort, identified as Seafood Management Assistance
Resource and Recovery Tearn (SMARRT), would work
collaboratively to tackle current hardships and create
sustainable plans that ensure future preparedness.
Partners in this programn would be about 15 members
representing law enforcement/regulators, government
officials, seafood businesses, nonprofit organizations,
social services and academic institutions. The inclusion
of diverse partners and stakeholders was evidence of the
goal to develop a sustainable solution for the bay.

The community development of the SMARRT initiative is
an example of Empowerment Theory within a community.
Empowerment Theory describes how changes in beliefs
and attitudes influence changes in behavior leading

to social change. It amgues that by first developing a
critical consciousness about one'’s (or a community's)
situation and abilities, that collective action toward the
social or collective good will occur, Empowerment can
be considered either a process or an outcome, and can
be analyzed at the individual or community level. As a
process, empowerment increases power so that actors

can take control of and act upon their own situations,
Perceived control over the situation can account

for varying levels of community participation, with
communities who perceive that they have more control
over their situations more apt to participate in community
meetings and community organizing events.

Following the theory, once the idea of SMARRT was
initiated, the community was open to working with UF to
further develop the idea and meet the goals, Therefore,
once SMARRT was identified and defined, UF began
efforts to work with the community to further develop

this important initiative. A public forum was subsegquently
held on October 16, 2012 to identify next steps in the
development of the SMARRT Task Force. This forum
aimed to support this collaborative effort by bringing
community members together with vested stakeholders
to discuss potential solutions and action plans to address
the challenges of the oyster decline. The sessions focused
on stakeholder input regarding the future direction of

the SMARRT initiative. Outputs of this meeting included
the development of an ad hoc committee to assist in the
development. UF was asked to sit on this task force and
has since been actively involved in the development of
SMARRT.

This meeting provided the opportunity for community
members to interact both internally and externally,

which can also lead to open communication, higher
feelings of empowerment, and resilience. The theory of
communicative action explores the role of communication
in creating sacial bonds. This theory argues that for groups
1o work together they must first understand one another,
particularly in their interpretations of the world and social
norms. Language, therefore, is a way to understand one
another on a deeper level. Open communication, without
resorting to power or persuasion, is crucial to reveal truth
about situations and issues and is the only way to reach
true consensus, It was the aim of these initial meetings to
learn from the community and to be thoroughly transparent
in sfforts in which to assist themn. Efforts were therefore
developed collaboratively and strategically.

One example of the collaborative effort between the
community and UF was the development and presenting
of a grant workshop to Franklin County, FL in February
2013. The focus of this workshop was collaboration
among community resource organizations in order to have
the largest impact within the community. For this event,
there were 13 participants from extension and 15 with
nonprofit or public organizations. Participants had diverse
and overlapping program interests, including gardening,
health, nutrition, natural resources, youth, the arts, financial
literacy, and disaster preparedness. The grant workshop
covered topics including (1) developing the right idea, (2)
creating logic models, (3) building a grant writing team,

(4} coliaborating as a team, (5} creating a budget, and

(®) final submission. The overall goal of the workshop

was to the increase capacity of community leaders and
organizations to collaborate together to secure resources
for their programs focused on community development
and resiliency.

Moving ahead, UF will continue to ook for opportunities
to coflaborate with the community in order to meet needs.
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In addition, we will continue to be active in our efforts

to work with the community to further the development
of SMARRT. The theory of empowerment discusses

new ways of approaching development intervention
collaborations. Suggestions have been made on how

to facilitate the empowerment process when working
with groups. This includes {1) enhancing experience and
competence, (2) enhancing group structure and capacity,
{3) removing social and environment barriers, and {4)
enhancing environmental support and resources. In
order to integrate the pieces of empowerment theory into
SMARHT, UF will continue to advise SMARRT developers
on next steps and organizational structure. We have been
present at all meetings and work diligently to become

a bridge between the community organization and the
resources available at the University ot Florida.

The use of participatory methods when working with
communities, whether for research or development
projects, can be used to open communication lines

among people to express concerns and priorities for

their communities. This is important in developing new
strategies for handling current and future crises and natural
disasters in resource-dependent communities like those in
Franklin County.

A new modest, periodic fishery appears probable and
potentially useful in terms of partial predator control.

Initial studies are assessing the potential for harvest and
utilization of the crown conch, Melongena corona, which

is one of the primary predators on oysters. These small
mollusks can appear in substantial numbers relative to
salinity regimes in Apalachicola Bay as well as other similar
coastal/estuarine areas about Florida and the Southeast
U.S. region. Development of the fishery will proceed

with caution due to the lack of information pertinent to

a fishery. Preliminary assessments have been favorable
regarding necessary processing to recover edible portions
and market acceptance of the product in cooked forms.
Commercial retail interest is strong mindfut of the limited
availabitity of the traditiocnal queen conch, Strombus

gigas, which currently is under formal consideration as an
endangered species (NOAA/2013). Since December 2012,
crown conch has been harvested from Florida waters and
processed to recover substantial volumes for secondary
production of food items. The cooked forms have been
successfully evaluated by the seafood sensory expertise
at the Food Science and Human Nutrition Department at
the University of Florida, and through triais in established
retail/food service chains based in Florida. Further work

is necessary to assess attributes invelving appropriate
resource availability and utilization, food safety and guality,
including frozen storage and shelf-life, and markets for
by-products including empty shells and live crown conch
that are too small for processing. As a new seafood item,
request for appropriate terminciogy for product identity
and labels as Crown Conch have been formally initiated
with the required federal authorities in the Food and Drug
Administration and respective resource authorities in the
FWC. This work is proceeding with commercial assistance
through Florida Sea Grant staff without financial support
from grant funds.

in Apaiachicola Bay, both in terms of tracking lanaings
reported by oystermen, and in the sampling done by
state agencies.The fisheries independent monitoring
program needs to be expanded in its spatial extent o
include all of the bay where oyster bars occur, including
areas that are closed to fishing, because these may
represent important sources of oyster spat.

Oysters should be included on the list of invertebrate
species routinely assessed by Fish and Wildlife
Research Institute (FWRI) stock assessment staff.
These assessments can identify persistent uncertainties
in oyster ecology or population status and help guide
research such as the relationship between Apalachicola
River flows and juvenile oyster survival rate or culling
mortality.

y and industry, and
enforcement and adjudication of rules regarding size
fimits, spatial restrictions, and weekly and seasonal
closures is essential for these measures to be effective
in sustaining the oyster population.

Throughout our work on this project there were
persistent reports of high levels of unreported harvest
and iliegal harvest from closed areas. While tangible
evidence of illegal activity is not available, it is clear
from our simulation modeis that lack of compliance with
curmrent regulations could greatly reduce the likelihood
of Apalachicola Bay oyster populations returning to
historic population levels, regardless of management
action taken.

Oyster leases should be explored as a possible
alternative to open-access fisheries. The concept

of TURF (Territorial User Rights Fisheries) as a lease
arrangement could be appealing to oyster fishermen
and help promote restoration actions such as
re-shelling because the fishermen would benefit directly
from the restoration activities they were engaged in

by having a “share” of the restored area {the lease} to
manage and harvest from.

The total current area of oyster bar in Apalachicola

Bay that is not open to fishing is unknown, and the
degree to which this area is the source of the oyster
spat for the entire bay also is unknown. If this area is
small or declining, then large-scale oyster relay from
these closed areas to areas open to fishing may reduce
the total spat available throughout Apalachicola Bay,
increasing the risk of *recruitment overfishing” where
harvests of adults could influence availability of future
spat.

Therefore, the practice of ‘relaying’ should be carefully
evaluated in regard to its short-term benefits versus
potential longer-term negative impacts to the fishery —in
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other words, whether or not it is depleting a substantive
portion of the source population of oyster spat.

Management actions such as shell planting could
expedite the recovery of Apalachicola Bay oyster
resources. However, a new modeling too! called
ECOSPACE, brought forward by the UF Oysler
Recovery Team, suggests that shell planting needs

to be conducted at a considerably greater scale than
current levels to be effective—approximately 200
acres per year for a 5-year period. A very important
uncertainty is whether shell planting should concentrate
large amounts of shell in smal areas to create thick
layers of shell or whether shell should be spread over
larger areas but not in as thick a shell layer. Restoration
should be done in a manner that provides information
on efficacy and cost-effectiveness of different shelling
strategies, inciuding evaluating different densities of
shelling and different kinds of shell material.

A participatory decision-making process, involving
SMARRT (the Seafood Management Assistance
Resource and Recovery Team), relevant state agencies
and experts from the state university system is needed
to support long-term management of the oyster fishery
in a more robust manner. The ECOSPACE modet could
further support members of SMARRT and management
agencies to screen different policy or restoration
alternatives.

research is needed to identify an optimal approach
for monitoring long-term settlement, juvenile and adult
survival, productivity, health, mortality, oyster diseases,
and product quality of oysters. Subsequently this
information could be used to inform changes in the
oyster monitoring program.

Research is needed to quantify how oyster population
dynamics, product quality and the fishery are affected
by interactions between river flow, nutrients, salinity,
harvesting intensity and restoration methods,

There is a need to assess the harvesting practices of
the oystermen and how they respond to changes in
oyster abundance.

The ECOSPACE model has additional functionatity to
identify effects of varying flow regimes and to screen
flow alternatives, relative to Apalachicola Bay oyster
population dynamics and harvest potential when the
model is linked with the Apatachicola Basin River
Model currently being used by the Apalachicola-
Chattahoochee-Flint River Stakeholders Group.

reach and education program
is needed to foster actions consistent with supporting a
sustainable bay ecosystern and economy.

Involvement of oyster harvesters and processers in
research and restoration projects can aid in educating
the entire community about bay stewardship.

The situation in Apalachicola Bay, as outlined in the pages
of this report, highlights a series of interwoven ecologic,
fisheries, and community concerns. The bay is a national
treasure, and its demise would sever critical links among
our modern society, nature and our heritage. Work to date
is a starting point toward understanding the processes
underlying the current crisis, and includes steps that can
and should be taken in initial efforts to restore the bay.
However, if we are truly committed to bringing the bay
back to a point even close to its former productivity, a
great deal of work is still required. These studies and
analyses were conducted on a shoestring budget with
internal funds from UF/AFAS, and limited support from
Florida Sea Grant and from the National Institute of
Environmental Health Sciences. If we are truly committed
to the restoration of the bay, we can’t stop here. There is
a critical need for follow-up work, bringing together state
and federal agencies, academic researchers, and the
community, to look out over a 5-, 10-, and 20-year time
scale, to conduct interventions, do the necessary research,
and monitor outcomes. This will require a strong leadership
structure and it will cost money. The guestion remains

as to whether we, as a society, are willing to make this
investment of time, and money, to preserve this pricetess
natural resource for our lifetime, and the lifetimes of our
children.
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Date Location five.year.bin Cultch Type Cubic Yards Acreage de/Acre Actual Yd*/Acre Cost Price/de Actual Price/Yd3 Cost/Acre Actual Cost/Acre Notes
1970,Apalachicola Bay 1970;Processed Oyster Shell 18,649 74.6;100 - 200 250 S - S -
1971|Apalachicola Bay 1970|Processed Oyster Shell 10,136 40.5{100 - 200 250 S - S -
1972|Apalachicola Bay 1970|Processed Oyster Shell 9,675 38.7{100 - 200 250 S - S -
1973|Apalachicola Bay 1970|Processed Oyster Shell 7,660 30.6{100 - 200 250 S - S -
1974|Apalachicola Bay 1970|Processed Oyster Shell 5,780 23.1/100 - 200 250 S - S -
1975|Apalachicola Bay 1975|Processed Oyster Shell 5,055 20.2|100 - 200 250 S - S -
1976|Apalachicola Bay 1975|Processed Oyster Shell 0 #DIV/0!
1977|Apalachicola Bay 1975|Processed Oyster Shell 2,751 11]100 - 200 250 S - S -
1978|Apalachicola Bay 1975|Processed Oyster Shell 10,139 40.6{100 - 200 250 S - S -
1979|Apalachicola Bay 1975|Processed Oyster Shell 6,258 25|100 - 200 250 S - S -
1980|Apalachicola Bay 1980|Processed Oyster Shell 5,709 22.8/100 -200 250 S - S -
1981|Apalachicola Bay 1980|Processed Oyster Shell 8,570 34.3[100 - 200 250 S - S - PL 88-309
1982|Apalachicola Bay 1980|Processed Oyster Shell 6,501 26100 - 200 250 S - S - PL 88-309
1983|Apalachicola Bay 1980|Processed Oyster Shell 14,030 56.1{100 - 200 250 S - S - PL 88-309
1984|Apalachicola Bay 1980|Processed Oyster Shell 26,164 104.7{100 - 200 250 S - S -
1985|Apalachicola Bay 1985|Processed Oyster Shell 13,949 55.8{100 - 200 250 S - S -
1986|Apalachicola Bay Processed Oyster Shell 24,567 120 250 205| $416,200| S 16.94 S 3,468.33 |[FCSWA
1986|Apalachicola Bay Dredged Clam Shell 56,470 225 250 251] $918,000] $16.25|S 16.26 $4,080| S 4,080.00 |CFDA/PL 88-309 (4B)
1986|Apalachicola Bay 1985|Oyst+Clam 81,037
1987|Apalachicola Bay Dredged Clam Shell 39,760 160 250 249| $553,950] $13.89| S 13.93 $3,460| S 3,462.19 |CFDA/PL 88-309 (4B)
1987|Apalachicola Bay Processed Oyster Shell 14,901 60 250 248| $178,800| S 12.00 $2,980| $ 2,980.00
1987|Apalachicola Bay 1985|0yst+Clam 54,661
1988|Apalachicola Bay 1985|Processed Oyster Shell 9,104 36.4{100 - 200 250 $109,250| S 12.00 $3,000| S 3,001.37
1989|Apalachicola Bay 1985|Processed Oyster Shell 10,013 40 250 250| $120,000| S 11.98 $3,000| $ 3,000.00
1990|Apalachicola Bay 1990|Processed Oyster Shell 7,297 36 200 203 $87,500 S 11.99 $2,400| S 2,430.56
1991|Apalachicola Bay 1990|Processed Oyster Shell 0
1992|Apalachicola Bay 1990|Processed Oyster Shell 2,100 8.4/100 - 200 250 $25,200 S 12.00 $3,000| S 3,000.00
1993|Apalachicola Bay Scallop Shell 4,415 22 200 201 $55,200 $0.55 | $ 12.50 $2,500| S 2,509.09
1993|Apalachicola Bay Processed Oyster Shell 6,250 25100 - 200 250 $75,000 S 12.00 $3,000| S 3,000.00
1993|Apalachicola Bay 1990|Oyst+scallop 10,665
1994|Apalachicola Bay Processed Oyster Shell 1,440 6 250 240 $17,280 S 12.00 $2,880| S 2,880.00
1994|Apalachicola Bay Processed Oyster Shell 923 5 200 185 $44,300 S 48.00 $8,860| $ 8,860.00 |EDA/JTPA/FCSWA
1994|Apalachicola Bay Scallop Shell 7,841 39 200 201] $375,000 $0.55 | S 47.83 $9,600] S 9,615.38 [EDA/JTPA/FCSWA
1994|Apalachicola Bay 1990|Oyst+scallop 10,204
1995|Apalachicola Bay Dredged Oyster Shell 8,940 45 200 199 $457,700] $20.00 | S 51.20 $10,170| $ 10,171.11 [EDA/JTPA/FCSWA
1995|Apalachicola Bay Processed Oyster Shell 10,935 43.7 250 250| $131,200| S 12.00 $3,000| $ 3,002.29
1995|Apalachicola Bay 1995|dredged+processed 19,875
1996|Apalachicola Bay 1995|Processed Oyster Shell 9,000 36 250 250 $108,000| S 12.00 $3,000| S 3,000.00
1997|Apalachicola Bay 1995|Processed/Dredged Shell 9,705 39 250 249| $116,460| S 12.00 $3,000| $ 2,986.15
1998|Apalachicola Bay 1995|Processed Oyster Shell 1,585 6.5/100 -200 244 $38,040 S 24.00 $5,850| S 5,852.31
1999|Apalachicola Bay 1995|Processed Oyster Shell 1,750 7 250 250 $21,000 S 12.00 $3,000| S 3,000.00
2000|Apalachicola Bay 2000|Processed Oyster Shell 7,316 29.3{100 - 200 250 $87,800 S 12.00 $3,000| S 2,996.59
2001|Apalachicola Bay 2000|Processed Oyster Shell 9,828 40 250 246 $216,200] $12.00 | S 22.00 $5,400| S 5,405.00 |FDOT
2002|Apalachicola Bay 2000|Processed Oyster Shell 12,508 50 250 250 $275,200] $12.00| S 22.00 $5,500| S 5,504.00 |FDOT
2003|Apalachicola Bay 2000|Processed Oyster Shell 12,744 51 250 250 $280,370] $12.00| S 22.00 $5,500]| S 5,497.45 |FDOT
2004|Apalachicola Bay 2000|Processed Oyster Shell 528 2.1 250 251 $11,600| $12.00| S 21.97 $5,530| S 5,523.81 |[FDOT
2005|Apalachicola Bay 2005|oyster shell 0
2006|Apalachicola Bay 2005|oyster shell 0
2007|Apalachicola Bay 2005|oyster shell 0
2008|Apalachicola Bay 2005|Processed Oyster Shell 7,700 31|100 - 200 248| $169,400] $12.00]S 22.00 $5,500]| S 5,464.52 |[EDRP1
2009|Apalachicola Bay, Franklin County 2005|Processed Oyster Shell 4,345 20]100 - 200 217 $95,600] $12.00| S 22.00 $4,800| $ 4,780.00 |[EDRP1
2010|Franklin County 2010|Processed Oyster Shell 14,313 57.2 244 250 S - S -
2011|Franklin County 2010|Processed Oyster Shell 4,880 19.3 253 253 S - S -
2012|Franklin County 2010|Processed Oyster Shell 8,630 34.6 249 249 S - S -
2013|Franklin County 2010|Processed Oyster Shell 4,000 16 250 250| $109,375 S 27.34 S 6,835.94
2014|Franklin County 2010|Processed Oyster Shell 20,226 99.63 200 203]$1,803,644] $84.99 S 89.17 $16,997| $ 18,103.42
2015|Franklin County 2015|Processed Oyster Shell 26,900 134.5 200 200] $2,010,775| $74.75| S 74.75 $14,950| $ 14,950.00

overall.average 12,077
average.before.2010 11,950
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Glossary

Channe} change refers 1o physical changes in a river channel. such as widening, deepening. or
changes in slope. which can result in a change in the water level for a given discharge. Channel
change can also refer 1o minor rerouting of the channel locally, such as meander cutoffs or bend
easings to straighten bends in the river.

Climate year is an informal term used in this report o define the annual period from Aprit |
through March 31. This period was used in analysis of low discharges in order Lo avoid splitting
tow-flow periods that typically oceur in summer and fall, (See water year.)

Equivalent-stage discharge is an informal term used in this report to represent the discharge
in the recent period having the same water-surface elevation as a specified discharge had during
the pre-dam period. For example, the selected discharge of 15.000 cubic feet per second at the
Chattahoochee gage had a pre-dam stage of 49.22 feet, and 25,700 cubic feet per second is the
“equivalent-stage discharge™ in the recent period that has that same water-surface elevation.
Determining equivalent-stage discharge s a necessary first step in determining the decrease in
duration of inundation [rom pre-dam to recent periods.

Gage or streamngage refers Lo a long-term streamflow gaging station at which a time-series
of stage measurements (clevation of river surfacc) have been recorded. and measurements of
instantaneons streamflow discharge may have been made.

High bottemland hardwood forests grow on the higher elevations of the floodplain (levees
and ridges} that are usually inundated for 2 to 6 weeks each year. High bottomland hardwoods
are dominated by sweetgum and hackberry.

Joining point is an informal term used in this report to indicate the stage or discharge at which
pre-dam and recent stage-discharge relations merge. The joining point discharge is a large
value at the upstream-most site. and gradually decreases with distance downstream. For any
given sile, the joining point identifies the stage or discharge above which the proportion of ftow
moving over the floodplain is large enough that physical changes that occurred in the main river
channel at that sile have no noticeable effect on river stage.

Lag time is an expression for the time it takes for water passing an upstream gage 10 reach

a downstream tocation. All lag times used in this report represent average travel times

from Chattahoochee 10 downstream locations. Analyses in this report were based on daily
mean values. thus lag times were expressed in whole days, rather than hours. Discharge at
Chattahoochee was related to stage 1 day later at Blountstown, 2 days later at Wewahitchka and
RM 35. and 3 days later ai Sumatra. Methods used t¢ determine tag times are described in the
lext.

Loop stream is an informal term used by Light and others (1998 to describe a type of
floodplain stream or slough in which water diverted from the main river enters at the head

of the stream. flows a few miles in the stream channel through the {loodplain. and returns to
the river at the mouth of the stream. An intermitient sircam of this type is fed by the river and
receives no direct upland runoff, thus when water levels in the river are too low, the stream
stops flowing.

Low hottomland hardwood forests are present on low ridges and Nats where continuous
Nooding averages 2 10 4 months per year. Low bottomland hardwoods are dominated by water
hickory, overcup oak, swamp laurel oak, and green ash.
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Percent duration of inundation is the percentage of time that a particular location is inundated
by water. Percent duration of inundation, which is a term used to describe hydrologic
conditions on the floodplain, is numerically equal to percent exceedance in this report; however,
that is not always the case in other contexts. Percent duration of inundation in the floodplain
can be different than percent exceedance calculated from sireamflow daia, because some
topographic features in the flocdplain, such as swamp depressions, may retain water long after
flood waters recede. Thus. the reader is cautioned that percent duration of inundation values in
this report arc based solely on river stage, without any adjustments to account for site-specific
variations in floodplain topography. (Sec percent exceedance.)

Percent exceedance is the percentage of time that a specified streamflow discharge is equaled
or exceeded during a given time period. In this report. percent duration of inundation. which is
a lerm used to describe hydrologic conditions on the {loodplain. is numerically equal to percent
exceedance. (See percent duration of inundation.)

Pre-dam period is an informal term used in this report to refer to the time pertod before
substantial physical changes occurred in the Apalachicola River. This period ends in May
1954, which is when Jim Woodruff Dam was completed and the filling of Lake Seminole

was initiated. Riverbed degradation which resulted from the trapping of streambed sediment
in the reservoir, was the primary cause of the water-level decline in the upper reach of the
river. Beginming in 1956, a variety of other channel-allering activities look place over a period
of many years that probably also contributed to the water-level decline, particularly in the
nontida! lower reach. Thus, the use of the term “pre-dam” is not intended to imply that scour
downstream from the dam as a result of sediment trapping in the reservoir was the only cause
of channel change.

Reach refers to a length subdivision of the Apalachicola River. The upper reach begins just
helow Jim Woodruff Dam at river mile 106.3 and extends about 29 miles downstream to the
Blountstown gage at river mile 77.5. The middle reach is the longest reach, about 36 miles
long, ending at the Wewahitchka gage at river mile 41.8. The nontidal lower reach is the
shortest reach, about 21 miles long, and ends at the Sumatra gage at river mile 20.6. The tidal
reach of the river is not discussed in this report. In reality. there is no precise boundary between
the tidal and nontidal reaches. but rather a transitional zone in which tidal influence is minimal
al the upper end (occuring only at very low flows) and gradually increases downstream. For
practical purposes in this report, the houndary between tidal and nontidal was established at the
Sumatra gage: however. during low-flow conditions, tidal influence occurs at the Sumatra gage
and probably also extends upstream to some undetermined point.

Recent period is an informal phrase used in this report to indicate the decade from Octoher
1. 1994, to Septemher 30, 2004. This period was chosen to be long enough to include a mix
of hoth flood and drought years, but short enough to exclude data from earlier periods during
which water Jevels were still changing.

River mile (rm) refers (o a reference frame of distances along the river channel. In this report,
river mile values are those depicted on the most recent U.S. Geological Survey quadrangle
maps that were available in 2005. These river mile distances are similar to, but not exactly the
samc as, the most recent navigation mile system used by U.S. Army Corps of Engineers. Slight
differences in distance reterence frames are to be expected because the river moves and changes
length through time in response to various processes, both natural and anthropogenic.

Stage refers to the elevation of water susface of a river at a particular time and place.

Stage-discharge rating refers to a standard U.S. Geological Survey stage-discharge relation
based on instantaneous observations of stage and direct measurements of discharge made al a
streamflow gaging station. (See stage-discharge relations.)



Stage-discharge relations are delined by hest-fit lines or curves in which river stage is
related 1o river discharge. Three types of relations are used in this report: (1) standard U.S.
Geological Survey stage-discharge ratings: (2) nonstandard refations in which stage at a
downstream gage is related to discharge at the upstream-most gage at Chattahoochee. Florida:
and (3) intcrpolated nonstandard relations in which stage at a between-gage site is related to
discharge at the Chattahoochee gage, based on interpolation between relations at the closest
upstream and downstream gages. (See stage-discharge rating.)

Streampage or gage refers to a long-termy streamitlow gaging slation at which a time-series
of stage measurements {elevation of river surface) have been recorded. and measurements of
instantancous streamtlow discharge may have heen made.

Thalweg is the deepest part of the river channel.

Tupelo-cypress swamps arc present in the fowcest elevations of the {Teodplain where
continuous [ooding averages 4 to 9 months per year. Swamps are dominated by water wpelo,
bald cypress. and ogeechee tupelo.

Water-level decline. s applicd to streamflow. can refer to three situations. This report
primarily addresses the situation characterized by a long-term decrease in river stage for a
particular streamflow discharge. and a long-term shift in the stage-discharge relation for a site.
Such declines result from some type of channel change. which usually occurs ever a period

of years. Another type of water-level decline. which is alse addressed in this report but is not
described in as much detail as the first type, refers to a long-term decrease in the amount of
water delivered from the upstream watershed. Both of these types of water-level declines cause

periods of low water levels to become mare frequent and longer in duration. Water-level decline

can also refer to short-term fluctuations in stage during the passage of a {lood. but this meaning
is not used in this report.

Water year is defined as the annual period from October 1 through September 3¢. This period
was used in analysis ol high discharges in order 1o avoid splitting floed events that typically
occur in winter and spring. {See climate year.)
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Abstract

From 1954 10 2004. water levels declined in the nontidal
reach of the Apalachicola River. Florida, as a result of long-
term changes in stage-discharge relations. Channel widening
and deepening, which occurred throughout much of the river,
apparently caused the declines. The period of most rapid chan-
nel enlargement hegan in 1954 and occurred primarily as a
gradual erosional process over two 1o three decades. probably
in response to the combined effect of 4 dam located at the head
of the study reach (106 miles upstream from the mouth of the
river), Tiver straightening. dredging. and other activities along
the river. Widespread recovery has not occurred, but channel
conditions in the [ast decade (1993-2004) have been relatively
stable. Future channel changes. if they occur, are expected 1o
be minor.

The magnitude and extent of water-level decline atirib-
utable to channel changes was determined by comparing
pre-dam stage (prior to 1954) and recent stage {1995-2004}
in relation to discharge. Long-term stage data for the pre-
dam period and recent period from five streamflow gaging
stations were relaled to discharge data from a single gage
just downstream from the dam. by using a procedure involv-
ing streamlTow lag times. The resulting pre-dam and recent
stage-discharge relations at the gaging stalions were used in
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combination with low-flow water-surface profile data from
the U.S. Army Corps of Engincers to estimate magnitude of
water-level decline at closely spaced locations (every 0.1 mile)
along the river. The largest water-level declines occurred at the
lowest discharges and varied with tocation along the river. The
largest water-level decline. 4.8 feel. which accurred when sedi-
ments were scoured {rom the streambed just downstream from
the dam. has been generally known and described previously.
This targe decline progressively decreased downstream to a
magnitude of | foot about 40 river miles downstream from the
dam. which is the location that probably marks the downsiream
limit of the influence of the dam on bed scour. Downstream
[rom that location. previcusly unreported water-level declines
progressively increased to 3 feet at a location 68 miles down-
streamn from the dam. probably as a result of various channel
modifications conducted in that part of the river.

Water-level declines in the river have substantially
changed long-term hydrologic conditions in more than
200 miles of off-channel floodplain sloughs. streams. and
lakes and in most of the 82,200 acres of floodplain forests in
the nontidal reach of the Apalachicola River. Decreases in
duration of lMeodplain inundation at low discharges were large
in the upstream-most 10 miles of the river (20-45 percent)
and throughout most of the remaining 75 miles of the nentidal
reach (10-25 percent). As a consequence of this decreased
inundation, the gquantity and quatity ol floodplain habitats for
{ish. mussels, and other aguatic organisms have declined. and
wetfand forests of the {loodplain are changing in response
e dricr conditions. Water-level decline caused by channel
change is probably the most serious anthropogenic impact that
has occurred so far in the Apalachicola River and floodplain.
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This decline has been exacerbated by long-term reductions in
spring and summer {low, especially during drought periods.
Although no trends in total annual {low volumes were
detected, long-term decreases in discharge for April, May,
July, and August were apparent, and water-level declines
during drought conditions resulting from decreased discharge
in those 4 months were similar in magnitude to the water-level
declines caused by channel changes. The observed changes in
seasonal discharge are prohably caused by a combination of
natural climatic changes and anthropogenic activities in the
Apalachicola-Chattahoochee-Flint River Basin. Continued
research is needed for geomorphic studies to assist in the
design of luture floodptain restoration efforts and for hydro-
logic studies to monitor changes in the future flow regime of
the Apalachicola River as water management and land use in
this large tri-state basin continue to change.

Introduction

Large coastal plain rivers of the southeastern United
States have extensive forested floodplains with a diversity of
aquatic and wetland habitats that are strongly influenced by
river Jevels (Wharton and others. 1982. Mitsch and Gosselink,
2000). Strcams, sloughs, ponds, lakes, and swamps in the
floodplain alternately connect and disconnect as river levels
fluctuate. Complex relationships exist between biological
communities in floodplain habitats and river levels. with floral
and faunal distributions varying spatially. seasonally, and
annually as the river rises and falls (Welcomme. 1979 Bayley,
1995; Power and others, 1995),

In fleodplains along the 86-mi (mile) nontidal reach of
the Apalachicola River (figs. | and 2), there are more than
200 mi of off-channel floodplain sloughs, streams, and lakes
that are directly influenced by river-level fluctuations (Light
and others, 1998). These off-channel walerbodies provide
extensive habitat for fishes and other aguatic organisms.

More than 80 percent of the freshwater and anadromous fish
species found in the Apalachicola River are known io spend
some part of their life cycle in floodplain habitats {Light

and others, 1998; Stephen J. Walsh, U.S. Geological Survey
(USGS}. written commun.. 2006). In addition, tree species
richness in 82,200 acres of swamps and bottomland hard-
woods bordering the Apalachicola River is among the highest
of North American river floodplains (Leitman and others,
1984: Brinsor, 1990). Tree composition and recruitment in
this vast wetland forest corridor is primartly determined by the
flow regime of the river.

Water-level declines caused by channel change in the
upper reach of the river, and the impact on floodplain habitats
resulting from these declines, are described in previous reports
(Simons. Li, and Associates. 1985; Light and others, 1998:
U.S. Army Corps of Engineers (USACE). 2001a). Until
recenlly, these declines were thought to be limited primarily
to the upper reach and its floodplain. which constitutes about

20 percent of the total floodplain area of the nontidal river.
Based on the water-level declines attributable to channel
changes in the middle and nontidal lower reaches that are
documented in this report, it is now known that water levels
in most of the remaining 80 percent of the nontidal floodplain
declined at about the same time as water levels declined in the
upper reach. As a consequence, almost ail of the nontidal river
and floodplain is now experiencing longer and more frequent
periods of low water levels than prior to 1954, increasing the
amount of time (hal woody substrate along channel hanks is
exposed: floodplain streams are dewatered, isolated. or not
flowing; and swamps and bottomtand hardwood forests are dry.
A conceptual diagram illustrating the causes of long-
term water-level decline in rivers and the consequences on
river-floodplain habitats is presented in figure 3. Two types
of changes can potentially decrease long-term water levels:
physical changes in the channel or a reduction in the amount of
water delivered from upstream. Physical changes in the chan-
nel, such as channel enlargement or increased flow velocity,
can change stage-discharge refations. resulting in a long-term
decrease in river stage (water level) in relation to streamflow
discharge {volumeiric rate of flow). In contrast, reductions in
the amount of water delivered from upstream do not change
stage-discharge relations. Temporary changes in water level
may occur during droughts or when streambed topography is
rearranged during the passage of a flood. Where a water-level
decline persists for many years, or the decline increases in
magnitude over many years, the decline is probably the result
of fundamental changes in either the geomorphology of local
channels or the hydrology of the upstream watershed, or both.
Channel widening and deepening has occurred throughout
much of the river {USACE, 2001a; Price and others, 2006).
and is the apparent cause of the long-term changes in stage-
discharge relations documented in this report. A certain
amount of channel change is natural in meandering streams
(such as the Apalachicola River) as the stream migrates across
the floodplain (Gilbert. 1877: Mackin, 1948 Hupp, 2000).
Natural channel migration. however, occurs without a change
in channe! size. Sediment is eroded from the cut-bank on the
outside of a bend and deposited on peint bars a short distance
downstream. As the point bar accretes laterally. the older area
of the bar becomes colonized with trees. so that channel width
and depth remain relatively constant over time as the channel
migrates across the floodplain. Channel enlargement can result
from an increase in the magnitude or frequency of peak floods
caused by climate change or watershed urbanization (Leopold
and others, 2003). There is no evidence, however, that chan-
nel changes in the Apalachicola River have becn caused by
increased flow. Along certain rivers, the channel can widen
substantially (but not deepen) during a catastrophic flood.
although this widening is followed by gradual narrowing
during subsequent decades (Schumm and Lichty, 1963). The
Apalachicota River, in contrast. enlarged gradually and has
not recovered by narrowing. Therefore. the channel widening
and deepening that occurred in the Apalachicola River was
probably caused by anthropogenic activitics along the river.
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Channel enlargement began in 1934 and occurred
primarily as a gradual crosional process over two (o three
decades. probably in response to the comhined effect of
engineering projects along the river. Although various naviga-
tional improvements have been conducied on the Apalachicola
River since the 1800s. the intensity of those activities
greatly increased in the 1950s after Congress mandated that
the USACE construct a dam and maintain a 9- by 100-ft
(foot) navigation channel. After construction in 1954 of
Jim Woodruff Dam at the head of the river (fig. 2), mobile
streambed sediment (sand) was trapped in the reservoir created
hy the dam {Lake Seminole) and deepening of the bed of the
Apalachicola River downstream from the dam occurred as a
result {(Simons. Li. and Associates. 1985). Riverbed degrada-
tion, and its consequences in terms of decreased floodplain
inundation, has been well documenied downstream from dams
in other rivers. including low-gradient, sand-bedded rivers
similar to the Apalachicola River (Galay, 1983: Ligon and
others. 1995). Bends in the Apalachicola River were straight-
ened by excavation of meander cutofls and bend easings in
1956 and 1969, and river-training dikes were constructed from
1963 to 1970 (USACE, 1986). Dredging in the deepest part
of the channel (thalweg). disposal of dredged matenial. and
removal of woody debris over much of the length of the river
were conducted annually from 1956 to 2001 (USACE, 2001a).
During the 1970s, however, dredged material disposal prac-
tices were changed and the amount of annual wood remaval
was decreased in order to reduce environmental impacts of the
navigation project on the river ecosystem.

Regarding the amount of water delivered from upstream,
average annual discharge appears relatively unchanged.
Minimum flows have decreased, however, and the seasonal
distribution of flows has changed. At the streamflow gaging
slation on the Apalachicola River at Chattahoochee (fig. 2).
very low discharges of 5,000 ft3/s (cubic feet per second) or
less occurred in 5 of the last 23 years (1981-2004), but not
at all in the previous 33 years (USGS. 2006a). Monthly Mow
duration analyses indicate that fall and winter discharges have
increased, and spring and summer discharges have decreased,
based on a comparison of the eartiest and latest 30 years in the
period of record arf this streamgage (1929-2004). Many natural
changes and anthropogenic alterations have occurred in this
large tri-state basin that could have contributed to changes in
flow: however, hydrologic analysis to determine the relative
contribution of causal factors has not been conducted.

Recovery of floodplain off-channel aquatic habitats
altered by water-level decline in the Apalachicola River has
been a long-standing concern of various State and Federal
agencies. The restoration uf habitats within a complex hydro-
logic system such as the Apalachicola River, however, is nota
simple process. Many difficulties have been encountered in the
restoration efforts conducted so far. Understanding the causes
and magnitude of the water-level declines and identifying the
reaches that have been most affected can help guide future
prevention and recovery measures.

Purpose and Scope

This report describes the water-level decline that occurred
in the Apalachicola River {rom 1954 to 2004 as a resull of
long-term changes in stage-discharge relations. This investiga-
tion was conducted by the U.S. Geological Survey (USGS) in
cooperation with the Florida Fish and Wildlife Conservation
Commission (FFWCC) and other agencies as part of a study
1o describe and quantify impacts of water-level declines on
floodplain habitats of the Apalachicola River to help guide
restoration efforts. The specific objectives of this report are to:

(1) Document stage-discharge relations at streamflow
gaging stations prior to 1954 and during a recent
period (1995-2004). This was done by relating stage
data from five streamgages to discharge data from the
upstream-most gage at Chauahoochee, Fla., using a
procedure involving streamflow lag times.

(2) Estimate stage-discharge relations for the same time
periods at closely spaced locations between the
streamgages. This was done by using a combination of
streamgage records and low-flow water-surface profile
data.

{(3) Estimate the water-level decline at closely spaced loca-
tions along the river and to determine average water-
level decline by reach for selecled discharges.

(4} Determine the consequence of the water-level decline on
duration of inundation of the floodplain.

(5) Describe specific effects of the water-level decline on
selected floodplain hahitats and general effects on the
overall tloodplain.

(6) Discuss related issues: (a) changes in waler levels attrih-
utable 1o long-term changes in monthly discharge. (b}
recovery and restoration efforts, and (c) research needs.

The study area includes the nontidal reach of the
Apalachicola River from the Chattahoochee gage al rm (river
mite) 105.7 to the Sumatra gage at rm 20.6 (fig. 2). Data anal-
ysis was conducted from July 2001 to Decemher 2005, Data in
this report came from ongoing data-collection programs within
the USGS and USACE that werc conducted independent of
this study. with the exception of field data collected at selected
Moodplain sites discussed in objective 5.
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Setting

The Apalachicola River is the largest river in Florida, and
the fourth largest river in the southeastern United States. in
terms of mean annual discharge (iseri and Langbein. 19743,
The river is formed hy the confluence of the Chattahoochee and
Flint Rivers, and the drainage hasin of all three rivers covers
19.600 mi® (square miles) in Florida. Georgia. and Alabama.
The Chattahoochee and Flint Rivers drain the upstream-most
90 percent of the basin in Georgia and Alabama (lig. 1). The
Apalachicola River and its largest tributary, the Chipola River,
Yie in the downstream-most 10 percent of the drainage hasin,
which is primarily in Florida. The Apalachicola River is in the
Coastal Lowlands physiographic arca (Puri and Vernon. 1964).
which is generally low in elevation.

The Apalachicola River is an alluvial. low-gradient,
meandering river with an average water-surface gradient of
0.00009 in the nontidal reach. The river surface falls about
41 fi from the head at Jim Woodruff Dam to the Sumaira
gage. The sinuosity of the nontidal river (1.44) is moderately
high but not “torturous.” and falls within the range typi-
cal of low-gradient meandering rivers (Knighton, 1984),

The Apalachicola River is ahout 106 mi long: however, the
downstream-most 20.6 mi is considered tidal and is not
addressed in this report. In reatity, there is no precise boundary
between the tidal and nontidal reaches, bul rather a transiticnal
zonc in which tidal influence is minimal at the upper end
(occurring only at very low flows) and gradually increases
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downstream. For practical purposes, the boundary between
tidal and nontidal was established at the Sumatra gage (fig. 2);
however, during low-flow conditions, tidal influence occurs
at the Sumatra gage and probably also extends upstream to
some undeiermined point, Bed sediments throughout most of
the river are sand. except in areas of low velocity on channel
margins where finer sediments accurnulate, and in high veloe-
ity areas of the upper reach where gravel, rock, or limestone
bedrock can be found localty (USACE. 2001a: Jerry W. Zicwilz,
USFWS, oral commun., 2006).

The Apalachicola River at Chattahoochee. Fla., had an
average discharge of 21.900 ft*/s and a median discharge
of 15.900 ft¥s for the period of record (1929-2004). All
discharge values in this report are from the streamflow
gaging station at Chattahoochee. Flooding typically occurs in
January through April. with low flows in September through
November (Leitman and others. [984). The highest recorded
daily mean discharge was 291,000 (t*/s on March 20. 1929;
the fowest was 3,900 ft¥/s on November 15, 1987. A minimum
flow of 5,000 {t¥s has becn strictly maimained with reservoir
releases by USACE since the summer of 2000. The climate
of the Apalachicola River Basin is humid subtropical with a
growing season of about 270 days. Average annual rainfall is
56 in. (inches), with the highest monthly averages occurring in
the summer and the lowest averages in the fatl.

The ACF River Basin has an unusually high diversity
of flora and fauna. The Apalachicola River is in one of the
Nation’s biodiversity hotspots, as recognized hy The Nature
Conservancy (Stein and others. 2000). More than 70 difTerent
species of trees grow in the Apalachicola River floodplain.
which is the largest forested floodplain in Florida (112.000
acres of nontidal and tidal freshwater forests). The nontidal
floodplain forest (82.200 acres) is predominanity palusirine
wetlands according to the wettand classification system of
the USFWS (Cowardin and others. 1979: Reed, 1988). The
ACF Basin has the highest species density of amphibians and
reptiles on the continent north of Mexico (Kiester. 1971). and
the largest diversity of fish fauna among the Gutf Coast river
drainages cast of the Mississippi River (Dahlberg and Scott,
£971). Sixteen fish species have been listed fur protection by
Federal or Siate agencies (Couch and others. 1996). Of the
western Florida river drainages, the ACF River Basin has the
largest number of freshwater gastropod and bivalve species and
the largest number of endemic mollusk species {Heard. 1977).

Construction of Jim Woodruff Dam. which impounds
Lake Seminole at the head of the Apalachicola River where
the Chattahoochee and Flimt Rivers join, began in 1950 and
was completed in 1954, with filling of the reservoir accom-
plished from 1954 1o 1957. Upstream from Jim Woodru(l
Dam are 15 other mainstem dams and reservoirs (13 on the
Chattahoochee River and 2 on the Flint River} (USACE,
1996). Buford Dam. which impounds the largest reservoir
on the ACF system (Lake Sidney Lanier) is located on the
upper Chattahoochee River upstream from Atlania (fig. 1),
and was completed in the same year as Jim Woodrulf Dam
(1954). Three other large Federal dams., Walter F. George.
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Figure 4. Water-surface profiles developed in 1956 and 1995 for the nontida! reach of the Apalachicola River, Florida, for a
discharge of 9,300 ft¥s at Chattahoochee streamgage. The 1956 water-surface profile is from Plate 43A of Design Memorandum
No. 1(U.S. Army Corps of Engineers, 1955). Design Memorandum No. 1 is dated December 15, 1955 (with transmittal to the Division
Engineer December 23, 1955); however, Plate No. 43A is dated March 1956 with the notation: “This Plate is a supplement to Plate
No. 43", Apparently computations for this water-surface profile were completed after the report was transmitted and were made an
official supplement to the report after-the-fact. The 1995 water-surface profile is provisional {USACE, Mobile District, unpublished

data, 2005).

The water-surface prolile used to represent pre-dam
conditions was developed in March 1956. The profile is enti-
tled “Computed W.S. Profile afier dredging. Q=9300 ¢.f.5. on
Plate No. 43A of Design Memorandum No. 1 {USACE, 1955),
Original data files for the 1956 profile were not available. so
points were manually digitized from the graph. Although the
length of the river has changed since 1936. the profile included
the tocations ol eight fixed landmarks (including gage sites).
The profile was adjusted between those fixed landmarks o
match river locations on the present-day profile.

Dredging was conducted annually. thus profiles called
“before dredging™ or “after dredging”™ were intended 1o repre-
sent conditions before or after actuat or planned dredging for
that scason. As mentioned. the 1995 profile was intended Lo
represent conditions prior to that season’s dredging. The 1956
profile, in contrast, was laheled “after dredging ™ A “before
dredging” water-surface profile at 9,300 ft¥/s for the earlier
timeframe, if it had existed. would have been preferable for
our analysis. Fortunately, however. the 1956 “after dredging™
profile compares favorably with average pre-dam stage from
long-term gage data, Details of this comparison are discussed
in the section entitled “Interpolated Stage-Discharge Relations
hetween Streamgages.”

Stage-Discharge Relations at Streamgages

Stage decline caused by channel enlargement results ina
tower water level for the same amount of discharge. An appro-
priate method for measuring this type of water-level decline
is to analyze changes in stage-discharge relations over time at
streamflow gaging stations. Traditionally. this type of analysis
is done by examining standard stage-discharge relations that
relate stage at a particular streamgage to discharge at the same
gage. The traditional method was used in this report 10 measure
the water-level decline at the Chattahoochee gage. Al a flow
of 19.000 ft¥s, the decline from pre-dam stage to recent
stage at the Chattahoochee gage was 4.8 ft. (This decline was
determined by comparing pre-dam and recent stage-discharge
relations described in the section entitled “Pre-dam. Recent.
and Pertod-of-Record Stage-Discharge Relations™)

The wraditional method could not be used for measuring
water-level decline downstream from Chattahoochee, hecausce
standard stage-discharge relations were not availahle for the
pre-dam period at most of the downstream gages. Thus. a
nonstandard approach was developed in which downstream
stage was related to discharge at the upstrearmn-most gage at
Chattahoochee. This nonstandard approach atlowed water-level
declines to be estimated at atl gage locations and at between-
zage sites by the same method. Also, the ability to compare
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water-level declines at many different river miles to each other
was greatly simplified by calculating stage at all sites in relation
to discharge at a single upstream site (Chattahoochee).

Water-level decline estimated by hoth the traditional and
nontraditional methods was compared at one downstrean
location {Wewahitchka gage). and results were found to be
similar. At a discharge of 10,000 [¢/s, a water-level decline of
1.6 ft was reporied by tbe USACE using the traditional method
{(USACE, 2001a); a similar decline of 1.5 [l was determined
by the USGS in this report using the nonstandard approach.

River stage al a streamgage is a direct result of the
discharge at the gage and the channel conditions at or just
downstream from that gage. Discharge at a gage also deter-
mines the stage at downstream siles, but the correlation is
complicated by time-dependent factors, including the travel
time of water, changing conditions of water stored on the
Moodplain, and tributary inflows. Thas, relations of stage at
five downstream gages to discharge at the Chattahoochee gage
have increasing error with increasing distance downstream.
Error analyses are provided for all stage-discharge relations
presented in this report so the results can be used with an
understanding of their inherent limitations.

Error can be partially reduced by accounting for lag
time, which is an expression of the time it takes for water
passing Chatiahoochee 1o reach a downstream location, Lag
time, which can be measured in various ways, typically varies
with discharge. The rclation of lag time to discharge in the
Apalachicola River is complex. however. because the travel
time of flow in off-channel sloughs and overbank flow on the
floodplain is different than in the main channel and can be
variahle depending upon antecedent conditions. rate of rise
and fall of flood peaks. or other factors. For practical reasons,
a single lag time that was approximately correct for all flows
was derived for each gage downstream from Chattahoochee.

Lag times were calculated in whole days because daily
mean values were used in all analyses. The most suitable lag
time was determined by the following steps:

(1) For each gage, a series of two or three graphs was created
in which stage at the downstrcam gage was related
to discharge at Chattahoochee. A different lag time
was used for each graph. In the first graph of the
Blountstown series, for cxample, each Chattahoochee
discharge value for a particular day was piotted in rela-
tion to the stage observed al the Blounistown gage on
that same day (lag of 0 days). In the second graph. cach
Chattahoochee discharge value for a particular day was
plotted in relation to the stage observed at the Blount-
stown gage on the next day {lag of 1 day).

{2) Polynomiai curves were fiticd (o each plot in the series.
and the lag time associated with the curve having the
lowest root mean squared error was determined to be
the most suitable lag time for that gage. The resulting
“best” lag times were 1 day for the Blountstown gage,
2 days for both the Wewahitchka and RM 35 gages,
and 3 days for the Sumatra gage.

Selection of Pre-dam and Recent Periods

Selection of pre-dam and recent time periods for
analysis was based on an examination of the timing of
water-level decline at four gages during low-flow conditions.
Average annual slage at four gages for a narrow range of
low discharges (9.500-10,500 ft*/s) at Chattahoochee arc
shown in figure 5. Stages were averaged for each climate
year (April 1-March 31} to avoid splitting low-flow periods
that typically occur in summer and fall. At the Chattahoochee
gage. stage data prior to 1939 are not shown hecause they
were collected at a different location 0.9 mi downstream from
the present location (see footnote in tahle 1). Chattahoochee
stage data from 1929 o 1938 were affected by this minor
location change because of the water-surface slope of the
river. Chattahoochee discharge data during that time period,
however, were unaffected by the movement of the gage,
hecause tributary inflow between the two locations was 100
small (o have a measurahle effect on river discharge. Thus,
stage data al the Blountstown gage from 1929 to 1938 (for
Chattahoochee discharges between 9.500 and 10.500 ft¥/s) are
included in figure 5, hut Chattahoochee stages during that time
period are not.

Annual averages in figure 5 are color coded to indicate
major drought years and major flood years, based on the
drought and flood years listed in tables 2 and 3. Not all of
the major flood years listed in table 3 appear in figure 5.
because discharges between 9,500 and 10,500 [t’/s. which are
relatively low discharges. did not occur in the following major
flood years: 1948, 1949, 1964, 1966, 1973, and 1975.

The data shown in figure 3 indicate a lendency for annual
averages to be lower during drought years and higher during
flood years, particularly at the Blountstown and Wewahitchka
gages. In most cases. the occurrence of lower stage in drought
years and higher stage in flood years was probably an arti-
fact of the method in which downstream stage is related to
upstream discharge. In major flood years, wetter than normal
antecedent conditions result in higher than normal stages
downstream for a given Chattahoochee discharge. because
waler coming out of Moodplain storage is added to main chan-
nel flow. For the same discharge at Chattahoochee in a drought
period. the stage downstream may be lower than normal
because of dry antecedent conditions with littte or no water
contributed from floodplain storage. Even so, a difference in
antecedent conditions did not account for the drop in average
stage from 1980 to 1981. It is possible that changes in sand
scour and deposition patterns during severe drought could
temporarily lower the riverbed, This may have occurred when
the major drought of 1981 followed an unusually long period
of higher than normal Mows in the preceding two decades
(1960—-1980). Previous analyses identificd 1938 to 1980 as a
period when mean discharge was higher than normal region-
ally, not only in rivers of the ACF Basin, but also in several
other southeastern rivers (Leitman and others, 1984).
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Figure 6. Stage at five streamgages on the Apalachicola River in relation to discharge at Chattahoochee, Florida, with known
and estimated joining points for pre-dam and recent relations, Relations at streamgages downstraam from Chattahoochee were
developed using lag times as defined in glossary. An estimated joining point was needed for Sumatra, even though there is anly
one curve at that site, so that interpolated pre-dam and recent relations could be developed between RM 35 and Sumatra.

hydraulic roughness (changes in land use, forest maturity,

or installation or removal of roadway embankments). These
factors, however, have not changed enough along this river in
50 years (1954-2004) to cause a noticeable change in stage al
high flow.

Stage-discharge retations at Chattahoochee, Blountstown.

and Wewahitchka had joining points determined from actual

data that were 188,000, 135,000, and 65,000 {t’/s, respectively.

A best-fit straight line was drawn through these three known
points on figure 6 and projected “downward” to estimated
joining points at RM 35 and Sumatra, namely where the
hest-fit line intersected the stage-discharge relation for those
two downstream sites. The joining point at RM 35 gage

(52,000 ft¥/s) was used to estimate the RM 35 pre-dam rela-
tion. which is described later in this section. Although Sumatra
had only one relation (for the whole period of record), the
joining point at the Sumatra gage (25,000 ft3/5) was needed
for calculating interpolated pre-dam and recent relations
between the RM 35 and Sumatra gages, which are discussed
in the section entitled “Interpolated Stage-Discharge Relations
between Streamgages.”

Several factors probably contribute to the magnitude of
the joining point flow at any particular location. including the
amount of channel enlargement. the elevation of the flood-
plain. and the ratio of main channel width to floodplain width.
Actual and estimated stages at joining points in relation Lo
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Figure 7. Stage of joining paoints in relation to riverbank elevation and water surface at low flow in the Apalachicola River, Florida.
Procedures for determining joining points {the points at which pre-dam and recent stage-discharge relations merge} are described in
the text, and these points are graphically illustrated on figure 6. Riverbank elevations are the top-of-bank elevations on the lowest side
of surveyed cross sections (U.S. Army Corps of Engineers, 2001a). The 1995 low-flow water-surface profile was developed for 9,300
ft*/s at Chattahcochee and is provisional {USACE, Mobile District, unpublished data, 2005}.

riverbank heights from 53 main-channel cross-section surveys
are shown in figure 7 (USACE, 2001a). Bank heights in any
given cross section are typically higher on one side of the river
than the other. The bank heights used in figure 7 are the bank
elevations of the low side in each cross section.

Figure 7 shows that the joining point stage is 10 {1 above
bank level in the upper reach and gracdually decreases down-
stream until the joining point stage is essentially the same
as bank level in the nontidal lower reach. This progressive
lowering of the relative elevation of the joining point stage is
probably due to the following reasons, The width of the main
channel al Chattahoochee is about 10 percent of the width
of the lNoodplain, whereas the width of the main channel in

the nontidal lower reach is only about 1 percent of the width
of the floodplain (fig. 2}. In addition, in the lower reaches of
the river, a substantial amount of river water lcaves the main
channei and is carried by large side-channel strcams even
during low-flow conditions. Lastly. the amount of channel
enlargement that has occurred is greater at Chattahoochee than
in the nontidal lower reach, as evidenced by the difference
between pre-dam and recent stage-discharge relations at low
flow (fig. 6). Because of these differences, the main channel
in the upper reach conveys a relatively large proportion of the
discharge during overbank flows and. thercfore, watcr-level
decline caused by channel change in the upper reach is still
evident when water levels rise well above bank height.
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The 22 graphs in appendixes | through V are arranged in
pairs with two different scales on the horizontal (discharge)
axis. The [irst graph in each pair has a horizontal axis showing
the {ull range of discharge (from 0 1o either 220,000, 240,000,
or 300,000 ft¥/s, depending upon data available for that gage).
The second graph in each pair has a horizontal axis showing
discharges up to 60.000 */s only. Two pairs of graphs (A-B
and C-D) are provided for every gage with an additional
thirdl pair of graphs for the Chattahoochee gage (E-F).

Graphs A and B show the relations with averages of daily
mean values in selected discharge increments. Increment sizes
were 1,000 1%/s for discharges up to about 30,000 ft*/s and
increased with increasing discharges greater than 30.000 fti/s.
Increment sizes at the highest discharges were optimized to
accommodate small sample sizes. Graphs C and D show the
relations with daily mean values.

Graphs E and F in appendix | (Chattahoochee) show the
relations developed for this report with individual discharge
measurements and with the two USGS ratings used in the
recent period for computing published discharges. At gaging
stations, discharge measurements are routinely conducted
at various times during the year to directly determine the
volumetric rate of flow (discharge} of the river. Discharge
measurements are the basic data from which standard stage-
discharge ratings are created. Graphs E and F are included as a
check to show how relations developed for this report compare
with the original data that werc used Lo estimate daily mean
discharge values at Chattahoochee.

All of the stage-discharge relations (except the pre-dam
relation for RM 35) were made by fitling a hand-drawn
line through the averages of daily mean values in selected
discharge increments (shown in graphs A and B in apps. -V}
The points defining the hand-drawn line were manually
digitized, then entered into a curve-fitting software program to
generate a formula for the line (app. V1) and error statistics on
the fit of the line to the daily mean values (table 5). The aver-
age ranges of 95-percent confidence limits for stage-discharge
relations are (.04 ft at 10,000 ft¥/s, 0.10 ft at 50,000 (1Y,
and 0.44 fi at various high flows ranging from 100,000 to
250,000 fe¥/s (table 5).

Three stage-discharge relations (Chautahoochee pre-dam
relation. Chattahoochee period of record relatien for high
flows, and RM 35 estimated relation for high flows) included
some daily mean values that were collected at nearby sites less
than a mile away.

(1) The Chatlahoochee pre-dam relation was based primarily
on stage and discharge data from December 16, 1939,
to April 30. 1954, when the Chattahoochee gage was
located at the US 90 highway bridge (its present loca-
tion). From October 1, 1928, to December 15, 1939,
the gage was located at the railroad bridge at River

Tunction. about 0.9 mi downstream [rom its present
location. River Junction daily mean values greater than
100,000 fi*/s were adjusted to account for the drop in
stage from the US 90 bridge to the railroad bridge and
were added to the 1939-1954 data to tmprove the pre-
dam relation at higher flows. This correction, which
increased with discharge and ranged from 0.89 ft a
100,000 ft3/s to 1.09 ftat 291,000 ft*/s, was determined
from a comparison of stages at River Junction and the
present gage for similar discharges, and from water-
surface slope calculations between the Chattahoochee
and Blountstown gages.

(2) Adjusted River Junction daily mean values were also
added to the data used to create the period of record
relation for high flows greater than 188,000 ft/s at
Chattahoochee. Two discharge measurements made
prior to 1939 were adjusted to the present gage location
and are included in graph E ol appendix 1.

(3) The RM 35 estimated relation for high flows was based
on two daily values that were adjusted from measured
values at the RM 36 gage., which was located 0.7 mi
upstream from the RM 35 gage. These two vafues
occurred during the peak of the July 1994 flood.

Methads for estimating the RM 35 pre-dam relation are
illustrated in figure 8. The first step involved the development
of a pre-dam straight-line distance interpolation relation which
was estimated by the following calculation. The river-mile
distance from the Wewahitchka gage to the RM 35 gage was
divided by the Lotal river-mile distance from the Wewabitchka
gage to the Sumatra gage. The resulting proportion was then
multiplied by the difference between the Wewahitchka stage
and the Sumatra stage for each discharge increment. and
subtracted from the Wewahitchka pre-dam stage to yield the
straight-line distance interpolation stage for RM 35 for that
discharge.

The RM 35 pre-dam straight-line distance interpolation
relation, although helpful as a guide, could not be used “as
is” because it did not account for the fact that the slope from
Wewahitchka to RM 335 is steeper than any other reach of the
river. The RM 35 pre-dam relation was estimated at the low
end using actual data consisting of three stage values from
water-surface profiles developed for Chattahoochee discharges
of 5.860 /s (October 1954), 7,340 ft/s (August 1951), and
9.300 /s (March 1956) (USACE, 1955). At the high end.
the relation was drawn through the estimated joining point
of 52,000 Mt¥/s from figure 6. The remainder of the RM 35
pre-dam relation between 9,300 and 52.000 [tY/s was visually
estimated using the RM 33 recent relation as a fower guide and
a RM 35 pre-dam straight-line distance interpolation relation
as an upper guide.
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Figure B. Data used to estimate pre-dam stage at the RM 35 streamgage in relation to discharge in the Apalachicola River at
Chattahoochee, Florida. The RM 35 pre-dam stage-discharge relation was drawn through three pre-dam stage values from
water-surface profiles, then visually estimated 1o join the recent relation at the estimated joining paint, using the recent relation
as a lower guide and the pre-dam straight-line distance interpolation relation {calculated from pre-dam Wewahitchka and
Sumatra relations) as an upper guide. The estimated pre-dam relation does not coincide with the pre-dam straight-line distance
interpolation relation for reasons discussed in text. Relations were developed using lag times as defined in glossary.

Interpolated Stage-Discharge Relations
between Streamgages

Two types of data were combined to produce interpolated
stage-discharge relations between the gages. Stage-discharge
relations at gages provide detailed information about stages
that might be expected at all discharges ranging from lowest
to highest, but only near gage locations. Waler-surface profiles
provide detailed information about stages at all locations, hut
only for a single discharge (9.300 ft¥/s).

Water-surface profile data and long-term gage data
compare favorahly at the gage locations (fig. 9). Differences
hetween the two types of data at the gage locations are listed
in table 6. The average difference is 0.19 ft after adjusting
for an explainable error at Chattahoochee that applies only
to a limited distance in the vicinity of that site. The error at
Chattahoochee occurred because the pre-dam water-surface
profile was developed in 1956 after more than one-half foot
of decline had already occurred at the gage from riverbed
degradation resulting from the trapping of sediment in Lake
Seminole. Adjustments [or this local error, shown in parenthe-
ses in Lable 6. were calculated using the following steps:

{1y An adjusted value for pre-dam long-term gage data at the
Chattahoochee gage (45.84 ft) was calculated hy aver-
aging all stages that occurred at discharges hetween
8,800 and 9,800 ft/s (9.300 £500 It¥/s) from 1954 to
1956.

(2) A difference of 0.08 ft for Chattahoochee pre-dam
data was determined from the difference between
the adjusted value for pre-dam long-term gage data
(45.84 1t} and the 1956 water-surface profile data
(45.92 f1).

{(3) The average of all differences (0.19 ft) was calculated
using 0.08 ft for the pre-dam Chattahoochee difference
{(instead ot 0. 57 f1).

Water-surface profiles are compared 1o straight-line inter-
polations of stage between all gages except RM 35 in figure 9.
Over most of the river’s length, the results of the two methods
compare favorably. In the nontidal lower reach, however,
straight-line interpolation without the benefit of RM 35 data
results in large errors in both the actual stage and the magni-
tude of the water-level decline. The problem is that the two
largest changes in water-surface slope in the entire 85 mi of
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the nontidal river occur at the Wewahitchka and RM 35 gages.
From Wewahitchka to RM 35 is a 6.5-mi reach with the steep-
est slope in the entire nontidal river, and downstream from RM
35 is a 14.7-mi reach with the lowes! slope. For this reason. all
available data were used (o estimate a pre-dam stage-discharge
relation at RM 35 (fig. 8). Admittedly. this estimated relation
has considerable uncertainty asscciated with it; however,
figure 9 demonstrates why the use of an estimated pre-dam
RM 35 stage-discharge relation, along with its companion for
the recent period, is a better method for interpolating stage-
discharge relations between Wewahitchka and Sumatra than a
method that excludes the RM 35 data.

Interpolated stage-discharge relations for estimating stage
at all locations between gages (at every 0.1 rm) in relation 0
discharge at Chattahoochee were developed using a series of
interpolation formulas that varied among three flow ranges
(low, intermediate. and high). In the low-flow range (3,300 ft¥/s
and less}, the interpolation formulas use slope calculations
based on stage data in water-surface profiles (app. VILA).
In the high-flow range (joining-point flow and greater). the
formulas use siope calculations hased on straight-line river-
mile-distance interpolations hetween gages (app. VILB).
In the intermediate-flow range (between 9.300 ft¥/s and the
joining-point flow), the formulas generate a mathematically

smoothed curve beginning at the water-surface profile stage
for 9.300 ft¥/s and ending at the straight-line river-mile-
distance interpolated siage (averaged from both pre-dam and
recent relations) ai the joining-point flow (app. VIL.C).
Selected examples of interpolated relations in each
reach shown in figure 10 help explain how the formulas
in appendix VII operate. Known stage for 300 ft/s from
water-surface profiles are identified in each interpolated rating
to show the data upon which the low end of the relation was
based (fig. 10}. One of the examples in figure 10B. head of
Sand Slough at rm 65.2, was chosen 1o show pre-dam and
recent stage at a location where little water-level decline
occurred, based on the water-surface profiles in figure 9.
Three of the examples, mouth of Flat Creek (fig. 10A), mouth
of stream to Porter Lake (fig. 10B), and head of Moccasin
Slough (fig. 10C), are discussed further in the “Results and
Discussion” section. Although this report does not specifically
address water-level decline in the lower Chipola River, two
of the relations shown in figure 10C can be used to determine
decline at the upper and lower end of that river: (1) at the
Wewahitchka gage, located close to the head of the Chipela
River Cutoff, which feeds the upper end of the lower Chipola
River; and (2) at the mouth of the lower Chipola River at rm
27.9.
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Figure 10. interpoiated stage at selected sites between streamgages in relation to discharge in the Apalachicola River

at Chattahoochee, Florida, in {A} upper reach, (B} middle reach, and {C) nontidal lower reach. Relations at streamgages
downstream from Chattahoochee were developed using lag times as defined in glossary. Range of stage and discharge shown
on axes varies among the three graphs to focus on flows below joining points in each reach.



Methods

55 T T

! T T T ! T T I T I T
50 jage (rm 775 -
45 —
a0 b ;u-gl;(i!l—li'i—Z)_ -
35 Lake {rm 58
05 [a;e—-(r-r-n—ﬂ«a-ﬂ)_ E
I—
25 jage (rm 418}
20+ —
=
= 15| _
[an]
e
S 0 ,
" £U,u0U CHRLLT] b, ULy BU,LU IUIRTISH 12y,u0u 140,000 160,000
=
2 DISCHARGE AT CHATTAHOOCHEE GAGE, IN CUBIC FEET PER SECOND
T
E 25 T T T T T T T T T T T T T T T 1
b C
=
,_‘g L
20 —
< *r
w
15
wh
5L
- 4
0 L | | ] 1 | 1 | | | ! | 1 | !

0 10,000 20,000 30,000 40,000 50,000 60,000 70,008 80,000

DISCHARGE AT CHATTAHOOCHEE GAGE, IN CUBIC FEET PER SECOND

EXPLANATION
'RE-DAM RELATION — — ~ INTERPOLATED RELATION FOR HIGH FLOWS—-Above
STIMATED PRE-DAM RELATION—Far RM 35 joining point.
{[ECENT RELATION KNOWN PRE-DAM STAGE-At 9,300 cubic feet per second
PERIOD-OF-RECCRD RELATION FDA HIGH FLOWS from water-surface profile.
INTERPOLATED PRE-DAM RELATION KNOWN RECENT STAGE-At 9,300 cubic feet per second
INTERPOLATED RECENT RELATION from water-surface profile.

Figure 10. {Continued) Interpolated stage at selected sites between streamgages in relation to discharge in the Apalachicola
River at Chattahoochee, Florida, in {A) upper reach, (B) middle reach, and (C) nontidal lower reach. Relations at streamgages
downstream from Chattahoochee were developed using lag times as defined in glossary. Range of stage and discharge shown
on axes varies among the three graphs to fecus on flows below joining points in each reach.
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Errors associated with the interpolation methods cannot
be quantified. but an additional analysis of the methods used
Lo interpolate between-gage relations shows hypothetical
worst-case error in a comparison of test cases (fig. 11). In
this figure. stage-discharge relations at three gages based on
actual data from long-term records arc compared to hypotheti-
cal cases in which the gage data were ignored and the relation
was developed by the interpolation methods used in this report.
At the Blountstown gage site. for example. interpolated
stage-discharge relations were developed from data at the
Chattahoochee and Wewahitchka gages. ignoring the existing
data from the Blountstown gage. Similarly, interpolated stage-
discharge relations were developed at the Wewahitchka site
using Blountstown and Sumatra gage data, and at the RM 335
site using Wewahitchka and Sumatra gage data.

The departures shown in the hypothetical worst-case
tests in figure 11 are greater than would be expected for the
between-gage interpelated relations for three reasons:

(1) In wwo test cases, Blountstown and Wewahitchka, it was
assumed that gage data did not exist and interpolations
were conducted over long distances, 63.9 and 56.9 rm
respectively. The actual distances over which interpola-
tions were made are considerably shorter (28.2, 35.7,
6.5, and 14.7 rm).

(2) In rwo test cases, Wewahitchka and RM 33, informa-
tion about the nearby {and large) slope changes on the
river are ignored, whereas actual calculations include
information that accounts for these stope changes.

{3) Error resulting from the interpolation method approaches
zero neat the gages, so the departures of the typc
shown on figure 11 would not apply to the relations for
sites close to gages.

Stage-discharge relations defined by a set of paired
discharge and stage values are listed in digital table files for
each gage site and for each site spaced every 0.1 rm between
the gages. These digital files are on the compact disk (CD)
in the map pocket of this report and a description of tbeir
conlents is provided in appendix VIIi. The files on the CD
contain a total of 1,704 relations (5 pre-dam and 3 recent rela-
tions at gages. plus 847 interpolated pre-dam and 847 interpo-
lated recent relations between gages). Each relation is defined
by about 500 poinis at the discharge increments shown in the
annolated example in appendix VII[L.A. Appendixes VIIL.B
and C describe the organization of files in EXCEL format and
flat fife format. respectively.

Developing a list of points that define each relation was
determined to be the most practical way to generate and present
large numbers of stage-discharge reladons that are provided on
the CD. Futurce users of these data can easily convert selected
point lists to equations for stage-discharge relations using any
curve-fitting software (similar to those listed in app. IV), and can
then use those cquations Lo estimate waler-level decline at specific
locations in the nontidal river for any discharge. The metheds
presenied in this report, and the interpolated (between-gage) stage-
discharge relations provided on the CD, were developed primarily

for the purpose of making reasonable estimales of the amouni
of water-level decline that occurred between the pre-dam period
and the recent period. The interpolated relations may be useful
for other purposes. but the methods and inherent assumptions
used to develop the relations should be evaluated before these
relations are used for other applications.

Water-Level Decline and Floodplain Effects

The magnitude of water-level decline at a particular
location is the difference between the pre-dam and recent
stage-discharge relations at that site. An example of this ditfer-
ence using pre-dam and recent relations at the Chattahoochee
gage is shown in figure 12. For a given discharge. the recent
stage minus the pre-dam stage vields the change in water
level at that discharge. At the Chattahoochec gage. the decline
is greatest at low discharges and systematically decreases
with increasing discharge. This same trend. with a few minor
exceptions. occurs at the other gages as well. Al all locations,
the amount of the decline decreases to zero at the joining
point where pre-dam and recent relations merge (not shown
in fig. 12}. Water-level declines attributable to channe] change
were calculated at ¢losely spaced locations (every 0.1 rm) for
14 selected discharges to show variation at different locations
under different flow conditions.

Approximate Decrease in Duration of Inundation
Caused by Channel Change

Impacts of water-level decline on biological habitats and
communities in the floodplain cannot be adequately deter-
mined from direct measurements of water-level decline alone.
Statistics derived from streamflow records, such as changes
in the duration or frequency of inundation, are necessary for
describing changes in long-term hydrologic conditions on the
floodplain. The lollowing methods were used to calculate the
approximate decrease in duration of inundation attributahle to
channel change, which is used in several analyses in this report.

The first step in determining the decrease in duration
of inundation is to calculate what is informally referred to
as “equivalent-stage discharge.” In the example in figure 13.
the selected discharge of 15.000 fi¥/s at the Chattahoochee
gage had a pre-dam stage of 49.22 ft, and 25,700 ft/s is the
“equivalent-siage discharge” in the recent period with that
same water-surface elevation, Another way of describing this
concept is that an additional 10,700 fi¥/s would be required
in the recent period to replicale the stage associated with
15.000 ft¥/s during the pre-dam period.

The next step is to determine the percent exceedance
tor both the initial selected discharge and its corresponding
equivalent-stage discharge. “Percent exceedance™ is the term
commonly used to describe the percentage of time that a
specified streamflow discharge is cqualed or exceeded during
a given time period. Percent exceedance is used to determine
“percent duration of inundation,” which is the percentage of
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Figure 12. Water-level decline resulting from difference between pre-dam and recent stage-discharge relations at the
Chattahoochee streamgage on the Apalachicola River, Florida, for selected discharges. The magnitude of the decline is
greatest at low discharges and systematically decreases at higher discharges.

130,000

{2) Low topographic features of the floodplain with a bowl-

preferred term for describing hydrologic conditions on a flood-
plain. Percent duration of inundation and percent exceedance
can be treated as numericalty equal with certain caveats:

(1) The area of inundated floodplain is greatest when river

levels are high and decreases with decreasing stage.
but there are a few low areas of the floodplain that
remain inundated by river water even at minimum flow,
suich as the beds of permanently connected floodplain
streams or very low swamp forests. {Details on the
amount of floodplain area that is inundated at various
discharges can be found in Light and others. 1998.)
All percent exceedance values. cven those for very low
discharges, can be used to define the percent duration
of inundation of some areas of the floodplain, but they
may not necessarily apply to the entire floodplain.

like shape, such as swamp depressions, may relain
water long after flood waters recede or may refill after
heavy rains. Such areas would experience longer peri-
ods of inundation than those assumed from river stages.
Swamps receiving water from seepage off nearby bluffs
or local upland drainage areas can also have water
perched above the elevation of the river surface during
low water. In these areas, the actual percent duration of
inundation is different than percent exceedance calcu-
lated from streamflow data. The reader is cautioned
that percent duration of inundation values in this report
are based solely on river stage, without any adjustments
to account for site-specific variations in floodplain
topography or other sources of water supplied to the
floodplain independent of river flow,
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Figure 13. Example of determination of the "equivalent-stage discharge” in the recent period that is required to replicate a
pre-dam stage using data for the Chattahoochee streamgage on the Apalachicola River, Florida. Calculation of “equivatent-
stage discharge” is a necessary step in estimating changes in long-term flow statistics, such as duration of inundation, that
have resulted from changes in stage-discharge relations from 1954 to 2004, In this example, 15,000 ft¥/s at Chattahoochee had a
pre-dam stage of 49.22 feet, and 25,700 ft¥/s is the *equivalent-stage discharge” in the recent period that has that same water-

surface elevation.

Percent exceedance is caleulated from streamflow records
for a defincd time period, and the results vary depending
upon the time period chosen. Selection of the time period is
determined by the objective of the analysis. If the cbjcctive
were 10 compare actual lloodplain inundation in the pre-dam
period to that in the recent period, the first step would be to
determine equivalent-stage discharges using pre-dam and
recent stage-discharge relations. These different discharges
for pre-dam and recent conditions. indicative of the physi-
cal changes in the channel, would then be used to calculate
percent excecdance based on the two different periods of flow
records (pre-dam and recent. respectively). The difference in
duration of inundation resulting from these calculations would
reflect the combined effects of both the physical changes in
the channel and changes in discharge between the two periods.
Studies addressing the full extent ot hydrologic change
that has occurred in floodplain habitats should include the
combined cffects of both of these types of water-level changes.
An analysis of this type, however. is not within the scope
of this report, Changes in discharge are compiex because of
substantial seasonal and annual variability. and causes of those
changes are unclear. Although a limited description of changes

in water levels caused by changes in discharge is addressed
for comparison purposes in the section entitled “Long-Term
Changes in Monthly Discharge.” the primary objective of this
reporl is o present details about the water-level decline caused
by channel changes, independent of changes in Tow.

It the same time period is used to calculate percent
exceedance from pre-dam stage-discharge relations and
percent exceedance from recent relations, then the ditfer-
ence hetween them represents the decrease in floodplain
inundation that has occurred as a result of channel changes
enly {independent of changes in flow). This allows the
consequences of channel changes 1o be determined without
the additional complication of flow differences hetween carlicr
and later time periods. In most of the analyses in this report.
actual conditions in the recent period of 1995 1o 2004, reflect-
ing the effects of water-level decline attrihutable to channel
change, were compared to the approximate natural conditions
that would have occurred in that same period if this water-level
decline had nor occurred. This comparison shows the approxi-
mate difference in duration of floodplain inundation with and
without channel change during the recent period.
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The recent period was compared Lo a 30-year contempo-
rary period and two other earlicr periods (fig. 14). The recent
period should not be assumed to represent average or typical
conditions because it is the driest decade of the later period.
At discharges less than 30,000 ft¥/s, the recent period is more
similar (o the driest decade in the early period (1949-58) than
to either the earlier or the later 30-year periods. The recent
period, however, is an excellent time period for evaluating
the effects of water-level decline on biological habitats during
extreme low-flow events. Extreme events can he an important
factor affecting the species of trees that will colonize or
thrive in floodplain forests. the long-term survival ol sensitive
aquatic specics such as endangered mussels, and many other
biological processes in the floodplatn. If the objective of
the analysis is o describe the effects of water-level declines
under more typical conditions, however, periods longer than
10 years (preferably 20-30 years or longer) should be used.

Calculations of percent exceedance for the recent period
hased on both the pre-dam and recent relations are illusirated
in the example in figure 15A. The initial selected discharge of
15,000 Tt*/s and its corresponding equivalent-stage discharge
of 25,700 (t¥/s in figure 15A are the same values generated
by the example steps in figure 13. In the final calculation step
in figure 15A, the percent exceedance of the equivalent-stage
discharge (20.6) minus the percent excecdance of the initial
selected discharge (45.3) yields a change of -24.7 percent.
This is the approximate decrease in duration of inunda-
tion during the recent period that resulted from water-level
decline caused by channel change at the Chattahoochee gage.
Figure 15B illustrates the same calculation, which was made
separately for the individual years 2000 and 2003, showing
large differences in durations from year to year. Because of
this annual variability, it is important not to draw conclusions
about durations for a multiple-year period, as shown in ligure
15A, and apply them to individval years. Biological siress
caused hy adverse hydrologic conditions may not be evident
when examining durations for the (0-year period, but vulner-
able species could be extirpated locally by conditions occur-
ring in the driest year of this decade.

Approximate decreases in duration of inundation
caused hy channel change. as determined from 1995 to 2004
flow durations, were calculated at closely spaced locations
{every 0.1 rm) for 14 selected discharges to show variation
at different locations and under different flow conditions.
Approximate decreases in duration of inundation were also
catculated for each year of the 1995 of 2004 pericd at three
example locations selected to show specific effects of water-
level decline on biological habitats of the MMoodplain. At these
three locations, duration data were caiculated only for the
scasons during which hydrologic conditions are important to
the organisms utilizing those habitats. Inundation of flood-
plain forests, for example, has little effect on tree growth and
survival during the dormant season, so duration calculations
were made only on water-level data during the growing season
for tha particular case study. Elevation data at these three

sites were collected in previous studies or for other purposes
in the present study. Sources of the elevation data are cited in
each case.

Changes in Seasanal Distribution of Discharge

Long-term changes in the seasonal distribution of
discharge were evaluated hy comparing monthly discharge in
the two 30-year periods shown in figure 14 (1929-1958 and
1975-2004). Both periods included major droughts and large
floods (tables 2 and 3) and had similar averagc discharges.
Although anthropogenic effects on runoff and streamflow arc
not new—some heginning in the 1800s—many anthropogenic
activities prevalent in the later period were minimal of nonex-
istent in the earlier period. For example, the later period begins
just after the completion of the last of the five large Federal
reservoirs that were constructed from 1954 to 1974 [or various
flow regulation purposes (USACE, 1996). Large increases
in agricultural water use occurred with the advent of center-
pivol irrigation systems in southwest Georgia beginning in
the 1970s (Pierce and others, 1984). Municipal water use was
much greater in the later period. especially in metropolitan
Atlanta, which has experienced large increases in population
{Marella and others, 1993: Couch and others, 1996: Atlanta
Regional Commission. 2006).

To compare these two 30-year periods. the first step
involved isolating daily discharge values by month. For
example. the daily mean discharge values for every January
day in the earliest 30-year period were combined into onc
dataset having 930 values. Then five selected streamtlow
duration statistics (10, 23, 50. 75, and 90 percent exceedance}
were developed for that “January” dataset. For example,
the discharge equaled or exceeded in 10 percent of the days
in January (49,780 1t¥/s in the early period) represents the
discharge that typically occurred in January during very wet
conditions. The discharge equaled or exceeded in 90 percent
of the days in January (11,700 [t¥/s in the early period) repre-
sents the discharge that typically occurred in January during
drought conditions. The same fve setected duration statistics
were calculated for each month in the later period using the
same methods.

In a final analysis, water-level changes caused by changes
in monthly discharge were compared o the water-level
declines caused by channel changes. Because water-level
changes resulting from changes in {low are complex. vary-
ing seasonally, annually, and by location along the river, this
comparison of both types of water-level declines was made at
only one example location (Blountstown gage), and only for
median flow conditions (50 percent exceedance) and drought
conditions (90 percent exceedance). Water-level changes
caused by both channel changes and [low changes were
calculated individually, by the lollowing methods, and then
comhined to show the relative contribution of each to the total
long-term change in monthly water levels at the selected site.









(1) To calculate water-level changes attributable to changes
in discharge. streamflows from both the early period
(1929-1958) and the later period (1975-2004) were
converted to stage using the same stage-discharge reja-
tion (the recent relation for the Blountstown gage). and
then differences in stage between the two periods were
determined for each month. The same stage-discharge
relation was used for both time periods to isolate the
effects of flow changes from the eftects of channel
changes. These results show the consequences of
changes in flow assuming the present channel shape,

(2) To calculate water-level declines attributable 1o chan-
nel changes, streamflows from the later period onty
{1975-2004) were converted to stage using both the
pre-dam {pre-1954) and recent (1995-2004) stage-
discharge relations at the Blountstown gage. and the
water-level decline was determined from the difference
in those two stages. The same time period of flow data
(1975-2004) was used to calculate pre-dam and recent
stage to isolate the effccts of channelf changes from the
effects of changes in discharge.
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Results and Discussion

A summary of the water-level decline that occurred
throughout nearly all of the nontidal Apalachicola River as
a result of changes in stage-discharge relations from 1934 to
2004 1s discussed in this section. The effects of water-level
decline on long-ierm duration of inundation and selected
floodplain hahitats are also discussed.

Magnitude and Extent of Water-Level Decline

The magnitude of the water-level decline in relation 1o
distance along the river at 14 sclected discharges is shown
in figure 16. The lowest lines in figure 16 indicate that the
largest stage declines occurred at the lowest discharges, which
was anticipated in the discussion of figure 12. The 14 lines in
figure 16 parallel one another with fairly consistent spacing.
This pattern reflects the fact that all siage-discharge relations
{apps. I-V) have a generally simitar shape. There are minor
departures, however. from this general pattern. In the vicinity
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Figure 16. Patterns of water-level decline, at various discharges, that accurred afong the nontidal Apalachicola River, Florida, as

aresult of I

-term changes in stage-discharge relations from 1954 to 2004. Physical changes in the river channe! caused the

changes in stane-discharge relations, thus the decline is greatest at tow discharges when all streamflow is contained within the

channel, an

ast at high discharges when much of the runoff is flowing over the floodplain.
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of the Wewahitchka gage. for cxample, the stage decline for
15.000 /s is slightly greater than the decline for 10,000 ft¥/s.
indicating that some aspect of channel change in that vicinity
was atypical. If the amount of channel widening at diffcrent
elevations on the banks did not progressively decrease with
increasing stage, crossed lines would occur on figure 16. At
Wewahitchka, channel widening at the elevation associated
with 15.000 ft¥/s (higher up on the bank) may have been greater
than the amount of channel widening that occurred at the eleva-
tion associated with 10,000 [t¥/s (lower down on the bank).
Considering that dredged material disposal has occurred along
the riverbank at this and many other sites (USACE, 2001a),
widening could have been atypical in some cases.

The largest water-level decline occurred at rm 103.7. just
downstream from Jim Woodruff Dam, and the decline progres-
sively decreased downstream to rm 66. Downstream progress-
ing riverbed degradation is 1o he expected where a dam traps
the sediment (sand in this case) of the streambed (Galay. 1983;
Simons, Li, and Associates, 1985; Ligon and others. 1995).
Sand in the streambed below the dam is naturally mobilized
and transported downstream during large streamflow cvents.
Prior to dam construction, those transported sediments were
replaced by sand from upstream sources, but that does not
occur now that the dam is in place because sediments are
trapped in the reservoir. The consequence is a progressive
fowering of the streambed surface, with greater magnitude of
bed decline near the dam and lesser magnitude downstream.
Other factors could also have contributed to the water-level
decline. Dredging permanently removed streambed sediment
from the channei cnvironment and lowered the streambed
surface when it was accompanied by disposal of dredged
material on the floodplain (a common practice prior to 1973).
but the relative contribution of this practice to bed lowering
has not yet heen determined. In addition. channel widening.
which was documented using a time series of aerial photo-
graphs, has been relatively widespread throughout the entire
nontidal river (Price and others, 2006) and probably also
contributed (o the water-level decline upstream from rm 66.

The near absence of water-level decline at most
discharges in the vicinity of rm 66 is anomalous and not easily
explained. considering that channel widening. which was rela-
tively widespread along the cntire river. occurred in this reach
as well. 1t is telling that the trend toward progressively lessen-
ing declines moving downstream from the dam ended at rm
66, with a trend reversal of progressively increasing declines
downstream from this location. River mile 66 probably marks
the downstream limit of the influence of Jim Woodruff Dam
with regard to riverbed degradation. because it is not obvious
how the presence of the dam could have contributed ro the
increasing declines downstream from this location. Walcr-level
declines downstream from rm 66 are likely the resull of chan-
nel widening and other more localized factors.

The large and abrupt increase in waler-level decline in the
vicinity of rm 38 is unique within the pattern shown on figure 16.
Widespread and repetitive activities {including annual mainte-
nance dredging, disposal, and woody debris removal) probably

contributed to this water-level dectine, but do not explain why
the decline was larger in this particular location. In addition

to normal maintenance activitics, meander cutoffs and bend
easings were excavated in 1957 and 1969 to straighten the
lower reach of the river within a few miles upstream and
downstream from RM 35. Widening of the river channel was
particularly large (50 percent increase in average width} in

the vicinity of bend easings upstream from RM 35 (Price and
others, 2006). In addition, a substantial amount of channel
deepening was measured in cross-section surveys downstream
from RM 35 in the vicinity of the two largest meander cutoffs
(Price and others, 2006). Upstream-progressing riverbed
degradation is a predictable consequence when a river reach is
shortened by meander culoffs (Galay, 1983).

The fact that the water-level decline was negligible near
the Sumatra gage site is 1o be expected. The Sumatra gage is
located at the approximate boundary between the nontidal and
tidal reaches of the Apalachicola River. Near the mouth of an
alluvial river that flows into the sea, the surface of the river
must always merge smoothly with sea level irrespective of any
channel changes that may iake place.

Cenain small-magnitude aspects of the pattern of water-
level decline (fig. 16) are likely the result of errors. The sharp
change in the decline (for all discharges except the very
highest) just downstream from the Chattahoochee gage. and the
abrupt “uptick™ in many of the lines at the Wewahitchka gage
are examples. The methods for developing stage-discharge
relations at gages and between-gage sites wcere different.

Thus the values in figure 16 at the exact gage locations were
determined differently than the values 0.1 rm upstream and
downstream from the gages (and at all locations between
gages). As explained in the “Methods” section, stage-discharge
relations at the five page sites were developed using only the
long-term streamgage records at those sites, whereas a combi-
nation of water-surface profile data and streamgage rccords
were used to develop interpolated relations at between-gage
sites at closely spaced intervals of 0.1 rm. The interpolated
hetween-gage relations were based primarily on water-surface
profile data at fow flows, wilh a gradually increasing use of the
long-term gage dala in the interpolations at higher discharges.
Table 6 and figure 9 show that the water-surface profile data
are in general agreement with stages delermined from long-
term gage records. Minor discrepancies at Chattaboochee

and Wewahitchka. however. are large enough to be visible

in figure 16. In the first case. the decline shown at the cxact
Chattahoochee gage location is more accurate than those
shown in about the first 3 rm downstream from the gage. This
is because Lhe between-gage declines were based on water-
surface profiles developed in 1956 after more than 0.5 ft of
decline had already occurred at the gage from riverbed degra-
dation resulting from sediment trapping in Lake Seminole. The
declines at the exact location of the Wewahitchka gage are also
probably more accurate than the between-gage declines. The
uptick at Wewahitchka provides an example of the error that is
possible in the between-gage declines at the lower discharges,
which were based primarily on the water-surface profile data.



The magnitude of the declines at the gage sites is
graphically presented in figure 17A (and listed on the left side
of app. IX} in relation to 14 selected discharges. The decline
at the Chattahoochee gage is more than twice the decline at
any other gage at all discharges shown, and exceeds 2 ft even
at discharges as high as 120.000 ft¥/s. At discharges in the
25,000 to 100,000 fi’/s range. the second largest deckine is at
the Blountstown gage. At the lowest flows. the second largest
decline is at the RM 33 gage.

The detailed data shown by river mile in figure 16 is
summarized by major reaches of the river in figure 17B
(and listed on the right side of app. 1X). As expected. the
upper reach has the greatest declines at all discharges shown.
Declines in the middle reach at discharges of 20,000 (1%s and
less are relatively similar to those in the lower reach,
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Effects of Water-Level Decline on Floodplain
Habitats

Effects of the long-term water-level decline on hydrologic
conditions in floodplain habitats are described in this repori
primarily in terms of decreases thal have occurred in percent
duratton of inundation. Actual duration of inundation in the
recent period, reflecting the effects of water-level declinc,
were compared 1o the approximate naturat duration of inunda-
tion that would have occurred in that same period if water
levels had not declined. Figure 18 shows these approximate
decreases in duration of inundation in relation to distance
along the river for 14 selected discharges. Approximate
decreases in duration of inundation at the gage sites and aver-
age decreases for reaches of the river are shown in figure 19
for those same 14 selected discharges.
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Figure 17. Water-level decline, at various discharges, that occurred along the nontidal Apalachicola River, Flarida, as a result of
long-term changes in stage-discharge relations from 1854 to 2004 (A) at streamgage sites, and {B) averaged by reach. Physical
changes in the river channel caused the changes in stage-discharge relations, thus the decline is greatest at low discharges when
alt streamflow is contained within the channel, and least at high discharges when much of the runoff is flowing over the floodplain.
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Figure 18. Patterns of approximate decreases in percent duration of inundation, at various discharges, that occurred along the nontidal
Apalachicola River, Flarida, as a result of long-term changes in stage-discharge relations from 1954 to 2004. These results represent
the difference hetween duration of inundation under actual conditions in the recent period {water years 1995-2004), reflecting the
effect of water-level decline, and the duration of inundation that would have oceurred in that same period if water levels had not
declined. Calculations were made in a series of steps, described in the methads, starting with the pre-dam and recent stage-discharge
relations. NOTE: Ouration values are dependent on the time period used for calculating them (19952004 in this case) and would be

different if a different time period were used.

Appendix X lists the values resulting from each step of
the catculation process used to gencrate the results shown in
figure 19. This appendix is a three-part table with equivalent-
stage discharges shown in part A, the corresponding percent
exceedance values in part B, and approximate decreases
in duration of inundation in part C. The values in part C of
appendix X are the same values as shown in figure 19.

Similar to figure 16, the greatest decreases in inundation
shown in figures 18 and [9 occur at the Jowest discharges,
with minor departures from this general pattern. The reasons
for the departures are twofold: (1) some aspect of ¢hannel
change in that vicinity may have been atypical (as explained in
the discussion of fig. 16). and (2) differences in durations can
vary depending upon which part of the flow duration curve
is involved in the change from the pre-dam discharge to the
recent equivalent-stage discharge (as illustrated in fig. 13).

Large decreases in percent duration of inundation of
about 20 to 45 percent occurred in the upstream-most 10
mi of the upper reach for discharges ot 5,000, 10,000, and
15.000 ft*/s (Tig. 18). As expected. these decreases were
greater than at any other location along the river. But for all
other discharges, decreases in duration of inundation in the
upper reach were retatively similar to decreases in much of
the middle and lower reaches. This differs from the results
shown in figure 16. in which the magnitude of water-level
declines in the upper reach were substantially greater than in
the middie and lower reaches for all discharges. Dissimilar
results in these two figures are primarily due to differences in
floodplain topography between the reaches. In the lower reach,
adjacent floodplains are lower in relation to river stage and the
floodplain is wider and has lower relief than in the upper reach
(figs. 2 and 7). In addition, a substantial amount of river flow
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Figure 19. Approximate decreases in percent duratien of inundation, at various discharges, that occurred along the nontidal
Apalachicola River, Florida, as a result of long-term ehanges in stage-discharge relations from 1954 to 2004 (A) at streamgage
sites and (B) averaged by reach. These results represent the difference between duration of inundation under actual conditions
inthe recent period (water years 1995-2004), reflecting the effect of water-level decline, and the duration of inundatian that would
have occurred in that same period if water levels had not declined. Calculations were made in a series of steps, described in the
methods, starting with the pre-dam and recent stage-discharge refations. NOTE: Duration values are dependent on the time period
used for calculating them {1995-2004 in this case) and would be different if a different time period were used.

leaves the main channel and is carried by large side-channel
streams even during low-flow conditions. As a result. a differ-
ence in river slage is usually associated with a larger difference
in discharge at downstream sites than at upstream sites. For a
discharge of 30.000 ft%/s, for example. the water-level decline
shown in figure [7 for the Blountstown gage (1.7 ft) was more
than twice the decline thal occurred at the Wewahitchka gage
(0.8 fi). Yet the equivalent-stage discharge required in the recent
period to replicate the pre-dam stage for 30,000 t¥/s is similar
between the two sites {35,500 f1¥s at Blountstown, 36,300 ft¥/s
at Wewahitchka: app. X. part A). Consequently, the approximate
decrease in duration of inundation as a result of that water-level

decline is slightly greater at Wewahitchka (4.5 percent) than at
Blountsiown (4.0 percent} (fig. 19) in spite of the substantially
smalter water-level decline at Wewahitchka.

Specific Examples of Habitat Alteration

Determining the effects of water-level declines on
particular species or biological communities in the floodplain
requires an understanding ol the seasonal habitat neceds of
those particular organisms. Decreases in duration of inunda-
tion vaused by water-level decline in the river are calculated
for dilferent seasonal periods in each of the [ollowing






The availability of thermal refuge habitat in Flat Creek
and other cool-water streams in the upper reach of the
Apalachicola River has been severely reduced by water-level
decline since 1954, These streams are often too shallow during
summer to provide access for adult striped bass (fig. 20). In
the recent period [rom 1995 to 2004. the percentage of time in
May through October that the mouth of Flat Creek was at least
3 frdeep bas been reduced by more than half because of walter-
level decline (fig. 21). If channel changes had not occurred,
cool-water refuge would have been available in Flat Creek
ahout 90 percent of the time in the months of May through
October during the 10 years of the recent period. Because of
water-level decline. however, cool-water refuge was avail-
ahle only ahout 40 percent of the time during this peric
In additicn. there was not a single year in the recent period
{1995-2004) that Flat Creek was available for adult striped
bass continuously throughout the thermal refuge season of
May through October (fig. 21). By comparison. if water-level
decline had not occurred. avaitability 100 percent of the time
during the thermal refuge season would have occurred in 6 out
of 10 years, with more than 70 percent availability in 9 out of
10 years (all years except 2000).

By severely reducing access to critical habitat in cool-
waler streams, water-level decline in the Apalachicola River
probably contributed. in parL, to the historical decline and
the present low numbers of the Gulf Coast race of siriped
bass. Water depths in more than a dozen Apalachicota River
tributaries known to he thermal refuge streams are no longer
sufficient to provide access for adult striped bass when river
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discharge drops below 8.000 ft*/s, with the exception of
Selman’s Ditch, which was artificially dredged and deepened
many years ago. Excavation to deepen the mouths of other
coof-water refuge streams has provided only short-term
benefits (Long. 2004: Striped Bass Technical Task Force,
2003) (see section entitled “Future Trends and Potential for
Restoration™).

Persistence of flowing-water habitat for listed
mussels.—In the past 50 years, a precipitous decline in
freshwater mussels appears to have occurred in the ACF
Basin, similar to the decline that has occurred throughout
the southeastern United States (Brim Box and Williams,
2000). Causes of the decline in the ACF Basin. although not
quantitativety documented, probahly include construction of
dams and impoundments, dredging and channel modifications.
excess sedimentation from erosion as a rsult of poor agricul-
tural practices. introduction of the Asian clam (Corbicula
Sfhuminea), and pollution (Neves and others, 1997; Brim Box
and Williams. 2000).

Many species of freshwaler mussels, including threatened
and endangered species, cxhibit high mortality in the absence
of flowing water and the ensuing hypoxic conditions (Jehnson
and others, 2001 USFWS. 2003: Goliaday and others, 2004).
Perennial flowing streams in the floodplain that have upland
drainage areas, such as Flat Creek. are common in the upper
reach of the Apalachicola River. Listed mussets. however,
have not been found in these sireams, with the exception of
the Shinyrayed pocketbook (Lampsilis subangulaia), which
was last seen in 1962 and apparently extirpated since then
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Figure 21. Effects of water-level decline on the availability of thermal refuge habitat for adult striped bass in Flat Creek on the
Apalachicola River, Florida, from 1995 to 2004. Water depths at the creek mouth were based on a cross-section survey in 1993
120 feet upstream from the mouth of the creek where it empties inte the upper reach of the Apalachicola River at river mile 99.5,






Apalachicola River, and permanent [fowing water conditions
would have been continuously maintained in Moccasin Slough
throughout the recent drougbt of 1999 to 2002 il water levels
in the river had not declined.

Because Moecasin Siough probably has been an intermit-
tent stream since the early 1980s. with nonflowing conditions
lasting weeks or months during dry years, the slough has not
been suitable bahitat for threatenced or endangered mussels that
depend on continuously [lowing water to mainfain oxygen-
ation. Consequently. no listed mussels have heen found there.
Many species of fish are intolerant of hypoxic or nonflowing
conditions as well. including fish identified as host species
necessary to support the larval phase of mussel reproduction,
The blackbanded darter ( Pescing nigrofasciata) has been
identified as a potential host species for the endangered fat
threeridge (Amblema neisleriiy (USFWS. 2003). Darters as a
group generally inhabit flowing waters and would be unlikely
to survive in the isolaled pools of intermittent floodplain
streams (Kuehne and Barbour. 1983; Leitman and others,
1991).

Swilt Slough. by comparison, was a perennial stream
until recently (July 2006) and harbored a relatively abundant
and diverse mussel fauna. including the targest population
of fat threeridge known to inhabit floodplain streams of the
Apalachicola River {USFWS. 2003: EnviroScience, Inc.,
2006). Swift Slough was observed to he disconnected for
the first ime on record in Jate July 2006 (Charles 1. Mesing,
FFWCC, written commun.. 2006), as a resulf of very low {low
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in the river (5.100 ft%s) in combination with a higher than
normal streambed elevation in the first 700 ft of the head of
the stough (1.3 £t higher than during the previous observation
in August 2000). Sand from a large shoal in the main river
channel immediately upstream of the slough may have been
deposited in the slough during a longer than normal high water
period (exceeding & months) in 2003 and a major flood event
{maximum daily mean discharge of 158.000 ft¥/s) in 2003.
The only floodplain streams known to have live popula-
tions of listed mussels are those with persistent lowing water,
Fat threeridge populations were reported in Kennedy Creek
(EnviroScience, [nc., 2006) in a location having perennial
flow (Light and others, 1998}. One live purple bankclimher
(Elliproideus sloarianus) was found in River Styx in 2000
(Theodore §. Hoehn, Florida Fish and Wildlife Conservation
Commission, written commun., 2006). Flow in River Styx is
typically sluggish during low-flow periods, but this backwater
slough has not been known to disconnect completely from the
Apalachicola River. Dead shells of {at threeridge and purple
bankclimber were found in two small unnamed intermit-
tent streams between rm 30,0 and rm 30.3 that flow (when
river levels arc high enough) from the Apalachicola River 10
Douglas Slough (Jerry W. Ziewitz, USFWS. writien commun.,
2000). It is not known if the dead shells washed in from the
river or were the remains of live mussels that succumbed
to adverse conditions in these sireams when the streams
stopped flowing. Several fat threeridge and purple bank-
climber mussels were found in the main channel of the river
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AFPROXIMATE NATURAL CONDITIONS-That would have occurred if water levels had not declined.
mm  ACTUAL CONDITIONS-Reflecting effects of water-fevel declina caused by channet change.

Figure 23. Effects of water-level decline on persistence of flowing-water habitat in Moccasin Slough on the Apalachicola River,
Florida, from 1935 to 2004. These results are based on an elevation survey of the streambed in the head of Moc casin Slough and
abservations of flowing and non-flowing conditions in 2001 and 2002 compared to simultaneous stage measurements at AM 35

streamgage.






During the 10 years of the recent period, duration of
inundation in the growing season at the average clevation of
the tupelo-cypress swamp at this sile was 29 percent, hased on
actual conditions reflecting the cffects of water-level decline
caused by channel change (fig. 25). The approximate duration
of inundation in the growing season that would have occurred
in this swamp if water levels had not declined was 47 percent,
Thus, the water-tevel decline in the river has shortened the
duration of inundation in the growing scason in the tupelo-
cypress swamp at Porter Lake to the extent that hydrologic
conditions in the swamp are now more similar to natural
conditions associated with the tow bottomland hardwood
forest (19 percent) than to conditions previously associated
with the swamp.

A preliminary assessment of vegetalive changes indicates
tbat Porter Lake swamps are shifling to a drier forest composi-
tion. Based on a comparison of historical (1979} to present
(2005) composition and a comparison of the present canopy to
the present subcanopy (using younger trees as an indication of
the future canopy), a change has occurred in forest composi-
tion of about 10 to 20 perccnt toward a drier forest type in the
Porter Lake tupelo-cypress swamp. Because {orest composi-
tion changes slowly, the full impact of the hydrologic change
may not oceur for many more years. Other effects of allered
hydrelogy may be slower growth rates, higher mortality
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rales. and reduced density. The composition of low and high
bottomland hardwood forests may also change in response to
drier conditions.

Effects on Hoodplain Habitats: An Overview

The specific examples given at Flat Creek, Moccasin
Stough, and Porter Lake swamp illustrate the impacts of water-
level decline on IToodplain habitats. The reduction in avail-
ability of cool-water rcfuge by more than half in Flat Creek,
the conversion of the previously perennial Moccasin Slough
1o an intermittent siream with no flow for weeks or months
during dry years. and the alteration of hydrologic conditions
in tupelo-cypress swamps near Porter Lake to the extent that
tupelo-cypress swamps are changing (o a different and drier
forest type, represent only a few examples of the impacts that
have oceurred in floodplain habitats as a result of water-level
decline caused by channel change. Water-level declines in
the river have suhstantially changed long-term hydrologic
conditions in more than 200 mi of off-channet floodplain
sloughs. streams. and {akes and in most of the 82,200 acres
of flvodplain forests in the nontidal reach of the Apalachicola
River (fig. 18: Light and others, 1998). Figure 26 illustrates
some of the other effects that decreasing river levels have on
floodplain habitats.
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TUPELD-CYPRESS SWAMP S—Approximate natural conditions that would
have occurred if water levels had not declined.

TUPELD-CYPRESS SWAMPS-Actual conditions, reflecting effects of
water-level decline caused by chennel change.

LOW BOTTOMLAND HARDWDDD FORESTS-Approximate natural conditions
that would have occurred if water levels had nat declined.

Figure 25. Effects of water-level decline on the duration of inundation in tupelo-cypress swamps near Porter Lake in the middle
reach of the Apalachicola River, Florida, from 1995 to 2004. Because of water-level decline caused by channel change, the
average duration of inundation during the growing season in Porter Lake swamps decreased from 47 to 29 percent, and is now
more similar te the natural cenditions associated with low bottomland hardwood forests {19 percent).






Except during the highest floods. when the floodplain
is entircly covered with water moving in a downstream
direction. the river-floodplain corridor contains a constantly
changing mixture of terrestrial and aquatic hahitats as water
levels ffactuate seasonally and annually between the wet
and dry extremes shown in figure 26. The high diversity of
habitai types and hydrologic conditions in the Apalachicola
River {loodplain helps explain the high biological diversity of
this system. All of the habitat conditions shown in figure 26
occur periodicatly in some parts of the floodplain in response
to the naturally fluctuating flow regime of this system. The
frequency and duration of conditions at the dry end of the
spectrum, however, have increased substantially because of
long-term water-level declines. Nonilowing. hydrologically
disconnected, and dewatered conditions occur much more
often as a result of the decline, with important consequences
on waler quality. particularly dissolved oxygen concentra-
tions. Based on over 900 water-guality measurements made
in various {loodplain habitats of the Apalachicola River from
2001-2004, mean dissolved oxygen concenlrations were &
ppm (parts per million} in flowing waters, 5 ppm in non{low-
ing backwaters connected to the main channel, 4 ppm in
backwalers that had been isolated from the main channel less
than 6 weeks. and less than 2 ppm in backwater arcas that
had been isolated from the main channel more than 6 weeks
(Stephen J. Walsh, USGS. written commun., 2006). Ponds and
lakes remaining in the floodplain shrink in size from evapora-
tion and infiltration during extended pericds of low water
levels, reducing the amount of aguatic habitat connected 1o the
main river channel to 200 acres or less during severe droughts
{Light and others, 1998),

Long-term hydrelogic changes in floodplain habitats of
the Apalachicola River described so far in this report were
caused hy channel changes only. Changes in the amount
of water delivered from upstream were nol included in the
calculations of decreased duration of inundation presented in
figures t8. 19, 21, 23, and 25. becausc effects of water-level
declines caused by changes in slage-discharge relations were
calculated independent of changes in Mow {see section entitled
“Approximaie Decrease in Duration of Inundation Caused
hy Channel Change”). A discussion of additional hydrologic
changes that have occurred as a result of changes in flow is
necessary in this general overview of the effects of water-level
declinc on floedplain habiats.

Long-term changes in monthly discharge.—Average
discharge in the earliest 30 years (1929-1958) and latest
30 years (1975-2004) in the peried of record at the Chatta-
hoochee gage was very similar {21,200 and 21,500 ft%/s,
respectively). hut the seasonal distribution of {lows has
changed. Figure 27 compares menihly streamflow statistics
(10.25. 50, 75, and 90 percent exceedance) in these two
periods. During median conditions (fig. 27C). fall and winter
discharges increased and spring and summer discharges
decreased. with the greatest changes in February (23 percenl
more discharge) and April (22 percent less discharge).
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During drought conditions (90 percent exceedance, fig. 27E),
discharge decreased in all months except February, with the
greatest decreases in April. May, July. and August (28. 24, 26,
and 29 percent less discharge, respectively).

Long-term changes in the monthly discharge in the
Apatachicola River are probably caused by a combination
of natural climatic changes and anthropogenic activities in
the ACF Basin. some of which are listed below. Although
numerous reports have addressed most of these activities and
changes, there is no comprehensive summary describing the
degree to which each of the factors have atfected streamflow
in the Apalachicela River. In the following discussion, the
order in which various factors arc addressed does not neces-
sarily imply order of importance. Trend analyses relating
discharge to climate. which is not within the scope of this
report, would be necessary to undersiand the degree to which
anthropogenic effects have contributed 1o the observed
changes in monthly discharge.

Climatic differences may have contrihuted. in part.

1o differences in monthly discharge between the earlier

and later periods. Large increases in median February and
March discharge in the Apalachicola River (fig. 27C), for
example. were also observed in two smaller, undammed rivers
nearhy 10 the east and west (Suwannee River at Ellaville,
Choctawhaichee River near Bruce: USGS, 2006b.c). In many
north Florida streams, including the Apalachicola River,
winter streamflow increased from 1940-1969 to 1970-1999
(Kelly. 2004). This increase was attributed (o a long-term
cyclical pattern in Atlantic Ocean sca-surface temperatures
called the Atlantic Multidecadal Oscillation (AMO) in which
1940 to 1969 was a warm phase and 1970 1o 1999 was a cool
phase. In that comparisen, the increase in average annuab flow
in the Apalachicola River during the recent coot phase (1970-
1999) was less than afl other north Florida streams examined,
possibly because streamflow decreased at all Flint River
stations during that period—a trend atypical of the southeast-
em United Stales in general. It is important to understand the
effect of the AMO and other long-term climatic patierns (such
as the El Nifio Southern Oscillation) on Apalachicola River
flow, hecause these natural cycles can alternately “disguise or
accentuate™ the effects of anthropogenic activities (Enficld and
others, 2001).

Flow regulation is carrted out by USACE through the
management of reservoir storage and releases at three Federal
dams along the Chattahoochee River {Buford. West Point, and
Walter F. George: fig. 1) (USACE. 1989: 2006a). Reservoirs
impounded by George W. Andrews and Jim Woodruit Dams
arc essentially run-of-river projects and are not normally used
for flow regulation. Afthough reservoir operations vary from
year to year depending upon river levels. clirnatic conditions,
and water management needs, operations gencrally follow
pool-level guidelines called “action zones™ 1o meet project
purposes for each reservoir (USACE. 2006a,b). Management
for flood control typically includes releases of waler in the fall
(October-December) to lower reservoir pool evels in advance
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Figure 27. Monthly streamflow statistics for the earliest 30 years (1323-58) and the |atest 30 years {1975-2004) in the period of record at
the Chattahoochee streamgage on the Apalachicola River, Florida. Discharge values shown were equaled of exceeded, for the percent
of time indicated, in the given month of the specified 30-year period. For example, graph A shows discharges that were equaled or
exceeded only 10 percent of the time, representing very wet conditions. Graph E shows discharges that were equaled or exceeded 90
percent of the time, representing drought conditions. Note that scales on vertical axes are different on every graph.



of the flood season (January-April). Refilling of the reservoir
pools can begin as early as mid-February, but is accomplished
primarily in April and May in advance of Memorial Day,

the first major holiday of the recreational season (USACE.,
2006a.b). Although the amount of water that can be stored in
or released from Federal reservoirs is limited relative 10 the
Mow of the Apalachicola River, reservoir management may
have contributed. in part, to decreased flow in April and May
in the Apalachicola River during moderate and dry conditions
(fig. 27C. DD, and E). Reservoir operation objectives to main-
tain full reservoir pool levels during the summer recreational
scason, which ends with the Labor Day holiday (USACE,
2006b), may have affected summer flow in the Apalachicola
River. On the other hand, releases from lake storage during
summer and fall (June-December) were routinely made in

the past to augment flow in the Apalachicola River to support
navigation (USACE, 1986). If support of navigation is reduced
in the future as a result of recent difficulties encountered

by the USACE in obtaining a State permit for maintenance
dredging of the navigation channel {Florida Department of
Environmental Protection. 2005). the amount of summer flow
augmentation may change,

Agricultural water use increased rapidly in the lower
Flint River basin during the 1970s with the introduction of
center-pivol irrigation systems (Pierce and others, 1984). The
irrigation season is typically April through Septemher, with
peak irrigation volumes in May through August (Georgia
Environmental Protection Division, 2006). Ground water is the
primary source of irrigation withdrawals (Marella and otbers,
1993). Several studies have documented a strong connection
between ground-water withdrawals and reduced stream[low
in the lower Flint River hasin (Hayes and others, 1983; Torak
and others. 1996) with modeling results indicating effects on
Apalachicola River flows, particutarly during droughts (Torak
and McDowelt. 1996).

Municipal and industrial water use in the ACF Basin
has increased substantially since 1970. Municipal water usc
increased steadily from 1970 to 1990, whereas industrial water
use increased from 1970 10 1980 and then leveled off (Marella
and others, 1993). Comprehensive compilations of municipal
and industrial water withdrawals and waslewater returns in this
hasin alter 1990 have not been puhlished. although estimated
values were generated for missing data as part of a recent ACF
flow-modeling project (USACE. 2004). Population in urban
areas of Georgia has continued to increase. particularly in
metrepolitan Atlanta (Atlanta Regional Commission, 2006),
and preliminary 2000 water-use estimates in the ACF Basin
indicate that steady increascs in municipal water withdrawals
are continuing as well (Fanning, 2003; Richard L. Marella.
USGS. written commun., 2006). Considerable seasconal
variation can eccur in the amount of municipal consumption
(withdrawals minus returns). Municipal consumption in the
ACF Basin from May through August was about twice that
of November through April based on preliminary data for the
year 2000.
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Reservoir evapoprecipitation (evaporative losses and
precipitation gains) results in lower flows in spring. summer.
and early fall. when lemperatures and evaporation rates are
highest, and higher flows in winter, when evaporation rates
ar¢ low and precipitation on reservoir surfaces adds directly 1o
streamflow withoul interception by the forests that existed there
before the reservoirs were built (USACE, 1996). Estimates
of evapoprecipitation effects on streamflow have been made
at the four largest Federal reservoirs by the USACE (1995,
1996). Evapoprccipitation is also occurring at the 12 smaller
mainstem reservoirs on the Chattahoochee and Flint Rivers,
1.800 rescrvoirs on mapped tributaries of these two rivers
(U.S. Environmental Protection Agency (USEPA), 19948 Alice
Lawrence, USFWS, written commun., 20053, and 22,000
additional small reservoirs. including ponds on intermittent
streams and isolated ponds used for irrigation and stock
watering {Cowie, 2002; Davis, 2003: Georgia Spatial Data
Infrastructure, 2006). Little is known ahout the hydrologic
effects of these numerous farm ponds on ACF streamflow. In
a detailed hydrologic study conducted in a stream basin with
many stoek-water reservoirs in an arid region (Wyoming).
water losses atiributable o reservoirs were about 30 percent
of total basin streamflow (Culler, 1961). A similar hydrologic
study is needed to determine the eflects of reservoirs on
streamflow in the humid southeastern United States.

Increases in impervious surfaces [rom urbanization
have occurred in the ACF Basin. with the greatest increases
occurring in metropolitan Atlanta. Increases in frequency and
magnitude of high {lows, and other changes in streamflow
characteristics. are known to occur as a result of increased
imperviousness (Bledsce and Watson, 2001; Leopold and
others, 2005). In the Upper Chattahoochee River basin. tribu-
tary stream basins with the largest percentage of impervious
area had the highest peak flood [lows (Rose and Peters. 2001)
and the lowest baseflows {Calhoun and others, 2003). The
degree to which this change in land use has cbanged mainstem
streamf{low is unknown. Updated estimates of the percentage
of the walershed covered with impervious surfaces are needed.
along with a better understanding of the runoff charactenstics
that existed in those areas prior 1o urbanization.

As descrihed in figure 3, effects of water-level decline are
the same for floodplain habitats regardless of the cause. Thus a
comprehensive assessment of the impact of hydrologic altera-
tions on floodplain habitats should address the combined effects
of long-term changes in both channel conditions and the amount
of water delivered from upstream. Waler-fevel changes result-
ing from changes in flow, however. arc complex because of
substantial seasonal and annual variability. In addition, the effect
of flow changes on duration of inundation varies with the loca-
tion along the river, similar to the variability that occurs with
channel changes. Although a full description of the effects of
flow changes is not within the scope of this study, the combined
effects of water-level change atirihutable to hoth channel
changes and flow changes at one site {Blountstown gage) are
presented for comparison purposes in figure 28.






shown. For example, the total water-level decline in April
during drought conditions exceeds 5 {t at RM 35 (2.8 f1 from
channel changes plus 2.3 ft from flow changes) and is about
7 ft at Chattahoochee gage (4.7 ft from channe! changes plus
2.3 {t from flow changes).

The ohserved declines in spring and summer flows are
important because water levels influence many important
biological processes during that time of year. with sensitive
species especially vulnerable during drought conditions in hot
weather. Grealest spawning activity for fishes in floodplain
habitats of the Apalachicola River occurs in April and May.
with high levels of spawning aclivity continuing for some
species throughout the summer (Stephen J. Walsh, USGS.
written commun., 2006). The need for cool-water refuge in
floodplain streams for siriped bass is greatest in the summer
months when flows are low and river temperatures are high
(Van Den Avyle and Evans. 1990). Low dissolved oxygen
concentrations in isolated sloughs are most problematic for
tish and mussels during summer for the same reasons (low
flow and high temperature). Spring and early summer are
the seasons of greatest tree growth (Conner and Day, 1992),
and probably also the seasons when flooding has the fargest
influence on tree composition and recruitment in floodplain
forests. Consequently, a better understanding of the eauscs of
decreased spring and summer fiow. and the trends in seasonal
discharge that might be expected in the future, is critical
in determining the full extent of the effects of long-term
water-level declines on floodplain habitats and biological
communities.

Future trends and potential for restoration.—Water-
level decline caused by channel change stowed dramatically
at some sites and ceased altogether at other sites about 20 1o
30 years ago (fig. 5). At the Chattahoochee gage. streambed
lowering is predicted to continue at a slow rate as long as
sand continues 10 be trapped behind Jim Woodrult Dam. In
a “worsl-case” estimate by USACE, water-leve] decline was
projecied to be 1 ftin the nexi 40 years at the Chattahoochee
gage (USACE, 2001a). It is possibie that decreased stope in
the upper 40 mi of the river. evident in a comparison of the
1956 and 1995 water-surface profiles in figure 4, will serve
as a counier-balancing influence to downstream-progressing
riverbed degradation. Future water-fevel decline in this reach
may depend on the degree to which this decrease in slope acts
to decrease both stream velocities and sand transperi. which is
unknown,

Partial recovery of the water-level decline at the
Wewahitchka gage (fig. 3) may have occurred because of
changes that were made in the navigation project in the 1970s
to reduce environmental impacts on the river ecosystem. This
partial recovery indicates that future channel change {except
for minor deepening that may gradually continue because
of the presence of the dam) could be minimized by aveiding
the channel modification aclivilies thal caused the observed
changes. Unfortunately. it is not yet clear which activities
played the greatest role in channel enlargement. particularly
channel widening. If the specific activities responsible for
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most of the widening could be identified and halted. there is
a possibility that the river would narrow by natural processes.
allowing a more widespread recovery of the water-level
decline by some as yet unknown amount. Prevention efforts
will be more effective when the causes of these changes are
better understocd.

Recovery oplions L0 raise water levels in selected reaches
of the river could have large potential benefits. with low-water
connections and {lowing conditions restored 1o many miles
of streams and sloughs, and a more natural flood regime
restored to thousands of acres of floodplain forests. Large-
scale projects, however, can be expensive, questionable with
regard to feasibility. and pose the risk of negative unintended
conseguences.

One example of a potential large-scale restoration
project to raise water levels is the rerouting of the river back
through the bendway of the artificial meander cutoff at Batile
Bend (fig. 29). The Baitle Bend cutoff, which shortened the
river by more than a mile, was the largest of seven artificial
cutoffs and bend easings excavated by the USACE from
1956 to 1969 along the Apalachicola River, all of which
were located in the lower reach, Although the difficulties
involved in rerouting a river as large as the Apalachicola could
prove to be a major engineering and construction endeavor,
restoring the Battle Bend cutoff might reverse the channel
deepening that has occurred in this straightened reach of the
river, raising water tevels for many miles upstream. Meander
cutoffs were successfully restored on the Kissimmee River in
central Florida. resulting in rellooding of floodplain marshes
and rapid recovery ol hiological communitics {Toth, 2005:
Williarns and others. 2006). Restoration of a meander cutoff of
the Apalachicola River, however, may be considerably more
diffieult than bendway restoration on a smaller. lower gradient
stream like the Kissimmee River.

Another example of a large-scale restoration project 1s a
sand bypass or sand recycling project. which could move sand
from the reservoir and deposit it in the thalweg of the upper
reach of the river or move sand upstream to the upper reach
ol the river from large dredged material disposal sites in the
lower reach. Preliminary evaluations of similar propesals in
the Missouri River, however. describe high costs and many
difficult logistical issves involved in sand bypass projects
(USACE, 20011b: Engineering and Hydrosystems. Inc., 2002).

Local-scale remediation eflorts do not raise water levels,
hut can increase the size and connectivity of limited areas
of aquaiic habilat hy removing sediments and lowering bed
elevations in selected sloughs or backwaters. Minor excava-
tion in the mouths of floadplain streams and steughs has been
conducted along the Apatachicola River by the USACE since
the 1980s in response to environmental conecerns about the
damage done o the river-floodplain system as a result of the
navigation project. About a dozen small projects have been
completed. involving excavation ameunts ranging from 200
10 2,500 yd? (cubic yards) that were limited to areas in the
mouths or heads of streams within 100 ft of the main channel
(USACE, wriltcn commun.. 2003).






Research Needs

Natural conditions and anthropogenic influences are
constantly changing in this complex river-tloodplain system
and in the large tri-state basin of which the Apalachicola is a
part. Research nceds change as well. hoth in terms of chang-
ing management priorities as well as changing environmental
conditions. The following discussion is intended to high-
light some of the key issues regarding waler-level declines
caused by bath channel changes and flow changes that. to
the authors’ knowledge at the time of this writing {2006).
have not yet been adequately addressed by the scientilic
community.

Although it is apparent that channel changes in the
Apalachicola River were caused hy some combination of
various channel modifications (dam construction, meander
cutoffs. dredging, dredged material disposal. and woody
debris removal), the relative contrithution of each of these
activities is nol known. Additionally. the precise geomorphic
mechanisms that caused widespread channel widening
are unclear. A geomorphological study, addressing fluid
mechanics, sediment transport. bank erosion, and the history
of mechantcally removed sediment, is necded to determine
which of these past actions played the greatest role in channel
widening. hased on the river’s response to past actions. This
research would provide a hasis for evaluating the potential
erosion and sedimentation effects of all future proposals to
maodify the channel, whether for navigational improvement,
restoration, or other purposes. In addition, the study results
could be used to develep a plan that deiails the actions {(and
inactions) needed to encourage channel narrowing and aflows
for the recovery of the water-tevel decline to the greatest
extent possible.

A hetter understanding of geomorphological processes
is also needed o answer important practical questions about
sedimentation at sites being considered for local-scale remedi-
ation. Answers are needed to estimaie the time it may take for
sediments to accumulate after remediation so that the need for
repeated excavation can be more accurately predicted. Where
does sedimentation occur and at what rates? What is the travel
path of sediment deposited in sloughs? Is sediment delivercd
to sloughs during high-flood events with water passing over
the floodplain or during lower stages with water primarily
conlained within banks? Is the sediment composed of sand
{which could only have been deliverad from the main channel
during high discbarges)? Is it better to open the upstream end,
the downstream end. or both ends of a cutoff oxbow in order
1o reduce subsequent sedimenlation rates? Analyzing relevant
historical data and moenitoring sedimentation in stoughs is
needed 1o address these questions.

The long-term changes in monthly discharges depicted
in figure 27. and the resulting water-level changes shown
in figure 28, provide useful preliminary information about
trenes in flow: however, this analysis is limited in scope
and provides little information about the causes of the flow
changes. A more comprehensive statistical analysis of
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flow-climate rejations in the ACF Basin. based on observed
discharges at the Chattahoochee gage in relation to metec-
rological data threughout the upsiream watershed. is needed
io understand the relative contribution of various natural

and anthropogenic causes. A baseline flow-climate model
could be developed hy determining the ameunt of water that
historically was delivered from the upstream watershed under
a specified set of meteorological conditions. Such a model
could be used to calculate differences between expecled and
observed flows in recent periods under similar meteorological
conditions. Departures from cxpected streamflow could be
compared 10 data on flow regulation, water use, and other
anthropogenic influences to determine the relative contribu-
tion of nonclimatic (anthropogenic) factors 10 streamflow
changes. The model could he used to estimate future changes
in flow, based on potential changes in reservoir operation
practices, changes in water use, or other changes. The modet
also could be used as a future real-time menitoring tool.

with the potential to detect flow deficits that may not have
been expecled. Research based on flow-climate relations
could complement recent work accomplished by USACE to
reconstruct natural flows by making adjustments of observed
flows based on known human influences (USACE, 1996,
2004, with each type of madel serving as a cross-check for
the other.

An equally critical research need that would help
elucidate causes of decreased spring and summer low 15 1o
update the comprehensive basinwide database of ACF water
use that was last conducted using 1990 data (Marella and
others, 1993). In that report. agricultural, muntcipal, and
industrial water-use data collected every 5 years from 1970
10 1990 were presented to provide data on current water
use at the time (1990} and to descrihe historical trends in
waier use for the 20 years leading up to that time. This time
series data for water use has been helpful for documenting
the history of anthropogenic influences in the basin and for
providing trends upon which future projections of water
consumption can be based. Up-to-date water-use data for the
three most recent 5-year cycles. 1995, 2000, and 2005, are
needed. particularly in light of the large increases in popula-
tion that have occurred in the basin since 1990. and the large
fuiure increases projected for metropolitan Attanta (Atlanta
Regional Commission. 2006).

Continued rescarch is needed to address the causes of
hydrotogic allerations and Lo better understand their effects on
hiological communities of the Apalachicola River floodplain.
If declining populations of floodplain species are detected
early, investigations of causal faclors and possible solutions
might lead to timely preventative measures. An understanding
of hiological responses to hydrologic change can help guide
the design and prioritization of restoration efforts on the river.
and will be needed to monitor the bealth of aguatic organisms
and forest communities over time, as changing priorities for
{low regulation and basinwide changes in land and water use
influcnce the future flow regime of the river.



48 Water-Level Decline in the Apalachicola River, Florida, from 1954 to 2004, and Effects on Floodplain Habitats

Summary and Conclusions

This report describes the magnitude and extent of the
water-level decline that occurred in the nontidal Apalachicola
River [rom 1954 10 2004 as a result of long-term changes in
stage-discharge relations. In the upper reach of the river. which
starts at Jim Woodrutf Dam at the head of the river 106.4 mi
(mile) upstream from the mouth and extends to rm {river mile)
77.5. the water-level decline has been known and generally
described in previous reports and is described in more detail
in this report. The magnitude and extent of the water-level
decline in the middle reach (rm 41.8 to rm 77.5) and nontidal
lower reach {rm 20.6 to rm 41.8), which is presented in detail
in this report. has not been reported previousty.

Channel widening and deepening. which occurred
throughout much of the river, apparenily caused the water-
level decline. The channel enlargement occurred primarily as a
gradual erosional process over two 1o three decades, probably
in response to the comhined effect of the dam, river straight-
ening, dredging. dredged material disposal., woody debris
removal, and other activities along the river. Although navi-
gational improvements have been made on the Apalachicola
River sincc the 1800s, channel modifications were conducted
with greatest intensity from 1954 to the 1970s.

Periods of low water levels are now more frequent and
longer in duration than prior to 1954, resulting in longer
periods during which tloodplain streams are dewatered,
isolated, or not flowing, and swamps and bottomland hard-
wood forests are dry. Protection and restoration of biological
habitats and comniunities was the primary motivation for
this research, which was conducted in cooperation with the
Florida Fish and Wildlife Conservation Commission Lo assist
in fisheries enhancement of off-channel aquatic habitat of
the Apalachicola River floodplain. Understanding how much
water-level dectine has occurred, which reaches of the river
have been most affected, and why the decline has occurred
were necessary {irst steps in finding solutions to the problems
created by declining water levels.

The magnitude of water-level decline caused by channel
changes was determined by comparing pre-dam stage {prior to
1954) and recent stage (1995-2004} in relation to discharge.
Long-term stage data for the pre-dam and recent periods from
five streamflow gaging stations were related to discharge
data from the upstream-most gage at Chattahoochee. Florida.
using a procedure involving streamflow lag times. Differences
betwecn pre-dam and recent relations are greatest at low flows,
and gradually decrease with increasing discharge to a point at
which the iwo relations merge. informally called the “joining
point.” This point is the stage or discharge above which the
proportion of flow moving over the floodplain is large enough
that physical changes that occurred in the main river channel
at that site have no noticeable effect on river stage. The jeining
point is 10 ft (feet) above the top of the natural riverbank [evee
at the upstream-most site where the floodplain is about 10
times the width of the main channel. and gradually decreases

with distance downstream until it is nearly the same height

as the natural riverbank levee in the nentidal lower reach
where the floodplain is about 100 times the width of the main
channel.

The pre-dam and recent stage-discharge relations at the
streamgage locations were used in combination with low-
flow water-surface profile data from the U.S. Army Corps
of Engineers to estimate magnitude of water-level decline at
closely spaced locations (every 0.1 mi) along the river. Data
included in digital files on a compact disk attached to this
report can he used to calcutate the water-level declines for any
discharge at any of the closely spaced locations.

Waler-level decline varied with location along the river,
with the largest stage declines occurring at low flows. The
largest water-level decline, 4.8 ft, occurred at rm 105.7,
just downstream from Jim Woodruff Dam, and water-level
declines progressively decreased downstream to 1 ft al rm 66.
The large water-level decline downstream from the dam was
caused primarily hy the dam, because sediment trapped in the
reservoir was not available to replace sand naturally scoured
from the bed and transported downstream by the river. This
process acted to lower the clevation of the riverbed. and was
probably exacerbated by dredging of streambed sediment
to improve navigation. River mile 66 probably marks the
downstream limit of the influence of Jim Woodruff Dam with
regard 10 riverhed degradation. Downsiream from rm 66, the
trend reversed and the decline progressively increased o 3 ft
at rm 38. Although annual maintcnance dredging, disposal,
and woody debris removal occurred along the entire river and
probably contributed to the relatively widespread channel
widening and water-level declines throughout most of the
river, these activities alone do not explain the large declines
(23 It} that occurred in the lower reach hetween rm 33 and
rm 39. Declines in this vicinity may have been caused, in part,
by channel straightening activities (meander cutoffs and bend
easings) accomplished in and downstream from this 6-mi
reach. Water-level decline decreased downstream from rm 33,
and was negligible at the approximate upstream boundary of
the tidal influence of the Apalachicola River at rm 20.6. which
is 10 be expected.

Water-level declines in the river have substantially
changed long-term hydrologic conditions in more than 200 m3
of off-channel floodplain sloughs. streams, and lakes and in
most of the 82,200 acres of floodplain forests in the nontidal
reach of the Apalachicola River. Approximate decreases in
duration of floodplain inundation that occurred as a result of
water-level decline were estimated based on an analysis of
daily mean discharge at the Chattahoochee gage from 1995
to 2004, Decreases in duration of floodplain inundation were
greatest at low discharges at all sites. For discharges of 5,000
1o 15.000 cubic feet per second, large decreases in percent
duration of inundation occurred in the upstream-mosi 10 mi
of the upper reach (20—45 percent), with decreases that were
nearly as large continuing throughout most of the remaining
75 mi of the nontidal reach (10-25 percent).



The nature and magnitude of the hydrologic alterations
of biological habitats on the floodplain that occurred as a
result of the water-level declines were described using specific
examples at three locations. Access to thermal refluge for
striped bass was reduced by more than half in Flat Creek. a
cool-water floodplain stream in the upper reach. Moccasin
Slough, a perennial Moodplain stream in the lower reach was
converted (o an inlermittent stream with no tlow for weeks or
months during dry years. At a rhird site in the middle reach of
the river near Porter Lake, tree composition in a tupelo-cypress
swamp shifted to a drier mix of species, and the swamp could
change 1o a different and drier forest type over time. Many
other types of biological habitats have been affected by an
increase in frequency and duration of nonflowing. hydrologi-
cally disconnected, hypoxic, and dewatered conditions in the
floodplain.

Water-level decline caused hy physical changes in the
channel is probably the most serious anthropogenic impact
that has occurred so far in the Apalachicola River and {lood-
plain. This decline has been cxacerbaled, however, by long-
term reductions in spring and summer flow, especially during
drought periods. Although no trends in total annual Mow
volumes were detected, long-term decreases in discharge lor
April, May. July, and August were apparent. and water-level
declines during drought conditions resulting from decreased
discharge in those 4 months were similar in magnitude 1o
the water-level declines caused by channel changes. These
changes in monthly flows have large impacts on {loodplain
biota. because many importani biological processes are
influenced by floodplain inundation in spring and summer.
Further research on flow-climate relations. linking discharge
in the river to the meteorclogical conditions in the basin, is
needed 10 understand the refative contribution of natural and
anthropogenic causes of the observed declines in spring and
summer flow.

Channel restoration to raise water levels could have
large benefits for many miles of floodplain streams and
thousands of acres ol floodplain (oresi: however. restoration
projects of this type typically are major engineering interven-
tions that are expensive and logistically difficult to conduct.
Restoration of floodplain streams and sloughs conducted
so far have been small, local-scale excavation projects with
relatively short-lived benefits (1-3 years). Geomorphic
evaluations of proposed excavation projects for restoration,
navigational improvements, or other purposes, are needed
to optimize the success of such activities and to avoid unin-
tended consequences that could lead to further water-level
declines. Sctentific studies aimed at understanding the precise
geomorphic mechanisms that caused the channel widening,
which rematn unclear. are needed to assess the possibility of
recovery by channel namowing. Understanding the processes
that deliver and deposit sediment in sloughs and other flood-
plain channels, which as yet is poorly known. will improve
the success of Tuture projects designed to enhance fisheries
habital. Continued research on biological communities in the
floodplain is needed to assist in design and prioritization of
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restoration, and to monitor the health of agualic organisms and
[orest communities as changes in water management and tand
use in this large tri-state basin affect the future flow regime of
the Apalachicola River.
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Appendix I Stage-discharge relations at the Chattahoochee streamgage in the Apalachicola River, Florida.
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Appendix |. (Continued) Stage-discharge relations atthe Chattahoochee streamgage in the Apalachicola River, Florida.
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Appendix I1. Stage at the Blountstown streamgage in relation to discharge atthe Chattahoochee streamgage in the Apalachicola River, Florida.
Relations were developed using a lag time of 1 day, as defined in glossary.
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Appendix I1. (Continued) Stage at the Blountstown streamgage in retation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida.

Relations were developed using a lag time of 1 day, as defined in glossary.
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Appendix I1I. Stage at the Wewahitchka streamgage in relation to discharge atthe Chattahoochee streamgage in the Apalachicola River, Florida.
Relations were developed using a lag time of 2 days, as defined in glossary.
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Appendix IH. {Continued) Stage at the Wewahitchka streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida.
Relations were developed using a lag time of 2 days, as defined in glossary.
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Appendix IV, Stage at the RM 35 streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida,
Relations were developed using a lag time of 2 days, as defined in giossary.
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Appendix IV, (Continued) Stage at the RM 35 streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicala River, Florida.
Relations were developed using a lag time of 2 days, as defined in glossary.
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Appendix V. Stage atthe Sumatra streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida.
Relations were developed using a lag time of 3 days, as defined in glossary.
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Appendix V. {Continued) Stage atthe Sumatra streamgage in relation to discharge at the Chattahoochee streamgage in the Apalachicola River, Florida.
Relations were developed using a lag time of 3 days, as defined in glossary.
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From: Hoehn, Ted {/O=FLA FISH AND WILDL CONSERY COMM/OU=TALLAHASSEE/CN=RECIPIENTS/CN=FWC/CN=OFFICE OF
ENVIRONMENTAL SERVICES {OES)/CN=TED.HOEHN]

Sent: 6/9/2008 8:46:30 PM

To: Poole, MaryAnn [fO=FLA FISH AND WILDL CONSERV
COMM/OU=TALLAHASSEE/CN=RECIPIENTS/CN=MARYANN.PCCLE]

BCC: Poole, MaryAnn [/O=FLA FISH AND WILDL CONSERY COMM/OU=TALLAHASSEE/CN=RECIPIENTS/CN=MaryAnn.Poolej

Subject: FW: Meeting{s) with Mike Sole

Attachments: Apalachicola Restoration Prospects_June 2009_Final.pdf; American Rivers Restoration Paradigm_Meeting Request
FINAL 4.doc

Importance:  High

Here is the info that we discussed eartier today.

Ted Hoehn

Florida Fish and Wildiife Conservation Commission
Division of Habitat and Species Conservation
Habitat Conservation Scientific Services

620 S. Meridian Street, M3 2A

Tallahassee, FL 32389-1600

(850)410-0656 ext 173386; Cell 850-519-3106

Fax (850) 921-1847

From: Wiley, Nick

Sent: Tuesday, June 09, 2009 2:07 PM
To: Hoehn, Ted; Sanders, Scott

Cc: Breautt, Tim

Subject: FW: Meeting(s) with Mike Sole
Importance: High

Ted and Scott. Can you help me determine if we have encugh key staff available this Friday afternoon to host the
referenced meseting? Not sure who all needs to be there, but | know it needs to be more than just ma. i do bielieve Ted
is an essential participant. Thanks. Nick

From: Haddad, Ken

Sent: Tuesday, June 09, 2009 1:49 PM
To: dan@apalachicolariverkeeper.org
Cc: Wiley, Nick; Ventimiglia, Karen
Subject: FW: Meeting{s) with Mike Sole
Impottance: High

Dan, | am not here but certainly some of the staff you list below can be there and perhaps Nick Wiley our assistant
exercutive director. Via this email | arm asking him to coordinate if it is feasible. Regards Ken

ken Haddad, Executive Director

Fiorida Fish and Wildiife Conservation Commission
620 South Meridian, Tallahassee, Fl. 32399

850 487 3786

visit our web at MyFWC corn

From: Haddad, Kenneth

Sent: Monday, June (8, 2009 5:39 PM

To: Haddad, Ken

FL-ACF-03388630






Exhibit 22



Biological Opinion

Endangered Species Act
Section 7 Consultation

on the

U.S. Army Corps of Engineers
Mobile District

Update of the Water Control Manual for the Apalachicola-
Chattahoochee-Flint River Basin in Alabama, Florida, and Georgia and
a Water Supply Storage Assessment

Prepared by:
U.S. Fish and Wildlife Service
Panama City Field Office, Florida
September 14, 2016

USFWS Log No: 04EF3000-2016-F-0181



Biological Opinion for ACF Water Control Manual September 14, 2016

As discussed above, designated critical habitat for the Gulf sturgeon in the action area includes
the Apalachicola River unit, and the Apalachicola Bay unit. In the effects analysis, we discussed
how the WCM may affect four of the PCEs of sturgeon critical habitat: 1) food items in both the
riverine and estuarine environments; 2) riverine spawning areas; 3) flow regime, and 4) water
quality. Of the effects of WCM, hydropeaking has the potential to affect food resources in the
river for young (5-day old) sturgeon larvae and the reduction in floodplain inundation in the fall
and winter has the potential to further reduce food resources for juvenile sturgeon overwintering
for the first time in the bay and estuary. Spawning areas may be affected by the sub-daily flow
and velocity changes from hydropeaking. The flow regime may be altered by operations under
the WCM by changing floodplain inundating flows and sub-daily fluctuations from
hydropeaking. The water quality, especially salinity, in the distributary rivers may affect the
ability to effectively forage by young of year and juveniles in the winter. However, the WCM
would not appreciably change the quantity or quality of the PCEs to the extent that it would
appreciably diminish the habitat’s capability to provide the intended conservation role.

7.3 Determination

After reviewing the current status of the listed species and designated critical habitat, the
environmental baseline for the action area, the effects of the proposed action, and the cumulative
effects, it is the USFWS' biological opinion that the proposed action: 1) will not jeopardize the
continued existence of the Gulf sturgeon; and 2) will not destroy or adversely modify designated
critical habitat for the Gulf sturgeon.

The WCM is intended to apply until a new WCM is adopted. Given the USACE's current
timeline, the findings of this BO shall apply for five years until September 14, 2021, or until
amended through a reinitiation of consultation or superseded with a new opinion for a new
proposed action.

8 MUSSELS - STATUS OF THE SPECIES

8.1 Species Description

Fat threeridge

The fat threeridge (Amblema neislerii) is a medium-sized, heavy-shelled mussel that reaches a
length of about 100 millimeters (mm) (4.0 inches (in)). Large specimens are highly inflated.
The dark brown to black shell is oval to quadrate and strongly sculptured with seven to nine
prominent horizontal parallel plications (ridges). The umbo (the raised, rounded portion near the
shell hinge) is in the anterior quarter of the shell. The inside surface of the shell (nacre) is white
to bluish white. As typical of the genus, no sexual dimorphism is displayed in shell characters
(Williams and Butler 1994, Williams et al. 2008).

Purple bankclimber
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and habitat mapping using side-scan sonar throughout the known range in the ACF Basin have
increased our knowledge of the population size of fat threeridge (Smit 2014, Smit and Kaeser in
press). The sonar mapping approach identified twice as many patches and ten times the quantity
of suitable habitat than identified using traditional approaches and SCUBA sampling identified
high densities of mussels. Fat threeridge was the most abundant mussel in terms of frequency
collected of the 18 mussel species detected during surveys (Smit 2014, Smit and Kaeser in
press). During these 2012-2015 surveys, 7,454 individuals were collected from the lower
Chipola River and lower and middle Apalachicola River (Table 9.1, 9.2, 9.3). Recent surveys all
reported evidence of fat threeridge recruitment in the Apalachicola River based on size class
information (Gangloff 2011, Smit 2014, Smit and Kaeser in press).

The highest densities of fat threeridge occur in the lower Chipola River and between RM 27-50
of middle Apalachicola River with mean densities ranging from 2.1 to 11.2 individuals/sq. m,
but densities ranged up to 19.5 individuals/sg. m in optimal habitat in the lower Chipola River.
Densities varied with habitat class and IRZ, ORZ, and POB generally having the highest
densities (Table 9.5). Based on these densities and the area of habitat mapped in each river
reach, current estimates of the population size of fat threeridge in the action area range from
about 6,009,000 to 18,650,000 individuals, with a mean of approximately 12,167,000.
According to the 2015 Annual Report for USACE, incidental take monitoring began under the
current RIOP conditions, there has been a cumulative take estimate of 8,374 fat threeridge. For
the fat threeridge this represents a total of approximately 0.07% of the population.

Table 9.5 Population estimates based on densities sampled in each habitat (Smit 2014, Smit
and Kaeser in press).

lower upper
Mapped Mean 95% 95% Population lower upper 95%
River Habitat Class area (m"2) Density ClI Cl  Estimate 95% CI Cl
IRZ 270,698 4.6 2.0 6.9 1,239,797 527,861 1,867,816
Middle ORz 157,183 4.8 3.0 6.4 754,478 474,693 1,007,543
Apalachicola 1,043,241 21 1.0 3.0 2,169,941 1,084,971 3,077,561‘
River 505,010 0.1 0.0 1.3 30,301 0 656,513
MC 4,985,217 0.0 0.0 0.0 0 0 0
River Total 6,961,349 4,194,517 2,087,524 6,609,433
Lower
Apalachicola
River SBA 681,500 0.9 599,720
Lower SBA 381,803 11.2 6.9 156 4,276,195 2,618,406 5,953,074
Chipola POB 281,579 11.0 25 195 3,097,370 703,948 5,488,539‘
River MC 1,265,849 0.2 0.0 05 202,536 0 632,925
River Total 1,929,231 7,373,564 3,322,353 11,441,613
Total 9,572,080 12,167,801 6,009,598 18,650,766
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10.4 Interrelated and Interdependent Actions

We must consider along with the effects of the action the effects of other federal activities that
are interrelated to, or interdependent with, the proposed action (50 CFR sect. 402.02). By
definition, interrelated actions are part of a larger action and depend on the larger action for their
justification. Interdependent actions have no independent utility apart from the proposed action.
At this time, the USFWS is aware of only one action that satisfy the definitions of interrelated
and interdependent actions that will not themselves undergo section 7 consultation in the future,
or that are not already included in the Baseline or our representations of flows under the WCM.
This action will undergo section 7 consultation in the future, but is worthy of mention because
they address possible reasonable and prudent measures and terms and conditions for addressing
effects of hydropeaking. The USACE contract with Southeast Power Administration and Duke
Energy will undergo section 7 in the future. This contract controls hydropower production and
hydropeaking.

11 MUSSELS - CUMULATIVE EFFECTS

Cumulative effects for mussels are anticipated to be similar to those for Gulf sturgeon.

12 MUSSELS - CONCLUSION

The proposed action provides both beneficial and adverse effects to the species and their
designated critical habitats. To the extent that the consumptive use assumptions are accurate,
differences between the Baseline and the simulated flows of the WCM are due to differences in
reservoir operations, as the model is driven by the observed hydrology. Therefore, we attribute
all differences between the Baseline and WCM simulated flow regime to the USACE's
discretionary operations. Differences between the Baseline and WCM are summarized for each
of the species below (for more details, see section 10).

Most of these effects, both beneficial and adverse, derive from relatively minor differences
between the WCM and Baseline. Generally, it appears that USACE would store water more
often and augment flows less often under the WCM than has occurred under current
management. The WCM uses some of this stored water to maintain a minimum flow of 5,000
cfs, but the frequency of flows less than 10,000 cfs and less than 7,500 cfs is increased.
Additionally, floodplain inundation during spring and summer is reduced. The remainder of this
section summarizes and consolidates our findings in the previous sections for each listed species
and critical habitat in the action area.

12.1 Fat threeridge
Based on best available information, we believe the population of fat threeridge in the action area
is stable and possibly increasing. The population appears to be doing well despite the principal

effects to the fat threeridge in the action area that we described in section 8, Mussels -
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Environmental Baseline. The inter-annual frequency and the intra-annual duration of low flows
in the pre-Lanier period substantially increased in the post-West Point period. Flows under the
WCM will further increase the frequency and duration of low flows. Flows less than 5,000 cfs
were not recorded in the pre-Lanier period. The WCM supports a minimum flow of 5,000 cfs,
which benefits the fat threeridge, except when drought operations are triggered that provide for
minimum-flow support of 4,500 cfs. Supporting a minimum flow of 5,000 cfs in the future with
less basin inflow as demands increase would require greater storage releases from the reservoirs,
which could trigger the 4,500 cfs minimum flow provision of the WCM more frequently. The
results of an earlier PVA indicated that the population can sustain reductions of 1-2%, and this
magnitude of population reduction occurred in the past at a probability less than expected in the
WCM. However, the PVA also indicates that increasing the frequency of such events results in a
greater impact to long-term population viability, and the WCM increases the probability from
once to twice in 74 years. As such, we need to continue to monitor the frequency and severity of
these events. If the events occur with greater frequency, it may be necessary to reinitiate
consultation.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable,
impact on the survival and recovery of the fat threeridge due to mortality and other adverse
effects if flows are reduced to 4,500 cfs or if additional recolonization and subsequent mortality
occurs at flows above 5,000 cfs. Further, the WCM would have a negative, but not appreciable,
impact on the survival and recovery of the fat threeridge due to reduced recruitment if flows
inundate the floodplain for less than 30 consecutive days between March and August.

12.2 Purple bankclimber

The core of the known population of purple bankclimbers in the action area is at the Race Shoals
(the limestone shoal at RM 105), but the species is apparently rare in the rest of the river and
may be experiencing poor recruitment. Little recent information in the action area is available on
the species with only 31 individuals collected during 2012-2015 surveys and 40 detected during
take monitoring, but the species is much more detectable and probably much more abundant in
other parts of its range, such as the Flint River and the Ochlockonee River. A whole river
population estimate is not available, but the population at Race Shoals was estimated to be
30,000. The principal effects to the purple bankclimber in the action area are those we described
in section 8, Mussels - Environmental Baseline. Channel morphology changes may have
contributed to a decline of the species in the upstream-most 30 miles of the river, although the
species is still found in this reach in relatively high numbers at Race Shoals. Flow regime
alterations discussed above for the fat threeridge apply also to purple bankclimber with the
exception that purple bankclimbers are rarely found at stages greater than 4,500 cfs in the
Apalachicola River. We have observed limited mortality of the population during low flows
from 2008-2015 with 39 individuals in 2011 when flows were inadvertently reduced below 5,000
cfs and 40 individuals detected during USACE take monitoring.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable,
impact on the survival and recovery of the purple bankclimber. This impact is due to mortality
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and other adverse effects if flows are reduced to 4,500 cfs or if additional recolonization and
subsequent mortality occurs at flows above 5,000 cfs.

12.3 Chipola slabshell

Surveys from 1990 to present have documented many occurrences but found that the species
generally occurs in relatively low abundance. We have no evidence that these populations are
currently declining, and we consider the Chipola slabshell status to be stable. Many of the
effects we described in section 8, Mussels - Environmental Baseline do not apply to the Chipola
slabshell, as its known range within the action area is almost entirely limited to the Chipola River
downstream of the Chipola Cutoff. Most of the species range is in the Chipola River upstream of
the action area. Channel morphology appears less altered in the Chipola River than the
Apalachicola River. Flow regime alterations discussed for the fat threeridge apply also to the
Chipola slabshell, but probably to a lesser extent in the narrower channel and higher bank slopes
of the Chipola River. No Chipola slabshell mortality was documented during the low flows of
2006-2008 and 2010-2011, but there has been a cumulative take estimate of 24 Chipola slabshell
under USACE take monitoring. We also expect the mortality of the Chipola slabshell to be less
than the expected for the fat threeridge or purple bankclimber because of its expected higher
mobility.

Therefore, our analysis indicates that the WCM would have a negative, but not appreciable,
impact on the survival and recovery of the Chipola slabshell due mortality and other adverse
effects if flows are reduced to 4,500 cfs or if additional recolonization and subsequent mortality
occurs at flows above 5,000 cfs. Further, the WCM would have a negative, but not appreciable,
impact on the survival and recovery of the Chipola slabshell due to reduced recruitment if flows
inundate the floodplain for less than 30 consecutive days between March and August.

12.4 Critical Habitat

Designated critical habitat for the fat threeridge and purple bankclimber in the action area
includes most of the Apalachicola River unit, and the downstream-most part of the Chipola River
Unit. Designated habitat for the Chipola slabshell only occurs within the downstream-most part
of the Chipola River Unit. In the effects analysis, we discussed how the WCM may affect the
three of the five PCEs of the mussel critical habitat: 1) permanently flowing water; 2) water
quality; and 3) fish hosts.

The WCM increased the probability of reducing flows <5,000 cfs, although this is still a very
infrequent event (3 of 74 years in the record). This would occur under drought operations, and
droughts substantially change the nature of all of these PCEs compared to normal flows. At
higher flows inundating the floodplain, the WCM is expected to have slightly negative effects for
mussel growth and fecundity during the late growing season compared to the baseline. Although
these are also rare events in the record (1 of 74 years in the record), one less pulse of nutrients
may provide less carbon and consequently primary productivity to the main channel of the river
to the majority of the mussel population. Additional data on the effects of up to 1.8 ft sub-daily
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Abstract

Identification and quantification of freshwater mussel habitat in large turbid rivers is
challenging. Sonar habitat mapping offers a low cost and time efficient means to identify and
quantify benthic habitats over large spatial extents. I used sonar to classify freshwater mussel
habitat across a 700 hectare reach of the Apalachicola River, FL, and used sonar imagery
collected before and after a 10-year flood event to assess habitat stability. GIS-derived metrics
and survey data were used to develop predictive models of presence/absence and abundance for
the federally endangered freshwater mussel, Amblema neislerii. Strong associations were
identified between habitats representing flow refugia, as well as deep water habitats. I validated
predicted abundances with data from an independent, quantitative study. Suitable A. reislerii
habitat as revealed by this approach was much larger than identified in previous studies, as was

the resulting reach-wide population estimates of 7-8 million individuals.
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1. Using side scan sonar to delineate freshwater mussel habitat and assess habitat stability in a

meandering Coastal Plain river.

Introduction

Classifying and quantifying freshwater mussel habitat in large rivers is challenging.
Large rivers impose a variety of logistical hurdles when attempting to access and measure
physical or biological components of the benthic environment. The investigation of habitat
associations over large spatial extents requires that practitioners strive to balance feastbility and
effectiveness when conducting research and conservation activities.

Freshwater mussel habitat has been broadly linked to landscape-scale factors such as
land-use, catchment size, and stream power (DiMaio & Corkum 1995; Arbuckle & Downing
2001; McRae 2004), and to micro-habitat characteristics such as substrate type, particle size,
food availability, and the presence of fish hosts (Brainwood et al. 2008; Hastie et al. 2000; Brim
Box et al. 2002; Vaughn & Taylor 2000). Micro-scale measurements of depth, particle size, and
current velocity used in complex hydraulic modeling and assessments of sediment stability have
provided compelling evidence that mussel beds occur in areas where substrate remains stable
during base flow and high-discharge events (Morales et al. 2006; Steuer et al. 2008, Zigler et al.
2008; Allen & Vaughn 2010).

Identifying how ecological processes function across spatial scales is becoming a key
area in ecological research (Levin 1992), and clearly identifying the spatial scale and associated
factors in which the phenomenon of interest is occurring is essential for any study of freshwater
mussel ecology (Newton et al. 2008). Fausch et al. (2002) identified the importance of

intermediate-scale processes to the ecology of stream fishes, and noted that they provide
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important ecological details that may be overlooked when only micro and landscape scales are
considered. Intermediate (meso-scale) habitat classifications have been shown to be practical and
effective when applied to biological habitat assessments across wide geographic boundaries
(Newson and Newson 2000). With the preponderance of freshwater mussel habitat studies
occurring at the landscape and micro scales, the science of freshwater mussel ecology might be
advanced by studies conducted at the meso-scale.

Micro-scale assessments of substrate stability can be used to calibrate meso-scale models
that predict hydraulically stable habitats across larger spatial extents than is feasible with micro-
scale studies alone (Parasiewicz et al. 2012). Although metrics such as relative substrate stability
are assessed at a fine scale through integration of particle size and shear velocity measurements,
hydraulically stable habitats often occur and can be identified as patches at a higher spatial scale
(Morales et al. 2006). Patch units are commonly used in landscape ecology as classes of
predominant habitat within a spatial context, and occur at intermediate spatial scales (Newson
and Newson 2000). Areas of hydraulic refuge in streams represent patches of suitable habitat for
many organisms, increasing the richness, diversity, and abundance of aquatic species (Townsend
et al. 1989; Garcia et al. 2012), including freshwater mussels (Strayer et al. 1999). Thus,
incorporating meso-scale information such as patch-level habitat data in studies may advance
understanding of freshwater mussel ecology in large rivers.

The close relationship between the hydraulic habitat needs of freshwater mussels and the
spatial extent at which these habitat units exist suggests that study of freshwater mussel habitat at
the meso-scale and patch level may provide useful information for the conservation of these
imperiled benthic animals. However, measurement and derivation of complex hydraulic

components to predict substrate stability requires expensive equipment and significant time,
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effort, and expertise, which may limit the widespread adoption of this approach. Although
complex hydraulic variables are clearly useful and important to identify stable habitat for
freshwater mussels, aquatic resource managers could benefit from low-cost tools and approaches
to identify and accurately quantify suitable, stable mussel habitat within the logistical constraints
imposed by time, money, and scale.

Remote sensing of benthic features using side scan sonar provides detailed information
on benthic habitat in hard to access environments. Sonar habitat mapping and geographic
information system (GIS) techniques can be integrated to classify and quantify benthic habitats
in large rivers (Strayer et al. 2006, Nitsche et al. 2007), and riverine habitat features such as
woody material and substrates have been accurately mapped using relatively low cost sonar
equipment (Kaeser & Litts 2008; 2010; Kaeser et al. 2012). Sonar imaging techniques have been
used to track sedimentation processes and bedform in riverine environments (Amina et al. 2007,
Nitsche et al. 2007; Manley and Singer 2007). Bedforms that represent turbulent, unstable
hydraulic conditions might therefore be discriminated from those associated with more stable
conditions by sonar imaging.

Large meandering rivers are shaped by sediment transport forces and exhibit hydraulic
patterns that support the formation of stable habitat patches in predictable locations across the
river channel (Klienhans et al. 2010; Garcia et al. 2012). In alluvial rivers, variability in
hydraulic forces due to meandering flow dramatically influence the shape and conditions of the
river channel, and support the formation of large sand dunes that migrate downstream during
action stages of river flows (Dettrich et al. 1979). In sonar imagery, dune bedform features can
be easily recognized (Elliot et al. 2004), and are associated with the high shear stresses regions of

the channel (Arcement and Schnieder 1989; Zigler et al. 2008; Garcia et al. 2012). As large
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rivers change direction around a meander bend, the scouring erosional forces of river flows
separate from the bank and create secondary backwater/eddy flow environments and
recirculation zones, that occur both upstream and downstream of point bars and adjacent to the
river bank (Ferguson et al. 2003). These areas are used as hydraulic refuge by benthic organisms
including freshwater mussels during flood disturbances (Strayer 1999; Morales 2006; Steuer et
al. 2008; Zigler et al. 2008; Garcia et al. 2012). Flow refugia are also used by a variety of fish
species that may serve as hosts for mussels, thereby increasing chances of glochidial deposition
in these areas.

The Apalachicola River in northwest Florida is a large, alluvial river that is home to a
variety of endemic species, including several imperiled freshwater mussels (Brim Box and
Williams 2000). The fat threeridge, Amblema neislerii, is a federally endangered species, and is
most abundant in the middle reach of the Apalachicola as well as the lower Chipola River, an
adjacent tributary (Gangloff 2012). Quantification of A. neis/erii habitat throughout the
Apalachicola River was identified as a high priority by the U.S. Fish and Wildlife Service
(USFWS) for conservation and recovery of the species (USFWS Recovery Plan 2010). A map
of potential mussel habitat is needed to stratify mussel sampling, and to provide data for
modeling the distribution and abundance of A. neislerii throughout the river.

Preliminary sonar imaging of known mussel beds in the Apalachicola River revealed
distinct, observable differences in characteristics of the sandy bottom (A. Kaeser 2012,
unpublished data). In particular, a smooth bedform was observed in locations of known mussel
beds. This flat, plane bedform extended some distance away from the bank of the river and ended
abruptly at a boundary of distinctive sand dune and ripple bedforms. Smooth bedforms were

found both upstream and downstream of sandy point bars throughout a meandering reach of the
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Apalachicola River known to support a high diversity and abundance of freshwater mussels,

including A. neislerii (Brim Box & Williams 2000). Variations in bedform observed in the sonar
imagery were interpreted as indicators of the hydraulic conditions at the water/sediment interface
during the bed-forming, action stages of river discharge, and were further suspected to
correspond to differences in habitat suitability for mussels. Bedform topology has been used for
meso-scale habitat classification (Frissel et al. 1986), and the hydraulic conditions of meander
bends are responsible for the spatial arrangement of bedforms within the channel, further
suggesting the phenomena of interest could be described well at the meso-scale of study
(Newson & Newson 2000; Garcia et al. 2012). T hypothesized that low-cost, sonar habitat
mapping would enable the classification of suitable mussel habitat at the meso-scale.

My first goal was to identify and implement a classification scheme for benthic
mesohabitats units that would represent functional habitat for freshwater mussels in a large,
coastal plain river. In order to assess temporal consistency of mesohabitat boundaries, I also
used sonar imagery to quantify the areal change that occurred to the mesohabitat classes after a
10-year flood event. Thus, my objectives were to: (1) validate the use of low-cost, sonar habitat
mapping for classifying and quantifying area of mesoscale habitat patches based on bedform
features, and (2) assess the stability of mesohabitat units suspected to function as flow refugia for

mussels using pre and post-flood sonar imaging and areal change analysis within a GIS platform.

Methods

Study Area

The Apalachicola River is a large alluvial river formed at the confluence of the

Chattahoochee River and the Flint River, and since impoundment begins below Jim Woodruff
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Lock and Dam, a navigation and hydropower facility, at the Georgia/Florida state boundaries
(Figure 1). The Apalachicola River drains 50,800 km? of eastern Alabama, west and central
Georgia, and portions of northwestern Florida making it the largest river in Florida and ranking it
21" in mean annual discharge in the United States (Light et al. 1998). The Apalachicola River is
currently regulated to maintain a minimum flow of 141.5 m’s™ (5,000 £°s) during low flow
periods of the year (USFWS 2012).

Below the Jim Woodruff Lock and Dam the Apalachicola River flows unimpeded for 174
km to the Gulf of Mexico. Along its course trends in channel morphology allow division of the
river into Upper, Middle, and Lower-Non Tidal reaches (Light et al. 2006). The Upper section
exhibits a relatively straight channel of coarse sand and gravel with scattered limestone
outcroppings that occur downstream until river kilometer (rkm) 130, the point at which the
surrounding geology drops from the Tallahassee Hills to the Coastal Lowlands (Harvey 2007).
At this point channel geomorphology begins to exhibit a strong meandering characteristic and
sediment composition changes to primarily coarse and fine sand. At tkm 67, the main channel
exhibits a natural anabranch diversion known as the Chipola cut-off, which connects the
Apalachicola River to the Chipola River, a large tributary. The Chipola cut-off marks the end of
the Middle Reach and the beginning of the Lower-Non Tidal Reach. The Lower-Non Tidal
Reach exhibits repeating meander bends until rkm 57. Thereafter the river assumes a less sinuous
course, and continues toward Apalachicola Bay, whose tidal influences from the Gulf of Mexico
begin to influence the shape and chemistry of the channel.

In this study, I focused on the Middle Reach and an upstream portion of the Lower Non-
Tidal Reach of the Apalachicola River (rtkm 104-54; river mile (RM) 65-35; Figure 1), because

these portions are known to hold the highest abundance and diversity of freshwater mussels and
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a majority of the A. neislerii Apalachicola River population (Brim Box & Williams 2000;

Gangloff 2012).

Sonar Survey and Image Processing

Sonar imagery of the entire study area was collected using a Humminbird® 1198¢ side-
imaging sonar unit during the first two weeks of March 2012 (3/2, 3/7, 3/15, and 3/16) and a 17-
foot skiff equipped with a custom, front-mounted sonar transducer (Kaeser and Litts 2011).
River flows of 566 m’s™ (15,000 5!} or greater were targeted for the survey, as the river
channel is fully inundated at these discharges (Figure 2). The middle reach of the river often
exceeded 100 m in width at the target flows, thus, a 3-pass, multi-transect approach was required
to maintain high image resolution across the entire channel. One survey pass (i.e., transect) was
made within close proximity of each bank of the river, using a sonar range setting of 26 m per
side. A third pass was made along the middle of the river channel using a sonar range setting of
45.7 m per side to image the gap between the two bankside transects. I opted to use a lower
range setting during bank passes to provide higher image resolution in areas known to harbor
mussel beds. Slant range correction, an option referred to as “water contour mode” in the
Humminbird® side imaging system, was not activated during bank passes. Slant range correction
is a processing feature that removes the water column representation from sonar images, but I
determined this feature performed poorly when imaging areas containing large quantities of
submerged wood. Slant range correction was enabled, however, during scanning of the middle
transect because it was largely devoid of wood. An operating frequency of 455 kHz was used
during all sonar survey passes. In addition to sonar imagery, depth observations were recorded

at 3-second intervals along all survey routes.
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Sonar image geoprocessing was conducted according to methods described in Kaeser and
Litts (2011). Once processed, the sonar image maps (SIMs, i.e., rectified image raster datasets)
were loaded into an ESRI ArcGIS workspace to provide a spatially continuous, 2-dimensional

representation of the river bottom across the entire study area.

Habitat Mapping

A mesohabitat classification scheme was developed through a review of literature
associated with large river habitat classifications and discussions with biologists familiar with the
Apalachicola River and with mussel sampling in the system. Five distinct habitat classes were
identified as occurring within the main river channel: Point Bar, Inner Recirculation Zone, Outer
Recirculation Zone, Mid-Channel, and Pool/Outer Bank. Garcia et al. (2012) provided technical
explanations of the hydrological conditions likely to be occurring within each of these
mesohabitat classes. Mesohabitat classes and their associated definitions are summarized in
Table 1, and a visual representation of the geospatial context and general hydraulic conditions of
each class within a meander bend is portrayed in Figure 3.

Mesohabitat classes were delineated using a heads-up, manual digitization approach
during inspection of the sonar image map (SIM) layers (Kaeser and Litts 2011). River banks
were first digitized as an outer boundary for the mesohabitat class delineation. Banks were kept
within view on-screen during near-bank survey passes and were digitized as the apparent
boundary of the sonar signal reflectance. Following bank digitization, boundaries between bank-
attached, plane (i.e., smooth) bedforms and rippled/dune patterns were drawn.

Since slant range correction was not applied during near-bank passes, a standardized

approach to digitizing features that appeared near to, and/or crossing the dark band of pixels
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representing the water column in the middle of resulting images was necessary. Whenever the
water column is incorporated in a sonar image, objects or features that exist directly beneath the
boat during the survey are both compressed and displaced to either side of the water column to
some extent. As such, the water column does not represent missing data, but its inclusion does
introduce some positional error and feature distortion. My approach to digitizing boundary
features in such imagery was to trace the boundary as it appeared in the SIMs until the boundary
intersected the water column pixels. At this point, the actual boundary was located directly
beneath the survey vessel, so I digitized the boundary as a line that crossed the water column and
followed the center of the image until the boundary feature was again visible on the opposite side
of the water column. When visible, the boundary would be drawn across the water column and
proceeding along the apparent position of the feature in the SIMs (Figure 4). This approach
provided a consistent and repeatable method for digitizing features when the water column was
displayed, but may have introduced some positional error associated with features that occurred
near the boat path.

After the bank-attached, smooth bedform regions of the channel were separated from the
rippled and duned channel regions, the Inner and Outer Recirculation Zones were dissected from
the Pool/ Outer Bank. Since three mesohabitats exhibited smooth bedform in the SIMs, alternate
features were used for this delineation. The downstream extent of the Inner Recirculation Zone
was generally recognizable in the SIMs by the appearance of large pieces of submerged wood, a
change in substrate tone from dark to light, and a change in the appearance of the bank edge
from a dull-toned, less discrete edge to a bright, solid edge indicating a steepening of the bank
slope (Figure 5). The Outer Recirculation Zone was delineated from the Pool/Outer Bend with

similar sonar features as the Inner Recirculation Zone. At this transition, a darkening of image
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tone was often apparent, likely due to the deposition of finer particles (i.e., silt and mud). Also
apparent at this transition was a change in the bank signature from bright and narrow to fuzzy
and broad, indicating a reduction of the bank slope (Figure 5). The quantity of large woody
material appeared to be similarly abundant in both mesohabitats and was not a useful
characteristic for discriminating the Pool/Outer Bank from the Outer Recirculation Zone. To
interpret the transition between the Pool/Outer Bank and the Outer Recirculation Zone, I also
identified an inflection point at which the depth of water along the Pool/Outer Bank began to
decrease, indicating the beginning of the pool tail-out and a change in the flow environment
along the river margin.

Delineation of the Point Bar from the Mid-Channel required incorporation of aerial
imagery and knowledge of deposition patterns around meander bends. At action stages, when the
bed is formed, the point bar is submerged and shows no clear separation in terms of bedform
from the Mid-Channel in sonar imagery. However, once flows recede seasonally the shallowest
portions of point bars become exposed and can be clearly seen in aerial imagery. To delineate a
portion of the point bar that remained inundated at seasonally low flow levels, a narrow (~10 m
wide) portion of the Mid-Channel surrounding the exposed point bar was separated from the
Mid-Channel using 2010 National Agricultural Inventory Program (NAIP) aerial imagery
collected during a period of low flow (141.5 m®s™/ 5,000 s}, The resulting area of shallow,
inundated river channel adjacent to point bars was classified as the Point Bar mesohabitat. The
Point Bar mesohabitat was assigned a unique class on the basis that it might differ from the Mid-
Channel mesohabitat class in terms of physical habitat conditions.

The Apalachicola River is currently regulated to maintain a minimum flow of 141.5 m’s™

(5,000 s during low flow periods of the year (USFWS 2012). To identify the extent of habitat
y
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inundated at this low flow level, and subsequently map only the habitat that is available to
mussels during such conditions, I digitized the river bank and the edge of exposed sand bars
using recent (Summer 2010) National Agricultural Inventory Program (NAIP) aerial imagery
captured during a period of stable, low flow (141.5 m®s™/5000 £5™"). This boundary was
incorporated in the habitat map and used to define the extent of habitat available to mussels
during low flow conditions. Sloughs and other off-channel, inundated areas were not included in
the habitat classification scheme and therefore were not mapped in this study.

In order to investigate habitat composition trends across the longitudinal extent of the
study area, the final habitat map was decomposed into consecutive sites containing
representatives of all mesohabitat classes. A site was defined as a single meander bend
containing at least one representative of each mesohabitat class. I extracted areal values for all
mapped mesohabitats and summarized both the overall and relative composition of each site to
illustrate trends in habitat composition. To investigate river gradient as a factor potentially
associated with the geomorphology of these sites, I extracted water surface elevation values
derived from a LIDAR-based survey along the river course at 0.16 km intervals. Water surface
elevation was plotted against rkm to illustrate trends in water surface slope occurring throughout

the study reach.

Assessing mesohabitat consistency between pre and post flood sonar imagery

Side scan sonar has been used to track changes in river bedforms after flood events
(Anima et al. 2007). In March 2013 the Apalachicola River experienced a 10-year flood event
where discharge recorded at the USGS gauge in Chattahoochee, FL exceeded 2,832 m’s!

(100,000 £s1) (Figure 2). This flood followed a high discharge event where flow peaked above
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2,265 m’s™ (80,000 f's™). Recognizing an opportunity to assess changes occurring to the areal
extent of mapped mesohabitats associated with a flood (i.e., habitat stability), I rescanned a 32
km portion (67%) of the study area on May 22, 2013 when river discharge at Chattahoochee was
623 m’s™ (22,000 £2s™). This post-flood sonar dataset was processed and mesohabitats were
digitized and classified according to previously described methods.

To assess change, the post-flood May 2013 mesohabitat map was superimposed on the
original March 2012 map; each map was converted to a raster dataset with a 1 m? pixel (cell)
grid. To quantify differences between the two maps, I used the Raster Calculator tool in the
ArcToolbox; this tool provides a rapid algorithm for quantifying differences in pixel values
between two raster datasets. Differences in pixel values were interpreted as areal changes, and
were summarized and organized in a matrix to aid in interpretation (Congalton & Green 2008). 1
refer to the results of this GIS-based analysis as “raw change”. To calculate the percentage of
change that occurred to each mesohabitat I divided the change in area within each class by the
total area of the class prior to the flood (i.e., the March 2012 map). Areas where bedform had
changed from smooth/plane to rippled or duned after the flood were interpreted as unstable, and
not likely to be suitable habitat for mussels.

A certain amount of positional error is inherent in any sonar-based habitat map due to
GPS accuracy experienced during the sonar survey (Kaeser and Litts 2010; 2012). Moreover,
when rescanning a reach of river, it is likely the boat will follow a path that deviates slightly
from that taken during a previous survey. Since the path of the boat determines the position of
the water column and, therefore, the aforementioned displacement of features within the
imagery, it is possible that feature boundaries delineated in imagery from two separate surveys

could produce variable results in a change detection framework. In this study, 1 define areal
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differences between two maps attributable solely to navigation and GPS positioning as “mapping
error”. I recognized the influence of mapping error on the quantification of post-flood, raw areal
changes, and deemed it necessary to estimate these error rates.

To estimate mapping error, sonar image datasets collected during identical field
conditions were required. Two simultaneous surveys were conducted along a 15 km portion
(30.9%) of the study area on August 8", 2013 at discharges of 566 m’s” (20,000 f’s™") using two
survey vessels equipped with separate Humminbird 1198c sonar systems. This approach ensured
that the field conditions (i.e., bedforms and depths) that each sonar system experienced were
identical, and therefore any differences between the resulting maps would be due solely to
mapping error. Each sonar image set was processed and classified by the author resulting in two
classified polygon layers representing the same mesohabitat classes observed during identical
field conditions. The total area of each mesohabitat class measured from the first map was
divided by the total area of each mesohabitat class measured from the second map in order to
calculate the net proportion of change in habitat area between the two maps. The percentage of
change in area that occurred in each mesohabitat between the two maps was calculated and
interpreted as a net range of percent error (Congalton & Green 2008). The range of percent error
per mesohabitat class was compared to the net percent change in area that occurred between the
pre and post flood habitat maps.

In addition to the mapping error assessment, areas identified as having changed after the
flood were visually inspected to verify whether bedform had truly changed, or apparently
changed simply due to variation in how the boundary lines were drawn. If a physical change in
bedform was evident in an area of change, the polygon representing the area was classified as

having passed visual inspection. Areas of change occurring as a result of boundary line
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alignment (i.e., mapping error) were classified as having failed visual inspection. A matrix
summarizing all verified physical changes (i.e., “verified change™) was prepared to compare to

results from the GIS-based analysis (i.e., raw change) and the mapping error assessment.

Results

The resulting, classified mesohabitat map encompassed approximately 7,000 ha of river
channel inundated at a low flow of 141.5 m®s™ (5,000 fs™). The map contained 203 mesohabitat
patches distributed amo‘ng 50 consecutive meander bends (i.e., sites). With few exceptions, each
site contained one representative of each mesohabitat class (Table 2; Figure 6; Figure 7). The
smallest mesohabitats on average were the Inner and Outer Recirculation Zone (mean area per
site = 5,500 and 3,400 m?, respectively), while the Pool/Outer Bank habitat units averaged
20,000 m*in area. Together, the Inner and Outer Recirculation Zones represented 6.2% of the
total habitat area, while Point Bar and Mid-Channel mesohabitat classes composed 77.9% of the
total area. Pool/Outer Bank mesohabitats represented the remaining 15.0% within the study area.

In terms of relative composition, the habitat classes associated with smooth bedforms
typically represented between 15% and 25% of the total area of each site (Figure 9). Sites 28-39
located between rkm 67 and 80 (i.e., RM 41.8 to 50) appeared to be geomorphically different
from other sites. These sites occupied smaller areas and contained larger proportions of smooth
bedform habitat (>25%) compared to other sites throughout the study reach. Sites 28-39 are also
associated with a section of the study reach that had the lowest water surface slope (Figure 10).

Results of the mesohabitat change analysis revealed a majority of the mapped areas
remained unchanged after a 10-year flood event (Table 3). Largest areas of raw change detected

occurred between Mid-Channel habitat boundaries. The net percent raw change of smooth
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bedform substrate within Inner and Outer Recirculation Zone mesohabitats increased in area post
flooding, whereas the percent in Pool/Outer Bank mesohabitats decreased (Table 4).

Ranges of percent change due mapping error were greater than the net percent raw
change detected from pre and post flood maps for all mesohabitats except the Pool/Outer Bank.
Net percent mapping error showed highest variability in the Inner and Outer Recirculation Zones
(15.9% and 15.6%, respectively; Table 4). Pool/Outer Bank exhibited a range of percent error of
+/- 1.2, while the Mid Channel (+/- 0.02) had the lowest percent mapping error.

Area of verified post-flood changes to bedforms exceed mapping error only within the
Pool/Outer Bank mesohabitat class. All other mesohabitat classes had smaller percentages of
verified change than their associated mapping error. The largest verified changes occurred at the
Mid-Channel and Pool/Outer Bank interface (Table 5) with a decrease of 4.9% in total
Pool/Outer Bend habitat area due to Mid-Channel encroachment. Verified percent decreases in
the Inner and Outer Recirculation Zone mesohabitat areas due to Mid-Channel encroachment
were -1.5% and -4.1%, respectively (Table 6). Inner Recirculation Zone habitat was verified to
increase by 0.76%. A small percentage (0.9%) of the Inner Recirculation Zone was changed to

Point Bar habitat, and 0.4% of the Mid-Channel exhibited change to the Pool/Outer Bank habitat.

Discussion

The results of the sonar based mapping effort show that this habitat classification for
freshwater mussels exhibited distinct repeatable units across the entire 700 ha study area.
Moreover, the bedform-based classification system aligned with their average mesohabitat areas

delimited during this study (Frissel et al. 1986; Newson and Newson 2000).
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Additional features contributed to the identification of mesohabitat boundaries among
adjacent habitats exhibiting similar smooth bedforms. In particular, submerged large woody
debris served as a reliable indicator of active bank erosion and the beginning of the Pool/Outer
Bank mesohabitat class, and dark image tones indicating fine particle deposition were useful for
distinguishing the Inner and Outer Recirculation zones from the Pool/Outer Bank. Dark tones
indicative of fine sediments were often variable within the Inner and Outer Recirculation
mesohabitats, indicating that these mesohabitats likely contained heterogeneous surface
substrates. Tonal heterogeneity within Inner and Outer Recirculation Zones suggests that a map
based solely on substrate classification would look considerably different than a map based on
fluvial geomorphology and river bedform patterns.

Previous mussel studies in the Apalachicola River have assumed that Inner and Outer
Recirculation Zones are stable during high flow conditions (Beidenharn, 2007; Miller and Payne,
2007, Harvey 2007), but the degree of stability remained un-assessed. The results of both the raw
and verified areal change analyses confirmed that mesohabitat bedforms remain mostly
unchanged after flood events and provide stable refuge habitat for freshwater mussels during
flood events. Smooth bedforms associated with these flow refugia were observed to extend often
> 10 m from the bank even after the flood event. These boundaries suggest potentially stable
freshwater mussel habitat in the Apalachicola River actually extends quite a bit further from the
bank than previous studies have measured using consecutive, unoccupied quadrats as indication
of habitat boundaries (Gangloff 2012). A sonar based mesohabitat mapping approach as
presented in this study may provide more complete information on the extent of suitable
freshwater mussel habitat, however sampling for mussels within these mapped mesohabitats is

required to confirm mussel presence in these areas.
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The areal extent of the Pool/Outer Bank was the second largest in total and average patch
size of the five mesohabitat classes, and sonar imaging indicated a smooth/plane bed
characteristic. The plane bedform in the Pool/Outer Bank was likely caused by flow velocity at
the bed transitioning between the velocities that cause the characteristic dunes and ripples of the
Mid Channel and Point Bar and higher velocities that form plane bedforms (Arcement and
Schneider 1989; Julien and Raslan 1998). Despite encroachment of the sand dunes and ripples of
the Mid Channel environment across the Pool/Outer Bank boundary, a large majority of the
smooth bedform of the Pool/Outer Bank mesohabitat class remained intact after the flood
disturbance. Studies of meander bend hydrodynamics suggests that high shear stress in this
environment during high flows leads to sediment transport, scouring, and deepening of this
habitat (Garcia et al. 2012; Leopold and Wolman 1960), and hydraulic conditions occurring on
the outer bank in the Pool/Outer Bank mesohabitat class during floods are erosive and powerful,
causing the felling of large trees growing close to the bank. Large aggregations of submerged
woody debris were clearly imaged in the Pool/Outer Bank mesohabitat class, with some
aggregations > 100 m in length and extending > 20 m into the channel. Extensive aggregations of
large woody debris may deflect flow during floods (Abbe and Montgomery 1996), and possibly
create favorable refuge conditions for mussels during high flows within the Pool/Outer Bank
mesohabitat.

In previous studies, Kaeser and Litts (2008, 2010) examined the classification or thematic
accuracy of sonar-based habitat maps. In this study I assumed that my ability to differentiate
smooth from rippled or duned bedforms was highly accurate, as these characteristics were highly
observable and boundaries between the two bedform types were highly distinct throughout the

study area. Verification of boundaries as discrete transitions between zones of differing
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hydrologic conditions by empirical measurement of hydrologic variables was beyond the scope
of this study. Verification of boundaries by direct underwater observation was, likewise,
logistically unfeasible. Moreover, 1 would not expect boundaries to remain static between a
sonar survey occurring at higher flows and the execution of a groundtruthing operation that
required divers and lower flow conditions. Such temporal shifts in the position of boundaries
between adjacent mesohabitats may lead to co-registration error, and confound an assessment of
classification accuracy (Congalton and Green 2008). Rather than attempt a traditional,
classification accuracy assessment of mesohabitats, I conducted an assessment of mapping error
rates, a type of error I defined previously as resulting from both survey navigation and GPS
positional error.

Observed changes in habitat after the 10-year flood event could have been due in part to
mapping error. The results of the mapping error assessment allowed me to infer levels of
variation associated with areal estimates in the map. For example, estimates of Inner
Recirculation Zone area varied by 15.9% between two maps of the same area and conditions.
Therefore, the estimate of total available Inner Recirculation Zone habitat in the study area
(207,733 m?) may vary by as much as +/- 33,030 m*. However, the net change in Inner
Recirculation Zone area I observed between pre and post flood habitat maps was only 13,805 m?,
leading to the conclusion that net changes detected in the pre and post flood maps might be
largely attributed to mapping error, highlighting the need to verify stability by visually inspecting
sonar imagery.

Both change due to mapping error and actual changes to the bedforms were incorporated
in the results of the raw change analysis. [ deemed it necessary to determine the extent of these

two potential sources of change by visually inspecting the sonar imagery to confirm the change
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was due to either mapping error or a visible change in bedform pattern, and results indicated that
even less habitat change actually occurred in the Inner and Quter Recirculation Zone
mesohabitats. Indeed, most of the verified changes to bedform occurred due to encroachment of
the Mid Channel into smooth bedform habitats that could possibly be suitable for mussels. Even
though some new Inner and Quter Recirculation Zone mesohabitats were verified to form after
the flood, these habitats likely experienced higher rates of change and were likely not yet
occupied by mussels. Therefore, newly formed smooth bedform does not necessarily represent
quality, suitable habitat for mussels. A portion (4.9%) of the Pool/Outer Bank mesohabitat was
verified to change from smooth bedform to ripple and dune that typically occurred along the Mid
Channel boundary line, and often involved large aggregations of woody material being covered
by a mass of sand dune and ripples (Figure 11).

The success of using complex hydraulic variables to predict freshwater mussel
distribution and abundance strongly suggest temporal fluctuations in river flow dynamics play an
integral part of the persistence of freshwater mussel populations (Strayer 1999, Morales 2006,
Steuer et al. 2008, Allen and Vaughn 2010). Parasiewicz et al. (2012) used an intensive survey of
hydraulic characteristics across a large spatial extent and over variable flow conditions to
calibrate a mesohabitat-scale predictive model of optimal freshwater mussel habitat for one
species. This kind of extrapolation includes the spatial extent considerations and temporal
variability needed for management of freshwater mussels at the meso-scale, but there is still a
need to develop cost effective and efficient strategies for gathering such data across larger spatial
extents and other riverine systems in order to identify, quantify, and quickly preserve critical

habitat of these imperiled species. The approach taken in this study facilitated a rapid
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classification of large, turbid river habitats and confirmed the bedform stability associated with 3
of 5 habitat units.

The high repeatability of this mesohabitat classification could be applied to rivers of
similar meandering geomorphology and alluvial sediment transport characteristics as boundaries
between the presented mesohabitat classes were easily identified in sonar imagery in predictable
locations, and were also supported by research of hydrologic patterns occurring around
meandering river bends (Garcia et al. 2012). The results of this study suggested that time-lapse
sonar imaging may provide a cost-effective, alternative means of assessing habitat stability for
freshwater mussels in sand-bed rivers. To the best of my knowledge, this is the first time low-
cost side-scan sonar mapping has been used detect and quantify reach-level changes in benthic

habitat conditions in a large river system over a wide spatial extent.
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I1. Predicting the distribution and abundance of the freshwater mussel Amblema neislerii in a

middle reach of the Apalachicola River, Florida

Introduction

Mapping and modeling the distribution and abundance of freshwater mussel species in
large turbid rivers is challenging. Large rivers frequently include deep-water habitats that are
difficult to access, and sampling across large spatial extents is logistically demanding. In some
cases this leads to surveys that are limited in scope and inference. However, because many
freshwater mussel taxa are endangered, threatened or of special concern in the United States and
Canada (Williams et al. 1993), development of practical, efficient techniques to reveal their
distribution and monitor population trends remains a high priority.

Species distribution models (SDMs) are increasingly being used to predict suitable
habitat for organisms over large spatial extents (Guisan and Zimmerman 2000). Advances in
geographic information systems (GIS), remote sensing, and computer processing have
contributed to the success of SDMs in the management of species habitat, modeling of species
distribution for conservation planning, and assessment of management actions (Guisan and
Thuiller 2006). SDMs applied to freshwater mussel ecology have been used to guide
conservation activities (Prie et al. 2012), and can be useful to explain the distribution of mussels
across multiple scales of study (Newton et al. 2008).

Sampling of freshwater mussels is often limited by time and funding constraints. In spite
of the aforementioned challenges associated with sampling mussels in large rivers, accurate
habitat data are required for use of SDMs (Guisan and Thuiller 2005). Recent work in the upper

Mississippi River used historical data and hydraulic modeling to explain the distribution and
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abundance of freshwater mussels with high accuracy across a 30-km reach (Morales et al. 2006;
Steuer et al. 2008; Zigler et al. 2008; Allen & Vaughn 2010). This work suggested that
freshwater mussel distribution and abundance was controlled by the stability of benthic
conditions during flood disturbances. However, deriving the complex hydraulic variables
necessary for such predictions require technical expertise and resources that may limit the
widespread adoption of this approach. Therefore, the development of low-cost, less technical
approaches to model freshwater mussel distribution in large turbid rivers remains a worthy goal
toward advancing the conservation of this imperiled group of organisms.

The Apalachicola River in northwest Florida is a large alluvial river of the Southeast
Coastal Plain that is recognized as a biodiversity hotspot (Blaustein 2008), and has drawn
considerable conservation attention due to intensive demands on its water resources (Light et al.
2002). The river supports a high diversity and abundance of freshwater mussels, including the
federally endangered Fat Threeridge (Admblema neislerii) (Brim Box and Williams 2000). A
restricted range, perceived threats associated with channel modifications and water management,
and patchy habitat distribution were cited as factors contributing to A. neislerii’s listing as
endangered under the Endangered Species Act in 1998 (Federal Register 1998). Efforts led by
the U.S. Fish and Wildlife Service (USFWS) to recover the species have been guided by
strategies outlined in the Service’s Recovery Plan (USFWS 2003). Recent survey work has
provided estimates of A. neislerii population size in the Apalachicola River (EnviroScience
2006a; Miller and Payne 2007; Gangloff 2012), but estimates vary considerably among studies
that are likely due to differences in sampling methodology that, in turn, influence perspectives on
abundance and habitat associations. Current perspective of A. neislerii distribution and

abundance suggests most mussels are living in shallow waters, however there has been no
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concerted effort to systematically sample deep water habitats in the Apalachicola River
(EnviroScience 2006a; Miller and Payne 2006; Gangloff 2012; USFWS 2012).

Dense aggregations of A. neislerii, and other freshwater mussels, have consistently been
located along river margins directly downstream of point bars in several Apalachicola River
studies (Brim Box & Williams 2000, EnviroScience 2006a; Gangloff 2012). These habitats are
described as moderately depositional and remaining stable during floods (Miller and Payne 2007
Harvey 2007; Beidenharn 2007; Chapter 1). Although commonly targeted during surveys, only
the upstream and downstream boundaries of these habitats have been mapped. Mapping of
moderately depositional habitats using review of aerial photographs and field reconnaissance to
identify riparian features such as point bars, willow stands, and bank slope inflection points to
delimit habitat boundaries was conducted by the USFWS in 2008 (Gangloff 2012). Prior my
investigation, however, the actual underwater boundaries of these habitats remained unknown.
Deep water habitats in the Apalachicola River, including the Pool/Outer Bank and Mid Channel
mesohabitats (Chapter 1) have not been heavily sampled in past survey work, due to the hazards
associated with deep water, swift currents and numerous submerged trees (EnviroScience 2006b;
Miller and Payne 2007). These critical data gaps limit the reliability of current A. neislerii
population estimates as well as the perception that this species primarily occupies shallow,
moderately sloping, near-bank habitats (EnviroScience 2006a; Gangloff 2012; USFWS 2012).

A recent study designed to assess the impact of water-level drawdown on A. neislerii
populations in moderately depositional habitats yielded 4. neislerii population estimates for these
habitats throughout the Apalachicola River and the lower Chipola River, a large tributary
(Gangloff 2012). Abundance estimates were intended to be minimum population estimates for

the system, and inferences regarding the potential impacts to 4. neislerii populations associated
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with river level management by the U.S. Army Corps of Engineers (USACE) were incorporated
in a recent Biological Opinion produced by the USFWS (2012). Both Gangloff (2012) and other
recent studies (EnviroScience 2006a) reported 4. neislerii in deep-water habitats, suggesting a
more comprehensive survey of 4. neislerii distribution and abundance in the Apalachicola River
is needed for accurate population estimates to guide flow management and species recovery.
Sonar habitat mapping of benthic features in the Apalachicola River identified patches of
stable habitat that were larger and more numerous than prior understanding of suitable 4.
neislerii habitat had indicated (Chapter 1). Habitat classification revealed that some habitat
classes corresponding to previously known A. neislerii aggregations may be more extensive as
well and revealed similarities between moderately depositional and poorly-surveyed deep-water
habitats. Here I use that habitat classification map to guide a stratified, quantitative survey of 4.
neislerii across a 50 km reach of the Apalachicola River. I develop predictive species distribution
models of 4. neislerii presence/absence as well as abundance using habitat boundaries and

variables derived from my sonar-based map.

Methods
Study Area

The Apalachicola River is a large alluvial river formed by the confluence of the
Chattahoochee and the Flint Rivers at river navigation mile 106 directly below the Jim Woodruff
Lock and Dam Reservoir at the Georgia/Florida state boundaries (Figure 1). Below Jim
Woodruff Lock and Dam the Apalachicola River flows unimpeded for 170 km to the Gulf of
Mexico. Along its course the channel geomorphology changes considerably allowing clear

dissection of the river into upper, middle, and lower-non tidal zones (Light et al. 2006). The
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upper section is a relatively straight channel composed predominantly of coarse sand and gravel
with scattered limestone outcroppings that occur downstream until river kilometer (rkm) 130, the
point at which the surrounding geology drops from the Tallahassee Hills to the Coastal Lowlands
(Harvey, 2007; Florida Geological Survey). At this transition into the middle reach, the channel
geomorphology begins to exhibit a strong meandering characteristic with elevated sinuosity, and
sediment composition changes to primarily coarse and fine sand. At rkm 67, a side channel
known as the Chipola cut-off connects the Apalachicola River to the Chipola River, a large
tributary, and serves as a landmark to the beginning of the lower non-tidal reach.

I chose the section of the Apalachicola River with the greatest sinuosity and most
repetitive meandering pattern as my study area, beginning at tkm 104 and ending with an
observable straightening of the channel at rkm 56, just below “Sand Mountain”, a large
aggregation of sand spoils visible on the bank created from historical dredging. This area
includes most of the middle reach as defined by Light et al. (2006) and Gangloff (2012), as well

as an upstream portion of the lower-non tidal reach.

Freshwater Mussel Survey
Sampling Approach

A sonar-based mesohabitat map produced for the study area was used to stratify the
sampling of freshwater mussels (Chapter 1). Mesohabitat classes of this map represented patches
of common geomorphology, flow, and bedform characteristics occurring in meander bends.
Several classes suspected to support freshwater mussel populations were identified as stable
during a post-flood change analysis, while other classes represented depositional and/or turbulent

environments commonly associated with large alluvial rivers. Stratification is highly
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recommended for freshwater mussel surveys in which a priori habitat information is available
(Strayer & Smith 2003), and is also useful when allocating limited time and monetary resources
across broad spatial extents with costly sampling techniques such as SCUBA. In this study, a
stratified approach served to quantitatively asses hypothesized mussel/habitat associations within
the meandering, middle reach of the Apalachicola River and perhaps elucidate the factors
contributing to the high density of 4. neislerii populations in this reach.

Rather than randomly selecting sampling locations from mesohabitats throughout the
entire study area, I decomposed the study area into a series of 50 consecutive study sites using
reference boundaries drawn between the downstream end of each Inner Recirculation Zone and
the downstream end of the Outer Recirculation Zone on the opposite side of the channel. With
few exceptions, each site was composed of one representative of each mesohabitat class, or five
mesohabitats. Six of these sites were selected for sampling by first grouping the 50 sites into six
groups of approximately equal numbers of consecutive sites (i.e., eight or nine sites per group),
and then using a random number generator to select one sampling site from each of the six
groups. This approach ensured that sampling sites would be distributed throughout the 50 km
reach.

Next, I assigned 10 sampling points to each mesohabitat class occurring in each of the six
sampling sites using the Generalized Random Tessellated Stratification (GRTS) sampling
algorithm found in the spsurvey package (Kincaid and Olsen 2013) for the R software platform.
This algorithm randomly generates a set of points that are distributed in a spatially balanced
manner within a user-defined extent, thereby decreasing probabilities of bias and auto-correlation
(i.e., clumping of points). The GRTS points are ordered, and consecutively distributed in a way

that preserves the spatial balance of the set, so that if one point cannot be sampled, the sampling
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crew can target the next ordered point in the set; this point will be spatially balanced among the
rest.

Sampling points were located in the field with a Garmin GPSmap 760CSx GPS unit and
immediately marked with an anchored buoy. A set of geographic coordinates representing the
actual sampling location was recorded, and a 1.78-m length of metal cable representing the
radius of a 10-m” sampling plot was attached to a piece of rebar inserted vertically into the river
bed at the center of the sampling plot (Ghent et al. 1978, Gregoire and Valentine 2007). The
radial cable was used to delimit the extent of the sampling plot, and tactile searches were
conducted by 2-5 crew members to remove all mussels present in the plot. All freshwater
mussels were identified to species and enumerated; a measurement along the longest axis of any
A. neislerii <50 mm was recorded. The depth at the center of the plot, and a classification of the
predominant substrate type within the plot was recorded. Predominant substrate was classified
as either 1) coarse sand, 2) fine sand, 3) a mixture of fine sand, silt, and mud, or 4) other. Due to
preponderance of unoccupied sites in the Mid-Channel mesohabitat class and the hazardous
nature of SCUBA sampling in this high velocity and unstable substrate environment, I reduced

the number of plots sampled in this mesohabitat from 6 to 3 plots per site.

Data Analysis

One-way ANOV A was used to test for differences between A. neislerii éounts and
mesohabitat classes. Two species distribution models were developed for A. neislerii. The first
was a presence/absence model based on a multiple logistic regression with a binomial
distribution, and the second was a count model using multiple generalized linear model (GLM)

regression. I used a negative binomial error distribution (log link) to model counts per sampling
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plot because A. neislerii counts were not normally distributed (Davis et al. 2013). T fit the models
inR 3.1 (R Development Core Team 2012) using the MASS package (Venables & Ripley 2002)
function glm() for the presence/absence models and the glm.nb() function for the count models.
A set of candidate models was developed using different combinations of six explanatory
variables that represented alternate hypotheses regarding factors that influence A. neislerii
presence/absence or abundance in the Apalachicola River. I considered the following
explanatory variables: mesohabitat class, rkm, distance to the 141.5 m’s™ (5,000 £57) river bank,
distance to nearest unstable mesohabitat (i.e. shortest distance to Point Bar or Mid-Channel),
water depth, and substrate type.

To derive explanatory variables, GPS coordinates of the sampled locations were loaded
into the ArcGIS 10.2 (ESRI 2013) software platform and metrics were generated using analysis
tools in ArcToolbox. The mesohabitat map was used to associate each sampling location with the
mesohabitat class in which the plot occurred (Chapter 1). For each sampling location, the
shortest distance to the 141.5 m®s™ river bank, and the distance to nearest unstable habitat were
calculated using the NEAR analysis tool in ArcToolbox. Each sampling location was associated
with the nearest tenth of a river kilometer. Data obtained from the field survey, including mussel
counts, sampling plot depth, and predominant substrate type were integrated with the resulting
table of habitat metrics, and this composite database was exported as a comma separated value
(.csv) file. The data table was loaded into the R software platform for statistical analysis and
model development.

To determine which variables or sets of variables were most important in explaining A.
neislerii presence/absence and counts per sampling plot I used an information-theoretic (IT)

model selection approach (Kullback and Leibler 1951; Kullback 1959). The IT approach is an
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evidence-based model selection technique useful for investigating complex ecological
hypotheses (Anderson 2008). Performance of models was ranked according to the Akaike
information criterion corrected for small sample size (AIC,) along with model weights, and
model summaries were reported for the presence/absence as well as abundance models with the
lowest AIC, value. The area under the curve (AUC) metric was computed for the best
performing presence/absence model as a measure of accuracy. Specificity (true negative) and
sensitivity (true positive) rates were also computed for the best performing presence/absence
model and plotted with estimated probabilities of occurrence in order to find the optimal
probability (i.e., the ‘cutpoint’) in which both rates are maximized. Predicted probabilities
greater than or equal to the optimal cutpoint were considered presences and all observations with
probabilities less than the optimal cutpoint were considered absences.

When developing the count model, I decided to parse all sampling points in the Point Bar
and Mid Channel mesohabitat classes based on the very low probabilities associated with 4.
neislerii occurrence in these two habitats. The fit and accuracy of the most informative
abundance model was assessed by calculating the regression coefficient (R?) from a linear
regression between observed and predicted counts of A. neislerii at the sampling plot level
(Pineiro et al. 2008), and points were tested for correlation using a Pearson correlation test.
Residuals were plotted to assess fit.

To generate an estimate of the total abundance of A. neislerii in the middle reach using
the predictive capacity of most informative count model, I first overlaid a raster grid on the study
area with a cell size equal to the actual mussel sampling area used in this study (10 m?). A point
was assigned to the centroid of each cell in the grid, and each point was attributed unique values

for each of the habitat variables included in the most informative abundance model. Because the
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Point Bar and Mid-Channel observations were not included in the development of the count
model, all points of the grid located within the Mid-Channel and Point Bar mesohabitats were
removed from the dataset, leaving ~150,000 points covering the Inner and Quter Recirculation
Zone and the Pool/Outer Bank mesohabitat classes. The point data table was imported in R, and
the prediction function of the MASS package was used to predict the abundance of A. neislerii at
each point using the most informative count model. The sum total of predicted abundances
provided a raw estimate of the number of A. neislerii occurring across the entire study area.
When predicting abundance across a landscape, practitioners should consider the ranges
associated with predictor variables, and exercise caution when attempting to predict outside of
the range of values inherent in the model (Guisan and Thuiller 2006). In other words, a model
should not be used to extrapolate beyond the information used to build it. When examining
preliminary results of predicted abundance in specific regions of the map, particularly those
associated with areas close to the river banks in the Pool/Outer Bend mesohabitat, I noticed
unrealistically high values (>1,000 mussels/m?). These values exceeded the maximum level of
abundance observed during the field survey, and were associated with the predictor “nearest
distance to unstable habitat” that exceeded the range of values in the sample set used to develop
the model. Therefore, I removed all GIS-generated prediction points with values outside the
range of model set variables. The remaining predictions at each point across the landscape were

summed to provide an “adjusted” reach wide population estimate of 4. neislerii.

Verifying the accuracy of predicted abundance
Although it was beyond the scope of this study to conduct additional field sampling to

evaluate the accuracy of abundance model predictions, an independently-derived data set was
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available from recent sampling conducted by Gangloff (2012) in my study area. These data
enabled me to compare and contrast density and abundance estimates made using two different,
quantitative approaches at both site and reach scales, and to identify primary factors associated
with differences in abundance estimates. This sampling approach involved 5-6 transects
originating at, and oriented perpendicular to, the bank at each sampling site (Gangloff 2012). A
suction dredge was used to excavate consecutive, 0.25-m” quadrats along each sampling transect.
The use of a suction dredge, although time-consuming, is considered both quantitative and
highly effective at capturing mussels present within a sampling frame (Strayer and Smith 2003).
Sites sampled by Gangloff (2012) were randomly selected from a set of suitable mussel sites
whose upstream and downstream boundaries had been defined prior to this investigation.
Gangloff’s (2012) set of suitable sites were located within the Inner and Outer Recirculation
Zone mesohabitat classes mapped in this study.

The spatial data associated with the previous sampling sites, in combination with reported
transect measurements, allowed me to generate and overlay polygons in the habitat map
representing the approximate areas sampled by Gangloff (2012). I used these polygons to extract
my model-based estimates of abundance at each of the sampling sites for an analysis of
congruency between the two estimates at the site scale. Gangloff (2012) provided a reach-wide
estimate of A. neislerii abundance by multiplying the total length of all available mussel sites by
the average number of mussels estimated to occur per longitudinal meter of sampled sites. To
derive a comparable, reach-wide estimate from the count model, I used the coordinates of all
available mussel sites and the average length of all transects sampled by Gangloff within my
study area to generate a set of equivalent polygons, and used these polygons to extract the

corresponding model-based estimates from my abundance map.
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Results

I sampled a total of 164 radial plots each 10 m? for a total area sampled of 1640 m*. A
total of 3958 individual 4. neislerii were collected. Amblema neislerii was the 3™ most abundant
mussel among species collected, comprising 34.5% of the total mussels collected. Juvenile 4.
neislerii <30 mm represented 5.4% of the total collection, and 2.2% of A. neislerii were <20
mm.,

Significant differences (P < 0.0001) were found between mesohabitat classes and A.
neislerii counts per sample plot (Figure 12). Nearly all (99.3%) A. neislerii were found in 21% of
the study area, all of which consisted entirely of smooth bedform signatures in sonar imagery
(Inner and Outer Recirculation Zones, Pool/Outer Bank; Table 8). Amblema neislerii were
notably absent from sampling locations in the ripple and dune bedform mesohabitats.
Approximately 80% of the sampling plots were unoccupied within the Point Bar mesohabitat
class and only 1 sampling plot was occupied in the Mid Channel. Amblema neislerii was found
at a maximum depth of 8.5 m, and a maximum of 37.1 m from the edge of the 141.5 m’s bank.
The maximum A. reislerii density observed was 43.4 mussel/m?.

A dramatic increase was observed in site-level A. neislerii density from 0.5 mussels/m” at
site 19 (tkm 85), to 5.3 mussels/m” at site 29 (rkm 75). Site density remained relatively high at
the two sites downstream (rkm 68 and 60; Figure 9). Although observed maximum densities
among the different mesohabitat classes peaked at different sites, the trend in mean density of the
Outer Recirculation Zones closely resembled the overall average site density trend across the

study area (Figure 9).
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Of the six top ranking presence/absence models, there was strong support for the model
that included the explanatory variables of mesohabitat class, rkm, and distance to low flow
bankline (Table 9). Two models comprising a small proportion of AIC weight included the
additional variables of distance to unstable habitat and water depth. The AUC of the top ranked
presence/absence model was 0.939, with an optimal cutoff probability for predictions occurring
at 0.7 (Figure 14). No observations within the Point Bar and Mid Channel habitats (n=62) had
greater than a 70% chance of A. reislerii occurrence. Coefficient estimates of the top ranked
presence/absence model indicated that all smooth bedform mesohabitat classes were positively
associated with the presence of A. neislerii (Table 10). The Mid Channel mesohabitat class was
negatively associated with the species presence. Model coefficients for rkm and distance to low-
flow bankline indicated that habitats located further upstream, or further from the bank had lower
likelihoods of A. neislerii occurrence. The probability of A. neislerii occurrence (ft;) was

represented by the most informative multiple logistic regression model in the following equation:

exp(Bo(Point Bar) + B, (Inner Recirculation Zone) + B, (Outer Recirculation Zone) + Bs(Pool Outer Bank) +
R (—A.(Mid Channel)) + (—fi;(rkm)) + (— fs(Distance to low flow bank)))
nE Ty (exp((Point Bar) + B, (Unner Recirculation Zone) + f,(Outer Recirculation Zone) + B3 (Pool Outer Bank) +
(—B.(Mid Channel)) + (—B;(rkm)) + (— B¢ (Distance to low flow bank))))

The count model set showed the top ranked model to be the single most parsimonious
model with a model weight of 0.99 (Table 11). The top ranked model contained variables of
mesohabitat class, rkm, distance to low-flow bankline, and distance to unstable habitat, while
models that included variables of substrate type and water depth had little support (Table 11).
For the top ranked abundance model, rkm and distance to low-flow bankline had a negative

relationship with A. neislerii counts, whereas distance to unstable habitat had a positive effect on
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A. neislerii counts (Table 12). The number of A. neislerii per 10m* sampling point was

represented by the most informative count model in the following equation:

Bo(Inner Recirculation Zone) + 3, (Outer Recirculation Zone) +

In(# A.neisleru,) = B.(Pool Outer Bank) + (—f5(rkm)) +
(—B,(Distance to low flow bankline) + (—fs(Distance to unstable habitat))

Observed and predicted numbers were significantly correlated (P < 0.001). The
regression coefficient (R?) between the observed number and predicted number from the highest
ranked count model was 0.34, and the slope of the regression line equaled 0.85 (Figure 15). The
scatterplot of residuals between observed versus predicted A. neislerii contained normal
variability. Two outliers were identified in the plot; one outlier involved an observation of 434
mussels and a model prediction of 86 mussels, and the other outlier involved a prediction of 351

mussels relative to an observation of 230 mussels (Figure 15).

Amblema neislerii population estimate

The most informative count model generated an estimate of 8,687,083 4. neislerii within
the 700 ha study reach. This included an estimated 1,178,708 mussels in the Inner and Outer
Recirculation Zones combined, and an estimated 7,508,375 mussels in the Pool/Outer Bank
mesohabitat class. The area of prediction included only the Inner and Outer Recirculation Zone
area, and 89.7 % of the Pool/Outer Bank mesohabitat class. The excluded portion of the
Pool/Outer Bank (118,020 m?) represented areas primarily near the river banks that fell outside

of the range of predictor variables used to build the model.
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Comparisons with an independent dataset

The average A. neislerii density observed in this survey within Inner and Outer
Recirculation Zone mesohabitat classes was 4.1 mussels/m?, while the average 4. neislerii
density sampled previously was 4.9 mussels/m® across 12 Inner and Outer Recirculation Zone
sites within my study area (Gangloff 2012). At the site level, I found no correlation between A.
neislerii abundance estimates from the count model and corresponding estimates made by
Gangloff (2012; Figure 11). The count model over-estimated the number of A. neislerii
estimated by Gangloff (2012) at several sites, but also underestimated the number existing at a
few sites by a greater magnitude. This trade-off resulted in a total estimated number of 4.
neislerii occurring within Gangloff (2012) sampling sites of 81,907 mussels, a number somewhat
lower than estimated by Gangloff (n= 86,335; 2012). Likewise, when examining only the exact
same areas considered by Gangloff (2012) as ‘potential’ habitat that fell within my study area,
my reach wide estimate of numbers of A. neislerii (n= 175,124) was lower than Gangloff’s
(2012) estimate of 199,679 mussels.

Area of potential A. neislerii habitat varied widely between what I identified with sonar
mapping and what Gangloff (2012) identified (Figure 13). Gangloft’s (2012) potential habitats
covered 46,455 m” over 43 sites within my study area, while the sonar habitat map of Inner and
Outer Recirculation Zones covered 429,880 m? across 101 mesohabitat patches (Table 10), thus
the sonar habitat mapping approach identified twice as many sites and ten times more area than
previously identified by field reconnaissance and inspection of areal imagery (Figure 12).
Gangloff’s (2012) maximum sampled depth was reported as 2.25 m, and maximum transect
length (distance from bank) was 15.0 m, while I sampled to a maximum depth of 4.6 m and a

maximum distance to the bank of 22.4 m within Inner and Quter Recirculation Zone
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mesohabitats. In these habitats, 4. neislerii was collected in 12 of 12 sampling plots occurring at
depths greater than the maximum sampled by Gangloff (2012), and in 4 of 7 plots occurring at

greater distances to the bank than sampled by Gangloff (2012).

Species distribution map

The results of predicted probabilities of A. neislerii occurrence and abundance when
displayed in a spatial context revealed highest probabilities and abundances occurring near and
parallel to the bank (Figure 18; Figure 19). Predicted probabilities of < 0.7 were notably located
within the Inner and Outer Recirculation Zones and the Pool/Outer Bank mesohabitat classes,
and were located near the edge adjacent to the Mid Channel (Figure 18; Figure 20). Points with
predicted probabilities of < 0.7 were considered unoccupied areas, composing 20% of the
smooth bedform mesohabitat areas. The Pool/Outer Bank mesohabitat class displayed a larger
area of high (> 100 mussels per 10-m? cell) predicted abundances than in the Inner and Outer

Recirculation Zones (Figure 21).

Discussion

The results of this study profoundly alter existing paradigms of A. neislerii distribution in
the middle reach of the Apalachicola River. The species had been previously described as
primarily inhabiting shallow, near bank habitats where stable substrates existed (EnviroScience
2006a; Beidenharn 2007; Harvey 2007; Miller and Payne 2007; USFWS 2012). This association
raised major concerns for population-level impacts due to stranding and mortality associated
with river level fluctuations (i.e., manipulated draw down rates; EnviroScience 2006a; USFWS

Biological Opinion 2012), and motivated additional research to assess levels of vulnerability
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(Gangloff 2012). With respect to the inner and outer recirculation zones traditionally surveyed
for A. neislerii, I have determined that these stable mesohabitats are not only larger and more
numerous than previously described, but that A. neislerii can be found in greater depths and
further distances from the bank in this reach of the Apalachicola River. I mapped nearly 10 X
the amount of suitable inner and outer recirculation zone habitat than was previously considered
when Gangloff (2012) estimated abundance in the study reach.

Amblema neislerii is not restricted to shallow water and channel margin habitats as
previously thought, and therefore populations may be more resilient to reductions in water level.
EnviroScience (2006a) reported most A. neislerii sampled quantitatively were found at depths <
1 m, and Miller and Payne (2007) found 4. neislerii to depths of 2.7 m, while the USFWS
Biological Opinion (2012) reported A. neislerii sampled up to a depth of 5 m in moderately
depositional as well as moderately erosional habitats, but stated that a majority of the population
occurred at depths of 1 m. In contrast, 56% of the total A. neislerii collected in this study
occurred at depths > 1.0 m. Amblema neislerii was found in five sampling points with depths
greater than 5 m, and to a maximum depth of 8.5 m. In addition to greater depths, A. neislerii
was also found in greater distances from the bank than other studies. Gangloff (2012) found A.
neislerii to a distance of 22.4 m from the bank, whereas the maximum distance from the bank of
a sample containing A. neislerii was 37.1 m in this study.

Furthermore, large numbers of 4. neislerii were regularly documented in a habitat not
well sampled in past studies- the Pool/Outer Bank mesohabitat class. Little is known about A.
neislerii populations living in this habitat, and the high rate of occupancy observed in the
Pool/Outer Bank habitat was unexpected. Amblema neislerii was found at depths between 2.3-

8.5 meters in the Pool/Outer Bank, and the average density in this habitat was nearly equal to the
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densities of the Inner and Outer Recirculation Zones. Because the Pool/Outer Bank mesohabitat
class covers such a large area, the potential number of A. neislerii existing in this mesohabitat
class is substantial. The total habitat area of the Pool/Outer bank may have been underestimated
due to the 2-dimentional nature of sonar habitat mapping. The steep bank slope of the Pool/Outer
Bank habitat exists as a 3-dimentional environment, and consequently the 2-D sonar habitat map
did not quantify the 15-30ft vertical face of the outer bank. Interestingly, EnviroScience (2006a)
reported that upper portions of moderately-erosional, steep banks adjacent to deep (~20 ft) water
were 1 of 3 primary habitats where A. neislerii were found in highest abundance. The authors
also noted the occurrence of the species in deep water adjacent to steep banks, but suggested
mussels occurred there because they were dislodged from the upper bank. The vertical wall of
the outer bank was not properly quantified in the map, and no sampling points were randomly
assigned to the bank wall, causing a portion of 4. neislerii habitat area to be excluded from this
study.

Hydrodynamic forces occurring within the Pool/Outer Bank habitat in meander bends
may explain how A. neislerii is able to survive embedded in the bank material. As water flows
around a steeply banked meander bend, secondary flow patterns develop close to the bank that
decrease the sheer stress acting on the upper portions of the vertical face that effectively decrease
scouring forces and stabilize erosion (Bathurst et al. 1979; Blanckaert 2011; Garcia et al. 2012).
Meanwhile the lower portions and the horizontal bed experience mostly primary flows causing
greatest shear stresses that are responsible for the erosional nature and smooth plane bedform
used to classify the Pool/Outer Bend. However, 1/3 of observations in the Pool/ Outer Bank
reported fine particle substrate types (Figure 22), which suggest the hydrodynamic conditions

within the Pool/Outer Bank habitat area are not uniformly erosional and that deposition of fine
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particles does occur at many locations within this habitat at some point in the hydrodynamic
cycle. Research on seasonal variation in hydrodynamic conditions in thalweg environments
suggests that these environments may experience a shift from erosional at higher flows to
depositional at slower flows (Keller 1971; Thompson et al. 1999; MacWilliams et al. 2006). The
effect of large woody material may also be responsible for local deposition of finer sediments
observed in many Pool/Outer Bank sampling points (Figure 23). Large woody material can
deflect flows during floods, cause deposition of sediments, stabilize banks, and provide habitat
for many aquatic organisms (Mutz, 2000; Abbe and Montgomery, 1996; Thompson 1995;
Gurnell et al. 1995). EnviroScience (2006a) found A. neislerii living next to large woody
material located 20-30 m from the bank, and many Pool/Outer Bank observations in this study
reported large woody material occurring within the sampling point area. Although 1 did not
attempt to quantify the amount of large woody material in the study area, large aggregations of
woody material are easily identified in sonar imagery (Figure 24). Indeed, large woody material
aggregation were sometimes too dense to sample with SCUBA safely, causing some sampling
points to be aborted, and possibly causing bias towards sampling areas with less woody material.
Juvenile mussels were also located in this habitat, including the largest collection of juvenile A4.
neislerii among any sampling point (38 <20 mm). The high occupancy rates of the sampling
points in the Pool/ Outer Bank habitat class (26 of 29) strongly suggests this habitat class
contains suitable habitat conditions for A. neislerii.

Unsuitable habitats were identified with ease. The rippled and duned bedform patterns
used to define the Point Bar and Mid Channel mesohabitats are indications of turbulent nearbed
flow conditions and high bedform mobility, and are easily discernable in sonar imagery (Deitrich

et al. 1979; Elliot et al. 2004; Manley and Singer, 2007; Zigler et al. 2008). Sampling results are
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consistent with the assumed unsuitable nature of the Point Bar and Mid Channel mesohabitat
classes, as a very small portion of sampling points within these classes were found to contain
only a few individuals. The small numbers of A. neislerii occurring in the Point Bar mesohabitat
class is not surprising due to the close proximity and upstream location of adjacent habitat
classes that held large numbers of A. neislerii (Outer Recirculation Zone, Pool/Outer Bank).
Mussels could be displaced or move short distances from the upstream habitats across
boundaries to the Point Bar once flow conditions subside after floods. One observation in the
Mid Channel habitat contained 9 A. neislerii, but this sampling location was < 1 m from an Outer
Recirculation Zone boundary. GPS or mapping error alone (3 — 5 m) could have resulted in
displacement of the sample point slightly outside of the mesohabitat actually sampled in the
survey causing misidentification when assigning the mesohabitat class variable to the point
dataset in the map. Although fewer points were sampled in the Mid Channel than other habitat
types, only one sampling point contained A. neislerii, and additional sampling in the Mid
Channel is unlikely to detect mussels in this unsuitable habitat.

The increase in total suitable habitat area estimated by this study resulted in an increased
estimate of population abundance in middle reach of the Apalachicola River. By simply
multiplying habitat area by the average A. neislerii density sampled per habitat class (Gangloff
2012), the number of 4. neislerii in this study was estimated to be an order of magnitude greater
than previous estimates. However, this simple estimate does not address the variability likely
occurring within habitat classes and among sites, and a more comprehensive model would
provide a more accurate total population estimate.

The species distribution models developed in this study used relatively simple and easily

derived habitat metrics obtained from sonar-based habitat maps and GIS software, and provide
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more detail on factors associated with 4. neislerii distribution and abundance in the Apalachicola
River. Distance to the 141.5 m’s™ (5,000 f’s™'; “low flow”) bank, distance to unstable habitat,
and rkm were all generated post survey, and the inclusion of these variables in the most
informative models suggests these metrics represent relevant ecological phenomena controlling
A. neislerii distribution and abundance.

Distance to the low flow bank was found in the most informative of both
presence/absence and abundance models, suggesting that as distance to the water’s edge at low
flow increases, the likelihood of mussel occurrence and abundance decreases. Previous studies
have also reported a decline in A. neislerii occurrence and abundance as distance to the wetted
edge increases (EnviroScience 2006a; Gangloff 2012). Relationships between A. neislerii
occurrence and abundance and distance to low flow bank measured in this study were important
in the most informative models primarily because I conducted all sampling during a period of
141.5 m’s (5,000 £°s™) river flow conditions that represent the minimum water level currently
allowed in the Apalachicola River. If the wetted edge of the river had been defined at higher
flows and sampled during a period of greater discharge, the distance to bank relationship may not
be as strong as measured in this survey. Receding flows force mussels residing near the water’s
edge to relocate to lower elevations or face desiccation, and consecutive periods of seasonally
low flows would eventually shift the distribution to lower elevations. Surveys that do not
consider the history of flows with respect to the location of mussels in the channel might falsely
conclude mussels don’t exist or are at lower densities in locations near the bank if sampling
occurs in areas that were exposed during recent hydraulic periods.

Distance to unstable habitat as an influential habitat metric effecting A. reislerii

abundance is supported by the most informative abundance model. Results of the areal change
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analysis performed in Chapter 1 provide evidence to explain why this variable is significant
within stable habitats. The Mid Channel habitat is composed of migrating sand dunes and was
observed to shift to some extent across the boundaries of smooth bedform and stable habitats
(Inner and Outer Recirculation Zone, Pool/Outer Bank) after a 10-year flood event. Mussels
residing near such a boundary could face dislodgement, burial, or be forced to migrate when
boundaries between stable and unstable bed conditions change. Guisan and Thuiller (2005)
identified distance to disturbances as a main influence on species distribution in general, and
recommended such metrics to be included in SDMs if statistically supported.

The inclusion of rkm in the most informative of both presence/absence and abundance
models reflected a longitudinal trend on riverine habitat and A. neislerii distribution and
abundance, with A. neislerii densities remaining relatively low in the three most upstream sample
sites (sites 8, 12, and 19) and then increasing dramatically at the remaining downstream three
sites (site 29, 38, 46; Figure 13). The trend of total A. neislerii density per sampling site (i.e.,
rkm) shows a spike at tkm 75 (site 29; river navigation mile 46). Gangloff (2012) observed a
similar increase in 4. neislerii density between rkm 75 - 67 (river navigation mile 46-39). To
some extent, increases in abundance in downstream directions is consistent with river ecology
theory such as the river continuum concept (Vannote et al. 1980). If the meandering
characteristic of the river supports the formations of stable, suitable habitat (Garcia et al. 2012),
and the cumulative availability of such habitat increases in the downstream direction, then the
factors responsible for increased A. neislerii density within this portion of the middle reach could
be attributed to slower water velocities due to a flattening of elevation gradient that would
increase concentration and retention time of nutrients in recirculating environments as distance

down river increases. A decrease in gradient would slow water velocities and decrease the
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distance required for water to change direction around a meander bend, resulting in smaller sites.
This is supported with lower than average mesohabitat areas occurring at a similar location on
the river as a marked flattening of gradient (Figure 8; Figure 10), and a shortening of meander
bend length is visible in the map of the study area (Figure 1). Locations of lower gradient and
slowed water velocities could also increase the settlement of glochidia entrained in the transport
mechanism of fine particulates (Morales et al. 2006).

Large slough-like embayments also appear at this section of the study area, which could
provide a substantial amount of biological enrichment to downstream and adjacent habitats. Off-
channel habitats such as sloughs and tributary mouths were not sampled because they were not
included in the sonar habitat map, however, past studies have encountered A. neislerii living in
slough and off-channel environments (Payne and Miller, 2002; EnviroScience 2006a).

Water depth and substrate type provided no additional explanatory power in the most
informative models, suggesting 4. neislerii presence/absence and abundance is only weakly
related to these commonly-measured parameters. In contrast to previous reports of a significant
association between water depths and abundances (EnviroScience 2006a; Gangloff 2012), 4.
neislerii was found across a range of depths and model AIC. values support the hypothesis that
water depth is less of an important factor in controlling 4. neislerii distribution and abundance
than previously reported. Like water depth, A. neislerii was found in a variety of substrate types.
These findings indicate that an attempt to characterize suitable mussel habitat using substrate
alone would not have succeeded in this river reach (Strayer and Ralley 1993; Brim Box et al.
2002; Strayer 2004). The model results show that mesohabitat class was a stronger explanatory
measure than substrate type, and all occupied classes exhibited a heterogeneous substrate

composition (Figure 23).
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Using the explanatory variables T derived with sonar and GIS analysis tools to develop
models for predicting A. neislerii occurrence and abundance across our study area was a primary
objective of this study. The most informative presence/absence model predicted 18% of the study
occupied, all of which was located within smooth bedform mesohabitat classes. Although the
abundance model only included the smooth bedform mesohabitat classes, not all areas within the
smooth bedform mesohabitat classes were predicted to contain at least one mussel, and a map of
predicted abundances clearly indicated variation across mesohabitats. Predicted abundances
exhibited an increasing trend with increasing study site, and therefore also with distance
downstream (Figure 22). This longitudinal trend is most likely due to effect of rkm on estimates
of abundance at downstream study sites, and indicates rkm describes longitudinal variation in A.
neislerii density. A marked increase in estimated abundance for all sites downstream of the site
with highest observed average density exemplified the effect of rkm on predicted A. neislerii
abundance (Figure 22). No significant increase in suitable habitat areas occurred at lower study
sites (Figure 8), further suggesting the rkm variable is largely responsible for the trend in
predicted abundances.

Assessments of within model performance revealed strengths and some weaknesses of
the models developed in this study. The most informative presence/absence model contained low
type I and II error when predicting occurrences (Figure 14), and therefore provided a statistically
accurate predictive species distribution model for 4. neislerii presence/absence at the 10 m? scale
in this reach of the Apalachicola River. Regression analysis between predicted abundances by
the most informative count model and the observed counts from the survey were significantly

correlated, however a R® of 0.34 suggests the accuracy of the count model needs improvement.
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The geospatial map of abundance that resulted from the population estimate procedure
allowed me to validate the count model predictions with data collected from an independent
study conducted by Gangloff (2012). Predicted abundances estimated to occur within equal areas
of Gangloff (2012) sampling sites showed a lack of correlation in regression analysis between
site level abundance estimates (Figure 16), suggesting variables not included in the model
influenced abundance at the sub-mesohabitat or site level. This is not surprising as I focused on
using only a few, simple, easily measured variables to model abundance across the large spatial
extent of the study area. Abundance estimates on a site by site basis showed the count model
consistently predicted greater abundances than Gangloff’s 2012 estimate. However, the count
model predicted lower abundance by a larger degree at three points, causing estimates from each
study to be similar when totaled across Gangloff (2012) sample sites. Population estimates
between the two methodologies were also similar when comparing a reach-wide estimate to
habitat areas identified by Gangloff in 2012. This indicates the variation observed between
estimates at the site level balances at the reach scale.

The lack of correlation between my site-level estimates and the site-level estimates of an
independent survey (Gangloff 2012) could be the result of unexplained variation due to
explanatory variables not included in the model. Alternate variables such as slope, sinuosity, or
radius of curvature may improve the accuracy of estimates made at the scale used to develop the
count model (10 m?), and therefore may result in more accurate estimates at the higher, site-level
scale. For example, 4. neislerii densities have been shown to be highest between rkm 75 — 67,
and this area exhibits distinctly less gradient (Figure 10), shorter site length (Figure 8), and

contains a greater proportion of smooth bedform area per site than sites upstream and
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downstream (Figure 9). Using hydrogeomorphic variables associated with these observations
could be incorporated in future count models.

A closer inspection of where the count model estimated greater numbers of A. neislerii
than M. Gangloff revealed four of these sites were occurring below a natural side channel known
as the Chipola Cutoff at rkm 65. Gangloff (2012) observed decreased A. neislerii density at
several sites below this feature. Further investigation revealed dredging activities for navigation
channel maintenance conducted by the USACE was heavily concentrated in several areas
directly below the Chipola Cutoff until a moratorium in 2001 (USACE Dredging Report 2001,
unpublished data). However, even though the single site sampled below the Chipola Cutoff
contained less A. neislerii than sites sampled upstream, the observed decrease in A. neislerii
density was not great enough to be represented in the count model and consequently caused
predicted abundance to steadily increase below the Chipola Cutoff (Figure 23). The combination
of Gangloff’s (2012) data, USACE dredging locations, and knowledge of shallow channel
bathymetry led to removal of study sites 41, 42, 48, and 50 below the Chipola Cutoff from the
population estimate. This removed nearly 1,500,000 mussels from the initial population estimate
for a final adjusted estimate of 7,132,332 A. neislerii potentially living in the study area.

Although my final population estimate greatly exceeds previous estimates, this estimate
can be considered conservative. In addition to fully excluding four sites, 118,020 m? of the
Pool/Outer Bank habitat was removed from prediction. Furthermore, the tactile sampling
technique used in this survey may have missed some of the smallest individuals. Gangloff (2012)
sampled 4.5x as many juvenile A. neislerii less than 30mm using a suction dredge as found using
tactile searches alone in this study, and therefore observed densities in this study may be slightly

lower. However, searching with tactile methods in this study still uncovered 221 A. neislerii less
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than 30mm in length, representing 5.6% of the total population sampled, and leads to the
conclusion that the sampling method used in this study was still effective at estimating percent
juveniles and detecting recruitment.

Population estimates from M. Gangloff (2012) and this study were similar, but I
estimated dramatically higher numbers of 4. neislerii in recirculation habitats when using the full

extent of suitable habitat area identified with side scan sonar. The discrepancy in population

estimates is primarily due to the difference in estimated suitable habitat area between the studies.
All of Gangloff’s (2012) sample sites that occurred in my study area were in the Inner and Outer
Recirculation Zones. However, I quantified total Inner and Outer Recirculation Zone habitat area
to be an order of magnitude greater than that of Gangloff (2012), and consequently the total
number of A. neislerii estimated in recirculating habitats was also an order of magnitude greater
(Table 13).

The paradigm shift in A. neislerii habitat use and population sizes occurring as a result of
this study provides an example of how differences in study methodology can significantly
change estimates of population size and critical habitat. Peterson et al. (2001) reviewed three
independent studies that assessed the magnitude of environmental degradation to coastal habitats
from a large oil spill, and found that differences in sampling approaches were responsible for
polarized conclusions of the extent of damage to natural resources. Sonar habitat mapping was \
employed in this study to identify extent of difficult-to-access habitats and this information was
used to stratify sampling efforts for an endangered freshwater mussel. Results show that this
population may be less prone to extinction than previously thought, and it is possible that an
integrated, sonar-based study approach could identify previously unrecognized habitat for other

freshwater mussel populations in systems similar to the Apalachicola River.
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The sonar-based habitat classification employed in this study corresponds to areas of
stable habitat as measured by complex hydraulic variables in other large alluvial river systems.
Zigler et al. (2008) created a geospatial model with estimates of substrate stability in a 30-km
reach of the Upper Mississippi River and found areas of the mid channel that contained large
sand dunes exhibited high sediment mobility rates and therefore were unstable and shifting,
while channel margins in sinuous reaches were identified as areas with high probabilities of
mussel presence and high abundance. Past studies have shown a high degree of correlation
between stable habitats and mussel abundance (Strayer 1999; Morales et al. 2006; Steuer et al.
2008; Allen & Vaughn 2010), and large meandering rivers support the formation and
maintenance of stable habitats adjacent to the bank at the inflection points of meander bends
(Klienhans et al. 2010). Stable habitats that provide flow refuge from flood disturbances have
been associated with high probability of juvenile settlement, whether through presence of fish
hosts (Vaughn and Taylor 2000) or depositional hydrology (Morales et al. 2006), and correspond
directly to the Inner and Outer Recirculation Zones identified in this study. Areas where flow
recirculates increases residence time of nutrients that can contribute to higher benthic
invertebrate diversity and richness (Garcia et al. 2012; Townsend et al. 1989; Vannote et al.
1980), and can also increase the residency time of fish hosts and food required for freshwater
mussel populations to persist (Strayer 2004).

To my knowledge, this is the first study to use side scan sonar to classify potential mussel
habitat across a large river reach, and then use map-derived variables to model distribution and
abundance at this scale. The entire 700 ha study area was scanned, mapped, and sampled for
freshwater mussels within one year, further supporting the utility of this study’s methodology for

limited budget and time constricted situations. A similar approach involving mapping potential
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habitat first, stratifying samples accordingly, and modeling with the resulting data might also
alter ecological perspectives on other freshwater mussel species in large rivers as this study has

done with 4. neislerii.

Conclusion

Identifying the spatial extents of freshwater mussel habitats with side scan sonar habitat
mapping has considerably altered previous perspectives on Fat Threeridge (Amblema neislerii)
freshwater mussel populations in the Apalachicola River. Using bedforms to delineate habitats at
the mesoscale and using time lapse sonar image analysis to confirm their stability provided a low
cost, efficient approach to focus sample efforts of A. neislerii across this 50 km reach of the
Apalachicola River. The sampling approach taken in this study revealed A. neislerii residing in
undistinguished habitats and occupying greater extents than previously recognized, and sonar-
based and GIS-derived habitat variables were sufficient to develop species distribution models to
estimate population size over large spatial extents. The information gained from this study has
identified previously unrecognized suitable habitat, and provided a more comprehensive
perspective of A. neislerii distribution and abundance. I believe the integration of low-cost, sonar
habitat mapping, stratified mussel surveys, and species distribution modeling may help fill a
critical gap in information necessary to study and manage these imperiled organisms in a variety

of other river systems.
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Tables

Table 1. Descriptions and features of the mesohabitat classification scheme.

Mesohabitat
unit

Flow conditions

Bed stability &
depositional pattern

Bedform
pattern

Location in channel

Sonar features

Point Bar

Inner
Recirculation
Zone

Quter
Recirculation
Zone

Mid-Channel

Pool/Outer
Bend

Turbulent

Recirculation/flow
separation eddy

Recirculation/flow
separation eddy

Turbulent

Unidirectional
secondary flow

Unstable; Highly
depositional of coarse
particles

Stable; Moderately
depositional of finer
particles and organic

matter

Stable; Moderately
depositional of finer
particles and organic

matter

Unstable; Transport of
coarse particles

Stable at low flow;
Erosion at high flow;
Deposition of coarsest
particles and
submerged wood

Ripples/Dunes

Smooth plane

Smooth plane

Ripples/ Dunes

Smooth plane

Inner bend bank

attached

Bank attached
downstream of

Point Bar inner
bend

Bank attached
downstream of

Pool/Outer Bend

Center of channel

Bank attached outer
portion of meander

bend

Bright image tone, dunes
and ripples

Smooth texture; darker

image tone; moderate

bank slopes-dull sonar
return from edge

Smooth texture; darker
image tone; moderate
bank slopes-dull sonar
return from edge; large
woody material

Bright image tone, dunes
and ripples

Smooth texture; bright

image tone; steep/verticle

bank-bright sonar return
from edge; large woody
material
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Table 2. Results of the mesohabitat classification across the study area.
Mesohabitat Unit Total Number Average Area Total Area (ha) % of Total Habitat
of units Per unit (ha)

Point Bar 49 1.03 50.6 73

Inner Recirculation Zone 49 0.55 27.1 39

Outer Recirculation Zone 49 0.34 15.7 2.3
Mid-Channel 50 10.0 498.6 71.6
Pool/Outer Bank 50 2.1 104.3 15.0
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Table 3. Area in hectares and percent change occurring to each mesohabitat class after a 10 year flood event. The mesohabitat classes
listed vertically on the left column correspond to the mesohabitat classes that existed preflood, and the horizontally listed mesohabitat
classes on the top column correspond to the mesohabitats that existed post flood. For example, the inner recirculation zone exhibited a
3.8% change in area to the Point Bar mesohabitat after the flood event. Shaded boxes represent area of no change.

Post-flood data

Inner Recirculation

Quter Recirculation

Point Bar Mid-Channel® Pool/Outer Bank
Zone Zone
Point Bar 264.9 (80.3%) 2.7 (0.8%) 2.0 (0.6%) 60.2 (18.3%) 0 (0%)

Inner

Recirculation 8.0 (3.8%) 167.1 (80.4%) 0 (0%) 16.7 (8.0%) 15.9 (7.7%)
Zone o :

Pre-flood Outer ' :
data Recirculation 1.7 (1.5%) 0 (0%) 85.3:(71.0%) 255 (21.2%) 7.5 (6.2%)

Zone : ,

Mid-Channel 66.8 (2.1%) 38.9 (1.2%) 21.4 (0.6%) 3,023.9 (93.5%) 84.9 (2.6%)

Pool/Outer Bank

0 (0%)

11.6 (1.5%)

11.8 (1.5%)

118.8 (15.6%)

6188 (812%)
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Table 4. Comparisons of the % net change between pre and post flood sonar habitat maps, and the % change that was measured from

two sonar habitat maps representing identical field conditions presented here as a measure of % mapping error. The % net change that
occurred between all mesohabitats except the Pool/Outer Bank fell inside the range of % error that could simply be due to differences
in GPS error and path of the survey vessel.

)
Mesohabitat Class Pre-flood Area (m?) Post-flood Area (m?) % Net Change Range of %
mapping error
Point Bar 329849 341760 3.6 (+-)5.0
Inner Recirculation Zone 207733 220818 6.3 (+/-)15.9
Outer Recirculation Zone 120113 125915 48 (+/-) 15.6
Mid Channel 3235962 3245683 0.3 (+/-)0.02
Pool/Outer Bank 760920 724421 -4.8 (+-)12
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Table 5. Results of manually selecting polygons associated with a visually noticeable change in bedform pattern. Numbers are
percentage of mesohabitat class on the left, vertical column that exhibited visually noticeable change in bedform to the mesohabitat

class on the right, horizontal column.

Post-flood data

Inner Outer Pool/Outer
Point Bar Recirculation Recirculation Mid-Channel oov/tu
Bank
Zone Zone
Point Bar 0.28 0.19 0 0
Inner Recirculation 095 0 1.45 0
Zone
Pre-flood Outer Recirculation 0 0 413 0
data Zone
Mid-Channel 0 0.28 0 0.44
Pool/Outer Bank 0 0 0 4.94
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Table 6. Results of the raw change analysis for suspected stable habitat units and the Pool/Quter Bank habitat. Decrease in area
due to Mid-Channel expansion is defined as the percent change that occurred from each of these habitats to the Mid Channel habitat
found in Table 5 above.

Unverified (raw) Verified physical
Mesohabitat Unit Mesohabitat unit decreas.e in area Observgd percent  area d-ecrease due
Pre Flood post flood due to mid-channel mapping error to mid-channel
expansion (%) expansion (%)
Inner Recirculation Mid-Channel 7.6 15.9 1.5
Zone
Outer Recireulation 3 14 Channel 20.8 15.6 4.1
Zone
Pool/Outer Bank Mid-Channel 156 1.2 49
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Table 7. Description and support for variables used in modeling procedure.

Variable Name Description Scale Support Source
River Kilometer Longitudinal variable representing Landscape  (Vannote et al. 1980) River Point shapefile with navigation
coarse resolution phenomena Continuum Concept; data of the Apalachicola River
Distribution of species changes  provided by USACE
from headwaters to mouths of
rivers due to geomorphological
and resource distribution
Mesohabitat Class Categorical variable with 5 levels Meso (Garcia et al. 2012) Meander Sonar image maps (SIMs) and
representing spatially defined habitat bends support the formation of classified polygon shapefile
types within the river channel hydraulic refuge from flood representing mapped
disturbances mesohabitats
Distance to Bank Continuous variable representing Meso (Gangloff 2012) A majority of 4. Polyline shapefile generated by
distance to wetted edge during low neislerii were found within short  digitizing edge of water from
flow conditions in the Apalachicola distances (<=~1 meter) of the aerial photography collected
River bank during a period of low flow in
the Apalachicola River
Distance to Unstable ~ Continuous variable representing Mcso (Guisan and Thuiller 2005) SIMs and mesohabitat layers
Habitat distance to unstable migrating sand Distance to disturbances representing benthic
ripples and dunes associated with represents a main influence on environments exhibiting a sand
turbulent hydraulic conditions species distribution ripple and dune bedform
Depth Continuous variable representing Micro Gangloff 2012; EnviroScience Survey data
water depth of the sample point 2006a found significant
during survey correlation between depths and
A. neislerii counts
Substrate Type Catcgorical variable with 4 levcls Micro A. Neislerii historically Survey data

representing predominate substrate
composition within each sampling
plot during survey

associated with substrate
compositions of mixtures of fine
sand and silt
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Table 8. Summary of 4. neisflerii and mesohabitat data.

# of

0 Average A. sample  Range of 4. Averagefi " A. neislerii
. Areal coverage % of R S o neislerii
Mesohabitat " neislerir plots neislerii A. neislerii . abundance
within study study . - density x
Class 2 density occupied/ sampled per count total model
area (m") area 2 Area (crude .
(mussels/m”)  # of plots plot ) estimate
estimate)
sampled
Main Channel 4,985,217 71.6 0.03 1727 0-9 9 149,835 NA
Point Bar 505,010 7.3 0.09 7/35 0-17 30 47,961 NA
Inner
Recirculation 270,697 39 4.6 29/35 0-244 1602 1,290,186 890,246
Zone
Outer
Recirculation 157,183 23 3.7 37/38 0-434 1419 595,826 288,462
Zone
PO‘]’;; ?ﬂ‘:ter 1,043,241 15.0 3.1 26/29 0-230 907 3,319,052 7,508,375
Total 6,961,348 100/164 3958 5,402,860 8,687,083
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Table 9. Summary of small sample size Akaike information criterion (AIC.) ranking of A. neislerii presence/absence logistic models.

Rank

Variables

Ai K W;
1 rkm Mesohabitat Class Distance to low 0.0 7 0.7
flow bankline
2 rkm Mesohabitat Class Distance to low  Distance to 22 8 02
flow bankline unstable habitat
3 rkm Mesohabitat Class Distance to low  Distance to Water 3.9 9 0.1
flow bankline unstable habitat ~ depth
4 rkm Mesohabitat Class 18.73 6 0.0
5 Mesohabitat Class 20.6 5 0.0
6 rkm Water  Substrate 40.4 6 0.0
depth  Type
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Table 10. Model summary for the AIC, top-ranked 4. neislerii presence/absence logistic model.

Coefficient Estimate SE Z P
(Intercept) 3.001 1.870 1.609 0.108
Inner Recirculation Zone 3.309 0.747 4432 <0.0001
Outer Recirculation Zone 3.171 0.792  4.003 <0.0001
Pool/Outer Bank 4.600 0.937 4907 <0.0001
Mid Channel -0.298 1222 -0.244  0.807
River Kilometer -0.039 0.023 -1.706  0.088
Distance to Low Flow Bankline -0.141 0.040 -3.574  0.0004
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Table 11. Summary of small sample size Akaike information criterion (AIC,) ranking of the 4. neislerii abundance models.

Rank Variables A; K w
1 rkm Mesohabitat Class Distance to  Distance to 0.0 6 0.99
low flow unstable
bankline habitat
2 rkm Mesohabitat Class Distance to  Distance to Substrate 10.6 7 0.01
low flow unstable Type
bankline habitat
3 rkm Mesohabitat Class Distance to 21.6 5 0.0
low flow
bankline
4 rkm Mesohabitat Class 32.5 4 0.0
5 Distance to  Distanceto  Water Substrate 46.2 7 0.0
low flow unstable depth Type
bankline habitat
6 Substrate 58.4 4 0.0
Type
7 Water Substrate 606 5 0.0
depth Type
8 Water 62.6 8 0.0
depth
9 Mesohabitat Class 64.47 3 0.0
10 Mesohabitat Class Water 66.52 4 0.0
depth
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Table 12. Model summary for the AIC, top-ranked 4. neislerii abundance model using the GLM procedure with a negative binomial

distribution.

Coefficient Estimate  SE VA P
(Intercept) 9.750 0.809 12.05 <0.0001
Outer Recirculation Zone -0.420 0305 -1.38 0.167
Pool/Outer Bank 0.943 0.330 2.88 0.0040
River Kilometer -0.082 0.009 -8.70  <0.0001
Distance to Low Flow Bankline  -0.118 0.022 -541  <0.0001
Distance to Unstable Habitat 0.058 0.015 3982 <0.0001
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Table 13. Comparison and contrast between M. Gangloff’s 2012 sampling and study results with those from this study.

Sampling Comparisons

Average density sampled

in nner and outer Area of potential inner and Max depth sampled in Max distance from bank
Methodology . neou outer recirculation zone inner and outer sampled in inner and outer
recirculation zones habitat in study area (m®) recirculation zones (m) recirculation zones (m)
(musscls/m?) abitat in study arca culation zones u nes
M. Gangloff 49 46,455 225 15.0
This study 4.1 427,880 4.6 224

Population Estimate Comparisons

. # A. neislerii estimated in
# A. neislerii estimated stimay

o inner and outer # A. neislerii estimated .
within M. Gangloff’s . . o # A. neislerii estimated
Methodology identificd potential habitat rec1rcu}at10n zone within pqol/outer bank across 700 ha study area
area mesohabitat class arca mesohabitat class area
M. Gangloff 199,679 199,679 N/A 199,679
This study 175,124 1,178,708 7,508,375 8,687,083
69

USFWS0044009




Figures

Location
Map

Figure 1. Study area.
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Figure 2. Dates of sonar data collection and associated discharges at the Jim Woodruff Lock
and Dam USGS water gauge. Note the >100,000 cfs flood event occurring in March 2013,
and the following sonar data collection used for the habitat change analysis.
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Recirculation- MESOHARITAT
Outer Bank PATCH
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Figure 3. Conceptual illustration of the primary and secondary flow environments
around a meander bend and associated habitat units used for this classification.
Adapted from Garcia et al. 2012.
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Figure 4 - Two examples of the standardized approach used to delineate boundaries, in this case
the boundaries between recirculation zones and mid channel mesohabitats, when such boundaries
crossed a region of the sonar image occupied by the water column (i.e., the dark band of pixels).
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Figure 5-Detail of features used to distinguish the Inner and Outer Recirculation Zones from the
Pool/Outer Bank and Mid-Channel habitats during mapping. A.) Using the dark tonal shift and
appearance of large woody debris to delineated the IRZ from the POB. B.) Using the bedform
variation from sand duned and rippled to smooth bedform to delineate the POB, IRZ, ORZ from
the Mid-Channel. Bedform patterns inspected at a much finer map-scale during mapping
(~1:300) than shown in this figure. C.) Dark band of pixels representing water depth. In this
example, the boat passed directly over the smooth and duned bedform boundary during the time
of collection, so the delineation proceeded across the center of the image.
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Figure 6 - A section of the completed mesohabitat classification map. Inset shows the consecutive, repeating nature of the mesohabitat
classes around a typical meander bend.
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Figure 7- Panels illustrating the 2010 NAIP aerial imagery, sonar image map layers, and the classified mesohabitat map for a bend in
the Apalachicola River.
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Figure 8. Breakdown of habitat area per site, where each site contains at least one of each mesohabitat type. Site ID number increases
with distance downstream, so site 1 is the upstream extent of the study area and site 50 is the downstream extent. The dotted line
represents the mean site area across all sites. Note sites 27 -34 hold consecutively smaller site areas.
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Figure 9. Proportion of area covered by each mesohabitat class per site. Note sites 27 to 39 show greater proportions of smooth

bedform mesohabitats (IRZ, ORZ, POB) than all other sites.
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Figure 10. Gradient of the Apalachicola River across the study area. Note the change of gradient occurring from site 23 to 39.
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Figure 11. Example of sand dune and ripple bedform encroachment into smooth
bedform habitats. Smooth bedforms in Recirculating-Inner Bank (A) and
Pool/Quter Bank (C) experienced migration of sand ripples and dunes (B) and
covering of large aggregations of woody debris (D). The yellow line represents the
outer boundary of the smooth bedforms before the flood as they would be digitized
in ArcGIS, while the red line indicates the boundary digitized after the flood. The
area quantified as a decrease in habitat is the shaded portion in between the two
boundaries, as analyzed using the raster calculator tool in ArcGIS. In A and B note
the bedform and image tone remains consistent before and after the flood event,
and in C and D, note the persistence of the large woody debris aggregations close
to the bank.
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Figure 12. Range of A. neislerii counts sampled within each mesohabitat class. Boxes represent
inner quartiles, and the solid horizontal black lines represent the median count. Dotted dashed
lines represent the entire range of counts observed. Counts can be converted to density by
dividing by the sampling area (10m?).
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Figure 13. Trends in mean A. neislerii density between all mesohabitat classes (upper panel) and
the Outer Recirculation Zone mesohabitat (lower panel) compared to average mean density
across all mesohabitat classes for each sampling site. Sampling site number increases
consecutively downstream. Note the large increase in average A. neislerii density at site 29 (river
kilometer 75), and the congruency between average A. neislerii in the Outer Recirculation Zone

mesohabitat class and average 4. neislerii density across all samples.
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Figure 14. Plot of sensitivity versus specificity of the top ranking presence/absence logistic
model. The plot revealed an optimal prediction probability to fall at 0.7 (vertical red line on the
x-axis), and the AUC was found to equal 0.939 (horizontal red line on the y-axis).
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Figure 15. Observed A. neislerii counts from the survey vs. predicted counts from the top AIC,
ranked negative binomial generalized linear count model. Correlation coefficient (R) between
points was found to equal 0.34, and the slope of the regression line was found to equal 0.85. N =
102.
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Figure 16. Site level comparisons of 4. neislerii estimates between M. Gangloff’s study in
2012 and the count model predictions estimated from within equal areas sampled by M.
Gangloff in 2008, 2010, and 2011. R? = 0.02, and the slope of the regression line is equal to
1.12. Line visible on the plot corresponds to a slope of 1:1.
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Figure 17. Example of differences in sampling site area between M. Gangloff’s
2012 study and the habitat extent identified with side scan sonar mapping of
submerged bedform features. Polygons in each study represent habitat patches
occurring at the meso-scale resolution of study.
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Figure 18. Geospatial species distribution model of presence/absence probabilities for A.
neislerii. Probabilities of >0.7 were associated with the presence of at least 1 A. neislerii in a 10
m2 cell. Of note, the outer edge of the downstream portion of this Inner Recirculation Zone
mesohabitat was predicted to have a low probability of 4. neislerii occurrence. Gangloff’s
sampling area at this site represented a small fraction of the total mesohabitat area, but was
located in an area of the highest predicted probability of A. neislerii occurrence.
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Predicted A. neislerii abundances
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Figure 19. Geospatial species distribution model of abundance. Note area of M. Gangloff’s
sample site to be restricted to areas predicted to have the highest abundance. The total estimated
abundance within the Inner Recirculation Zone mesohabitat shown here was 20901.3 mussels.
Gangloff (2012) estimated that 5358.7 mussels inhabited the portion of this mesohabitat defined
as the M. Gangloff sample area
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Figure 20. Site-level view of predicted probabilities of A. neislerii occurrence
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Figure 21. Site-level view of predicted 4. neislerii abundance
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Figure 23. Trends in predicted number of 4. neislerii per site. Sites correspond to the length of a single meander bend that contains at
least one of each mesohabitat class for a total of 50 consecutive sites occurring from the upstream to downstream extent of the study
area
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Figure 22. Composition of predominate substrate type of each sampling point per mesohabitat
class. Mucky Sand = Combination of silt and finest sand particles.
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Figure 24. Associations between large aggregations of woody debris and counts of 4.
neislerii. Note the adjacent samples inside the sand ripples/dunes bedforms containing 0,
while the samples located next to large woody debris structures contain 10, 96, and 230
A. neislerii,
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Exhibit 24



From: "Zettle, Brian A SAM"

To: "Kaeser, Adam" , "Bulger, Heather P SAM"

Date: Tue Feb 03 2015 04:18:29 GMT+0530 (IST)

Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED}

Classification: UNCLASSIFIED
Caveats; NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification. The assessment
you describe regarding dredging locations is something that our navigation folks would
routinely conduct when there was funding to support the ACF navigation project. | will
talk to our Operations Division guys and see if this has already been done for the most
recent survey data. If it has, | think we can share that information with you. If it hasn't,
they may be able to produce it quickly rather than you trying to work it out. Let me see
what | can find out. I'il see what data | have on dredging and mussels. | know some
studies have been done at various locations throughout the District over the years with
regards to dredging (disposal) and mussels. If you want it specific to fat threeridge, then
it will be limited to the old work we did on the Apalachicola River. USFWS should have
access to all of those reports and many others up through 2008 in the Administrative
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not
available on a shared server or something. If he no longer has it, let me know. Once we
know what period the USFWS administrative record covers, then | can try to help with
documents after that period. I'll try to follow up later this week on the dredging locations
analysis. Thanks.

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

-----0riginal Message-----

From: Kaeser, Adam [maiito:adam_kaeser@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification process.
As discussed during our last meeting, one part of the process involves an assessment of
the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an assessment of
this threat that will incorporate several complementary approaches. To begin, we've
decided to attempt to identify all locations in the channel that might require dredging
{under a scenario that dredging would be authorized and funded}) using the best available
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data. 1 have what | believe is the most recent bathymetric data from the survey you
{ACOE) conducted in the river. | have to look the date up on the survey but | believe it
was within the last 10 years. What I'm thinking of doing is taking the criteria you use to
classify areas in need of dredging, and using these criteria to identify areas of the channel
that might need deepening. The criteria | think are at play are 1) minimum depth of
channe! at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE)
like to conduct this assessment and provide us with a georeferenced data set indicating
areas that might need dredging? If you are comfortable with USFWS conducting this part
of the assessment (which of course you can review and QA/QC) then | am willing to do
S0.

On the topic of dredging and mussels, any information that you have and would like to
contribute that might be used to conduct an assessment of the potential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at this
time.

My third request has to do with compiling all of the past data/reports concerning take
monitoring work. | have a few spreadsheets on my computer from recent years, but I'm
hoping you have a folder with all of the past analyses/spreadsheets and reports to
USFWS. | realize that Karen might have been the recipient of these reports in the past,
but | would like to establish a complete archive with Grant Webber in our office at this
time. We (USFWS) will need to have all of these data together to work on an assessment
of the threat of low-water drawdown on stranding and mortality of fat threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.

Aguatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

http:/iwww fws.gov/panamacity/sonarhabitatmapping.htmi

Classification: UNCLASSIFIED
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Caveats: NONE

From: "Kaeser, Adam"

To: "Zettle, Brian A SAM"

Date: Tue Feb 03 2015 19:58:44 GMT+0530 (IST)

Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)
Thanks Brian. My first choice would be for you guys to conduct the assessment of areas
of the channel that could theoretically require dredging. Such work is your area of
expertise. That said, with the criteria in hand | think | can also complete an assessment.
Just let me know. Either way, we probably will want to have those criteria spelled out
{min depth, flow, and width) to include in the assessment documentation.

Regarding literature and documented effects of dredging- some of the details that would
be of high relevance include the area of impact around a dredged area of channel. For
example, if an area is dredged in a river like the Apalachicola, how far would the effects of
channel destabilization extend in the upstream and downstream directions? We could
use this info to assess degree of impact to resident mussels. We have a lot of data on
mussel distribution. What we don't have a lot of is details that would facilitate some type
of defensible, scientific and quantitative assessment of potential dredging impacts (at
least not yet anyway). That's what we're working towards. Any assistance is greatly
appreciated,

Thanks,

Adam

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian. A.Zettle@usace.army.mil>
wrote;

Classification: UNCLASSIFIED
Caveats: NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification. The
assessment you describe regarding dredging locations is something that our navigation
folks would routinely conduct when there was funding to support the ACF navigation
project. | will talk to our Operations Division guys and see if this has already been done
for the most recent survey data. If it has, | think we can share that information with
you. Ifit hasn't, they may be able to produce it quickly rather than you trying to work it
out. Let me see what | can find out. I'll see what data | have on dredging and

mussels. | know some studies have been done at various locations throughout the
District over the years with regards to dredging (disposal) and mussels. If you want it
specific to fat threeridge, then it will be limited to the old work we did on the
Apalachicola River. USFWS should have access to all of those reports and many
others up through 2008 in the Administrative record for the RIQP litigation. Jerry
Ziewitz should be able to provide a copy if it is not available on a shared server or
something. If he no longer has it, tet me know. Once we know what period the
USFWS administrative record covers, then | can try to help with documents after that
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period. I'll try to follow up later this week on the dredging locations analysis. Thanks.

Brian Zettle

Bioiogist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 890-2115

--—-0Original Message-----

From; Kaeser, Adam [mailto:agam_kaeser{@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull, Catherine Phillips
Subject. [EXTERNAL] Apalachicoia - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification process.
As discussed during our Iast meeting, one part of the process involves an assessment
of the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an assessment of
this threat that will incorporate several complementary approaches. To begin, we've
decided to attempt to identify all locations in the channel that might require dredging
{(under a scenario that dredging would be authorized and funded) using the best
available data. | have what | believe is the most recent bathymetric data from the
survey you (ACOE) conducted in the river. | have to look the date up on the survey but
| believe it was within the last 10 years. What I'm thinking of doing is taking the criteria
you use to classify areas in need of dredging, and using these criteria to identify areas
of the channel that might need deepening. The criteria | think are at play are 1)
minimum depth of channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or
greater) 2) and minimum width of channel exhibiting these conditions (e.g., 200 feet
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively,
would you (ACOE) like to conduct this assessment and provide us with a
georeferenced data set indicating areas that might need dredging? If you are
comfortable with USFWS conducting this part of the assessment {which of course you
can review and QA/QC) then | am willing to do so.

. On the topic of dredging and mussels, any information that you have and would like to
contribute that might be used to conduct an assessment of the potential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at this
_ time.

My third request has to do with compiling all of the past data/reports concerning take
monitoring work. | have a few spreadsheets on my computer from recent years, but I'm
hoping you have a folder with all of the past analyses/spreadsheets and reports to
USFWS. | realize that Karen might have been the recipient of these reports in the past,
but 1 would like to establish a complete archive with Grant Webber in our office at this
time. We (USFWS) will need to have all of these data together to work on an
assessment of the threat of low-water drawdown on stranding and mortality of fat
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threeridge.

Anything | can do to help clarify the needs, or if interested in discussing ihese
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.goy

http://iwww fws.gov/panamacity/senarhabitatmapping. htm|

Classification: UNCLASSIFIED
Caveats: NONE

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

htip:/fiwww fws gov/panamacity/sonarhabitatmapping.htm|

From: "Pursifull, Sandra"
To: Adam Kaeser , Grant \Webber
Date: Tue Feb 03 2015 20:47:09 GMT+0530 (IST)
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Subject Fwd: [EXTERNAL] Apalachlcola Fat threendge data (UNCLASSIFIED)

Anythlng docs cited in the Woodruff Dam BO we should have and | can probably find.

----—-— Forwarded message ---—-—---

From: Zettle, Brian A SAM <Brian A Zeftle@usace.army.mil>

[Date: Mon, Feb 2, 2015 at 4:48 PM

Subject: RE: [EXTERNAL] Apalachicoia - Fat threeridge data (UNCLASSIFIED)
To: "Kaeser, Adam" <adam_kaeser{@fws.gov>, "Bulger, Heather P SAM"
<Heather.P_Bulger@usace.army.mil>

Cc: Grant Webber <grant_webber@fws gov>, Sandra Pursifuil
<sandra_pursifull@fws.gov>, Catherine Phillips <catherine_phillips@fws. gov>

Classification: UNCLASSIFIED
Caveats: NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification. The assessment
you describe regarding dredging locations is something that our navigation folks would
routinely conduct when there was funding to support the ACF navigation project. | will
talk to our Operations Division guys and see if this has already been done for the most
recent survey data. If it has, | think we can share that information with you. If it hasn't,
they may be able to produce it quickly rather than you trying to work it out. Let me see
what | can find out. I'll see what data | have on dredging and mussels. | know some
studies have been done at various locations throughout the District over the years with
regards to dredging (disposal) and mussels. If you want it specific to fat threeridge, then
it will be limited to the old work we did on the Apalachicola River. USFWS should have
access to all of those reports and many others up through 2008 in the Administrative
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not
available on a shared server or something. If he no longer has it, let me know. Once we
know what period the USFWS administrative record covers, then | can try to help with
documents after that period. Il try to follow up later this week on the dredging locations
analysis. Thanks.

Brian Zettle

Biologist

Chief, Iniand Environment Team

U.S. Army Corps of Engineers, Mobile District
{251) 690-2115

-----QOriginal Message-----

From: Kaeser, Adam [mailto:adam_kaeser@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data
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Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification process.
As discussed during our last meeting, one part of the process involves an assessment of
the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an assessment of
this threat that will incorporate several complementary approaches. To begin, we've
decided to attempt to identify all locations in the channel that might require dredging
(under a scenario that dredging would be authorized and funded) using the best available
data. | have what | believe is the most recent bathymetric data from the survey you
(ACOE) conducted in the river. | have to look the date up on the survey but | believe it
was within the last 10 years. What I'm thinking of doing is taking the criteria you use to
classify areas in need of dredging, and using these criteria to identify areas of the channel
that might need deepening. The criteria | think are at play are 1) minimum depth of
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE)
like to conduct this assessment and provide us with a georeferenced data set indicating
areas that might need dredging? |f you are comfortable with USFWS conducting this part
of the assessment (which of course you can review and QA/QC) then | am willing to do
s0.

On the topic of dredging and mussels, any information that you have and would like to
contribute that might be used to conduct an assessment of the potential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at this
time.

My third request has to do with compiling all of the past datafreports concerning take
monitoring work. | have a few spreadsheets on my computer from recent years, but I'm
hoping you have a folder with all of the past analyses/spreadsheets and reports to
USFWS. | realize that Karen might have been the recipient of these reports in the past,
but | would like to establish a complete archive with Grant Webber in our office at this
time. We (USFWS) will need to have all of these data together to work on an assessment
of the threat of low-water drawdown on stranding and mortality of fat threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue
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Classification: UNCLASSIFIED
Caveats: NONE

. Adam,

I'm glad to hear you guys are moving forward with the reclassification. The
assessment you describe regarding dredging locations is something that our navigation
folks would routinely conduct when there was funding to support the ACF navigation
project. | will talk to our Operations Division guys and see if this has already been done
for the most recent survey data. If it has, | think we can share that information with
you. [f it hasn't, they may be able to produce it quickly rather than you trying to work it
out. Let me see what | can find out. I'll see what data | have on dredging and

mussels. | know some studies have been done at various locations throughout the
District over the years with regards to dredging (disposal) and mussels. [If you want it
specific to fat threeridge, then it will be limited to the old work we did on the
Apalachicola River. USFWS should have access to all of those reports and many
others up through 2008 in the Administrative record for the RIOP litigation. Jerry
Ziewitz should be able to provide a copy if it is not available on a shared server or
something. If he no longer has it, let me know. Once we know what period the
USFWS administrative record covers, then | can try to help with documents after that
period. I'll try to follow up later this week on the dredging locations analysis. Thanks.

Brian Zettle

Biologist

Chief, Intand Envirconment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

----- Original Message--—-

From: Kaeser, Adam [mailto.adam_kaeser@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification process.
As discussed during our last meeting, one part of the process involves an assessment
of the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an assessment of
this threat that wiil incorporate several complementary approaches. To begin, we've
decided to attempt to identify all locations in the channe! that might require dredging
(under a scenario that dredging would be authorized and funded) using the best
available data. | have what | believe is the most recent bathymetric data from the
survey you (ACOE) conducted in the river. | have to look the date up on the survey but
| believe it was within the last 10 years. What I'm thinking of doing is taking the criteria
you use to classify areas in need of dredging, and using these criteria to identify areas
of the channel that might need deepening. The criteria | think are at play are 1)
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minimum depth of channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or
greater) 2) and minimurn width of channel exhibiting these conditions {e.g., 200 feet
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively,
- would you (ACOE) like to conduct this assessment and provide us with a
georeferenced data set indicating areas that might need dredging? If you are
comfortable with USFWS conducting this part of the assessment (which of course you
can review and QA/QC) then | am willing to do so.

On the topic of dredging and mussels, any information that you have and would like to
contribute that might be used to conduct an assessment of the polential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at this
time.

My third request has to do with compiling all of the past datafreports conceming take
monitoring werk. | have a few spreadsheets on my computer from recent years, but I'm
hoping you have a folder with all of the past analyses/spreadsheetls and reports to
USFWS. | realize that Karen might have been the recipient of these reports in the past,
but | would like to establish a complete archive with Grant Webber in our office at this
time. We (USFWS) will need to have all of these data together to work on an
assessment of the threat of low-water drawdown on stranding and mortality of fat
threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.qov

http:/iwww fws.gov/ipanamacity/sonarhabitatmapping.html

Classification: UNCLASSIFIED
Caveats: NONE
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Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

hitp.//iwww fws gov/panamacity/sonarhabitatmapping htmi

From: "Phillips, Catherine”

To: "Kaeser, Adam”

Date: Mon Feb 09 2015 22:43:13 GMT+0530 (IST)

Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Yup. It will be the 25th at the lock. You are welcome to be there.

Catherine T. Phillips, PhD
Project Leader

Panama City Field Office
1601 Balboa Avenue
Panama City, Florida 32405
850-769-0552 ext.242
850-348-6497 (cell)

On Mon, Feb 9, 2015 at 10:46 AM, Kaeser, Adam <adam_kaeser@fws.gov> wrote:
Hi Brian,
Just following up to keep the topics and requests current. If you can try to determine
whether you have the dredging channel assessment work complete, or can tackle it in
house, by the end of the week that would be helpful. With the proper criteria, | can try
to tackle it myself alternatively. We have set some timelines for phases of our
assessment work which is motivating me to keep this ball rolling.

Sounds like there's a meeting taking shape for end of the month on Alabama shad.
Perhaps this would be a good opportunity to exchange info- we're also interested in a
total package of the take monitoring data, and anything eise you might be able to
provide for background info on dredging in the river- how its done, any studies on
mussels, etc. If this might be a good date to catch up on this stuff, | can plan to be
there.

Thanks!
Adam
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On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian A Zettle@usace army. mil
> wrote:

Classification. UNCLASSIFIED

Caveats: NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification. The
assessment you describe regarding dredging locations is something that our
navigation folks would routinely conduct when there was funding to support the ACF

- navigation project. | will talk to our Operations Division guys and see if this has

 already been done for the most recent survey data. If it has, | think we can share
that information with you. If it hasn't, they may be able to produce it quickly rather
than you trying to work it out. Let me see what | can find out. ['ll see what data |
have on dredging and mussels. | know some studies have been done at various

- locations throughout the District over the years with regards to dredging (disposal)
and mussels. If you want it specific to fat threeridge, then it will be limited to the old
work we did on the Apalachicola River. USFWS should have access to all of those
reports and many others up through 2008 in the Administrative record for the RIOP
litigation. Jerry Ziewitz should be able to provide a copy if it is not available on a
shared server or something. If he no longer has it, let me know. Once we know

. what period the USFWS administrative record covers, then | can try to help with

~ documents after that period. I'll try to follow up later this week on the dredging
locations analysis. Thanks.

~ Brian Zettle
Biologist
Chief, Inland Environment Team
U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

-—---0Original Message-----

From: Kaeser, Adam [maito:adam_kaeser@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

| Hi Brian,
We are moving forward with early phases of the fat threeridge reclassification
process. As discussed during our last meeting, one part of the process involves an
assessment of the threats identified in the recovery plan for the species,

One of the threats commonly discussed is dredging. I'm working on an assessment
of this threat that will incorporate several complementary approaches. To begin,
we've decided to attempt to identify all locations in the channel that might require
dredging (under a scenario that dredging wouid be authorized and funded) using the
best available data. 1have what | believe is the most recent bathymetric data from
the survey you (ACOE) conducted in the river. | have to look the date up on the
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survey but | believe it was within the last 10 years. What I'm thinking of doing is

taking the criteria you use to classify areas in need of dredging, and using these

criteria to identify areas of the channel that might need deepening. The criteria |

think are at play are 1} minimum depth of channel at a specific flow (e.g., 8 feet deep

at flows of 10,000 cfs or greater) 2) and minimum width of channel exhibiting these

- conditions (e.g., 200 feet wide). To conduct this assessment I'm in need of these

- specific criteria. Alternatively, would you (ACOE) like to conduct this assessment

and provide us with a georeferenced data set indicating areas that might need

dredging? If you are comfortable with USFWS conducting this part of the
assessment {(which of course you can review and QA/QC) then | am willing to do so.

On the topic of dredging and mussels, any information that you have and would like
to contribute that might be used to conduct an assessment of the potential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at

- this time.

My third request has to do with compiling all of the past data/reports concerning take
monitoring work. | have a few spreadsheets on my computer from recent years, but
I'm hoping you have a folder with all of the past analyses/spreadsheets and reports
to USFWS. | realize that Karen might have been the recipient of these reports in the
past, but | would like to establish a complete archive with Grant Webber in our office
at this time. We (USFWS) will need to have all of these data together to work on an
assessment of the threat of low-water drawdown on stranding and mortality of fat
threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
- Adam

- Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

{850) 348-6496 (cell)

adam_kaeser@fws.gov

http:/Awww fws govi macity/ rhabit ing.html

Classification: UNCLASSIFIED
Caveats: NONE
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Just following up to keep the topics and requests current. If you can try to determine
whether you have the dredging channel assessment work complete, or can tackie it in
house, by the end of the week that would be helpful. With the proper criteria, | can try to
tackle it myself alternatively. We have set some timelines for phases of our assessment
work which is motivating me to keep this ball roiling.

Sounds like there's a meeting taking shape for end of the month on Alabama shad.
Perhaps this would be a good opportunity to exchange info- we're also interested in a
total package of the take monitoring data, and anything else you might be able to provide
for background info on dredging in the river- how its done, any studies on mussels, etc. If
this might be a good date to catch up on this stuff, | can plan to be there.

Thanks!
Adam

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian.A Zettle@usace. army.mil>
wrote:

Classification: UNCLASSIFIED
Caveats: NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification. The
assessment you describe regarding dredging locations is something that our navigation
folks would routinely conduct when there was funding to support the ACF navigation
project. | will talk to our Operations Division guys and see if this has already been done
for the most recent survey data. If it has, | think we can share that information with you.
if it hasn't, they may be able to produce it quickly rather than you trying to work it out. Let
me see what [ can find out. {'ll see what data | have on dredging and mussels. | know
some studies have been done at various locations throughout the District over the years
with regards to dredging (disposal) and mussels. If you want it specific to fat threeridge,
then it will be limited to the old work we did on the Apalachicola River, USFWS should
have access to all of those reports and many others up through 2008 in the Administrative
record for the RIOP litigation. Jerry Ziewitz should be able to provide a copy if it is not
available on a shared server or something. If he no longer has it, let me know. Once we
know what period the USFWS administrative record covers, then | can try to help with
documents after that period. I'll try to follow up later this week on the dredging locations
analysis. Thanks.

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

—--Original Message----
From: Kaeser, Adam [mailto:adam_kaeser@fws.gov]
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Sent. Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifuil; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification
process. As discussed during our last meeting, one part of the process involves an
assessment of the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an assessment
of this threat that will incorporate several complementary approaches. To begin, we've
decided to attempt to identify all locations in the channel that might require dredging
(under a scenario that dredging would be authorized and funded) using the best available
data. | have what | believe is the most recent bathymetric data from the survey you
(ACOE) conducted in the river. | have to look the date up on the survey but | believe it
was within the last 10 years. What I'm thinking of doing is taking the criteria you use to
classify areas in need of dredging, and using these criteria to identify areas of the channel
that might need deepening. The criteria | think are at play are 1) minimum depth of
channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or greater) 2) and
minimum width of channel exhibiting these conditions (e.g., 200 feet wide). To conduct
this assessment I'm in need of these specific criteria. Alternatively, would you (ACOE})
like to conduct this assessment and provide us with a georeferenced data set indicating
areas that might need dredging? If you are comfortable with USFWS conducting this part
of the assessment (which of course you can review and QA/QC) then | am willing to do
S0.

On the topic of dredging and mussels, any information that you have and would like
to contribute that might be used to conduct an assessment of the potential impact of
dredging on fat threeridge habitat and/or populations | would be glad to receive at this
time.

My third request has to do with compiling all of the past data/reports concerning take
monitoring work. | have a few spreadsheets on my computer from recent years, but I'm
hoping you have a folder with all of the past analyses/spreadsheets and reports to
USFWS. | realize that Karen might have been the recipient of these reports in the past,
but | would like to establish a complete archive with Grant Webber in our office at this
time. We (USFWS) will need to have all of these data together to work on an assessment
of the threat of low-water drawdown on stranding and moriality of fat threeridge.

Anything [ can do to help clarify the needs, or if interested in discussing these
assessments further please et me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.
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Aguatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

http.//www fws.gov/panamacity/sonarhabitatmapping. html

Classification: UNCLASSIFIED
Caveats: NONE

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell}

adam_kaeser@fws.gov

http:/fwww _fws. gov/ipanamacity/sonarhabitatmapping.htm|

Classification: UNCLASSIFIED
Caveats: NONE

From: "Kaeser, Adam"

To: "Zettle, Brian A SAM"

Date: Tue Feb 10 2015 00:34:17 GMT+0530 (IST)

Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Yes | am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8 central.
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On Mon, Feb 9, 2015 at 1:01 PM, Zettle, Brian A SAM <Brian A Zettie@usace. army.mil>
wrote:

Classification: UNCLASSIFIED

Caveats: NONE

Adam,

| have discussed with Operations Division and we believe we can produce the
information you are requesting. However, I'd like to set up a call with the relevant
parties so we all understand what is needed. Are you avaitable for a quick call later
today or tomorrow?

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

From: Kaeser, Adam [mailto:adam_kaeser@fws.gov]

Sent: Monday, February 09, 2015 10:46 AM

To: Zettle, Brian A SAM

Cc: Bulger, Heather P SAM; Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: Re; [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Hi Brian,

Just following up to keep the topics and requests current. If you can try to determine
whether you have the dredging channel assessment work complete, or can tackle it in
house, by the end of the week that would be helpful. With the proper criteria, | can try
to tackle it myself alternatively. We have set some timelines for phases of our
assessment work which is mativating me to keep this ball rolling.

Sounds like there's 2 meeting taking shape for end of the month on Alabama shad.
Perhaps this would be a good opportunity to exchange info- we're also interested in a
total package of the take monitoring data, and anything else you might be able to
provide for background info on dredging in the river- how its done, any studies on
mussels, etc. If this might be a good date to catch up on this stuff, | can plan to be
there.

Thanks!
Adam

On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM <Brian. A Zettle@usace. army.mil
> wrote:

Classification: UNCLASSIFIED
Caveats; NONE

USFWS0088952



Adam,

I'm glad to hear you guys are moving forward with the reclassification. The
assessment you describe regarding dredging locations is something that our navigation
folks would routinely conduct when there was funding to support the ACF navigation
project. | will talk to our Operations Division guys and see if this has already been done
for the most recent survey data. If it has, | think we can share that information with
you. If it hasn't, they may be able to produce it quickly rather than you trying to work it
out. Let me see what | can find out. I'll see what data | have on dredging and
mussels. | know some studies have been done at various locations throughout the
District over the years with regards to dredging (disposal) and mussels. If you want it
specific to fat threeridge, then it will be limited to the old work we did on the
Apalachicola River. USFWS should have access to all of those reports and many
others up through 2008 in the Administrative record for the RIOP litigation. Jerry
Ziewitz should be able to provide a copy if it is not available on a shared server or
something. If he no longer has it, let me know. Once we know what period the
USFWS administrative record covers, then | can try to help with documents after that
period. I'll try to foliow up later this week on the dredging locations analysis. Thanks.

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

~~--0riginal Message-—-

From: Kaeser, Adam [mailto.adam_kaeser{@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge reclassification
process. As discussed during our last meeting, one part of the process involves an
assessment of the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an
assessment of this threat that will incorporate several complementary approaches. To
begin, we've decided to attempt to identify all locations in the channel that might require
dredging {(under a scenario that dredging would be authorized and funded) using the
best available data. | have what | believe is the most recent bathymetric data from the
survey you (ACOE) conducted in the river. | have to look the date up on the survey but
| believe it was within the last 10 years. What I'm thinking of doing is taking the criteria
you use to classify areas in need of dredging, and using these criteria to identify areas
of the channel that might need deepening. The criteria | think are at play are 1)
minimum depth of channel at a specific flow (e.g., 8 feet deep at flows of 10,000 cfs or
greater) 2) and minimum width of channel exhibiting these conditions (e.g., 200 feet
wide). To conduct this assessment I'm in need of these specific criteria. Alternatively,
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would you (ACOE) like to conduct this assessment and provide us with a
georeferenced data set indicating areas that might need dredging? If you are
comfortable with USFWS conducting this part of the assessment (which of course you
can review and QA/QC) then | am willing to do so.

On the topic of dredging and mussels, any information that you have and would
like to contribute that might be used to conduct an assessment of the potential impact
of dredging on fat threeridge habitat and/or populations | would be glad to receive at
this time.

My third request has to do with compiling all of the past data/reports concerning
take monitoring work. | have a few spreadsheets on my computer from recent years,
but I'm hoping you have a folder with all of the past analyses/spreadsheets and reports
to USFWS. | realize that Karen might have been the recipient of these reports in the
past, but | would like to establish a compiete archive with Grant Webber in our office at
this time. We (USFWS) will need to have all of these data together to work on an
assessment of the threat of low-water drawdown on stranding and mortality of fat
threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.
Aquatic Ecologist
U.S. Fish and Wildlife Service
Panama City Fish and Wildlife Conservation QOffice
1601 Balboa Avenue
Panama City, Florida 32405
(850) 769-0552 ext. 244
(850) 346-6496 (cell)
dam_kaeser $.00
http:// fws, ana ity/sonarhabitat ing. |

Classification: UNCLASSIFIED
Caveats: NONE
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Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

http. /lwww fws gov/panamacity/sonarhabitatmapping.titm|

Classification: UNCLASSIFIED
Caveats: NONE

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.S. Fish and Wildiife Service

Panama City Fish and Wildlife Conservation Office

1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6496 (cell)

adam_kaeser@fws.gov

hitp./iwww . fws. gov/panamacity/sonarhabitatmapping.html

From: "Webber, Grant"
To: "Kaeser, Adam"
Date: Tue Feb 10 2015 01:29:19 GMT+0530 (IST)

Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Any chance of discussing this today or is it too late in the day?

><({{(0>....... ><(({{o>.....><({{(0>......><(({(0>

Grant Webber

USFWS0088955



Fish and Wildlife Biologist
Panama City Field Office
U.S. Fish and Wildlife Service
1601 Balboa Ave

Panama City, FL 32405
850-769-0552 x 247

><(({{o>....... ><({{(0>......><(({{0>....... ><({{(o>

On Mon, Feb 9, 2015 at 1:04 PM, Kaeser, Adam <gdam_kaeser@fws.gov> wrote:
~Yes | am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8 central.

On Mon, Feb 9, 2015 at 1:01 PM, Zettle, Brian A SAM <Brian. A Zettle@usace army. mil
> wrote:

. Classification: UNCLASSIFIED

- Caveats: NONE

- Adam,

- | have discussed with Operations Division and we believe we can produce the

- information you are requesting. However, I'd like to set up a call with the relevant

- parties so we all understand what is needed. Are you available for a quick call later
- today or tomorrow?

- Brian Zettle

- Biologist

. Chief, Inland Environment Team

- U.S. Army Corps of Engineers, Mobile District
- (251) 690-2115

P emeee Original Message-—-—-

- From: Kaeser, Adam [mailto:adam_kaeser{@fws.gov]

. Sent: Monday, February 09, 2015 10:46 AM

" To: Zettle, Brian A SAM

- Cc: Bulger, Heather P SAM; Grant Webber; Sandra Pursifull; Catherine Phillips
© Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

. Hi Brian,

- Just following up to keep the topics and requests current. If you can try to determine
- whether you have the dredging channel assessment work complete, or can tackle it

- in house, by the end of the week that would be helpful. With the proper criteria, | can
. try to tackle it myself alternatively. We have set some timelines for phases of our

- assessment work which is motivating me to keep this ball roliing.

. Sounds like there's a meeting taking shape for end of the month on Alabama shad.
- Perhaps this would be a good opportunity to exchange info- we're also interested in
. a total package of the take monitoring data, and anything else you might be able to
. provide for background info on dredging in the river- how its done, any studies on

- mussels, etc. If this might be a good date to catch up on this stuff, | can plan to be

USFWS0088956



- there.

" Thanks!
- Adam

: On Mon, Feb 2, 2015 at 4:48 PM, Zettle, Brian A SAM
~ <Brian A Zettle{@usace army. mit> wrote:

Classification: UNCLASSIFIED
Caveats: NONE

Adam,

_ I'm glad to hear you guys are moving forward with the reclassification. The

- assessment you describe regarding dredging locations is something that our

" navigation folks would routinely conduct when there was funding to support the ACF

* navigation project. | will talk to our Operations Division guys and see if this has

- already been done for the most recent survey data. If it has, | think we can share

~ that information with you. If it hasn't, they may be able to produce it quickly rather

- than you trying to work it out. Let me see what | can find out. I'f see what data |
have on dredging and mussels. | know some studies have been done at various

- locations throughout the District over the years with regards to dredging (disposal)

- and mussels. If you want it specific to fat threeridge, then it will be limited to the old

: work we did on the Apalachicola River. USFWS should have access to all of those

- reports and many others up through 2008 in the Administrative record for the RIOP
litigation. Jerry Ziewitz should be able to provide a copy if it is not available on a

- shared server or something. If he no longer has it, let me know. Once we know
what period the USFWS administrative record covers, then | can try to help with

 documents after that period. I'll try to follow up later this week on the dredging

~ locations analysis. Thanks.

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

From. Kaeser, Adam [mailto.adam_kaeser@fws.gov)
Sent: Monday, February 02, 2015 8:.22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM
Cc: Grant Webber; Sandra Pursifull; Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,
We are moving forward with early phases of the fat threeridge reclassification
- process. As discussed during our last meeting, one part of the process involves an
assessment of the threats identified in the recovery plan for the species,

USFWS0088957



One of the threats commonly discussed is dredging. I'm working on an
assessment of this threat that wiil incorporate several complementary approaches.
To begin, we've decided to attempt to identify all locations in the channel that might
require dredging (under a scenario that dredging would be authorized and funded)
using the best available data. | have what | believe is the most recent bathymetric
data from the survey you (ACOE) conducted in the river. | have to look the date up
- on the survey but | believe it was within the last 10 years. What I'm thinking of doing
is taking the criteria you use to classify areas in need of dredging, and using these
criteria to identify areas of the channe! that might need deepening. The criteria |
~ think are at play are 1) minimum depth of channel at a specific flow (e.g., 8 feet deep
. at flows of 10,000 cfs or greater) 2) and minimum width of channe! exhibiting these
conditions (e.g., 200 feet wide). To conduct this assessment I'm in need of these
specific criteria. Alternatively, would you (ACQOE) iike to conduct this assessment
and provide us with a georeferenced data set indicating areas that might need
dredging? If you are comforiable with USFWS conducting this part of the
assessment (which of course you can review and QA/QC) then | am willing to do so.

On the topic of dredging and mussels, any information that you have and would
like to contribute that might be used to conduct an assessment of the potential
impact of dredging on fat threeridge habitat and/or populations | would be glad to
receive at this time.

My third request has to do with compiling all of the past data/reports conceming
take monitoring work. | have a few spreadsheets on my computer from recent years,
but I'm hoping you have a folder with all of the past analyses/spreadsheets and
reports to USFWS. | realize that Karen might have been the recipient of these
reports in the past, but | would like to establish a complete archive with Grant
Webber in our office at this time. We (USFWS) will need to have all of these data
together to work on an assessment of the threat of low-water drawdown on stranding
and mortality of fat threeridge.

Anything | can do to help clarify the needs, or if interested in discussing these
assessments further please let me know.

Thanks,
Adam

Adam J. Kaeser, Ph.D.

Aguatic Ecologist

U.S. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(B50) 769-0552 ext. 244

(850) 348-6496 (cell)

ada aeser@fws.gov

USFWS0088958



http:/mww fws gov/panagmacity/sonarhabitatmapping html

Classification: UNCLASSIFIED
Caveats: NONE

- Adam J. Kaeser, Ph.D.
- Aquatic Ecologist
- U.S. Fish and Wildlife Service
Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue
Panama City, Florida 32405
(850) 769-0552 ext. 244
. (850) 348-6496 (cell)
- adam_kaeser@fws.qov

http: /iwww.fws . govipanamacity/sonarhabitatmapping.html

- Classification: UNCLASSIFIED
- Caveats: NONE

Adam J. Kaeser, Ph.D.

Aquatic Ecologist

U.8. Fish and Wildlife Service

Panama City Fish and Wildlife Conservation Office
1601 Balboa Avenue

Panama City, Florida 32405

(850) 769-0552 ext. 244

(850) 348-6436 (cell)

adam_kaeser@fws gov
http . //www fws gov/panamacity/sonarhabitatmapping.html
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From: "Zettle, Brian A SAM"

To: "Webber, Grant" , "Kaeser, Adam"

Date: Tue Feb 10 2015 01:33:17 GMT+0530 (IST)

Subject: RE: [EXTERNAL] Apalachicola - Fat threeridge data {(UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Sure. Let's talk now. The operations guys are not available, but hopefully | can
remember what they wanted to know. Call my office once you have all assembled.
Thanks.

Brian Zettle

Biologist

Chief, Inland Environment Team

U S. Army Corps of Engineers, Mobile District
(251) 690-2115

-——~Qriginal Message-----

From: Webber, Grant [mailto:grant_webber@fws.gov]

Sent: Monday, February 09, 2015 1:59 PM

To: Kaeser, Adam

Cc: Zettle, Brian A SAM; Bulger, Heather P SAM; Sandra Pursifull

Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Any chance of discussing this today or is it too late in the day?

Grant Webber
Fish and Wildlife Biologist

Panama City Field Office
U.S. Fish and Wildlife Service
1601 Balboa Ave

Panama City, FL 32405
850-769-0552 x 247

On Mon, Feb 9, 2015 at 1:04 PM, Kaeser, Adam <adam_kaeser@fws.gov> wrote:

USFWS0088960



Yes | am, this is great. Today or tomorrow your pick. I'm here tomorrow after 8
central.

On Mon, Feb 9, 2015 at 1:01 PM, Zettle, Brian A SAM
<Brian.A.Zettle@usace.army.mil> wrote:

Classification: UNCLASSIFIED
Caveats: NONE

Adam,

I have discussed with Operations Division and we believe we can produce the
information you are requesting. However, I'd like to set up a call with the relevant parties
s0 we all understand what is needed. Are you available for a quick call later today or
tomorrow?

Brian Zettle

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

—--Original Message-—---

From: Kaeser, Adam [mailto:adam_kaeser@fws.gov]
Sent. Monday, February 09, 2015 10:46 AM

To: Zettle, Brian A SAM

Cc: Bulger, Heather P SAM; Grant Webber, Sandra Pursifull, Catherine Phillips
Subject: Re: [EXTERNAL] Apalachicola - Fat threeridge data (UNCLASSIFIED)

Hi Brian,

Just following up to keep the topics and requests current. If you can try to
determine whether you have the dredging channel assessment work complete, or can
tackle it in house, by the end of the week that would be helpful. With the proper criteria, |
can try to tackle it myself alternatively. We have set some timelines for phases of our
assessment work which is motivating me to keep this ball rolling.

Sounds like there's a meeting taking shape for end of the month on Alabama
shad. Perhaps this would be a good opportunity 1o exchange info- we're also interested
in a total package of the take monitoring data, and anything else you might be able to
provide for background info on dredging in the river- how its done, any studies on
mussels, etc. if this might be a good date to catch up on this stuff, | can plan to be there.

Thanks!
Adam

USFWS0088961



On Mon, Feb 2, 2015 at 4.48 PM, Zettle, Brian A SAM
<Brian.A.Zettle@usace.army.mif> wrote:

Classification; UNCLASSIFIED
Caveats: NONE

Adam,

I'm glad to hear you guys are moving forward with the reclassification.
The assessment you describe regarding dredging locations is something that our
navigation folks would routinely conduct when there was funding to support the ACF
navigation project. |will talk to our Operations Division guys and see if this has already
been done for the most recent survey data. if it has, | think we can share that information
with you. If it hasn't, they may be able to produce it quickly rather than you trying to work
it out. Let me see what | can find out. I'll see what data | have on dredging and mussels.
I know some studies have been done at various locations throughout the District over the
years with regards to dredging (disposal) and mussels. {f you want it specific to fat
threeridge, then it will be limited to the old work we did on the Apalachicola River.
USFWS should have access to all of those reports and many others up through 2008 in
the Administrative record for the RIOP litigation. Jerry Ziewitz should be able to provide a
copy if it is not availabie on a shared server or something. [f he no longer has it, let me
know. Once we know what period the USFWS administrative record covers, then | can
try to help with documents after that period. I'll try to follow up later this week on the
dredging locations analysis. Thanks.

Brian Zettie

Biologist

Chief, Inland Environment Team

U.S. Army Corps of Engineers, Mobile District
(251) 690-2115

-----Original Message---—-

From: Kaeser, Adam [mailto:adam_kaeser@fws.gov]
Sent: Monday, February 02, 2015 8:22 AM

To: Zettle, Brian A SAM; Bulger, Heather P SAM

Cc: Grant Webber; Sandra Pursifull, Catherine Phillips
Subject: [EXTERNAL] Apalachicola - Fat threeridge data

Hi Brian,

We are moving forward with early phases of the fat threeridge
reclassification process. As discussed during our {ast meeting, one part of the process
involves an assessment of the threats identified in the recovery plan for the species.

One of the threats commonly discussed is dredging. I'm working on an
assessment of this threat that will incorporate several complementary approaches. To
begin, we've decided to attempt to identify all locations in the channel that might require
dredging (under a scenario that dredging would be authorized and funded) using the best
available data. | have what | believe is the most recent bathymetric data from the survey
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you (ACOE) conducted in the river. | have to look the date up on the survey but | believe
it was within the last 10 years. What I'm thinking of doing is taking the criteria you use t