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EXECUTIVE SUMMARY

The decline of bonefismA{bula vulpel throughoutthe FloridaKeys particularly in Florida
Baywhich historicallywasan epicenter otthe Florida bonefisheryis a tremendous concern due
G2 OGKSANI adlddza 1a 'y AYRAOIFG2N) aLISOASA | yR
This study utilized a bottorap trophic approach, examininthe bonefish prey base as a
possible cause of the population declifgpecifically, the goals of thisykar study were to
compare patterns obonefish abundancesing available data, and gxaminespatial (regional)
and temporal (decadal) variation in benthic fauwr@mmunities of the Florida Keys to determine
the extent that prey abundancenay influencebonefishabundance and distributian

Trends in bonefish abundance were assessed using -qud$tion questionnaire that
targeted known, experienced Florida Bay fish@snducted independent of this study, 2010
2012).Prey sampling was conducted three times in 2012 (March, July and October) at five study
sites: Cross Bank, Buchanan Bank aiil® Bank in the Upper Keys, Sands Cut in Biscayne Bay,
and Sawyer Keys in tHeower KeysBenthic and canopgwelling fish and invertebrates were
collected using 4n? throw traps, modeling sampling design and protocols after those of Powell
et al. (1987) who described fish and decapod communities in Florida Bay in the €885 €d
by Matheson et al. (1999) in the 1990Seagrass beds at each site were characterized using
15.3cm diametercores and estimates abver during each sampling evef@omparisonsvere
made of seagrass characteristics andmmunity structure, abunaince and biomass of fish and
invertebrates among sites, and with collections made in the 1980s and 1990s at Cross and
Buchanan.

Key Findings:

1 The Lower Keys had the least reportederall decline in bonefish and the highest
abundance of bonefish prey armather invertebrates, while the Upper Keys/Florida Bay
had the greatest reportedveralldecline in bonefish and a lower abundance of bonefish
prey and other invertebrates.

1 Cross Bank angtMile Bankhad tremendous intreannual (seasonal) variation in beinth
prey community structure andow prey abundance compared to all other siteBhe
prey community (structure and standing stock) at Buchanan Bank was more similar to
that of Biscayne Bay than to the other Upper Keys sites.

1 No discernible relationshipvas observed between seagrass abundance and benthic
prey abundance, as Sawyer (Lower Keys) had the least seagrass and the highest prey
abundance, while Cross Bank had the most seagrass and the lowest prey abundance.

1 While our data indicate lower bonefish prey abundanaetwo of the three Upper
KeysFlorida Bay sitesrelativeto other regions,decadalcomparisons do not suggest
benthic preyabundanceat these siteslecreased to a great extefif at all)over the last
three decades.These findings suggestis unlikely that prey limitation is therimary
cause ofthe recent decline in the Florida Bay bonefish populatidfe suggest other
factors that may also be contributing to the bonefish decline in Florida Bay.
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INTRODUCTION

Coastal and estuarine ecosystems are currently declining on a global Bdaile.these
systems are dynamic by nature, their transformation has dramatically accelerated worldwide
over the past two centuriesSecond only to exploitation as a cause of this ecosystem change,
habitat destruction is responsible for nearly half of the dejges and extinctions of coastal
species worldwid€Lotze et al. 2006)n the past 60 years, we have seen a marked increase in
nitrogen and phosphorus loads, primary productivity, eutrophic plankton, oxygen depletion and
losses of epiphytic diatom communities associated with seagra@Skeern 2001, Jackson et al.
2001) leading to a substantial decline in nursery habitat for estuarine and hessspecies.

The consequent collapse of pelagic and inshore food webs and decline in fisheries is most
pronounced in the Northern Hemisphe(Pauly et al. 1998While the last 50100 years have

seen a slowdow in the decline of large vertebrates in coastal ecosystems, trends in the
deterioration of populations of smaller consumers and water quality contifluzze et al.

2006)

Human alteration of the flow of surface water thrdumut the Greater Everglades into
Florida Bay has been well describéabcumented deleterious effects of reduced freshwater
flow into Florida Bay include mass mortality of seagrasses, mangrove dieback, reduced
recruitment of pink shrimp, snook and redfisharked changes in the abundance of small prey
fish, lowered reproductive success of osprey, roseate spoonbills and other species of wading
birds, and shifts in the distribution of manatees ardcodilesMclvor et al. 1994, Lorenz 1999,
2013, Lorenz et al. 2002, 200®iven the physical changes that have occurred (and continue)
in Florida Baynegativeimpacts on the ecological services provided by seagrasses and other
critical habitats continue to be fully realized and documented.

Bonefish Albula vulpes are a critich O2YLIRySyid 2F (GKS Cf2NAR
recreationa) and economic identities-ounded in Florida Bay, the sport of shalmater sight
fishing began drawing worldwide attention to our region after World War Il as leisure fishing
became a popular pashe. Since that time, the mystique of bonefishing continues to draw
locals and tourists alike to the flats of the Kefanual censuses (202910) estimate a mean
population of 316,805 bonefish in the Florida Keys (201 bonefidh/toiniversity of Miami
2010) Asbonefishingis a pillar of the Keys recreational fishingustry (Florida Fish & Wildlife
Conservation Commission), each bonefish represented in the census represents approximately
$3,500/year ($75,000 over its lifetime) to the Florida economy, making the fishery one of the
most valuable in the world.

In the Keys bonefish are considered an ecological indicator species due to their high
mobility and benthiebased diet(Larkin et al. 2010, Larkin 2010nce centered in the Upper
YSeasr GKA& NB3IA2Y Qaioraed girkd thel 1070SE with ) $nbi® drefnbti@ R S G
decline in the past five years (P. Frezza, unpublished personal intervieevsdfish currently
are comparatively scarce on banks that they historically utilized he&wiportantly, while the
Upper Keys bonefh population has greatly diminished, populations in the Lower Keys and
Biscayne Bay appear to have remained more stabMbile the exact nature of the decline is



unknown, it is suggested that changes in the flats community, particularly the benthie prey
base, is a likely cause.

The marked decline seen in recent years in the Upper Keys bonefish population emphasizes
GKS GAYSte ySSR G2 | RRNBaa LI G SRaih&rindre, thekeNB | { &
changes are certainly indicative of the ecotadihealth of this region and may serve as a
forewarning of future impacts to other recreational or commercial fisheri€bis study
examinsonelL)2 0 SYGA LT RNAGSNI 2F OKIy3aS Ay GKS | LILISN
of identifying what changes iacosystem management can be made to benefit our bonefish
fishery.

2 A0K y2 S@PARSYOS 2F RAaSIAS 2NJ AyONBI &aSR LIN
we employ a bottomup trophic approach to provide insight into ecosystem functidhe
benthic, prinmarily crustacean diet of bonefigiCrabtree et al. 1998nay be especially sensitive
to environmental change (e.g., habitat loss, changes in salinity, declines in water quality) in this
ecosystem, as these taxa tend to be less mobile than larger ane#waeming speciesSupport
for this approach includes previous studies documenting declines in Chesapeake Bay blue crab
populations in response to reduced water quality and loss/fragmentation of seagrass habitat
(Mizerek et al. 2011)reduced recruitment of Florida Bay juvenile pink shrimp in response to
environmental changeéBrowder et al. 1999, Ehrhardt and Legault 1998)d observed diet
shifts in Charlotte Harbor snook in response to alterations of freshwater flow into estuarine
creeks(Adams et al. 2009)

Successful estuary and coastal zone restoration relies on both historical reference points
and current assessments of the degree and drivers of degradation in an ecosystem context
(Pikitch et al. 2004, Balmford et al. 2005he objective of this studig to providescientifically
based factual information on the state of bonefish habitat in the Upper Keys compared to
historical conditions and conditions of bonefish habitastsiearby marine environments.

The specific goals of this studsere to:

(1) Examme spatial variation in benthic fauna communities of the Florida Keys (the
Upper Keys, Biscayne Bay, and the Lower Keys) to determine the extent that prey
availability may influence the abundance and distribution of bonefish.

(2) Describe temporal changes ibenthic prey communities in the Upper Keys
concurrent with the decline in the bonefish fishery.

(3) Compare patterns of bonefish abundance (historic and present) using available
RFEGF O0OAYyOfdzRAY3I AYGSNDASsa 6AGK f201fkSE

(4) Developa hypothess as to how variation in benthic fauna communities, seagrass
beds, and physicochemical factors have contributed to observed changes in
bonefish habitat use in the Florida Keys.



BACKGROUND

Bonefish in Florida Bay

Anecdotal reports from longime fishersof Florida Baysuggesta dramatic reduction in
bonefish abundancen recent yearsin the absence of a reliable lorigrm dataset, experienced
fishers may be ariticalsource of information on historical changesthis fisherylndependent
of this study between2010 and 2A.2 surveys of known, longtime fishers with exceptional
knowledge of Florida Bay bonefiswere collected (all data reported here: P. Frezza,
unpublished data)Thesedata will be submitted for peer review publication in Summer 2013.
The goal of this survey was to characterize and quantify trends and establish a historical
baseline of the bonefish population of Florida Bay through information gained fromtiimeg
guides and anglers of the regioA. deliberately norrandom sampling desigwas chosen to
target intervieweesn an attemptto survey all or most fishemsith the greatest experience and
reputation within the fisheryThe survey consisted af hardcopyquestionnaire thatincluded
ASOSNIf ljdzSaidAz2ya dziS Backjréund-addieSp@riencd] &n8 19NsBo& LI2 Y R ¢
answer multiple-choice or closed endeffixed-responsequestions aboutheir perception of
the Florida Bay bonefish populatioAll interviewees were initially contacted by phone or in
person to request the participation in the survey to maximize return rate (return rate=97%)
Here, we report data collected to date (N=64) for questions relevant to this sRepondents
were encouraged to use log books or records when avail&lmébly,unless otherwise noted,
all survey questions were specific to Florida Bay, that Lower Keys, Biscayne Bay,tloe
oceanside of the Upper Keys

Survey Findings

Experience of respondents ranged from 12 to 64 years, with an avefegfe7 (+1.5) years
bonefishing in Florida Baylhe effective period of recordvas 1948present. Seventythree
percent2 ¥ NB & L2 ¥ R S&ySitaNBK RS wfdSNAMoy 20 SK § RNBKD n S E LIS NA ¢
Eightyfour percent of respondents work or have worked professionally as guides idd-Ruiy,
with an aerage of 26.6t1.7) years of professional guidinQf the 92% of respondentsvho
were still bonefishing in Florida Bag3%were workingguides

All but one of the 64espondents reportedhey believethe bonefish populationn Florida
Bay has declined ovehe course of their careeMost respondentq88%)reported that they
feel there are currentlyd ny fewee bonefish compared to when they first started
bonefishing, while others reportedfewere (11%) orono changé (1%). No respondents
reported aperceivedincrease When respondents started bonefishing in the Bay, 95% defined
the fishing agexcellent or évery good, while currently (or when they stopped bonefishing),
ym: RSTAYS GKS TFAaKAlgdt half{48%)laRrespohdendlasdribed tB NNA 6 f S
02y STAAK RS OTfhisyas the tosticammsr dBseriptiontbé trend ofthe decline
withl y3f SN&B 2F | ff SELISNASyDSI NBDSSvimbIBMEEIF LGS | y 3
ccertain/specific yearsor ¢a single episodevente (Fig.1).
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Respondents were asked tstimatetheir perceiveddecline in bonefish abundancgnce
they started fishing roultiple-choice categories usedl0% increments10%, 20%, etc.)The
mean perceived decline was 78(x2)%, with no correlation betwgenceived decline and
angler experiencet (S I NJ(@2)¥M@OR).When asked to identify the-gear period when they
detected the largest decline in the number of bonefish in Florida Bay, 87% of anglers responded
that some part of that period fell between0OR5 and the presentn termsof bonefish catch, a
strong negative correlation between the reported maximum bonefish caught/day and the year
they were caughwas reported(t S I NE(81)-Q43 P<0.01 Fig. 3. The average maximum
bonefish caught/day wag6(x5) in the 1970s, 18(x2) in the 1980s, 17(x2) in1#80s, and
12(x1) in the 200Qs

When asked about the averagbange in thesize of bonefislin Florida Bay over the course
of their career, 17% of responderdsl A R 0 2 ybRygek ér énudhbiggeré®0%saidthere
is no change in size, and 53%dbonefish areismalleg or dmuch smalleg Ninety-one percent
of respondents indicated the percentage of days/year that they spent targeting bonefish in
Florida Bay decreased, with 77% of them @tin ¢ f I O1 2 F TA a K¢ Seventy (0 K S
percent of guides say a declining bonefish population has had a negative economic effect on
their guiding business.

Discussion

In the absence of a meaningful or reliable leéegn dataset(e.g., catch or almdance data)
local fisher€knowledge may be the best or only source of information to document historical
changes in local marine fish species abundgfitcher and Pauly 1998, Johannes et al. 2000)
In recent decadeghe field offisheries science and managemdrds increasingly relied upon

informal data to documenthe historical statusof and highlight Wa KA FGAy 3 ol aSt Ay S

marine speciegNeis et al. 1999, Sadovy and Cheung 20BB)only using standard forms of
data collection or datasets, we felt we would not adequately document shifts in local bonefish
abundance.

We are aware of three appropriatguantitative bonefish abundance datsets specific to
the upper Keys regior(1) bi-annual visual Keys bonefish surveys,E2¢rglades National Park
guide<irip reports, and(3) bonefish tournaments of Islamorada, Floriddl threedata sources
were consideredfor their usefulness in assessing bonefish population trefidee limitatons
with each of these datasets (described below) led us to choose a questiotinzasiesl survey
method to describepatterns of bonefish abundance, both historic and preséinis our belief
that this offered the most valid representation of the trends itme Florida Bay bonefish
population

Q) The visual bonefish survey@ult et al. 2008a)are an excellent source of
information for monitoring trends in bonefish abundance throughout the Keys,
but the relatively short period of record (20§8esent)currently prohibit any
interpretation of longterm trends

(2) 9@SNHfIRSA& blraGA2ylf t I N36e SHzZNREBO2 NRA RIT N

statistics. During this time, he logbooks used in these surveys have gone
through a number of design changes whichnfomnd data analyss. Non
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compliancewith logs was an issue until the reporting became mandatory for
guidesin2007L Y M ddn = | WiEnkIBaS AdSed to ltNBiAvey MiNGE R Q
provides an opportunity for guides to indicate the species they are targe
This could allow for insight into relative fish abundarmdfesport fishesin the
future.

3) Islamorada bonefish tournament data providet4year record with information
on number of bonefish caught, dates of each tournament, hours of fishing,
number ofparticipants, and geansed These data were analyzed and reported
by Larkin(2011). Unfortunately,no information are retained omvherebonefish
are caught prohibiting examination of regional variatio@urrently there is no
limit to the distance thatanglers can travel to target bonefish during these
tournaments. Personal communication with tournament angle(B. Frezza)
indicates that currently, many anglers are travelling great distances (>40 miles)
to preferred locations.Further, there is no way ta@account foror correct for
advancements in technology and increased skill level of anglers which almost
certainly affect catch rates.

Finally, while dataset® and 3 quantify catch rates, we do not feel tha® Ot | catéhA O Q
statistics gained through touament records or creel surveyare a good indicator for
representing bonefish abundanae trendsin the Florida KeyBecausebonefishare a species
that are extraordharily difficultto catch and are thought to be high@idaptiveto increased
fishing pressureclassic catch statistics may be misleadigrthermore, it is believed that a
diminishing bonefish population, difficulty of finding, hooking and landing remaining fish and
the competitive nature of tournaments have beenetllriver for sophisticated advancements in
fishing technology that have made it possible to continue to sustain cattiéise last decade
alone, tremendous advancements have been made in shallow water fishing gear including
continued improvementin desiqis of: hooks, lines, leaders, fly material, rods, boats and
sunglassesThese points, along with a noted increase in angler and guide skill lexel
credence to the notion thathea KI f t 2 ¢ &6 6 SNJ TAAKSNE WOl 610KQ Y
increase oveextended periods of time with a concurrent decline in fish abundaités is a
phenomena that wasecently chronicledvith tarpon by a highlydecorated tournament angler
(Mill 2013)

Through persnal communication with experienced anglers and guides, it was found that in
recent years upper Keys anglers were commonly travelling away from what was once the
epicenter of the bonefish fishery (Islamorada) to destinations in the Biscayne Bay reghmn or t
lower Keys to target bonefishWe feel this reduced effort in théJpper Keys is another
indication of a diminishing population of bonefish in thipper Keys regionDue to this
apparentregional changethe question of perceived change in bonefish abamck in other
regions of the Keys was also explored during survey.When asked to rate the change in
bonefish abundance over the course of their angling careefeuinregions outside oflorida
Bay ez 2F NBaLRyRSylta AYRAOFIGSR 02y STAAK | 06 dzy
2y STAAK | 6dzyRI

I - a

on the oceanside of the Upper Keyg,M'> AY RAOF GSR o
GRSONBIF a8R aANBlIGtees Ay .Aa0FeysS .| &% a6RE RBRER
GRSONBSIFaSR 3INBlLGftee Ay GKS aARRES YSeas || yh
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GRSONXBI aSR¢ 2 NEidtReS oweRdysiFig.R)InfeneRihgly,f4@% of respondents
AYRAOFIGSR 02ySTAaAK | odzyRI yOS IiKth&®Lowek Ke@drOBl & SR ¢
indicated no changel)t is noteworthy that a number of anglers targeting bonefish in the Key
West and Marquesas region reported the great&sicrease in fish abundance.

Conclusions

Responses from this survegdicated fishers believethe population of bonefish utilizing
Florida Bay i22% of what it was in the early 195Qghen the first fishers surveyed came into
the fishery.Our failure to find arelationship between angler experience atiteir perceived
decline in baefish abundanceeinforced our belief that thegreatestdecrease inbonefish
abundance occurred imelatively recent years.Respondents reported a gradual decline in
bonefish beginning in the mii960s (accelerating in the [a&970s), with severgberiods of
notably rapid declineTwo of the largest periodef bonefish decline indicated by fishers
correspondedwith the timing ofthe two major algal bloom events that occurred in Florida Bay
over the past 50 yearghe early1990s and 200-08. However the single greatest year of
decline that wasreported, 2010, corresponded to a severe, extended period of cold
temperatures that resulted imemarkablemortality of vertebrate life throughout the southern
Everglades and Florida Bdkallac et al. 2010)it shoutl be emphasized however, that
significant decline in bonefish abundance was occurring prior to the cold event 06f 201

Bonefish prey communities

Examination of food webs is a logical first stepumuerstanding species decliné/hile the
relative impotance of topdown (predatorcontrolled) versus bottorup (resourcecontrolled)
food-web regulation is a classic debate in trophic ecology (Bajrstonet al. 1960, Hunter and
Price 1992, Power 1992, Abrams 1993, Polisetal. 19963 f 2 NA Rl . I @8 Q&4 NBOSy i
in nutrient status, algal growth, antesultingchanges in seagrass communitigurqurean
and Robblee 1999, Fourqurean et al. 2002, Richardson and Zimba 2002, Boyer et al. 2009,
Glibert et al. 2009)suggess examination of bottoraup impacts of bonefish preyon the
bonefish populations highly appropriateFurthermore, Lorenz (PL3) reviewed the population
declines of numerous vertebrate species in Florida Bay and found that most studies implicate
reduced prey resources as the most likely reason for these deckieally suggested links
between shifts in bonefish growth ratend their diet (Larkin 2011¥urther justify a focus on
assessing the status of prey populations and the need to better understand trophic linkages.

Bonefish diet

In addition to anecdotal observations of seasoned bonefishaus,current understanding
of bonefish diet comes from stomach content analyses of captured individBadsachs of
bonefish collected in Puerto Riq@varmke and Erdman 19638nd the Bahamag¢Colton and
Alevizon 1983)were dominated by mollusks(56% by volume and 39% by dry weight
respectively) while crustaceans (particularly swimming crabs (Portunidae) and mud crabs
(Xanthidae) were also very importantln the Florida Keys (primarily Marathon to Key West),
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Bruger(1974)found bonefish stomachs were dominated by crustaceans, particularly penaeid
shrimp (pink, white and brown; Penaeidae), snapping shrimp (Alpheidae), swimming crabs and
mud crabsNotably, gulf toadfish were absent from bonefistormachs in this study.

Crabtree et al(1998)examined stomach contents of 385 bonefish captured in the Florida
Keys (oceanside), Florida Bay and Biscayne Bay and contpesedata withinvertebrate and
fish prey availabilityto infer selectivity Overall, stomachs were dominated by five taxonomic
groups (% by weight): mud crabs (29.9%), gulf toadfish (17.2%), swimming crabs (10.9%),
snapping shrimp (9.2%), and penaeid shrimp (7.%%)ile stomach contents of Florida Bay
bonefish differed somewhat from that of oceansid¥ S &kbriefish, the same prey taxa
dominated in both areasPrey selectivity was inferred through comparisons with aquatic fauna
data from m? throw trap collections on the oceansid#liddle Keys to Elliot Key) and data
from those made by Matheson et al (1999) in Florida Bay (Buchanan Bank)e oceanside,
bonefish fed selectively on snapping shrimp, mud crabghern pink shrimp(Farfantepenaeus
druorarum and gulf toadfish, sektingagainst small, abundant species of grass (Palaemonidae)
and cleaner (Hippolytidae) shrimpn Florida Bay, bonefish fed selectively on mud crabs,
snapping shrimp, gulf toadfish, northern pink shrimp, and blue cr&aliectesspp.) and
selected aginst small, abundant species of grass and cleaner shrimp, in addition to abundant
code gobies GGobiosoma robustuinSeasonal shifts in stomach contents were seen, but were
subtle, with the sameaxonomic groups dominating yessund.

Variation in bonefistprey with size has been reported in several studiasthe Bahamas,
bonefish >416 mnfork length E) consumed more mud crabs, spider crabs (Majidae), snapping
shrimp andprey fish than smallebonefish (Colton and Alevizon 1983With prey fish mainly
found in bonefish >575 mm FLThey also reported that small bonefish consumed more blue
crabs than large bonefishn the Keys, bonefish >439 mm FL consumed more decapods and
preyfish than smallebonefish, but no blue crabs were found in the stomach&ofhefish <440
mm FL, although they were consumed in large numbers by ldygeefish (Crabtree et al.
1998) While all previous studies described hdoeused on relatively largbonefish captured
using hookandine, a study in the Florida Keys used beach seines to collect 407 -pbtimegt
year (YOY) bonefiglsnodgrass 2008) hey found the most important prey items for YOY were
polychaetes, amphipods, copepods, shrimp, apither decapods.They also found that with
increased YOY size, there was a decrease in the importance of amphipods and an increase in
the importance of crabs as prey items.

Previous assessments of prey specieBlmda Bay mud banks

In the mid1980s, an extensive study was conducted in an effort to describe the ecology of
shallow water bank habitats of Florida B&pecifically, Powell et al. (1987) examined how
physical parameters (e.g., wind velocity adilection, water turbulence, variation in water
level) shaped the distribution and abundance of resident spe8essites were established,
four in northern Florida Bay (Oyster, Dump, Eagle and @&ys3, and twoin southern Florida
Bay (Cross and Buaten Bankg, and demersal and pelagic fauna communities were quantified
using tm? throw traps and gill nets, respectivelpemersal fauna sampling was repeated by
Matheson et al. (1999) to detect and describe any variation dubeéaecentseagrass dieff,
phytoplankton blooms and other ecosystem changfest had occurred in the late 1980s and
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early 1990sIn both studies, sampling efforts spanned the three hydrologic seasons of Florida
Bay: dry season (FeéMarch 1984, Jan 1985, Mar 1994), eaxigt seaso (May 1984, Mayun
1985, June 1995, May 1996) and katet season (Sep 1984, Sep 1985, Sep 1994, Sep 1995).
Relevant to the studyeported here, we focus only on observations from each study at Cross
and Buchanabanks as these are historic bonefish faye grounds

Powell et al. (1987) found that of all study sites, the seagrass bed at Buchanan was richest,
with the highestseagrasslensity and standing crofgeagrass at Cross was similar to Buchanan
(both were relatively lushturtle grassdominated meadws), but was more spars®&ecause
fauna abundance wassuallyhighest on the leeward side of the baikith no difference in
community structurg, a single leeward transect/site was used in sampling repeated by
Matheson et al. and in our reported studyVhile the fauna of Florida Bay are primarily
temperate in nature(Tabb et al. 1962, Holmquist et al. 198BJichanan had several common
WHENRBLIAOLFE Q &LISOASEA RdzS G2 41 i Sieew&éerokelrafehS 6 A i K
Cross)In addition to theintra-annualseasonality observed in both fish and decapods, Powell et
al. reported significant, and often marked, irtennual variation in fish and decapod
abundance For example, the abundance of 5 of 10 fish species increh86% between the
first and second years of the study; the abundance of all grass shrimp species also increased
during this time On a smaller temporal scale, densities of fish and decapods captured in throw
traps showed little to no response to tidal fluations.

Decadal comparisons made by Matheson et(2B99) indicated an overall decrease in
seagrass canopgwelling fauna andan increase in benthic fauna from the mik®80s to the
mid-1990s. While seagrass beds at Cross and Buchanan were relativély thesy noted a
significant decrease in standing crop, attributed to a decrease in canopy hagght change in
shoot density was observe#few interdecadal differences were seen in the fauna community
at Buchanan, although they did note an increaseamopy crustaceans, zostera shrimp, and
gulf toadfish.The abundance of fauna at Cross generally decreased from th& 98ids to the
mid-1990s.Significant decadal changes were observed in canopy crustaceans (50% decrease),
benthic crustaceans (50% decregscanopyresident fish (70% decreasend two species of
benthic fish: code goby (25% decrease) and gulf toadfish (125% increase).

These previous studiesprovide a valuable opportunity to examine changes in fauna
(bonefish prey) communities iRloridaBay from the midl980s to present, a period of notable
bonefish decline in this region.
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METHODS

Study Design

Five study sites were selected based Prnndpal Investigator§)(Pls)local knowledge of
bonefish populations and communication with sport fishermen auides(Fig.4; Tablel).
Sites in the Upper Keys represent locations that historically supported excellent bonefish
fisheries, but have recently experienced marked popatatieclines, while sites in Biscayne Bay
and the Lower Keys represent locatidhat currently supportonefishfisheries

Buchanan BanKFig. 5) The Buchanan Bank sitexperienced nearlull Atlantic tidal
influence,but waslocated 5mi from the nearest ocean exchange (Channd&riz2ige) The

tide was slightly attenuated, experiencing an average annual tidal range of approximately
1.75ft.

Cross BaniFig. 6) While the Cross Bank sieasalso under Atlantic tidal influence, the site
location was situated approximately 4mi from both Snake Creek and Tavernier Creek,
which were the nearest passes to the oceafhese creekbavefar less transport capacity
than the passes situated near the Buchanan Bank site, thereforeMadattenuated even
more so than at Buchanan. Average annual tidal range at the Cross BanWwasite
approximately 1ft.

9-Mile Bank(Fig.7): The 9Mile Bank sitewas under Gulf of Mexico sendiurnal tidal
influence with greater amplitude than the neighboringtlantic. Average annual tidal range
atwas?2.75ft.

Sands CufFig.8): The Sands Cut sitgaslocated just inside the pass separating Sands Key
and Elliott Key and receidenearly-full Atlantic Ocean sendiurnal tide, with an average
annual tidal rangef approximately 2 ft.

SawyerKeys(Fig.9): Like the9-Mile Bank sitethe Sawyer Key siteasunder Gulf of Mexico
semidiurnal tidal influenceAverage annual tidal rangeas3 ft.

Three sampling events were conducted in 2012, corresponding to the three ecologically
distinct seasons of Florida Bay (describedFowell et al. 1987)(1) the middle of lhe dry
season flarch 220), (2) the first half of the wet seasoduly 313), (3) the second half of the
wet season@ctober 15).
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Field Sampling

Construction of sampling devicesf# throw trap, corer) and sampling protocols followed
those described by Powell et al. (1987) and Matheson (199%ach site, a #n transect was
establishedparallel to the bank orits leeward side.Transect locatiorwas selected such that
waterdepthwa Fpn OY RSSLISNI GKFy GKS (2L PHysicalK S
data (water temperature(°®C) salinity (psu) specific conductancémS/cm) and dissolved
oxygen (mg/L and %saturatipnvere measured at the top and bottom of the water coluain
the beginning and end of the sampling day usangydrolab® Quanta Water Quality Monitoring
System Six tm? throw-trap samples were collectealong the transect (approximately every 10
m), with successive trap locations shifted (perpendicular to thek with tidal fluctuations to
maintain a consistent trap depthCare was also taken to avoid selecting trap locations not
representative of the site due tpropellerscars or othephysicaldisturbances.

Each throwtrap was cleared with & mm mesh seinauntil three successive passes yielded
no organisms other than gastropods or mud crabs (minimum of 10 pasSes)cucumbers
were enumerated and measured (total length) but not retain8eéagrass litter and drift algae
collected in each trap wereetained and returned to the labWater depth, seagrass species
present, %seagrass cover anth&eraalgae cover were recorded for each trapwo 15.3cm
diameter cores were also taken at the outside eslgeeach trap to quantify seagrass bedd!.
samples were fraan for preservation prior to laboratory analyses.

Laboratory Processing

Core samples were processed by identifying seagrass species and recording blades/shoot

for each shootLength (cm) and width (mm) were recorded for each blade of five randomly
selected shootsAll blades werescraped to remove epiphytesnsed in 10% HCI, dried 40°C

for 48 h, and weighedMetrics used for data analysis includskoot densityno. shootgm?) for
each speciescanopy height(maximum blade length; mm)eaf area (average blade area
(length x width) x total number of blades; &m?), andstanding stocKdry weight; g/n%).

Seagrass litter from each trap was sorted from drift and/or calcareous algder was
squeezed dry, aidried for 30 minutes and weighed/m?). Drift and calcareous algae were also
air-dried (as abovepand weighed.

Faunasamples were fixed in 10% formaldehyde and preserved in 70% BE@ddimens
were identified to lowest feasible taxonomic level (e.g., species for mogsfismily for most
crustaceans) and enumeratetlength §tandard length (Slfpr fishes,carapace length (CEQr
shrimp, carapace width @W for crabs; mm) and wet mass (g) were recorded for most
specimens, although total mass by size class was recorded for some larges&hells were
removed from bivalves prior to weighing, but were included in weights of gastropods and
hermit crabs to avoidlestruction ofspecimens.
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Data Analyses

Analyses of data collected in this study focused on variation among study sites, and
conclusions took into account regional differences among sites (Florida Bay vs. Biscayne Bay vs.
Lower Keys)All abundance and biomass data were In(ytrdpsformedand %cover data were
I NJO & A-tyaSstornédprior to analyses to fulfill assumptions abmnality. Inter-site variation
in seagrass shoot density (no#mncanopy height (mm), leaf area (m?), seagrass biomass (g
dry weight/n¥), seagrass litter (g wet weight/fiy drift and calcareous algae (g wet weight)mn
and %cover of seagrass and algess analyzed using\lay analysis of variance (ANOVA).
combination of multivariate and univariatechniques was used to examine variation in aquatic
fauna communitiesCommunity analyss focused on abundance (no#mof common taxa
0 Ay OA RS ySmfal variatiait io fish and invertebrate community structure was described
using tway ANOSIM based on a standardized BZaytis dissimilarity matriXClarke 1993,
Clarke and Warwick 1994%imilarity percentage breakdown (SIMPER) wsedto describe
obsened community variation, and nemetric multidimensional scaling (nMDS) was used to
help visualize patterndJnivariate analyses (ANOVA) focused on fauna abundance and biomass
(g wet weight/n?). All results reported from ANOVA are based on #jfipesumsof-squares
(Shaw and MitchelDIds 1993)

RESULTS
Inter-Site Variation

Physical

Water depthwithin throw traps ranged from 32 to 11&m (0=52.6+1.3 cri Due to known
temporal variation, small sample sizes prohibited quantitative comparison of physical data, but
several trends were apparentWater temperature was similar among sites, and was lower in
the dry season than the earlpr late-wet seasons (Fid.0). Salinity and specific conductance
were notably lower at Cross than other sites, and sites generally experienced a decrease in
these variables from the dry season to the latet season (Fid.1).

Vegetation

Turtle grassThalassia testudinujnwas the most abundant vegetation encountered at all
sites In core samples, 99.5% of seagrass shoots were turtle grass, while 0.3%mamatee
grass $yringodium filiformeand 0.2% were shoal grassafodule wrighti. Replicate segrass
cores from one samplinigpcation (Sawyer, throw 5, earlyet season) were removed from the
data set as outliers prior to analyses, as they contained no seagdratsd.shoot density varied
among study sites fr=89.19, P<0.001,2R0.973) with shootlensity at Cros4.8X higher than
9-Mile and Buchanan (which were similar), 2.5X higher than Sands, and 5.6X higher than Sawyer
(Fig12a). Canopy height did not vary among sités207 mm; k15=2.413, P=0.118,2R0.491).
Leaf area varied among study sitegth lower leaf area at Sawyer than most sites (E29).
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Seagrass standing stock was generally higherMil® and Cross (which were similar) than the
other sites (F10=10.161, P=0.002,%R0.803), although there wasverlap in some pairwise
comparisons (Fig. 12c¥alcareous algae standing stock was higher at Sands, Sawyer and
Buchanan (which were similar) that 9-Mile and Cross (which were similary {£22.915,
P<0.001, R0.902; Fig 12d).

In throw traps,%cover 6 algae was3.6Xhigher at 9Mile and Sawyer (which were similar)
than other sites (which were similar) {k=12.0, P=0.001,2%R0.828; Figl13). Total percent
cover and %cover of seagrass also varied among sites (total %cayer7.87, P=0.004,
R=0.761; seagrass %cover1£17.56, P<0.001,%R0.875), lower at Buchanan and Sawyer
than other sites (Fidl3). Bomass of seagrass litter was 3.9X greater-&ti, Cross and Sands
(which were similgrthan at Buchanan and Sawyer (which were sim{l&r)=18.462, P<0.001,
R=0.881; Fidl4). Biomass ofilgae(calcareous and driftjvas generally highest at-8/ile and
Sawyer and lowest at Sands, although there was considerable overlap in pairwise comparisons
(F+,16=8.338, P=0.0032R0.769; K. 14).

Fauna

We collected aotal of 9,779 invertebrates fromd1 taxa (including gastropods, bivalves,
cephalopods, annelids, xiphosurs crustaceans and echinoderm3able 2). Community
analyses focused on decapods, as they were the most abundant inverte¢brat@nd are those
with the greatest importance to bonefisibecapod community structure varied significantly
among sampling sites (Global R=0.760, P=0.00frp-site variation was less than intsite
variation at each site (Fid5), with the exceptionof Cross which exhibited a great deal of
variation between sampling event®ecapod communities at Sands, Sawyer and Buchanan
were more similar to each other than to the other two sit8$MPER analysis revealed decapod
communities at each site were chatarizedas follows, with prominent taxa listed in order of
decreasingosimilarity

Sands snapping shrimgAlpheidae) mud crabg(Xanthidae) spider crabgMajidae)
cleaner shrimgHippolytidae)Xcumulative similarity=83.56%)

Sawyer & Buchanan mud crabs, snhapping shrimp, cleaner shrimp,sgrahrimp
(Palaemonidae) (cumulative similaritegs.40%and 77.63%, respectivgly

Crosscleaner shrimp, snapping shrimp, mud crabs (cumulative similarity=74.37%)
9-Mile: cleaner shrimp, mud crabs, grassistp (cumulative similarity=80.71%)

Univariate analyses of invertebrates focused on the abundance and biomassnofion
taxa (incidence MYt Table2). Significant intersite variation was observed in 10 of 15 common
taxa (Table3). Cross had a higher abuadce of snails than Sands and Sawyer, and higher
bivalve abundance than Sawygfig.16a,b). Echinoderms wre more abundant at Buchanan
than 9Mile and Sands (Fig6c). Sawyer had the highest abundances of snapping shrimp, grass
shrimp, spider crabs and mud crabs, while lowest abundancesveftebratetaxa were most
often seen at Mile and Cross (Fig7). Buchanan frequently had higher abundances of
invertebrate taxa han 3Mile and Cross, with abundances often similar to those seen at Sands
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and/or SawyerTotal invertebrate abundance was higher at Sawyer than most other sites (Fig.
18). Similar patterns were seen in analyses of biomass.

We collected a total of 1,131sh from 35 taxa (Tabl4). Fish community structure varied
significantly among sampling sites (Global R=0.810, P=0.@0d)ntra-site variation was less
than inter-site variation at each site (Fifj9). The fish community at Sands was most different
from other sites and exhibited the most variation among sampling eveBtSIPER analysis
revealed fish communities at each site were characterized as follows, with promiaerat
listed in order of decreasingsimilarity

Sandsqulf toadfish(Opsanus betg(cumulative similarity=83.58%)
9-Mile: rainwater killifish lLucania parvg Gulf toadfish (cumulative similarity=77.47%)

Crossqulf toadfish, fringed pipefishAnarchopterus criniggrrainwater killifish, code
goby Gobiosoma robustujncumulative similaty=79.30%)

Buchanangulf toadfish, code goby, seabin (Triglidae), banded blennipdraclinus
fasciatug (cumulative similarity=85.15%)

Sawyer code gobygulf toadfish, banded blenny, dwarf seahorséijpocampus
zosterag (cumulative similarity=81.50%

Univariate analyses of fish data focused on the abundance and biomass of common taxa
0 Ay OA RSy O SN)SignificAnt ittéssibefvaiation was observed in 5 of 11 common taxa,
with most variation attributed to local abundance of a taxon at a.<dmmpared to other sites,
fringed pipefish were most abundant at Cross, rainwater killifish were most abundarvide9
searobins were most abundant at Buchanan, and dwarf seahorse were most abundant at Cross
FYR { I 88SNJ 66KAOK ¢ FNE adX KNANBIZNIG d IS&EeF RigLXt A WH )
20). Code goby were less abundant at Sands than Saamdr3Mile, which were similar.
Similar patterns were seen in analyses of biomass.

We also focusedpecificallyon taxa identified as known bonefish prey itenmsFlorida Bay
(Crabtree et al. 1998) mud crabs, snapping shrimpgulf toadfish, pink shrimp
(Farfantepennaeus duorarumand blue crabsQallinectes While crustaceans were generally
identified to familylevel in this study, previoustudies inthis region ofFlorida BayMatheson
et al. 1999)suggest most penaeid shrimp (Penaeidae) are pink shrimp and most swimming
crabs (Portunidae) are blue cralvghich supported thaiseof these higher taxonomic levefor
this analysis.The total abundance of bonefish prey varied significantly among study sites
(R,1080.38, P<0.001,2R0.970), with abundance at Sawyer greater than that of Buchanan and
Sands (which were similar) which were greater than the abundanh®eMile and Cross (which
GSNBE aAYAf Ll ND 0 ¢ dz]29)araal bidnihss NBohaiish preyoweda gimilar C A 3
trend among sites, but variation was not statisticalignificant(Fs,1=2.35, P=0.125,°R0.484).

20



Decadal Comparisons

Decadal comparisonsere made for Buchanan and Cross Banksraghgng (mean+SE) and
visually comparing dataWhile we were able to obtain raw physical, vegetation, and fauna
abundance data from the 1990s effort, quantitative analyses were not possikdteuwtiaccess
to the original 1980s data set (means reported here are those reported by |Petnad. (1987)).
Expressions of differences or similarities among decades are qualitative only, and are based
upon overlap betweemeans omean£SE.

Physical

Average water temperature showed no decadal variation at Buchanan, waiter
temperature at Crossappeared to be lowest in the 1980s and highest in 2012 (Fig. ZBa).
total range of this variation, however, was less than the daily fluctuation range(¥3.8°C)
reported by Powell et al. (1987Average salinity showed no decadal variation at Buchanan, but
at Cross salinityappeared lower in 2012 compared to the earlier studiefich were similar
(Fig. 22b).

Vegetation

Comparisons of seagrass data frohis study with those collected in 1980s and 1990s is
challenging due to the unavailability of raw data from the 1980s samy the nature of data
reported in gey and peefreviewed literature Conclusions from visual comparisons of reported
means(descibed above) ofterdo not follow those from nosparametric statisticcomputed
and reportedby Matheson et al. (1999For this reasonhere we discussisualcomparisons of
our data with those of the 1990s (for which we have raw data) and the conclusions of the non
parametric comparison®f 1980s and 1990s dataAt Buchanan,most seagrassmetrics
appeared similar among decades (Fig. &anding crop, howevedecreased from the 1980s
to 1990s (apparently driven by decreased canopy height), while 1990s and 2012 standing crops
were similar At Crossstanding crop also decreased from the 1980s to 1990s, but was higher in
the present study than in the 1990s; thdifferenceisimilarity between 1980s and present
standing stock are uncleawhile $ioot densityand leaf areadid not vary between the 1980s
and 1990s, theyappeared to increase fronthe 1990s to presentCanopy height at Cross
appeared higher in 2012 than previous decades (Fig. 23).

Fauna

Total abundance of crustaceans appeared lower at both Buchanan and Cross, than in
previous decades (Fig. 2%his trend could not be attributed to any taxonomic group, however,
as 1980s samples had a particularlyhhapundance of cleaner shrimp, 1990s samples had a
particularly high abundance of hermit crabs, mantis shrif@pchanan onlyand pink shrimp,
and 2012 samples had a particularly high abundance of snapping shrimp and mud crabs (at
Buchanan only)(Fig.52 No apparent decadal difference was observed in benthic, canopy
resident, canopytransient or pelagic fish (Fig. 26).
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DISCUSSION

Water conditionsand habitat structure

Water temperature, salinity and conductivity varied seasonally as would be expiecteid
subtropical ecosystenDetailed temperature and salinity profiles were not recorded in this
study, and our small sample size (N=3 sampling events) allowed only a coarse evaluation of
trends in water conditionsWater temperature tracked seasonalr g@emperature patterns
(highest in summer months, lowest in winter months) and salinity and conductivity (inversely)
tracked seasonal rainfall patterns (highest in dry season, lowest in late wet se@sonpared
to other sites,Crosshad lower salinity ad conductivity, and the smallest rangé seasonal
temperature variation. This is likely due to reative proximity to freshwater inputs from the
Evergladesand distance from Atlantic inflows, compared to other sitdsittle et al. 2000Q)

Seagrass communities at our study sites were dominated by turtle graskesasbedin
previous studiege.g.,Zieman et al. 1989)Generally habitat structure forbonefishprey was
similar at two ofour three Upper Keys sites {@ile and Cross), while Buchanan (Upper Keys)
was more similar to our BiscayBay and Lower Keys sitétabitat structure at each sitean be
summarizeds follows:

1 Crossand 9-Mile (Upper Keys) hatligh seagrass shoot densithighest at Cross)eaf

area, standing stogk%cover, and littebiomass and low calcareous algaganding
stock.Biomass of drift algae was higher aivBle than Cross.

1 Buchanan(Upper Keyshad seagrass shoot density similar to that e¥ibe (relatively
high), butseagrass standing stock, %cover, and litter biomass were among the lowest of
all sites Standing stock of calcareous algae was higher at Buchanan than the other
Upper Keys sites, but similar to sites in ttmverKeys and Biscayne Bay.

1 SandgqBiscayne Bay) haeélatively low seagrass shoot density, leaf area, standing stock,
and %cover, bubad higher seagrass litter biomass and less drift algae biomass (lowest
of all sites) than would be expected from seagrass core analyses.

1 SawyerlLower Keys) had the lowest seagrass shoot density, leaf area, and seagrass litter
biomass of all sitesSeagass %cover and standing stock were also lower than most
sites.All algae metrics (%cover, standing stock of calcareous and biomass of drift) were
higher at Sawyer than at most other sites.

SisSSy (GKS mMopcna YR mdrnaszs @ddewsIcdriprisedl & Qa
of a mosaic of turtle grass and shoal grass monocultures, shifted nmmra homogeneous
system dominated by turtle grasthis shift was concurrent with motabledecline in game fish
a correlation many guides believed was cau3aimant 1989) At both Buchanan andross,
seagrass standing stodeclined from the 1980s to 1990s, reflecting the laspale seagrass
die-off that occurred in Florida Baypurako 1994)At Buchanan, contemporary standing stock
estimates are similar to those of the 1990s (remaining lower), while standing stock has
increased at Crosslnfortunately, the nature bour analyses did not allow us to assess whether
the currentstanding stock at Cross is lower than, or has returned to or exceeded that of the

22



1980s. Traditionally, higher seagrass standing stock is associated with higher infauna
abundancegStoner 1980, Orth et al. 1984, Hemminga and Duarte 2G0though thepotential
importance of some degree dfabitat heterogeneitycannot be overlooke@Bologna and Heck
2002)

Spatial and temporal trends in bonefish prey

We observednter-site variation in the structure of both fish and invertebrate communities.
The fish community was largely dominated by gulf toadfes$ observed in previous studies
Fish community structure at our Biscayne Bay site was the most different from siteerand
displayed slightly more seasonal variation than other sik®hile the driver of this variation is
unclear, it may be notable that the record of several tropical taxg.(parrotfish, damselfish)
were unique to this siteand may be an indicain of greatest proximity to and/or exchange with
hard bottom and patch reef habitatsf the Atlantic(Robblee and Zieman 1984)verall, he
invertebrate community was dominated by decapod crustaceans, particularly snapping shrimp,
mud crabs, spider crabs, cleaner shrimp and grass shiimg.notable that while thg study
(unlike Powell et al. (1987) and Matheson et al. (198®)Judedall invertebrates in collections,
only afew non-decapod were common and little consistent intsite variation was observed
in any of these taxarhe effectiveness of the-h? throw trap in collecting these other taxa is
unknown. Invertebrate communities were similar at Buchanan (Upper Keys), Lower Keys, and
Biscayne Bay sites, and showed minimal season variation compared to communities at the
other two Upper Keys sites whicheve very different(from each other and from other sites)
and varied widely among sampling events.

Patterns of faunaabundanceamong study sites folloWgenerally inverselylhose seen in
the seagrassommunity, with Buchanan (Upper Keys) more similar tor @iscayne Bay and
Lower Keys sites than to the other Upper Keys si@st Lower Keys site had the highest
abundance of mosspecies oshrimp and crabsBuchanan (Upper Keys) generally had a higher
abundance of fauna than the other Upper Keys sitesallglequivalent to those in Biscayne
Bay and/or the Lower KeygVhile we did detect statistically significant variations, we saw no
interpretable patterns in the abundance of fish among study sites or regions suggesting that
dynamics of fish communities mde more complex than we were able to detect through this
sampling design

Comparison of the three regions sampled in this study suggests the most bonefish prey in
the Lower Keys, and the least bonefish prey in the Upper Keys (specifieslile &nd Cras
Banks) with Biscayne Bay and Buchanan (Upper Keys) falkbgtwween This closely follows
the pattern ofperceivedchanges in bonefish abundance reported by experienced fishers, who
indicated the Lower Keys bonefishery as most stable and the FIBagdonefishery as having
seen the greatest declinewith Biscayne Bay falling -between Counterintuitive from a
habitat-availability perspectivepatterns of seagrass abundance were inverse thoseref/
abundance with seagrassneadowsmost densen the Upper Keys and least dense in the Lower
Keys and indicating bonefish abundance is not positively correlated with seagrass coverage
Regardless of prey abundance, howeversiimportant to acknowledge théeeding style of
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bonefish, and theireduced feeding ability in a dense seagrass environment (P. Frezza, personal
observation). Together these findingscan be combined to producea logical conceptual
framework In the Lower Keys, sparse seagrass beds supporting a high abundance of bonefish
prey are able to support a stableonefishery while in the Upper Keys/Florida Bay, dense
seagrass beds with a l@vabundance of bonefish presupport acollapsing bnefishery This
conceptual frameworlkalone, however fails to supportthe decadal trendsve observedn the

Upper Keys

From the 1980s to 1990s, decreases were reported in the abundance of nearly all fauna
(Matheson et al. 1999)Between the 990s and the present, we observed a decrease in
crustaceans at botkites Bucrananand Cro38 o6dzi 'y AYONBIF &S Ay 2dzNJ Y
. dzOKIF YyIy ol odzyRIyOS 2F Wo2ySTAAKchaupeSranthel G / NI
1990s was seen in fish abundancehe dramatic decline of the Upper Keys/Florida Bay
bonefisherysince the 1990s in the absence of a dramatic decline in bonefish prey at our study
sites during this time period suggests our conceptual frameworkvisrly simplified and
incomplete In fact, the Florida Bay conceptual ecological mg@&eidnick et al. 2005)roposes
bonefish prey (benthic grazers, pink shrimp, fish commynian be influenced by a host of
stressors, including an altered salinity regime, nitrogen and phosphorus inputs, pesticides and
mercury, and fishing pressur@/hile a decrease in prey méiely have been part of the cause
of the decline seen since thé®&0s (and perhaps even earlier), prey abundaalome does not
appear to explain the dramatic decline in Florida Bay bonefish that has occurred in recent years
(since 2006).The high intraannual variability observed in prey communities (particularly
invertebrates)at Cross and -®ile, however, is of particular concerithis variability may be a
sign of anore complexfood weband/or one with a high degree of temporal variabilifiylenge
and Sutherland 1976)rhis high variability alssuggests the small sample sizme study year)
may be inadequate for characterizingr comparingthe fauna community structure and
standing stock.

Food web considerations

The nature of thepotentiall-complex trophic interactions in this ecosystem, and the
uncertaintythat remairs about bonefish predatoprey relationshipshouldnot be overlooked.
While predation is classically considered the dominant organizing interaction in trophically
complex communitiegMenge and Sutherland 197&yophic dynamics of this ¢iida Bay food
web are not welldescribed. Irthis study, we observed notable seasonal shifts in the community
structure of bonefish prey communities at two of three Upper Keys sites. While we were unable
to make interdecadal comparisons of seasonal changes in the prey community (and are thus,
unableto determine if this seasonal variation occurred when the bonefish population was more
stable), seasonal variation in prey communities at our other sites (sites with more stable
bonefish populations) were relatively minimal. It is unclear how these drensaiasonal shifts
in the prey community affect bonefish, or if an adequate pbage remains year round at these
sites. Furthermore, it is unclear whether this variation is an indication of the relative stability of
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this food web(Pimm 1984) or its susceptibility to other ecologicaerturbations (discussed
below).

Food web theory predicts a decline in the Florida Bay bonefish population (in absence of
other ecosystem changes) would result in a trophic cascade that would resonate into lower
trophic levels(Heithaus et al. 2008)The release of bonefish prey from predation pressure
would visiblyincrease prey abundance, unless either (1) the abundance of another predator
increased to compensate for the lost predator (keeping prey populations stable), or (2) prey
abundance also decreased due to another environmental variable. In Florida Bayiledetda
see a release of bonefish prey from predation pressure following the recent bonefish decline
(on the contrary, we observed an overall decrease in abundance of crustaceans). Anecdotally,
there is no indication that the abundance of an equivalentdater increased following the
bonefish decline questionnaire respondents volunteerethat the abundance of other
predatorslike sting rays, nurse sharks, bonnethead sharks and cowalslileclined during this
time). This suggests a decrease in both ptedand prey populations in Florida Bay, with the
magnitude of the prey decline likely masked dampenedby the simultaneous predator
decline, the cause of which is unknown. While a decline in bonefish prey does not appear to be
the only factor leading tdonefish decline, data collected in this study emphasize the need to
better understand these trophic interactions and their implications for the Florida Bay
bonefishery. Furthermore, regardless of other environmental stressors affecting bonefish
directly, it is unclear whether the current prey population in Florida Bay is sufficient to support
a healthy bonefish population.

Limitations of thistudy

While the study reported herallowed us to assespatial and temporal trends in bonefish
prey abundance, concurrenwith declines in the Florida Bay bonefishery, we acknowledge
severalapparentlimitations of the study desigmata analysis, and our ability to fully address all
guestions outlined in oustudy goals

Study design

As with many studies where time/effort is weighed against project cost, the greatest
limitation of this study is that of replication (spatial and temporaNhile describing prey
populations outside the Upper Keys where bonefish more abundant provided an excellent
O2y GSEG F2NJ AYISNILINBGIGAY3I GKS FoAaftade 2F ! LI
population, additional study sites in Biscayne Bay and the Lower Keys would have bolstered our
confidence in inferring regial variation from site differencedore importantly, however, the
narrow temporal scope of this study (1 year) providgidnificantlimitation. We observed
tremendous variation in invertebrate community structure at two of three Upper Keys sites
between ampling events.An additional year (or two) of sampling would help us better
understand the nature of these community changes, and would likely strengthen comparisons
among sites by reducingariation Powell et al. (1987) noted dramatic variation (&feid
increase) in fauna abundance between consecutive study y&harsmagnitude of interannual
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variation could cause us to misinterpret (if the direction of variation is not consistent) or
underestimate (if the magnitude of variation is not consistent)tgpdrends. Juxtaposing our
average fauna abundance fromygar with the 3year data sets of Powell et al. and Matheson
et al. (1999) can cause similaisinterpretations.

Bonefish diet

Inherent bias in the nature of gut content analysestainly limits (the magnitude of which
is unknown)our ability to infer predatosprey dynamics from variation in fauna communities.
lff FTA&AK 3Idzi O2yGSyd lFylrfteasSa 2FFSNI I Wwayl LAK
at one point in time is affected by mg unquantifiable factors unrelated to the actual
composition of the die{Baker et al. 2013)n all previous studies of adult bonefishbmmarized
in the beginning of this reportindividuals were captured using heakdline, presunably
during daylight hours, thereby limiting the temporatope2 ¥ 2 dzNJ ‘P&h¢ IratddoK 2 (i &
digestion of organisms issuallyunknown (Hyslop 198Q)which can potentially overestimate
the presence of slowligesting taxa whileinderestimating the presence of fadigesting taxa.
In this study, the importance of sefiodied prey, such asvorms and mollusks,are likely
underestimated. While the effective biomass of worms and mollusks (shells excluded), was
relatively small in thistudy, highly abundant small fish (esp. Killifish, iggbmay be difficult to
differentiate in gut content analyses and do represent significant fauna biomBss.
importance of these small fishes due to their abundance (as a source of predator atiraotio
cumulative energetic gain), may well be underestimat&dditionally, due to limitations in the
sampling scope and scale of the study condudigdCrabtree et al. (1999keasonal and
habitat-related variability(e.g., bottom type, water depthj bonefish dietis unknown Despite
(and acknowledging) these biases, gut content analiigdy remainsthe most efficient,and
costeffective method for describingonefish diet.Care must be taken, however, to consider
these limitations wherusing gut congnts to infer prey availabilityin this study, we preseetd
Lyl feasSa 27F 02 otker abudtebt&axali(induding takayhBt documented as
important bonefish prey), and both should be consider8thble isotope analysipdrticularly,
113 | Y8 would likely be an effective tool to stengthen our understanding of trophic
pathwaysin this system(Fry et al. 1999, Chasar and Chanton 2005)

Data analyses

In addition to thestudy design limitations described previously, our decadal comparisons
were largely limited by our inability to obtain raw data files from earlier studiés.were not
able to obtain any raw dat&rom the 1980s effort.Data presented here are from (geometric)
means reported in the project final repoflPowell et al. 1987 Comparison of these means with
the same data reported by Mheson et al. (1999), who reported seagrass parameters and
fauna taxonomic groupings as bardwhisker plots, raised question about the nature of the
1980s data (suggesting high variabilitg)btaining these raw data would allow us to use
parametric staistics to quantitatively detect and describe decadal variation in both fauna
communities and seagrass parameters.

Abundance data were obtained from the 1990s effort, but no fauna biomass data were
available fromeither the 1980s or 1990s studiefnalysis of biomass data wiielp to better
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elucidate patterns in prey abundancEor example, while cleaner shrimp (Hippolytidae) were
often the most abundant taxon at a studjte in a given sampling event, their biomass relative

to larger species is atively insignificant (e.g., a single pink shrimdditionally, with seagrass

beds serving as nursery grounds for many species, a variety of size classes (with small size
classes often in great abundance) can be found; the collective biomass of tliesendisize

classes can be significalle continue to workvith earlier Plgo acquireall ofthese data.

Other factors potentially contributing to the bonefish decline

Although this study does not rule out a change in food resouas#ise underlyingproblem,
it is unlikelythat it is the onlyfactor contributing tothe bonefishdecline. Numerous studies
KIS RSY2yaidNI SR GKFG LIKeaAOFf &aaGaNBaa OF dzaS|
while angling can result in stlbthal metabolic and osptic disruption in the fish(e.g.,
Mazeaud et al. 197#hat are typically more exaggerated than in higher vertebraié®lls et
al. 1986, Wood 1991, Kieffer 2000)hs weakened and compromised state could open the
individual up to predation or diseases. Repeated capture of the same fish could result in
cumulative impacts that lead to mortalittMuoneke and Childress 1994hich could be
compounded by any large mortality that may have occurred during the 2010 low temperature
event (i.e., ewer fishunder consistenfishing pressurg This point emphasizes the argument
that under a diminished population, any mortality to bonefish as a result of a catch and release
fishery becomes more problematiEurthermore, repeated disturbance from ina®ed boating
activity on the flats and in adjacent basins and channels in Florida Bay could exacerbate this
problem or be a source of dispersal or decline unto it&ffaerialsurvey of boater gse inthe
marine waters ofEverglades National PafRult et al. 2008b)ndicated that boater use had
increased 2.5 times between the 1970s and 2007.

There are myriad possible disturbance factors associated with water quality and
contaminants. Unmomdred toxins in both the sediment and water column could be altering
health, behavior and reproduction in bonefish and/or their prey base. For example, endocrine
disruptors may be affecting the reproductive activity in any part of this food web inclutag t
bonefish themselves. Pesticides, including chemicals used for mosquito control, could likewise
be having the same effect. Biocides, such as endosulfans, have been found in Florida Bay with
likely origins in the south Dade County agricultural areas wterg werewidely used. Runoff
from these agricultural lands into Florida Bay via the Everglades has been well established.
Atmospheric deposition of contaminates such as methyl mercury could also cause these types
of problems. Bioamplification, the procedy where toxins are more highly concentrated the
higher in food chain an organism is can exacerbate dfiect of contaminants. The sheer
diversity of possibilities with contaminants makes this line of investigation daunting but
bioassays of bonefish §ige for many of the common or most likely culprits may be instructive.

Factors associated with greenhouse gasesy also beproblematic for bonefish Ocean
acidification could potentially be having a profousffect on the bonefish invertebrate prey
base Increasing variability in temperatures could also be a fachsr colder continental air
masses push through th&eys, stimulating mortality events. These temperatures may be
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ameliorated by high tidal exchange in Biscayne Bay and the Lowerieysay belethal in the
relatively low tidal exchange, expansive shaleater Florida Bay region. Other populations of
bonefish in the Bahamas, Caribbean and Central America would not be as severely affected by
these cold fronts.

Florida Bay differs from other reans of the Keys and many other regions of the Caribbean
where bonefish are present in that historically the area functioned as an estuary. Drainage of
the Everglades, alterations to hydrology, and continued stresses on water resources have
shifted the ecgystem to where it has become a saline lagoon, experiencing periods of
extended hypersalinity. Altered salinity and hydrologic parameters within Florida Bay have
been documented to have measurable negative impacts on vertebrate fauna and their habitats
(Lorenz 2013)It is possible that bonefish have fallen into the ecological cascade that has
resulted from diversion of fresh water which increased hydrologic stresses on primary then
secondary producers, culminating in population dexsimt the top of the food web.

Prior to the commercial fishing ban in Florida Bay in 1985, many thousands of bonefish
were killed as bycatch. Although ranked as tkast likelycause of the recent declines in
bonefish by the angler surveyput of a choiceof seven possibilitigs the implications of this
period of high mortality on future generations of this Ielinpd speciescamot be entirely
discounted.

Next Steps

Based on the findings from this study, we suggest a number of options to facilitate the
LINR Y I NB 2 0 2 SlQidaAkgys Inifiafivedetdrniiing potential causes for declines in
bonefish population and enacting measures to correct problemsrastibre the population.

First, we recommend expanding the temporal scope of this jpased study in order to
increase replication and to match the temporal scale of previous studies (Powell et al. in the
1980s and Matheson et al. in the 1990s). This iaseel sample size would help us to better
understand the high inteannual variabilityin prey communities we observed in 2012.
Furthermore, mcreasinghe spatial scale of this study through replication at additional sites in
Biscayne Bay and the Lower Kewould strengthenour confidence in inferring regiai
variation in prey abundance from observed intgte variation

In addition to biological analgs, chemical analgd 2 F GKS Cf 2NARI YS@ag
beds could provide further insight into theause of the recent declines in the population of
bonefish in the Upper Keys. Synthetic chemicals found in the environment are often resistant to
environmental degradation, and thus, persist in the environment for long periods of time.
Chemicals of concerinclude pesticides, PCBs, dioxins, petroleum hydrocartamspolycyclic
aromatic hydrocarbons (PAH8mong others Many of these chemicals have been classified as
endocrine disruptors, whereas others are likely to reduce reproductive success of dffecte
organisms. Chemical analysis of sediment and seagrass samples from areas experiencing
declines in bonefish populations for the presence of synthetic chemicals could be compared to
control sites in which bonefish populations have remained more stable theepast decades.
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Qualitative as well as quantitativedata on the presence of persistent, synthetic chemicals
could be obtained via extractions of these chemicals from sediment and seagrass samples
followed by analysis using high performance liquid omatography mass spectrometry
(HPLC/MS).

The benefit of marine protected areas for bonefish within the Florida Keys region should be
addressed in great detail. This can be accomplished through engagement in habitat protection
initiatives through managementptions within Everglades National Park and the Florida Keys
National Marine Sanctuary. Disturbance from boats and other water activities within shallow
water habitat should also bexaminedwith regards to providing safe habitat for bonefish
within the Kegs. Zoning changes, such as noftombustion or pole/troll areas offer
management options to ensure bonefish safety and should be considered paramount when
judging such areas agatrevguments for boating access.

We encourage the continued engagement on th@nagement of bonefish through state
fisheries regulations. Special interest given to bonefish in recent years by fisheries managers,
both within the State and National Park Service, has lead toward progress on conservation
efforts of bonefish through laglation. However, we feel advocating for state regulations that
would prohibit removal of bonefish from the wateturing catch and release fishing should be
promoted. Such a rule would ensure the best possible management practice for bonefish while
still allowing for a fikery. Bonefish appear to have declined and are continuing to decline to
levels at which extreme management options such as this should be considered to ensure their
survival

Finally we suggest support of Everglades Restoration initgtseeh as further bridging of
the Tamiami Trail and completion of the second phase of tid TProjectat the Federal and
State level which will lead toward increased freshwater flows and more getiaonditions in
Florida Bay.
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Tablel. Samplinglates and oordinates of thestart andend of each study transect
corresponding teeach sampling event.

Transect Start Transect End
Site Season Date LAT (N) LON (W) LAT (N) LON (W)
9-Mile Dry 3/20/12 HnNncpcQ yncpmQ HROocpcQ yncpnQ

Earlywet 713112 HncpcQ yncpmQ HROocpcQ yncpnQ
Latewet 10/1/12 HncpcQ yncpmMQ HROcpcQ yncpnQ

Buchanan Dry 36/12 HnNncppQ yncnpQ HNncppQ yncnpQ
Earlywet 7/13/12 HncppQ yncnpQ HNncppQ yncnpQ
Latewet 10/3/12 HncppQ yncnpQ HNncppQ yncnpQ
Cross Dry 3212 HpcnnQ ynconQ HpcnnQ ynconQ
Earlywet 7/11/12 HpcnnQ ynco®dccn HpcnnQ ynconQ
Latewet 10/2/12 wpcnnQ ynconQ HpcnnQ ynconQ
Sands Dry 3/9/12 HpPCHMPQ yncmmMQ HpPpCHPQ yncwmnQ
Earlywet  7/10/12 HpCcHPQ yncmMmMQ HPCHOMQ yncmnQ
Latewet 10/4/12 HpCcHPQ yncmmQ HPCHPQ yncwmnQ
Sawyer Dry 3/12/12 HncnnQ ymconQ HncnnQ ymconQ.
Earlywet 7/6/12 HncnnQ ymconQ HncnnQ ymconQ.
Latewet 10/512 Hncnn& ymMmconQ HRNncnnQ ymconQ.
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Table2. Incidence (%l), relative abundance (%0RA)tatad abundance (N) of all invertebrate
taxa collected in this study.

%I %RA N
Mollusca
Gastropoda gastropod (unidentified) 43.3 0.9 85
Astraea phoebia long-spined star shell 3.3 <0.1 3
Bulla striata umbilicata common Atlantic bubble 1.1 <0.1 2
Cerithium atratum dark cerith 1.1 <0.1 1
Cerithium leburneum ivory cerith 4.4 <0.1 4
Cerithiumspp. cerith spp. 1.1 <0.1 1
Columbella rusticoides rusty dove shell 2.2 <0.1 3
Diodoraspp. keyhole limpet 2.2 <0.1 2
Fasciolariaspp. tulip shell 5.6 0.1 6
Jaspidella jaspidea jasper dwarf olive 3.3 <0.1 3
Limapellucid Antillean file shell 2.2 <0.1 2
Lithopoma tectum
americanum American star shell 6.7 0.1 6
Naticaspp. moonsnail 1.1 <0.1 1
common Atlantic
Prunum apicinum marginella 43.3 0.8 77
Turbo castanea chestnut turban 30 1.8 176
Bivalvia bivalve (unidentified) 36.7 0.6 56
Arcopsis adamsi Adams' miniature ark 1.1 <0.1 1
Argopecten gibbus calico scallop 6.7 0.1 12
Argopecten irradians bay scallop 2.2 <0.1 3
Carditamera floridana broadrimmed cardita 20 0.5 50
Chione cancellata crossbarred venus 35.6 1.1 109
Pteria colymbus Atlantic wing oyster 7.8 0.1 8
Tellina iris iris tellin 1.1 <0.1 1
Tellinalineate rose petal tellin 1.1 <0.1 1
Tellina similis candy stick tellin 7.8 0.1 8
Cephalopoda
Octopoda octopus (unidentified) 1.1 <0.1 1
Annelida worm (unidentified) 77.8 6.1 594
Arthropoda
Xiphosura
Limulus polyphemus Atlantic horseshoe crab 1.1 <0.1 2
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%I %RA N

Crustacea crustacean (unidentified) 17.8 0.2 20
Stomatopoda mantis shrimp 13.3 0.2 15
Amphipoda amphipod 26.7 0.7 69
Isopoda isopod 50 1.5 149
Alpheidae snapping shrimp 86.7 17.7 1733
Hippolytidae hippolytid shrimp 91.1 23.0 2247
Palaemonidae palaemonid shrimp 75.6 7.4 723
Penaeidae penaeid shrimp 45.6 0.9 90

shrimp (unidentified) 67.8 2.1 209
Paguroidea hermit crab 63.3 2.4 238
Majidae spider crab 64.4 6.2 603
Xanthidae mud crab 96.7 19.2 1882
Portunidae swimming crab 20 0.2 24

crab (unidentified) 1.1 <0.1 2
Panulirus argus Caribbean lobster 5.6 0.1 5

Echinodermata

Asteroidea sea star 32.2 0.5 46
Ophiuroidea brittlestar 68.9 3.7 357
Holothuroidea sea cucumber 64.4 15 149
TOTAILNVERTEBRATES 9,779
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Table3. ANOVA of the abundan@nd biomass ofommoninvertebrate taxaamong study
sites in 2012 (Buchanan, CrossviBe, Sands, Sawyer).

Abundance Biomass

Common name Taxon name Fs,10 P R Fs,10 P R
Snalils Gastropoda 6.14 0.009 0.711 441 0.026 0.638
Bivalves Bivalvia 496 0.018 0.665 7.12 0.006 0.740
Worms Annelida 0.89 0.503 0.263 045 0.774 0.151
Echinoderms Echinodermata 6.34 0.008 0.717 240 0.119 0.490
Mantis shrimp Stomatopoda 2.69 0.093 0.518 444  0.026 0.640
Amphipods Amphipoda 3.61 *0.046 0.590 1.26 0.350 0.334
Isopods Isopoda 0.94 0.479 0.273 1.47 0.282 0.370
Snapping shrimp Alpheidae 147.48 <0.001 0.983 42.48 <0.001 0.944
Cleaner shrimp  Hippolytidae 5.45 0.014 0.686 448 0.025 0.642
Grass shrimp Palaemonidae 41.56 <0.001 0.943 72.21 <0.001 0.967
Penaeid shrimp  Penaeidae 1.97 0.176 0.440 0.93 0.487 0.270
Hermit crabs Paguridae 16.69 <0.001 0.870 10.85 0.001 0.813
Spider crabs Majidae 30.66 <0.001 0.925 38.77 <0.001 0.939
Mud crabs Xanthidae 87.41 <0.001 0.972 9.56 0.002 0.793
Swimming crabs Portunidae 286 0.081 0.534 3.30 0.057 0.569
Total Crustaceans 8.33 0.003 0.769 40.10 <0.001 0.941
Total Invertebrates 9.56 0.002 0.793 20.10 <0.001 0.889
* Y2RSE A& aAIYATFTAOFY(d ot Xn odn mino sgddicantd: A NI A

relationships.

40

a

S

C



Table4. Incidence (%l), relative abundance (%RA)tatad abundance (N) of all fishes
collected in this study.

Species %I %RA N
Abudefduf saxatilis sergeant major 1.1 0.1 1
Anarchopterus criniger fringed pipefish 26.7 5.2 59
Atherinomorus stipes hardhead silverside 2.2 2.7 30
Blenniidae blenny (unidentified) 2.2 0.2 2
Chasmodes saburrae Florida blenny 2.2 0.3 3
Cosmocampus albirostris ~ whitenose pipefish 3.3 0.3 3
Cosmocampus elucens shortfin pipefish 7.8 0.6 7
Ctenogobius stigmaturus spottailgoby 4.4 0.8 9
Cyprinodon variegatus sheepshead minnow 1.1 0.1 1
Diodon holocanthus porcupine puffer 1.1 0.1 1
Eucinostomuspp. Mojarra 11.1 1.1 12
Floridichthys carpio goldspotted Killifish 5.6 0.8 9
Gobiosoma bosc naked goby 1.1 0.1 1
Gobiosomajinsburgi seaboard goby 1.1 0.1 1
Gobiosoma robustum code goby 65.6 154 174
Haemulidae grunt (unidentified) 13.3 1.3 15
Hippocampus zosterae dwarf seahorse 18.9 2.2 25
Lagodon rhomboides Pinfish 15.6 1.7 19
Lucania parva rainwater Killifish 37.8 245 277
Lutjanus griseus gray snapper 2.2 0.2 2
Lutjanus synagris lane snapper 1.1 0.1 1
Micrognathusspp. pipefish (unidentified) 22.2 4.8 54
Microgobius gulosus clown goby 1.1 0.1 1
Myrophis punctatus speckled worm eel 4.4 0.4 4
Ogilbia cayorum Keybrotula 5.6 0.9 10
Opsanus beta gulf toadfish 86.7 25.5 288
Paraclinus fasciatus banded blenny 35.6 5.2 59
Paraclinus marmoratus marbled blenny 7.8 0.7 8
Scaridae parrotfish (unidentified) 3.3 0.3 3
Stephanolepispp. Flefish 4.4 0.4 4
Syngnathudloridae dusky pipefish 2.2 0.4 4
Syngnathus louisianae chain pipefish 1.1 0.1 1
Syngnathus scovelli gulf pipefish 1.1 0.1 1
Syngnathus spp. pipefish (unidentified) 3.3 0.4 5
Triglidae sea robin 13.3 2.1 24
fish (unidentified) 13.3 1.1 13
TOTAIFISH 1,131
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Table5. ANOVA of the abundance and biomass of common fishes among study sites in 2012
(Buchanan, Cross;Mile, Sands, Sawyer).

Abundance Biomass
Common name  Taxonname Fs,10 P R Fs,10 P R
Banded blenny  Pamclinusfasciatus 3.79 *0.040 0.603 4,12 0.032 0.622
Code goby Gohosomarobustum 4.67 0.022 0.651 3.92 0.036 0.611

Dwarf seahorse  Hippocampuszogerae 7.14 0.006 0.741 6.71 0.007 0.729
Fringed pipefish ~ Anarchopterus criniger 4.79 0.020 0.657 410 0.032 0.621

Grunts Haemulonspp. 0.71 0.604 0.221 0.79 0.559 0.240
Gulf toadfish Opsnusbeta 1.63 0.242 0.394 2.01 0.169 0.445
Mojarra Eudnostomusspp. 0.91 0.495 0.267 1.04 0.434 0.294
Pinfish Lagpdonrhomboids 1.57 0.255 0.386 0.48 0.751 0.161
Pipefish Micrognathusspp. 1.30 0.334 0.342 1.33 0.324 0.347
Rainwater Killifish Lucania parva 23.89 <0.001 0.905 8.13 0.003 0.765
Searobin Triglidae 43.67 <0.001 0.946 9.19 0.002 0.786
Total Fish 3.07 0.069 0.551 1.25 0.353 0.332

* modelhAd AAIYAFAOFIYG Ot Xndnpov odzi LI ANBAEAS O2 YL
relationships
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Fig. 1. Perceived characterization of the decline in the Florida Bay bonefistsemgported by respondents with varying degrees of
bonefishing experience.
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Fig.4. Location otthe five study sits in the Lower Keys, Upper Keys and Biscayne Bay. Buchanan antle@zaso sites of fish
and decapod studies in the 1980s and 1990s.
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Fig.5. Location of the study site &uchanarBank.Red line represents the sampling transect orientation and location ir20al$
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Google earth

Fig.6. Locationof the study site at Cross Barkked line represents the sampling transect orientation and location in2Zdy.
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Fig.7. Location of the study site at®lile BankRed line represents the sampling transect orientation and locationlyn2d. 2
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Fig.8. Location of the study site at Sands (Reéd line represents the sampling transect orientation and location in2ody.
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