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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).

19



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.

25



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.

27



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.
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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.).

32



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: 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. | was 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. 1 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 '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 invoived 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 until 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. | 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 1 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. Atthe 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 else with FWC, DEP, other agencies, the legisiator, or anyone like this on my behalf or
anything related to what I've shared in this email. 1 will keep you up to date on any developments.

Thanks,
Bill Pine

Confidential - S. Ct. 142 UFL_00214274
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From: Heil, David

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

And, | sent a needed to language | sent NOAA Fisheries Service:

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 #8&¢ 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 § 3. 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.
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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 2333968 25261 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 14.3
2007 2645359 29,104 1,142 13.9
2008 2238482 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, extendlng 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 sahmty, 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.

Qyster 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), storm events (Tropical 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 : by the majority of the fishing fleet,
and the &

Vessel counts during the 2011/12 Winter Harvest1 how 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; ¢ and further deteriorated 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 1  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

is usually high on reefs i
harvesting season, and in 2011 and 2012 |
East Hole Bars.
upward trend in effort over the past two years. This change in _
not seem to be strictly associated with resource availability. One plausible 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 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
prevailed during the fall and winter o
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 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”. Tt 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 2011/2012 demand
for Apalachi y oy 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 Qyster | Mean | Density Oysters ) Bags
Quadrat | Number | Leng. >50mm >75mm 1000x

Date (0.25m) (n) (mm) | (/m) (%) (%) (/m) (lac) (Jac)
09/08 20 616 55.2 | 123.2 66.2 17.21 212 858 381
11/08 10 564 52.0 | 225.6 55.7 19.33 436 1764 784
12/08 10 333 56.9 | 133.2 66.1 24,92 331 1343 597
08/09 20 828 50.1 | 165.6 49.9 15.10 250 101.1 449
11/09 10 626 482 | 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 [ 50.5 [ 208.6 53.9 8.92 18.6 75.3 334
11/10 20 865 52.8 | 173.0 63.7 12.25 212 857 381
08/11 15 1,611 | 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) (lac) (/ac)
11/08 10 318 575 | 127.2 69.1 22.33 284 114.9 510
09/09 20 1,023 | 49.3 [ 204.6 50.7 9.09 185 752 334
11/10 10 682 47.0 | 272.8 48.6 9.38 256 1036 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 QOyster | Mean | Density Oysters } Bags
Quadrat [ Number | Leng. >50mm >75mm 1000x
Date (0.25m) (n) (mm) [ (/m) (%) (%) (Im) (/ac) (/ac)
09/08 20 1467 | 540 | 2934 64.1 14.86 43.6 1764 784
12/08 10 986 471 | 394.4 49.8 7.81 30.8 1246 554
08/09 20 1,353 | 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 | 175.4 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 Oyster | Mean | Density QOysters _ Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date | (0.25m) (n) (mm) | (/m) (%) (%) (/m) | (/ac) (/ac)
09/08 5 284 529 227.2 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 |34.4| 139.2 619
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Table 2. Green point (Plant) Population Estimates: September 2008 - July 2012.

Sample QOyster | Mean | Density Qysters _ Bags
Quadrat | Number | Leng. >50mm >75mm 1000x
Date | (0.25m) (n) (mm) | (/m) (%) (%) (/m) | (Jac) (/ac)
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 44 .1 17.52 | 19.2 77.7 345
09/11 10 510 544 204.0 65.5 12941264 | 106.5 474
07/12 5 125 596 100.0 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
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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@myfwe¢.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. I 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 Heil@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 <David Heil@myfwc.com<mailto:David Heill@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.Heill @ 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).

It is the DACS report that alludes to overharvesting and poor harvester practices. Unless
I 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
we.com
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Berrigan, Mark

Heit, David [David. Hell@MyFWC.com]

From:

Sent: Tuesday, QOctobst 08, 2012 3:25 PM
To: Berrigan, Mark

Subject: FW. oyster disaster request

Mark,

FYi. Just got this.

David

wee--Original Message---- -

From: McUawley, Jessica

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

Zubiect: FW: oyster disaster reguest

Jessica R. McCawley
Director, Division of Mavine Pisneriss Mansyewmznb Florida Fish and Wiléllife Conservation

Commission

2590 Bxerutive Center Circle E, FL 32301

suite 231 Tallahagges,

Ph: 850-487-0554 {general number)
NEW PH: B506~-8517-53625 {(dirsst numberx}
Pax: 850-487-4847

jessica.meccawleyémyfwe . com

-----0Original Message-----

From: Roy Crabtree [mailto:roy.crabtree@noaa.gov)

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

To: Wiley, Nick

Co s MeCawley, Jessica; Miles Croum; Heather Blough; Shteve Branstetter;
Jir; McRae, Gil; Roberson, Loule; Fauls, Jackie

Subject: Re: oyster disaster reqguest

pPhil Sreele; Estes,

Nick, T think we can work with survey data if landings are
incomplete. Here is some language from the NOAA PolicyCuidance for

Disaster Assistance”.

YIf available sclentific informatlon indicates that there har heer an unexpected sudden
and precipitous decrease in the harvestable hiomass or spawning stock size of a fish stock
thalt causes a siynificant number of persons to lose access to the fishery for a
substantial pericd of time in a specific area, a serious disruprion affecting Future
production will be desmed to have occurred. The Secretary will consider, among othex
things, mosbt recent trawl surveys and other fishery resource surveys conducted by the
National Marine Fisheries Servicve and/or stare officials, as well as moet recent stock
assessments and other indicators of future production from the fishery.

The same percentage thresholds used fo evaluate revenus losses for a commercial fishery
failure determination will be applied in making this determination, based con estimated
decrease in harvestable biomass or spawning stock size of the fish targetzd by the fishery
{which is dependent orn the fishery resource subject to a fishery resource disaster)

compared to the mosgt recent 5-year period.”

they have {landings, revenues, surveys etc.) then we

If your folke can get us with what
ROy

can have a discussion about how to proceaesd.

On Fri, Oct 5, 2012 at 3;15 PM. Wiley, Nick <Nick.Wiley@myfwe.com» wrote:
> KHello Roy. First 1 waat to thank you and your team for taking accion on this. Thi
veyy important to oury state and an extremely high priority for FHC. Secondly, Jesgicd
her team, principally Jim Bstes, are coordinating our efferts on this. I believe we

1

PENGAD 800-631-6989
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already are compiling the lasdings data you reguested. It is important to note, however,

that the local oyster harvesters are now reporting reductions ip harvest rates, buat this
is likely a fairly recent development that may not show up yet in landings data. In fact,
beyond recent observations by oyster harvesters, wmost of the concern about this sibtuwation
iz 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 available 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 vommercial
harvest this winter. Jim Estep can provide the report in case you don't have it. Given
this and your need no Gocument a decline, I am thinking it will be several mouths before
landings data will be available to make this assesament. Not sure if there is any other
way to tackle this and move it forward more guickly. It would be much hetter if we could
somehow get you guys comforbtable with the survey data whick is based on state sxperts
diving the oyster bars. 1 know we have at icast 5 yvears of survey daza that could be
correlated with economic data and then used to calculate the expecisd economic lwmpact,
We would be glad to hslip. Let us know. Thanks and

is

this something we vould discuss?
v

hzve a nice weekend. Niok

V]

el

Py

=3

> Sent from ay Verizon Wireless 4G LTE DRQOID

>

» Boy Crabltree «<yoy.cCrabtree@ncoaa.gove wrole:

-

> Jessica,

>

» Jush want to follow op on our phone call of last weekregarvding the

> Govenor's disaster request. We need landings and revenues for oystars
> from the affectsd avea for the past five vears to evaluate the

> Governor's disaster request. e normally look to see how much

> landings and revenues have declined; sc, we need snough to establish a
» baseline and then see how much landings and revenuss 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 you have
> guestions you can either coitact me ar Steve Branstetter.

> Thanks

> Ur. Roy Crabtree

> Regional Administrator

> foutheast Regional Office

> ROAL Pisheries

Br., Roy Crabtree

Regional Rdministrator
Scutheast Regional Office
NCAR Fisheries
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Steve Branstetter
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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 Gulf of
Mexico seafood in restaurants and markets is safe,” Bronson said. “"With demand for safe Gulf

oysters at a peak, this action will benefit both our oyster industry and consumers alike.”

-30-
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Apalachicola Bay, Franklin County Florida Summer and Winter Oyster Harvesting Areas
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State of Florida v. State of Georgia

No. 142 Original

Expert Report
of
Romuald N. Lipcius, Ph.D.

20 May 2016
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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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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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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).

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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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

CONFIDENTIAL-S. Ct. 142



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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7.3 Habitat Degradation and Fishery Collapse

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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Date Location five.year.bin Cultch Type Cubic Yards |Acreage |Yd*/Acre |Actual Yd*/Acre |Cost Price/Yd® | 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 25100 - 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|0yst+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 | $ 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 | $ 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 | $ 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 | $ 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 31100 - 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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Restoration Prospects for the Apalachicola River

Executive Summary

The Apalachicola River system is of exceptional ecological importance. It has
been designated by the United Naticns as an International Biosphere Re-
serve, by the United States as a National Estuarine Research Reserve, and
by the State of Florida as an Outstanding Florida Watler. The niver harbors the
most diverse assemblage of freshwater fish in Florida, the largest number of
species of freshwater snails and mussels, and the most endemic species in
westemn Florida. The river basin is home to some of the highest densities of
reptile and amphibian species on the continent. The Apalachicola's waters
and floodplain are the bhiological factory that fuels the Apalachiceola Bay, one
of the most productive estuaries in the northem hemisphere.

Despite its enormous ecological value, the Apalachicola River ecosystem has
been severely degraded through a long history of navigational dredging by the
U.S. Amy Corps of Engineers (Corps), impoundment of water by upsiream
reservoirs, and consumptive use of water upstream. These activities have
destabitized and widened the river channel; reduced the river's hydraulic com-
plexity and habitat diversity; smothered and displaced habitat in the river's rich
sloughs, floodplains, and channel marging; and altered the river's flow re-
gimes. By enlarging the channel, navigation dredging has also lowered water
fevels for the same flows from upstream. Decreased water levels in the river
have caused the Apalachicola's floodplains and sloughs to dry out, with se-
vere ecological effects.

in an attempt to mitigate some of the impacts of its navigation dredging (and
as required by its state dredging permif}, the Corps implemented a number of
small-scale mitigation projects designed {o recreaie or reconnect habitais.
These projects did not attempt fo restore the river’s fluvial processes, have
not been sustainable, and have not reversed habitat iosses caused by the
Corps’ dredging. At best they may have been marginally effective for a limited
period of time, while also producing additional ecolegical harm. There has
been litle or no monitoring of these projects to optimize learning to benefit
future restoration efforts.

After putting a stop to the Corps’ navigational dredging in October 2005, the
State of Florida carried out a larger-scale restoration project at Battle Bend.
Criginally planned by the Corps, this project involved dredging to restore a
connection between the Apalachicola River and the Battle Bend Oxbhow.

Fage 1
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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. neislerii
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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I. 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 feasibility 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 (Deitrich 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

USFWS0043943




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
(USFWY) 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). I 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 rkm 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 (rkm 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 4. 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® 1198c 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 fs™") 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 ESR1 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 meschabitats 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 £5™). 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
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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 £/s™!). 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 fs) (Figure 2). This flood followed a high discharge event where flow peaked above
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2,265 m’s™ (80,000 fs™). 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 £°s1). 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 afier 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, I define areal

12

USFWS0043952



differences between two maps attributable solely to navigation and GPS positioning as “mapping
error’. Irecognized 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 £ s1) 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 s™). The map contained 203 mesohabitat
patches distributed amolng 50 consecutive meander bends (i.c., 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 OQuter 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/Quter 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. I 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 Outer 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 meschabitat 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.

20

USFWS0043960




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 (Amblema 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 4. 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 4. neislerii
populations in moderately depositional habitats yielded A. 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 A. 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 A. 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 4. 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 A.
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 geclogy 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 Gangloft (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. 1In 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 4. 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 £5) 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 (ALC,) 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 4. 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 4. 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 Outer 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, 1 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 A. 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

30

USFWS0043970



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

1 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 (rkm 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 4. neislerii 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 4. reislerii occurrence. The probability of A. neislerii occurrence (7T;) was

represented by the most informative multiple logistic regression model in the following equation:

exp(Bo(Point Bar) + f,(Inner Recirculation Zone) + B,(Outer Recirculation Zone) + B3 (Pool Outer Bank) +
N (—B.(Mid Channel)) + (—fs(rkm)) + (— fig(Distance to low flow bank)))
WE Ty (exp((Point Bar) + B, (Unner Recirculation Zone) + f,(Outer Recirculation Zone) + B3 (Pool Outer Bank) +
(—Bs(Mid Channel)) + (—Bs(rkm)) + (— Bg(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, tkm, 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. reislerii 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 1
p |

|

\

represented by the most informative count model in the following equation:

Bo(Unner Recirculation Zone) + B, (Outer Recirculation Zone) +

In(# A newslern,)) = B.(Pool Outer Bank) -+ (—f5(rkm)) +
(—B4(Distance to low flow bankline) + (—ps(Distance tounstable 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.

34

USFWS0043974




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 A. 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 4.
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

35

USFWS0043975




mesohabitats. In these habitats, A. 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 A4. 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 4.
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 propetrly quantified in the map, and no sampling points were randomly
assigned to the bank wall, causing a portion of A. 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 A.
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 4. 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 4. 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 4. 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 A. neislerii distribution and abundance in the Apalachicola
River. Distance to the 141.5 m’s™ (5,000 £5'; “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 4. 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 £5™") 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 4. neislerii

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 4. 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 A. 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 A. 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), A.
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 A. neislerii distribution and abundance
than previously reported. Like water depth, 4. 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).

43

USFWS0043983



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 A. 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, A. 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 4. 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

abundance at this scale. The entire 700 ha study area was scanned, mapped, and sampled for

habitat across a large river reach, and then use map-derived variables to model distribution and
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.

esoh:abltat Flow conditions Bed. gtablhty & Bedform Location in channel Sonar features
unit depositional pattern pattern
Unstable; Highly C
Point Bar Turbulent depositional of coarse  Ripples/Dunes Inner bend bank  Bright image tone, dunes
. attached and ripples
particles
Inner Stable; Moderately Bank attached Smooth texture; darker
. . Recirculation/flow  depositional of finer downstream of image tone; moderate
Recirculation . . . Smooth plane . .
separation eddy particles and organic Point Bar inner bank slopes-dull sonar
Zone
matter bend return from edge
Stable; Moderately Smooth te - re; darker
Outer . . o Bank attached image tone; moderate
. . Recirculation/flow  depositional of finer
Recirculation . ) . Smooth plane downstream of bank slopes-dull sonar
separation eddy particles and organic ‘
Zone Pool/Outer Bend return from edge; large
matter :
woody material
. . e
Mid-Channel Turbulent Unstable, Traqspon of Ripples/ Dunes  Center of channel Bright image tone, dunes
coarse particles and ripples
Stal?le at lo.w flow; Smooth texture; bright
Erosion at high flow; . ) .
c " Bank attached outer image tone; steep/verticle
Pool/Outer Unidirectional Deposition of coarsest . .
. Smooth plane  portion of meander  bank-bright sonar return
Bend secondary flow particles and .
bend from edge; large woody
submerged wood .
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 7.3

Inner Recirculation Zone 49 0.55 271 3.9

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 meschabitat 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 (8’0.‘4%)1 0 (0%) 16.7 (8.0%) 15.9 (7.7%)
Zone R

Pre-flood Quter : :
data Recirculation 1.7 (1.5%) 0 (0%) 85.3 (71.0%) 25.5 (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%) 618.8 (812%)

59

USFWS0043999




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.

0
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 03 (+/-)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 Quter Pool/Outer
Point Bar Recirculation Recirculation Mid-Channel °
Bank
Zone Zone
Point Bar 0.28 0.19 0 0
Inner Recirculation 0.95 0 145 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 decrease in area Observed percent  area decrease 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 14 Channel 20.8 15.6 4.1
Zone
Pool/Outer Bank Mid-Channel 15.6 1.2 4.9
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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 A.  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 Mecso (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 A. neislerii and mesohabitat data.

#of

o Average A. sample  Range of 4. Ave‘ragefl " A neislerii
. Areal coverage % of B I o neislerii
Mesohabitat c s neislerii 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 3.9 46 29/35 0-244 1602 1,290,186 890,246
Zone
Outer
Recirculation 157,183 2.3 3.7 37/38 0-434 1419 595,826 288,462
Zone
P"%lg %fter 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
64

USFWS0044004




Table 9. Summary of small sample size Akaike information criterion (AIC.) ranking of 4. 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 2.2 8 02
flow bankline unstable habitat
3 rkm Mesohabitat Class Distance to low  Distance to Water 39 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 404 6 0.0
depth  Type
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Table 10. Model summary for the AIC, top-ranked A. 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 -0244  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

Ai 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 216 5 0.0
low flow
bankline
4 rkm Mesohabitat Class 325 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. reislerii abundance model using the GLM procedure with a negative binomial

distribution.
Coefficient Estimate SE zZ P
(Intercept) 9.750 0.809 12.05 <0.0001
Outer Recirculation Zone -0.420 0305 -1.38 0.167
Pool/Quter 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 3.982 <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 inner and outer Area of potential inner and Max depth sampled in Max distance from bank
Methodology . meou outer recirculation zone inner and outer sampled in inner and outer
2 recirculation zones 2 . ) . .
(musscls/m?) habitat in study area (m®) recirculation zones (m) recirculation zones (m)
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 S

Methodology within M. Gangloff’s o erla,t:l d outer # Athfwislei;i eitm;:ﬁ](: # A. neislerii estimated
ethodolog) identified potential habitat recireuation zone Within poo/outer across 700 ha study arca
area mesohabitat class area 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
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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-
Outer Bank

Point Bar oS

Mid Channel

Recirculation-
Inner Bank

Figure 3. Conceptual illustration of the primary and secondary flow environments

——p PRIMARY FLOW
<~ SECONDARY FLOW

~~_~ RIPPLE/DUNE
RENDFORM

MESOHABITAT
PATCH

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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wid-Channef
PoollOuter Bank

Foint Bar

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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L REREER e R R - >
Figure 11. Example of sand dune and ripple bedform encroachment into smooth
bedform habitats. Smooth bedforms in Recirculating-Inner Bank (A) and
Pool/Outer 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 A. 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 A. 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 4.
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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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 4. 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 A. 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
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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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Executive Summary

Water Management Measures Eliminated from Consideration (First Screening)

Water management measures that did not pass the screening criteria or were found to be outside the scope
of the EIS were eliminated from consideration. The following sentences include examples of proposed
measures eliminated from consideration. Because navigation is one of the congressionally authorized
purposes in the ACF Basin, any recommendations to eliminate navigation as a project purpose were not
considered. Management measures that suggest use of flood storage for purposes other than flood storage
were not considered. Recommendations for studies to determine the allocation of water among Alabama,
Florida, and Georgia were also not carried forward for further consideration. USACE did not carry
forward management measures that change minimum releases or minimum flows, ensuring other entities
meet their future federal compliance requirements. USACE recognizes existing minimum flow
requirements in the system but is not authorized to operate its projects to meet requirements for which
others parties are responsible. Setting minimum flow targets to ensure compliance with water quality
standards is the responsibility of states, not USACE. Changes to the existing head at dams in the ACF
Basin could increase the risk to the structural integrity of the projects. Therefore, measures that would
change the existing head limits for projects in the ACF Basin were eliminated from consideration.
Management measures that suggest structural modifications to the ACF project or other USACE projects
do not meet the purpose and need of this EIS. Accordingly, suggestions such as repairing and reversing
channel degradation in the Apalachicola River or halting or limiting the current diversion of fresh water
caused by the Chipola Cutoff were not carried forward for further consideration. Separate authorities that
may be pursued to address some of those issues include Section 216 of the River and Harbor and Flood
Control Act of 1970 (Review of Completed Projects); Section 1135 of the Water Resources Development
Act (WRDA) 1986, as amended (Project Modifications for Improvement of the Environment); and
Section 206 of WRDA 1996, as amended (Small Aquatic Ecosystem Restoration Projects). The latter two
authorities have specific limits on federal funds that can be expended on each project ($10 million).

Water Management Measures Considered for Further Evaluation

Potential management measures that passed the screening criteria were considered in the formulation of
alternatives. The following provides a general description of the measures considered, each of which was
considered individually and refined iteratively.

Revised Guide Curves and Action Zones

USACE considered redefining guide curves and action zones at federal projects in the ACF Basin. A
guide curve is the seasonally variable desired pool elevation in a reservoir, and is normally defined as the
elevation at the top of the conservation storage. Action zones are partitions of a reservoir’s conservation
storage, as defined in the reservoir water control plan, to guide reservoir managers in meeting project
purposes under a wide variety of hydrologic conditions. In the 1989 draft ACF WCM, four action zones
were first defined for Lake Lanier, West Point Lake, and Walter F. George Lake storage projects in the
ACF Basin. The action zones were originally developed by USACE based on past experience in water
management, considering the time of year, the relationship of historic pool levels and water releases,
operational limits for conservation storage, and recreational impact levels. Each of the four action zones
has a set of specific operational rules or guidelines that govern water management operations for the
reservoir when the pool elevation lies within that zone. The following specific guide curve/action zone
measures were considered: maintain existing guide curves; modify guide curves at West Point Lake and
Walter F. George Lake; modify action zones at Lake Lanier, West Point Lake and Walter F. George Lake.

Drought Operations

Under current drought operations, a minimum release from Jim Woodruff Dam is specified and the other
minimum release and maximum fall rate provisions of the May 2012 RIOP are temporarily suspended

ACF Draft EIS for Master Water Control Manual Updates October 2015
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Executive Summary

until composite conservation storage within the basin is replenished to a level that can support them.
“Composite conservation storage” equals the cumulative daily conservation storage values by action zone
for the ACF Basin reservoirs (Lanier, West Point, and Walter F. George). Composite conservation storage
and the associated zones are discussed in more detail in sections 2 and 4 of the EIS. The minimum
discharge is determined in relation to composite conservation storage and not average basin inflow. The
drought plan is triggered when composite conservation storage falls below the bottom of zone 3 into zone
4. At that time, all the composite conservation storage zone 1-3 provisions are suspended and
management decisions are based on the provisions of the drought plan. While composite conservation
storage is in zone 4, the minimum release from Jim Woodruff Lock and Dam is 5,000 cfs any basin
inflow above 5,000 cfs may be stored. Below composite storage zone 4 is the drought zone (roughly
equivalent to the inactive storage in Lake Lanier, West Point Lake, and Walter F. George Lake plus zone
4 storage in Lake Lanier). When composite conservation storage falls into the drought zone, the minimum
release from Jim Woodruff Dam is 4,500 cfs and any basin inflow above 4,500 cfs may be stored. When
transitioning from a minimum release of 5,000 to 4,500 cfs, maximum fall rates are limited to 0.25 ft/day.
The 4,500 cfs minimum release is maintained until composite conservation storage returns to a level
above the top of the drought zone, at which time the 5,000 cfs minimum release is reinstated. Per the May
2012 RIOP, the drought plan provisions remain in place until the composite conservation storage reaches
a level above the top of zone 2 (i.e., within zone 1). At that time, the drought plan provisions are
suspended and all other provisions for normal operations are reinstated.

Revised drought operations would incorporate two potential revisions into the drought plan. Under
revised operations, the drought plan would be triggered when composite conservation storage falls below
the bottom of Zone 2 into Zone 3. The drought plan provisions would remain in place until composite
conservation storage reaches a level above the top of Zone 2 (i.e., within Zone 1). If recovery conditions
are not achieved in February, drought plan provisions will not be suspended until April, provided
composite conservation storage remains above Zone 4.

Minimum Flows at Peachtree Creek

Three measures have been considered regarding minimum flows at Peachtree Creek: current operations
(maintain continuous net minimum flow of 750 cfs for water quality purposes); revised minimum flow
(reduce continuous minimum flow to 650 cfs from November through April); monthly varying flow
(specify a variable minimum flow for each month depending on the reservoir composite storage zone).

Hydropower

Four specific measures were considered for operations of hydroelectric power generation: current
schedule at Buford Dam, West Point Dam, and Walter F. George Lock and Dam; modified schedule at
Buford Dam, West Point Dam, and Walter F. George Lock and Dam (variable schedule in zone 1);
reduced hydroelectric power under drought operations; and modified schedule with reduced hydroelectric
power under drought operations.

Navigation

The lack of dredging and routine maintenance has led to inadequate depths in the Apalachicola River
navigation channel, and commercial navigation is possible only seasonally when flows in the river are
naturally high, with flow support for navigation suspended during drier times of the year. Specific
navigation operations occur on a case-by-case basis, with limited releases for navigation being made for
special shipments when a determination can be made that other project purposes will not be significantly
affected and any fluctuations in reservoir levels or river stages will be minimal. Measures considered by
USACE for navigation included: continuing the current operations in support of navigation; periodic
navigation based upon the number of opportunities during the year when sufficient flows would be available

ACF Draft EIS for Master Water Control Manual Updates October 2015
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2. Affected Environment

GADNR operates a fish hatchery on the Chattahoochee River immediately below Buford Dam. USACE
coordinates project operations with the fish hatchery staff. For more information, see section 2.5.5.2.

Endangered Species Conservation Downstream of Jim Woodruff Lock and Dam. Historically, no
minimum flow release rate for fish and wildlife purposes was established for the Apalachicola River
downstream of Jim Woodruff Lock and Dam. Reservoir releases (varying seasonally) produced from
normal operations for hydroelectric power generation and navigation typically provided conditions in the
river suitable for fish and wildlife purposes.

On March 7, 2006, USACE, Mobile District initiated formal consultation with USFWS, pursuant to
section 7 of the ESA, regarding the effects of existing operations at Jim Woodruff Lock and Dam and
releases to the Apalachicola River on federally listed threatened and endangered species and federally
designated critical habitat. Specific species/critical habitat affected include the threatened Gulf sturgeon
(Acipenser oxyrinchus desotoi) and critical habitat for the Gulf sturgeon; and the endangered fat
threeridge mussel (4dmblema neislerii), the threatened purple bankclimber mussel (Elliptoideus
sloatianus), the threatened Chipola slabshell mussel (Eliptio chipolaensis), and the critical habitat
associated with these mussel species. The Interim Operation Plan (IOP) that resulted from the section 7
consultation process was implemented in October 2006. Minimum flow provisions for Jim Woodruff
Lock and Dam were part of the overall plan established in the IOP to avoid and minimize impacts on the
listed species.

On the basis of further consultation between USACE and USFWS and increasingly severe drought
conditions in 2007 and 2008, the IOP was modified twice. The revised IOP (RIOP) was implemented in
June 2008. The principal water management objective under the IOP (and subsequent modifications) has
been to minimize adverse effects to federally listed threatened and endangered species and adverse
modification of designated critical habitat in the Apalachicola River. The objective makes allowances for
increased storage opportunities and/or reductions in demand for storage to provide continued support to
project purposes, minimize impacts to other water users, and provide greater assurance of future sustained
flows for federally listed species and other users during a severe multiyear drought.

USACE continued to coordinate with USFWS through 2009 and into 2010 regarding the implementation
of the Reasonable and Prudent Measures (RPM), and formal consultation under ESA section 7 was
reinitiated between USACE and USFWS in September 2010 to address new information relative to
endangered mussel species. That formal consultation was completed in May 2012 when USFWS issued a
new Biological Opinion for the RIOP for Jim Woodruff Lock and Dam, requiring some minor operational
adjustments to the 2008 RIOP. The following summary of the RIOP is based on the description provided
in the May 2012 USACE environmental assessment for the updated RIOP (USACE 2012).

The May 2012 RIOP is governed by two basic parameters applicable to daily releases from Jim Woodruff
Lock and Dam: 1) a minimum discharge in relation to average basin inflows (measured as daily average
in cfs) and 2) a maximum fall rate (vertical drop in river stage [ft/day]). The RIOP places limitations on
refill of upstream reservoirs, but it does not require a net drawdown of composite conservation storage
(discussed in more detail below) unless basin inflow is less than 5,000 cfs.

e Minimum discharge. The RIOP varies minimum discharges from Jim Woodruff Lock and Dam
by basin inflow and by month, and the releases are measured as a daily average flow in cfs at the
Chattahoochee gage. Table 2.1-5 shows minimum releases from Jim Woodruff Lock and Dam
prescribed by the RIOP and shows when and how much basin inflow is available for increasing
reservoir storage. Except when basin inflow is less than 5,000 cfs, the minimum releases are not
required to exceed basin inflow. The RIOP defines additional basin inflow threshold levels that
vary by three seasons: spawning season (March—May), nonspawning season (June—November),
and winter (December—February). The RIOP incorporates composite conservation storage

ACF Draft EIS for Master Water Control Manual Updates October 2015
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2. Affected Environment

thresholds that factor into minimum release decisions. Composite conservation storage is
calculated by combining the conservation storage of Lake Lanier, West Point Lake, and Walter F.
George Lake. Conservation storage in each of the individual reservoirs consists of four zones,
which are determined by the operational guide curve for each project. The composite
conservation storage also uses the 4-zone concept (i.e., Zone 1 of the composite conservation
storage represents the combined storage available in Zone 1 for each of the three storage
reservoirs). Figure 2.1-40 illustrates the ac-ft of storage available for composite Zones 1 through

4 throughout the year.

Table 2.1-5.
May 2012 RIOP for Jim Woodruff Lock and Dam, Apalachicola River Minimum Discharge from
Woodruff Lock and Dam by Month and by Basin Inflow (Bl) Rates

Composite Releases from Jim
conservation Basin inflow (BI) Woodruff Lock and Dam Bl available for
Months storage zone (cfs) (cfs) storage®
March—May | Zones 1 > 34,000 > 25,000 Up to 100% BI>25,000
and 2 > 16,000 and < 34,000 | >16,000+50% Bl > 16,000 | Up to 50% BI>16,000
> 5,000 and < 16,000 > BI
< 5,000 > 5,000
Zone 3 > 39,000 > 25,000 Up to 100% BI>25,000
> 11,000 and < 39,000 > 11,000+50% BI > 11,000 Up to 50% BI>11,000
> 5,000 and < 11,000 > BI
< 5,000 > 5,000
June— Zones 1, 2, > 22,000 > 16,000 Up to 100% BI>16,000
November | and 3 > 10,000 and < 22,000 | >10,000+50% BI > 10,000 | Up to 50% BI>10,000
> 5,000 and < 10,000 > BI
< 5,000 > 5,000
December— | Zones 1, 2, > 5,000 > 5,000 (Store all BI> 5,000) | Up to 100% BI > 5,000
February and 3 < 5,000 > 5,000
At all times | Zone 4 NA > 5,000 Up to 100% BI > 5,000
At all times | Drought Zone NA > 4,500° Up to 100% BI > 4,500

Sources: USACE, Mobile District 2012; USFWS 2012

Notes:

& Consistent with safety requirements, flood risk management purposes, and equipment capabilities.

b Once composite conservation storage falls below top of Drought Zone, ramp-down to 4,500 cfs will occur at a rate of 0.25 ft/day.

The RIOP operations and thresholds from March through May are intended to support Gulf
sturgeon spawning activities. The 16,000 cfs minimum release is also based on evaluation of
spawning and rearing needs for the host fish necessary for mussel reproduction. The RIOP
operations from June through February are intended to support the federally protected mussels,
host fish for mussels, and young sturgeon.

During spawning season (March—May), two sets of four basin-inflow thresholds and
corresponding releases exist according to the composite conservation storage (Table 2.1-5). In
accordance with RPM 2008-4 of the 2008 RIOP BO (USFWS 2008a), the spawning season also
includes a special fall rate provision in order to avoid take of larval Gulf sturgeon. When the
composite conservation storage is in Zones 1 and 2, a less conservative operation is in place.
When the composite conservation storage is in Zone 3, a more conservative operation is in place
while still avoiding or minimizing impacts on federally listed species and designated critical
habitat in the river. When the composite conservation storage falls below the bottom of Zone 3

into Zone 4, the drought contingency operations are triggered, representing the most conservative
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2. Affected Environment

operational plan. The spawning season fall rate provision is in place under normal and drought
operations. Drought contingency operations are summarized below.
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Figure 2.1-40. Basin Composite Conservation Storage and Associated Action Zones (in ac-ft)

During spawning season, the composite conservation storage is monitored daily to determine
water management operations. Recently experienced climatic and hydrologic conditions and
meteorological forecasts are used in addition to composite conservation storage values when
determining the appropriate basin inflow thresholds in support of water management operations.

During nonspawning season (June — November), one set of four basin inflow thresholds and
corresponding releases exists according to composite conservation storage in Zones 1 through 3.
When composite conservation storage falls below the bottom of Zone 3 into Zone 4, the drought
contingency operations are triggered.

During the winter season (December — February), there is only one basin inflow threshold and
corresponding minimum release (5,000 cfs) while in composite conservation storage Zones 1
through 3. There are no basin inflow storage restrictions as long as this minimum flow is met
under these conditions. When composite conservation storage falls below the bottom of Zone 3
into Zone 4, drought contingency operations are triggered.

The flow rates included in Table 2.1-5 prescribe minimum, not target, releases for Jim Woodruff
Lock and Dam. During a given month and basin inflow rate, releases greater than the minimum
releases in Table 2.1-5 may occur consistent with the maximum fall rate schedule, described
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2. Affected Environment

below, or as needed to achieve other project purposes, such as hydroelectric power generation or
flood risk management.

Maximum Fall Rate. The fall rate, also called the down-ramping rate, is the vertical drop in river
stage (water surface elevation) that occurs over a given period. Fall rates are expressed in units of
feet per day (ft/day), and they are measured at the Chattahoochee gage as the difference between
the daily average river stage of consecutive calendar days. Rise rates are not addressed. Table
2.1-6 lists the maximum fall rates. The maximum fall rate schedule is suspended when composite
conservation storage is in Zone 4 and drought contingency operations are implemented. Unless
otherwise noted, fall rates under the drought contingency operation would be managed to match
the fall rate of the one-day basin inflow. Matching the one-day basin inflow fall rate during
drought operations facilitates quicker recovery and a faster return to normal operations.

Managing fall rates to conform to Table 2.1-6 values is a challenging undertaking at Jim
Woodruff Lock and Dam when flow rates exceed the release capacity of the powerhouse (about
16,000 cfs). Releases greater than 16,000 cfs require the use of the spillway gates in addition to
the powerhouse and require an operator to open or close the gates using a rail-mounted crane on
the crest of the dam. The water discharge openings of the gates are not fully adjustable, and
inclement weather, floating debris, and other factors may complicate the procedure of opening
and closing the gates. Fall rates are more manageable when releases are less than 16,000 cfs and
controlled by the powerhouse, but this control is not a precise operation. For these reasons, a
lower and upper maximum fall rate is provided in Table 2.1-6 for each specific release range.
When conditions allow, fall rates will generally conform to the more gradual (lower) rate in each
range, consistent with safety requirements, flood risk management purposes, and equipment
capabilities.

Table 2.1-6.

RIOP for Jim Woodruff Lock and Dam: Apalachicola River Maximum Fall Rate for Discharge from
the Lock and Dam by Release Range for Composite Conservation Storage Zones 1, 2, and 3 #b

Approximate release range Maximum fall rate
(cfs) (ft/day)
> 30,0002 Fall rate is not limited ¢4
> 20,000 and < 30,000° 1.0t02.0¢
Exceeds Powerhouse Capacity (~ 16,000) and < 20,000 0.5t01.0¢
Within Powerhouse Capacity and > 10,000 ® 0.25t00.5
Within Powerhouse Capacity and < 10,000 ® 0.25 or less

Sources: USACE, Mobile District 2012; USFWS 2012

Notes:

& Consistent with safety requirements, flood risk management purposes, and equipment capabilities.

b The maximum fall rate schedule is suspended in composite Zone 4.

¢ For flows greater than 30,000 cfs, it is not reasonable and prudent to attempt to control the down-ramping rate, and no ramping
rate is required.

4 Maximum fall rates must be less than 8 ft in a consecutive 14-day period when flows are less than 40,000 cfs in March, April, and
May in order to avoid take of Gulf sturgeon eggs and larvae.

Drought Contingency Provisions in the RIOP. The RIOP includes a drought contingency
operation (referred to as a drought plan). The drought plan specifies a minimum release from Jim
Woodruff Lock and Dam and temporarily suspends other minimum release and maximum fall
rate provisions until composite conservation storage in the basin is replenished to a level that can
support them. Under the drought plan, minimum discharge is determined in relation to the
composite conservation storage and not average basin inflow. The drought plan is triggered when
composite conservation storage falls below the bottom of Zone 3 into Zone 4. At that time, all the
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2. Affected Environment

2.5.3.1.1 Large River Habitat

The Apalachicola River flows freely from Jim Woodruff Lock and Dam and represents the only
unimpounded large-river habitat remaining in the ACF Basin. This habitat is not pristine, however,
because streamflow is regulated by upstream impoundments and dredging through the 1990s. The
USFWS compared preimpoundment and postimpoundment hydrologic regimes in the Apalachicola River
using the Range of Variability Approach (RVA) (Richter et al. 1997) to characterize existing altered flow
conditions. The assessment showed significant postimpoundment hydrologic alterations, including
increased February mean flow, decreased July mean flow, decreased duration of high flow pulses, and
alterations in the rate and frequency of change in water conditions (Richter et al. 1997).

The main channel of the Apalachicola River and its tributaries provide important habitat for fish and
mussels. Ninety-five species of fish are known to occur, including the anadromous Gulf sturgeon, striped
bass (Morone saxatilis), and Alabama shad (4losa alabamae) (Appendix H, Table H-5; USGS 1996).
Critical habitat has been federally designated recently for Gulf sturgeon (USFWS 2003a) and four mussel
species: fat threeridge, Chipola slabshell (Elliptio chipolaensis), Gulf moccasinshell (Medionidus
penicillatus), and shiny-rayed pocketbook (Hamiota subangulata) (USFWS 2007a). 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 (Zettle 2014, personal communication).

Integral habitat features of the Apalachicola River extend beyond the main channel to include tributaries,
backwaters (oxbow lakes, sloughs), and the floodplain (Light et al. 1995; Sparks 1995). At least

80 percent of the fish species found in the main channel also occupy floodplain habitats, especially for
spawning and foraging from April through July (Light et al. 1995; USFWS 1998). Striped bass are
reported to use at least 12 tributary streams in the upper reach of the river as cool-water thermal refugia
from May through November (Light et al. 1998; USFWS 1998). At least 45 species are known to use the
Apalachicola River floodplain for spawning and nursery habitats based on larval trap collections from
2002 to 2007. Fish community research at the Apalachicola River indicates that floodplain connection
and inundation are important for fish communities in this river system (Dutterer et al. 2012).

Entrenchment of the Apalachicola River channel, which occurred after construction of Jim Woodruff
Lock and Dam up until about 1981, has lowered river stages and decreased the accessibility of tributary
streams to fishes in the main channel (Light et al. 1998). As measured at the Chattahoochee gage, a flow
of about 11,000 cfs is required to provide sufficient depths at tributary mouths for fish to move between
the tributaries and main channel, compared to a flow of about 5,500 cfs before impoundment (Light et al.
1998). Under present conditions, the extent of connected aquatic floodplain habitat increases substantially
with flows exceeding 29,000 cfs.

2.5.3.1.2 Subsystems with Unregulated Flow

A second group of river segments have unregulated flow and maintain significant portions of native
species assemblages. These systems and subsystems mostly occur in the upper-most portions of the
drainages, and, in some cases, represent refugia for species eliminated from downstream segments by
impoundments. The upper and middle Flint River system and the uppermost Chattahoochee River system,
along with some tributary systems to the Flint and Chattahoochee rivers, are known to support significant
remnants of the native riverine faunal communities (Yerger 1977; Barkuloo et al. 1987; Dahlberg and
Scott 1971; Gilbert 1969). Unimpeded flow from the Piedmont to the Coastal Plain ecoregion contributes
significantly to natural resource value in the Flint River system because river continuity between the
distinct habitats above and below the Fall Line facilitates the natural flow of water, energy, and nutrients
to downstream habitats and allows the potential exchange of individuals among populations experiencing
different habitat regimes. Connectivity to tributary streams is valuable for the same reasons. In all cases,
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EXECUTIVE SUMMARY

The action evaluated in this consultation is the Corps’ Revised Interim Operating Plan (RIOP)
for Jim Woodruff Dam, which describes releases from the dam to the Apalachicola River.
Consultation on the RIOP was completed in 2008 and reinitiated in 2010, because of new
information on the distribution and mortality of fat threeridge mussels. Substantial numbers of
fat threeridge mussels recolonized habitats at elevations above the minimum 5,000 cfs flow, and
many were subsequently exposed and killed when flows declined in September 2010. The Corps
determined that the proposed RIOP may adversely affect the fat threeridge, purple bankclimber,
and Chipola slabshell, and may affect but would not likely adversely affect (NLAA) the Gulf
sturgeon or designated Gulf sturgeon or mussel critical habitat. The Service concurred with the
Corps’ determination of NLAA for the Gulf sturgeon and its designated critical habitat. Mussel
effects were addressed in this biological opinion (BO).

The current version of the RIOP is very similar to the 2008 RIOP. It does not address
operational specifics at the four federal reservoirs upstream of Woodruff. The RIOP addresses
two specific parameters of the daily releases from Woodruff Dam into the Apalachicola River: a
minimum discharge in relation to average basin inflows (i.e., the actual amount of water flowing
into all of the Corps projects during a given time period) and maximum fall rate (vertical drop in
river stage per day). These two parameters vary by basin inflow, composite conservation storage
level and by month. Except when basin inflow is less than 5,000 cfs and during some down-
ramping periods, the minimum releases are not required to exceed basin inflow. The Corps
proposed five modifications to the 2008 RIOP to minimize impacts to listed species: 1)
volumetric balancing is eliminated; 2) minimum flow releases will match basin inflow between
5,000 and 10,000 cubic feet per second (cfs) from June through November (except during
drought contingency operations); 3) drought contingency operations are not suspended until
composite conservation storage has recovered above Zone 2 into Zone 1; 4) when releases are
less than 10,000 cfs, the maximum fall rate is limited to 0.25 ft/day; and 5) river stage declines of
8 feet or more will not occur in less than 14 days when river flows are less than 40,000 cfs
during the spawning season (March-May) under both normal and drought operations.

The current status of the three mussel species and their critical habitat is discussed in detail in the
BO. Notable mortality of the purple bankclimber and fat threeridge has occurred during recent
droughts in 2006-2008 and 2010-2012, but no Chipola slabshell mortality has been observed.
The Chipola slabshell population is stable but generally occurs in relatively low abundance. The
purple bankclimber is rare and occurs at low abundance in the Apalachicola River (with the
exception of one location), and it appears to be experiencing poor recruitment. The fat
threeridge population appears stable and may be increasing in size. They are abundant in the
middle reach of the Apalachicola River and the lower Chipola River, the population is relatively
large, and there is evidence of recruitment.

Fat threeridge are likely moving in response to changing water levels to maintain an optimal
depth or associated habitat parameter. At the time of the 2008 BO there were no listed mussels
at river stages greater than 5,000 cfs due to the drought of 2006-2008. Although we noted that
take may occur when individuals occupy stages greater than 5,000 cfs, we did not anticipate take
under this scenario because it was considered an anomaly related to very high flows in 2005.
However, based on recent data, it appears that fat threeridge readily recolonize higher bank
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elevations at flows greater than 5,000 cfs, where they could be at risk of stranding and mortality
when flows decline. Mortality during these events was highest in the middle reach of the
Apalachicola River where the main channel populations are the most abundant and slopes are
shallow. Some mortality occurred in the Chipola River, but it appears to be limited. Mortality
estimates from all of these events range from <1% to 2% depending on preceding hydrologic
conditions, fall rates, habitat condition, and the size of the population in Swift Slough and
unsurveyed deep-water habitats.

Relative to the Baseline period (1975-2008), the proposed RIOP provides both beneficial and
adverse effects to the species and designated critical habitats we have assessed. Many of these
effects derive from relatively minor differences between the RIOP and Baseline; however, we
attribute these differences to changes in reservoir operations and not consumptive water use.
Generally, it appears that the Corps would store water more often and augment flows less often
under the RIOP than has occurred historically. The RIOP uses some of this stored water to
augment basin inflow in order to maintain a minimum flow of 5,000 cfs, but the frequency and
duration of flows less than 10,000 cfs is increased.

Lower flows for longer durations will negatively impact all three mussel species. We expect
impacts to Chipola slabshell to be minimal because it occurs almost entirely within the Chipola
River where movement is facilitated by higher bank slopes and the species’ probable tendency to
move. Impacts to the purple bankclimber will also likely be minimized because this species
appears to occur more often in deeper portions of the stream channel, which is likely why we
have observed limited mortality during recent low flows. The results of the fat threeridge
population viability analysis (PVA) indicate that the population can sustain reductions of 1-2%
(estimated have occurred during recent droughts) if flows are reduced to 5,000 cfs and 4,500 cfs
with currently projected probabilities. However, the PVA also indicates that increasing the
frequency of such events results in a greater impact to population viability. The RIOP may
affect three of the five primary constituent elements (PCEs) of mussel critical habitat: 1)
permanently flowing water; 2) water quality; and 3) fish hosts. It does not appear to reduce the
amount of important floodplain habitat available to fish hosts. Droughts substantially change the
nature of all of these PCEs, but the RIOP 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. Therefore, it is the Service's biological opinion that the proposed
action: 1) will not jeopardize the continued existence of the fat threeridge, purple bankclimber,
and Chipola slabshell; and 2) will not destroy or adversely modify designated critical habitat for
the fat threeridge, purple bankclimber, and Chipola slabshell.

The Incidental Take Statement issued exempts the Corps from “take” under the Endangered
Species Act. During each of these events (flow reduction to 4,500 cfs, and exposure at stages >
5,000 cfs following recolonization), a maximum the following may be exposed: 30 purple
bankclimbers (60 total); three Chipola slabshell (six total); and 9,150 fat threeridge (18,300
total). Three mandatory reasonable and prudent measures are also included: 1) adaptive
management; 2) maintenance of the Chattahoochee gage; and 3) monitoring.

This BO is effective for five years (May 22, 2017). No further consultation is needed unless the
Corps operates Woodruff Dam in a way that is different from the RIOP, new information
indicates that the RIOP may affect listed species to an extent not considered in the BO, or if
more mussels or Gulf sturgeon are “taken” under the Corps’ operations than anticipated.
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GULF STURGEON (Acipenser oxyrinchus desotoi)
5-YEAR REVIEW

I. GENERAL INFORMATION
1.1. Methodology used to complete the review

A public notice initiating this review and requesting information was published on April 16,
2008, with a 60-day response period (73 FR 20702). The public notice was supplemented with a
request for information by postcard dated April 17, 2008, mailed directly to 130 entities
(individuals, natural resources agencies, conservation organizations) that could likely have
information pertinent to this review. One (1) set of comments/data was received in response to
the public notice and postcards, which was incorporated as appropriate into this 5-year review.

The lead recovery biologists for the NMFS and the FWS gathered and synthesized information
regarding the biology and status of the Gulf sturgeon. Our information sources included:

the Gulf Sturgeon Recovery/Management Plan (1995);

peer-reviewed scientific publications;

grey literature (annual reports);

information presented at annual Gulf sturgeon meetings;

ongoing field survey results and information shared from Gulf sturgeon researchers

(both Service and State biologists);

e the final rule listing the Gulf sturgeon as threatened (56 FR 49653) (September 30,
1991); and

e the final rule designating critical habitat for the Gulf sturgeon (68 FR 13370) (March

19, 2003).

We submitted a peer-review draft of this document to 16 professional biologists with expertise
on the Gulf sturgeon and its habitats. We provided written guidance to ensure that we relied
upon the best available information and that we made sound conclusions based upon this
information. Appendix B details how we addressed all comments received from peer reviewers.

All literature and documents used for this review are on file at the FWS Panama City Field
Office and at the NMFS SERO.

1.2. Reviewers

1.2.1. NMES

1.2.1.1. SERO (Southeast Regional Office)
Stephania Bolden (727-824-5312)
Kelly Shotts (727-824-5312)

1.2.1.2. Southeast Fishery Science Center
Michelle Duncan (850-234-6541 ext. 235)



1.2.2. FWS

1.2.2.1. Panama City Field Office
Jerry Ziewitz (850-769-0552 ext. 223)
Frank Parauka (850-769-0552 ext. 237)
Jon Hemming (850-769-0552 ext 238)

1.2.2.2. Cooperating Field Offices
David Walther (Lafayette) (337-291-3122)
Paul Hartfield (Jackson, MS) (601-965-4900)
Patrick Harper (Daphne, AL) (251-441-5857)
Billy Brooks (Jacksonville, FL) (904-731-3136)

1.2.2.3. Regional Office
Kelly Bibb (404-679-7132)

1.2.3. Peer Reviewers
Jim Clugston, U.S. Geological Survey (retired)
Jared Flowers, North Caroline Cooperative Fish and Wildlife Research Unit
Dewayne Fox, Delaware State University
Alan Huff, Florida Fish and Wildlife Conservation Commission (retired)
Phil Kirk, U.S. Army Corps of Engineers
Bill Pine, University of Florida
Todd Slack, U.S. Army Corps of Engineers
Ken Sulak, U.S. Geological Survey

1.3. Background

1.3.1. FR Notice announcing initiation of this review:
April 16, 2008, 73 FR 20702

1.3.2.

1.3.3.  Species status

1.3.3.1. NMFS

NMEFS currently considers the status of the Gulf sturgeon as stable.

1.3.3.2. FWS

FY2009 recovery data call: stable. Seven riverine systems have evidence of reproducing
populations, some variability in population size has been noted: 1) The Suwannee River
population appears to be slowly increasing; 2) population size in the Escambia River system may
have declined following a hurricane event; and, 3) hurricane effects to the populations within the
Pearl and Pascagoula Rivers are unknown as research has been extremely limited in those

systems since Hurricanes Ivan (2004) and Katrina (2005).



1.3.4. Recovery achieved

FWS assigns Gulf sturgeon a 2 out of 4 indicating 26-50% of recovery objectives have been
achieved.

1.3.5. Listing history
Original Listing: 56 FR 49653
Date listed: September 30, 1991
Entity listed: subspecies
Classification: threatened

1.3.6. Associated rulemakings
The Services designated critical habitat for the Gulf sturgeon on March 19, 2003 (68 FR 13370).

1.3.7. Review history

This is the first 5-year review completed for the Gulf sturgeon. The Services completed a
Recovery Plan in 1995. The FWS has internally responded to “Recovery Data Calls” (most
recently in 2009). The Services have participated in exercises to review recovery progress in
conjunction with annual Gulf sturgeon workshops since 1998.

1.3.8. Species’ recovery priority number at start of review:
1.3.8.1. NMFS

NOAA Fisheries issued guidelines in 1990 (55 FR 24296) for assigning listing and recovery
priorities. Three criteria are assessed to determine a species’ priority for recovery plan
development, implementation, and resource allocation: 1) magnitude of threat; 2) recovery
potential; and 3) existing conflict with activities such as construction and development. NOAA
Fisheries has fewer priority categories than FWS.

NMEFS has assigned a recovery priority number of 8 out of 12 (a moderate degree of threat, low
to moderate potential for recovery, and little conflict with economic activities) to the Gulf
sturgeon. Additional rationale for this recovery number is provided in the 2006-2008 Biennial
Report to Congress on the Recovery Program for Threatened and Endangered Species.

1.3.8.2. FWS

FWS has assigned a recovery number of 12 out of 18 (a subspecies with a moderate degree of
threat and a low recovery potential) to the Gulf sturgeon (48 FR 43098).

The different priority rankings (NMFS and FWS) reflect FWS consideration of taxonomic
criteria (genus, species, subspecies).



1.3.9. Recovery plan

Name of plan: Gulf Sturgeon (Acipenser oxyrinchus desotoi) Recovery/Management Plan.
Date issued: September 22, 1995 (this plan was signed by the NMFS, FWS, and Gulf States
Marine Fisheries Commission).

2. REVIEW ANALYSIS

2.1. Application of the 1996 Distinct Population Segment (DPS) policy

2.1.1.  Isthe species under review a vertebrate?

Yes.

2.1.2. Is the species under review listed as a DPS?

No.

2.1.3. Is there relevant new information for this species regarding the application of the
DPS policy?

Yes. Based on the best available information, the Services believe the current listing is valid.
However, we have new information that indicates an analysis and review of the species should
be conducted in the future to determine if the application of the Distinct Population Segment
(DPS) policy could be appropriate for the Gulf sturgeon.

The 1995 Recovery Plan was completed before policies were issued by the Services on the
treatment of DPSs under the Act (61 FR 4722; February 7, 1996). Currently there is a lack of
information to separate the species into population segments in accordance with the DPS policy
across various genetic/geographic subdivisions. However, the Services believe that additional
data from ongoing genetics analyses and tagging studies may allow us to determine whether Gulf
sturgeon DPSs are identifiable.

2.2. Recovery Criteria

2.2.1. Does the species have a final, approved recovery plan containing objective,
measurable criteria?

Yes.
2.2.2. Adequacy of recovery criteria

2.2.2.1. Do the recovery criteria reflect the best available and most up-to date information
on the biology of the species and its habitat?

No (see discussion in section 2.2.3).



2.2.2.2. Areall of the 5 listing factors that are relevant to the species addressed in the
recovery criteria?

No. Although the tasks outlined in the 1995 Recovery Plan address threats relative to listing
factors (e.g., habitat modification, overutilization, etc.), the Plan lacks criteria that would
measure progress towards reducing these threats. The Services should develop such criteria in a
revised recovery plan. We summarize new information about threats and progress towards
reducing threats in section 2.3.2.

2.2.3. List the recovery criteria as they appear in the recovery plan and discuss progress.

1. Short-term Objective — to prevent further reduction of existing wild populations of Gulf
sturgeon within the range of the subspecies. This objective will apply to all management units
within the range of the subspecies. Ongoing recovery actions will continue and additional
actions will be initiated as needed.

Criteria

A. Management units will be defined using an ecosystem approach based on river drainages.
The approach may also incorporate genetic affinities among populations in different river
drainages.

The criteria have been partially met through the Services’ designation of Gulf sturgeon critical
habitat in 2003 (68 FR68 13370). In the critical habitat rule we recognized seven extant
reproducing populations that are associated with seven river drainages (Pearl, Pascagoula,
Escambia, Yellow, Choctawhatchee, Apalachicola, and Suwannee). We noted that conservation
of all seven populations was necessary to minimize the potential for inbreeding, to retain
potentially important selective pressure at the margins of the species’ range, and to provide a
rescue effect between adjacent populations in the event of a local extirpation or a decline to
extremely low numbers. We determined that physical and biological features within specific
habitats occupied by these seven populations (seven riverine units and seven adjacent
estuarine/marine units) are essential for the conservation of the species. Our current
understanding of the biology of the Gulf sturgeon is still consistent with the findings of the
critical habitat rule, but we realize that tagging and genetics data may provide a biological basis
for dividing the Gulf sturgeon into two or more discrete population segments.

B. A baseline population index for each management unit will be determined by fishery
independent catch-per-unit-effort (CPUE) levels.

This criteria has not been met. Recognizing the problems inherent with CPUE as a recovery
monitoring metric in the years following completion of the 1995 Recovery Plan, the Services did
not establish baseline CPUE indices as proposed in the Recovery Plan’s recovery criteria.
Researchers have instead gravitated towards mark-recapture models and age-structured
population models (Morrow et al. 1999, Sulak and Clugston 1999, Pine et al. 2001, Pine and
Allen 2005, Flowers 2008, Pine and Martell 2009). Researchers confirmed that high variability
in CPUE was due to differences in the spatial distribution, sampling gear, deployment methods,
and environmental conditions that affected sampling efficiency (e.g., tides, currents, bottom



snags, floating debris, and winds), and sampling crew experience (K. Sulak, USGS, pers.
comm.). We review the information that has emerged from these and other studies in section
2.3.1. This information suggests that some Gulf sturgeon populations are likely stable or slowly
increasing, and that the Suwannee population is more rapidly increasing. The status of some
Gulf sturgeon populations, particularly in the western portion of their geographic range, is
unknown due to lack of recent survey.

C. Change from the baseline level will be determined by fishery independent CPUE over a three
to five year period. This time frame will be sufficient to detect a problem and to provide trend
information. The data will be assessed annually.

Currently, seven rivers are known to support reproducing populations of Gulf sturgeon. No
population estimate has been made that would satisfy the recovery criteria of evaluating a change
from baseline within statistically valid limits over a three to five year period. However, surveys
continue on rivers throughout the range and population estimates have been developed using
criteria other than CPUE as listed in Appendix A.

D. The short-term objective will be considered achieved for a management unit when the CPUE
is not declining (within statistically valid limits) from the baseline level.

Gulf sturgeon researchers have recommended that population parameters estimated from mark-
recapture methods be used instead of CPUE to monitor Gulf sturgeon recovery. Morrow et al.
(1999) and Flowers (2008) both recommended incorporating a minimum population size into
revised recovery criteria in addition to a stable or increasing population size trend.

2. Long-term Objective A — to establish population levels that would allow delisting of the Gulf

sturgeon by management units. Management units could be delisted by 2023 if required criteria

are met. While this objective will be sought for all management units, it is recognized that it may
not be achievable for all management units.

Notably, management units are not listed entities under the ESA and therefore they cannot be de-
listed. Rather, management units allow the Services to develop geographically specific recovery
tasks that are appropriate to address unique threats to units smaller than the listed entity.

Criteria
A. The timeframe for delisting is based on known life history characteristics including longevity,
late maturation, and spawning periodicity.

These criteria are still valid. New data support the previous conclusions that Gulf sturgeon are
slow to recolonize areas that it formerly occupied, live long lives, have slow growth, and a high
age at maturity. Restoration of the population age-structure will take many more years than
previously thought.

B. A self-sustaining population is one in which the average rate of natural recruitment is at least
equal to the average mortality rate over a 12-year period (which is the approximate age at
maturity for a female Gulf sturgeon).



Currently, seven rivers are known to support reproducing populations of Gulf sturgeon. No
population estimate has been made that would satisty the recovery criteria to determine if the
average rate of natural recruitment is at least equal to the average mortality rate over a 12-year
period.

C. This objective will be considered achieved for a management unit when the population is
demonstrated to be self-sustaining and efforts are underway to restore lost or degraded habitat.

The demographic recovery criteria in the 1995 Recovery Plan relied upon catch-unit-effort
(CPUE) data, which has proven too variable to serve as a practical monitoring metric.
Demographic parameters estimated from mark-recapture studies appear better suited for this
purpose. Using the mark-recapture data, general estimates of population size at a riverine scale
have recently been calculated (Appendix A). New information shows a roughly stable or slightly
increasing population trend in eastern (Florida) river systems. The number of Gulf sturgeon in
the Escambia River system may have recently declined due to hurricane impacts. The Suwannee
River population appears to be slowly increasing. Due to lack of research since Hurricanes Ivan
and Katrina, no data are available to determine the current size of the Gulf sturgeon populations
in the western portion of the geographic range (i.e., Pearl and Pascagoula Rivers) of Gulf
sturgeon.

3. Long-term Objective B — to establish, following delisting, a self-sustaining population that
could withstand directed fishing pressure within management units. Note that the objective is
not necessarily the opening of a management unit to fishing, but rather, the development of a
population that can sustain a fishery. Opening a population to fishing will be at the discretion of
state(s) within whose jurisdiction(s) the management unit occurs. As with Long-term Objective
A, the objective may not be achievable for all management units, but will be sought for all units.

Criteria:
A. All criteria for delisting must be met.

This criteria remains valid; however, the delisting criteria need to be revised to accommodate a
different method to determine demographic recovery criteria as CPUE is too variable of a metric.

B. This objective will be considered attained for a given management unit when a sustainable
yield can be achieved while maintaining a stable population through natural recruitment.

Flowers (2008) describes how the historic overexploitation of Gulf sturgeon led to a change in
the age-structure of the populations that reduced annual reproductive output. Given Gulf
sturgeon life history characteristics such as long life, slow growth, and high age at maturity,
restoration of the population age-structure will take many more years than previously thought.

C. Particular emphasis will be placed on the management unit that encompasses the Suwannee
River, Florida, which historically supported the most recent stable fishery for the subspecies.

The Suwannee River population appears to be slowly increasing and may be regaining a
semblance of its pre-exploitation age structure, with a shift from 10% mature individuals in 1996
to 40% 1in 2007 (presentation by K.Sulak, USGS at the 2008 Annual Gulf sturgeon meeting).



However, as previously noted, the ESA specifies that only species included on the list published
in the Federal Register can be removed from such list (ESA Section 4(c)(2). Because the Gulf
sturgeon as a species is on the published list (50 CFR 17) only that unit, and not the management
unit, may be considered for de-listing.

2.3. Updated Information and Current Species Status

The 2003 rule designating critical habitat represents our most recent comprehensive review of
information relevant to the conservation and status of the Gulf sturgeon. Therefore, the
following is based largely upon data and literature compiled since 2003.

2.3.1. Biology and Habitat
2.3.1.1. New information on the species’ biology and life history

Brooks and Sulak (2004 and 2005) described the distribution of Gulf sturgeon food resources in
the Suwannee River estuary. They found that benthic infauna biomass was greater in the
summer than in the winter, and that the spatial distribution of likely prey items was patchy (high
in certain areas and low in others).

Additional studies examining Gulf sturgeon prey have been conducted based on Heard et al.’s
(2000) assessment of the benthic macro invertebrate assemblages in Choctawhatchee Bay
suggesting that ghost shrimp, Lepidophthalmus louisianensis, was an important food for Gulf
sturgeon greater than 1 m in length. McLelland and Heard (2004, 2005) later analyzed the
benthic macro-invertebrate assemblages from two sites off the northern Gulf of Mexico coast of
Florida and Alabama where Gulf sturgeon were located by telemetry and believed to be foraging
during winter. They reported in 2004 that annelids comprised the main group of organisms
collected at both sites and with the exception of the high density of tube building polychaetes
collected at the Alabama site, little difference in the benthic invertebrate populations was noted
between the two sites. The density of benthic organisms did not substantially differ from 2004 to
2005. However, McLelland and Heard (2005) noted there were a few shifts in population
structure: 1) an absence of the tube dwelling polychaete, Hobsonia florida, at the Alabama site
that was predominate in 2004 and was replaced by the polychaete, Mediomastusa ambiseta; and
2) an increase in the number of mollusks with a decrease in arthropods at the Florida site. They
speculated that the possible changes in the macro-invertebrate structure could reflect a response
to increased nutrient loading from runoff or perhaps a physical shift due to the effects of
Hurricane Ivan that made landfall in eastern Alabama in August 2004.

Edwards et al. (2003) tracked the movements of Gulf sturgeon in the Suwannee River estuary
using ultrasonic tags and a fixed array of receivers. Tagged individuals displayed a pattern of
directed slow, steady travel over several kilometers followed by periods of randomly directed
travel. This pattern is consistent with a foraging strategy that is adapted to a patchy distribution
of food resources by an animal that lacks advance knowledge of the location of the patches or an
ability to detect the patches from afar. If applicable, this strategy may help to explain the regular
detection of telemetry-tagged Gulf sturgeon from different natal river systems in the same
marine foraging areas such as the nearshore islands. It is also possible that adults can learn the
location of optimal foraging areas and revisit year after year. In a follow-up paper reporting



results of satellite pop-up archival tags, Edwards et al. (2007) discussed mixing of Gulf sturgeon
from different populations and overlap of winter habitat utilization. Similarly, in a multi-year
study Ross et al. (2009) found Gulf sturgeon from both the Pascagoula and Pearl Rivers broadly
overlap and use the shallow water along the Gulf barrier islands as foraging grounds in the
winter. These marine habitats utilized by the Gulf sturgeon were all less than 7 m deep,
generally well oxygenated, and with relatively clear water; bottom substrates were mostly coarse
sand and shell fragments or fine sand (Ross et al. 2009). Also, Gulf sturgeon tagged in seven
Florida panhandle river systems were monitored from Carrabelle, FL to Mobile Bay, AL during
the winter period in the coastal waters of the Gulf of Mexico. Gulf sturgeon from different river
systems were located occupying the same area of marine habitat.

Harris et al. (2005) also tracked the movements of Gulf sturgeon in the Suwannee River estuary
using ultrasonic tags and sampled benthic infauna. Locations of tagged Gulf sturgeon were
associated with sandy substrates and high abundances of known prey items. Gulf sturgeon
individuals appeared to use different portions of the estuary in fall compared to spring.

Randall and Sulak (2007) estimated yearly recruitment of Gulf sturgeon using 19 years of mark-
recapture data for the Suwannee River population. Recruitment was positively correlated with
high flows in September and December. They suggested that higher survival of age-0 sturgeon
may be re