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Executive Summary

This project characterized and assessed the condition of coastal water resdbec€syn
Tortugas National Park (DRTO) located in the Florida Keys. The goal of the assesssient w
(1) identify the state of knowledg® natural resources that exist within the DRTO, (2)
summarizeéhe state of knowledge about natural and anthropogémissors and threats that
affected these resources, andd83jcribestrategiedeing implemented bPRTO managert
meet their esource managemegoals

The park, locateth the Straits of Floridd13 km(70 miles)west of Key West, is relatively

smdl (269 knt) with seven small islands and extensive shallow water coral reefs. Significant
natural resources within DRTO includeastal and oceanic watecsral reefsreeffisheries,

seagrass beds, and sedl¢uand bird nesting habitafBhis reportfocuses on marine natural
resources identified bPRTO resource managers and researchers as being vitally important to
the Tortugas region and the wider South Florida ecosystem. Selected marine resources included
physical resourcegeology, oceanographgnd water qualityand biologicaresourcegcoral

reef anchardbottonmbenthic assemblages, seagrass and algahcmities, reef fishes and
macranvertebrates, and wildlifesea turtles and sdardg)). In the past few decades, some of

these resources hadeteriorated because of natural and anthropogenic factors that are local and
global in scale. To meet mandated gd@lsapter 1) resourcananagers need information on: (1)
the types and condition of natural and cultural resources that occur withirrkhenpa(2) the
stressors and threats thah Gdfect those resourceghis report synthesizand summarize
information on: (1) the status of marine natural resources occurring at DRTO; and (2) types of
stressors and threats currentlieafingthoseresources at the DRTO.

Based on published informationgthssessment suggests that marine resources at DRTO and its
surrounding regiomare affected by several stressors, many of which act synergistically. Of the
nine resource components assessed, opanascategory water qualityi received an

ecological condition ranking diGood; two components the nonliving portion of coral reef

and hardbottom and reef fishieseceived a rating diCautiord; and two componenisthe biotic
components oforal ieef and hardbottom substrates and sea turtleseived a rating of

fSignificant concera(Table E1). Seagrass and algal communities and seabirds were unrated for
ecological condition because the available information was inadequate. The stressoy oategor
tropical storms was the dominaard most prevalerstressor in the Tortugas region; it affected

all of the resource components assessed in this report. Commercial and recreational fishing were
also dominant stressors and affected 78% ofgheurcecomponents assessddhe most

stressed resource was the biotic component of coral reef and hardbottom resdictesas

affected by 76% of the stressors. Water qualiggthe least affectedt was negatively affected

by 12% of stressor3.he systemati assessment of marine natural resouacelstressorsn the
Tortugas region pointed to several gaps in the information. For exarhfiie, mine marine

resource components reviewed in this report, the living component of coral reéfsrdbdttom
resouces had the best rated information with 25% of stressor categorie&Gated for

information richness. In contrast, ttieere was @aucity of information for seagrass and algal
communities and sea birds resource components.
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The history of the DRTO anits legacy of ecological research and monitgrare well known

(Chapter 2)Since the 1800s, scientists have been studying and publishing information on natural
resourcessuch as corals, reef fishes, and other marine life that abound in the coral reef
ewsystems of the Tortugas region. The area was declared the Dry Tortugas National Monument
in 1935 in 1992, DRTO was formally establishad a National Park and the National Park
Service(NPS who received jurisdictional and management responsibilities to protect 269 km
(104 mi®) of subtropical marine ecosystems from commercial fishing. The state of Florida
however retained the rights to the seabed and associated resources, and in 20@7 the sta
collaborated with NPS to establish a 119K mf) area closed to all extractive use. Since the
1990s, at least 19 research and monitoring studies have been conducted at DRTO. These
interdisciplinary studies were funded by multiple state and fedgemaicies and evaluated the
efficacy of existing protected areas on natural resources in the Tortugas region.

The climatology and oceanography of the Tortugas regidesithe areanique (Chapter 3).
Oceanographic conditions and circulatory patterns meadRTO are determined primarily by

the convergence of several ocean current syst
This convergence of current systems from the Caribbean and the Gulf of Mexico enables
connectivity among reefs in the Florid@ys and along the Florida mainlar@teanic

circulation in the Tortugas region distribute fish and invertebrate larvae to local reefs or those
downstream (e.g., in the Florida Keys). Alternatively migrating oceanic eddies episodically bring
nutrients fromupstream areasuch as Gulf Coast or the west coast of Flotioléhe Tortugas

region. Unpredictable disturbanc@scludinghurricanes, coldvater and warawater events, and

other extreme weather events have resulted in atypical oceanographic ceridaidmave

negatively affected ecological processes and populations of marine animals in the region. These
climatic and oceanographic processes are beyond the control and purview of resource managers,
but knowledge of spatial and temporal variability xtemts and frequencies of these physical
processes is crucial for determining the ecological condition of marine natural resources.

Coral communities are prominent and biologically productive natural resources at DRTO and
was the most importafity i t &1 f ®ir g 15 o Qaridbeair Network (§FRCNF parks

Historical accounts of the abundance, spatial distribution, and ecological condition of coral reef
and hardbottom areas in DRTO ahd surrounding region contrast sharply with those of
moderntimes ((hapter 4)Historical reports and maps from the 1800s suggest that live coral was
widely distributed and abundant on hardbottom substrates in the Tortugas ftegharp

contrast, monitoring data from Millet al (2009, Wheatoret al (2007), andSFCN(2009)

indicate that live coral is now significantly less abundant and less widely distributed than in
previous times. Longerm declines in the spatial extents and abundance of living coral is
unexplainedbut may be the result of episodic events (dugrricanes and diseases), as well as
humanassociated stressors. Furthermore, trends in the distribution and abundance of coral reefs
in the DRTOthe Tortugas region, and the Florida Keys during the past decade suggest that
future declines in coral covare likely. Managing the living corals of the region sustainably is
contingent on resource managers developing achievable goals for protecting reefs, establishing
baselines from which to measure trends, and setting targets to which the coral reef ecosystem
should be returned. Such baselines and targets will requirel@stined sampling regimes that
collect data for metrics that (1) describe the spatial and temporal variability in coral reef
ecosystems and (2) are suitable for determining biologisadiyficant longterm change®ata

from parkwide monitoring are being analyzed to provide park managers with a much broader
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picture of reef condition inside and outside the park. The NPS is collaborating with state, federal,
and academic partners to monitaral ecosystems inside and outside the protected Research
Natural Area (Naskt al 2009).

Seagrass and algal communities are extensive and important components of marine ecosystems

in the Tortugas region, and their primary productivity contributes antially to the nutrients

and trophic energy circulated within coral reef ecosysiferish a pt er @ndothei Seagr as s
subaquatic vegetationo ranked as the fourth m
descriptions and maps of seagrass anal algnmunities from the 1800s are similar to those

from more recent monitoring projects and maps (1982, ,184982004). Data frorhO DRTO

sitesthatwere randomly selected as part of the Florida Keys national Marine Sanctuary

(FKNMS) seagrass monitoringggect (conducted bifourqurean and Escorcia [2006]¥licate

that the spatial distribution of seagrass species correlates strongly with depth, and that several
species overlapped in their depth ranges. Turtle gfdedlésia testudinujrand manatee grass
(Syringodiundiliforme), the two most common specieange in depth from a minimum of

0.209m( 0. 7 ddvn tb & maximum of 18 (b9 ft). Paddle grasdHalophilaspp) is more

common at depths from 2.26.5 m( 8 T 8. The brily)wo sites where fivgeagrass species. (

testudinum, S. filiforme, Halodule wrightii, Halophila decipiermd Halophila engelmanhi

were observed duringnesampling event occurred at DRTO.

Data from DRTO fiseagrass communiti esedloyoni t or i
Douglas Morrison, indicate that there was a combined loss of 4912Rac)(28.9%) of

seagrass between 20@®07. The loss occurred at six permanent sites (three around Loggerhead
Key and three around Garden Key) and was attributed to seveliabhes in 2004 and 2005.

The declines in seagrass aoealldreflect parkwide trends and suggest that DRTh&s

experienced some lossaefsecosystem services (e.g., nursery habitats for fishes, improved water
quality, and sediment retention). Greater pryoshould be given to the establishment of

additional seagrass monitoring sites, collection of additional data on condition, spatial extent,
and recovery, and the development of restoration projects to mitigate the loss of seagrass beds
given their imporance and connectivity to coral reef ecosystems. Without restoration, natural
recovery of seagrass beds to climax conditions is estimated to @ yigars(Sargenet al.

1995, Fonsecat al 2004).

Fish assemblages are essential and prominent components of coral reef ecosystems at DRTO
(Chapter 6) antverewasthe second most important vital sign for SFCN parks. Reef fish
assemblages within the park are not immune from impacts of overfishing. &¢shesngin

DRTO arepart of a larger species complex whose home rartggdseyond park boundaries

to nearby areas that are fishéh.h.e Tor t ugas r edpliarcominerciamand t i bi | | i o
recreational fisheries, which are suppoite@artby DRTO fih assemblages, are regulated and
managed under three distinct regimes that provide varying levels of resource protection. DRTO
has been closed to commercial fishing since its implementation in 1935; however, all of the
waters inside the park supported estronal fisheries until 2007 when implementation of the

RNA prohibited fishing within a 1:8m? (46 mf) area. Thélortugas Ecological Reserve

(TER), which was implemented in July 2001, also prohibits commercial and recreational fishing

The taxonomic name fdalodule wrightiihas been changed ftalodule beaudetteiccording to the Integrated
Taxonomic Information System (ITIS).
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within its boundaes. The remaining areas of the Tortugas region support fisheries that are
managed through a complex suite of conventional fishery regulations implemented by state and
federal agencies.

Data from existing reef fish monitoring programs suggest that sewetets of reef fish
assemblages at DRTO and TER have improved slightly compared with areas in the region that
are open to fishing. For example, domuiide estimates of mean species richness in 2006 were
significantly higher compared with baseline estiesan 19992000, although species richness

of snappers and groupers did not increase over the same jpenigelr black grouper
(Mycteroperca bonatiand red snappéLutjanus campechanywere observed during surveys
conducted in 2004 and 2006 comparathwurveys from 19992000, which suggest a shift
towards largesized fish Reef fish (e.g., black groupeed groupefEpinephelus morip and

mutton snapperjutjanus anali§) abundance ahesandreef interface and other hardbottom
habitats at DRTOrad TER have increased significantly since TE&Simplemented in 2001.
Evidence indicatethat mutton snapper may havefoemed spawning aggregations in Tortugas
South Ecological Reserve (TSER), suggesting that closed reserves may be protecting and
increasing fish abundance in the region. No significant declines in abundance have yet been
detected for exploited species in the reserves, although abundanceseaplmied species

within protected areas have shown inse=aand declines over time. Tinends in fish

assemblages contrast somewhat with those from fished areas, where the annual abundance of
exploited species either declaher did not change over timéhe implementation of protected
areas likely resulted in an early increase in the bgsnod exploited species in the Tortugas

region as a whole, although full recovery of reef fish populations is expected to take decades.
However, observed spatial and temporal trends in reef fish assemblages within DRTO and the
Tortugas region might haveswted synergistically from previously implemented management
actions, reserve implementation, and natural episodic events such as hurricanes.

Birds and sea turtles are important components of marine ecosystems and their local presence
and abundancareindicators of the oerall ecological status of nedworeareas (Chapter 8).
Historical and current information on temporal trends and spatial patterns of the occurrence and
abundance of seabirds and sea turtles indicate that the park functions as annetbayste

provides support to resident and migratory fauna. Although turtle abundance in the Tortugas
region is substantially lower now compared to-Rreopean times, nesting of loggerhead turtles
increased in numbers from 1932D0Q but decreased between@D2004. Green sea turtles
(Chelonia mydas which have generation times aroundy2@rs were less abundant and showed
no apparent trend in nesting frequency during the same period. Hawksithochelys

imbricata), leatherback@ermochelys coriacgard K e mdgle§ (epidochelys kempisea

turtles were uncommon and there was not much information available on the nesting activity of
these species.

Sea birds continue to forage and breed in the park, which the National Audubon Society lists as
one of he important birding areas in Florida. The Tortugas region provides the only breeding
sites within the continental U.S. for three species of seabirds and resource managers have been
successful in reestablishing nesting by Roseate T8tasn@ dougalli a the park. Miltiple
stressorssuch as shoreline erosion, coastal vegetation, exotic plants, and increased human
visitation, continue to affect turtle nestiramd seabird colonies at DRTA.sampling plan that
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uses habitat information to guide selectidsites should be developed to characterize the spatial
distribution of sea turtles and colonial nesting birds within the park.

Reef ecosystems in the Tortugas region face a number of threats and stressors, many of which
act at multiple scales and haveaage of effects. The major threats and stressors to marine

natural resources at DRTO include climate change (increased sea surface temperature [SST], sea
level rise and ocean acidification); extreme events (tropical storms and coral disease epidemics);
andresource extractiorrécreational overfishing, habitat destruction from fishing gear, and boat
groundingsand anchor damapérable E.2)Few studies have directly assessed the effects of
stressors on marine natural resources in the Tortugas region,mdtkels it difficult for resource
managers to differentiate among causilecal resource degradationtime coral reef ecosystem.

Natural stressorsuch as episodic cyclonic disturbances, bleaching episodes, and anomalous
oceanographic and hydrodynamiccalatory patternsacted synergistically to reduce coral cover

and abundance during the lashtury.Anthropogenic stressqrsuch as those associated with

resource extractiqrontributed to loss of live coral cover and declines in species diversity,

overall coral reef ecosystem healimd dundance of natural resourc&urrently, the most

likely anthropogenic stressors to natural resources in the Tortugas region are recreational
activities. Most extractive activities are prohibited in the TER and the DR®6tinued

increasen human visitation to the Tortugas regiwiil result inincreasedevels of recreational

activities such as boating, fishingnd scuba divingThe cumulative impacts oéetrelated

recreational activities could have profound negative effecte@ntr egi onés .nat ur al

The following recommendations were developddring the course of this project

1. There is a long and rich history of research and monitoring stundé®l aroundhe DRTO
that provide data essential to conservation of ecosystem resources. Degpitedlencef
researcltand monitoring studies, limited amounts of data on many natural resources are
available directly to park staff for planning and decision making. The lack oadaiiable
to park staff likely results from ownership and publication rights of researchiies data
that they collect.

x Recommendation:NPS should requetitatresearchers share data with resource managers,
and park managers should develop a repository for monitoring and research data collected
insideand outsidd®RTO boundaries. NPS and FKNM&auld collaboratively develop an
information systenfior monitoring and research studiehichcould be tracked through
researclpermits issued fathe Tortugas region. Such a systérBanctuary Integrated
Monitoring Network (SIMoN)i has been developedrfthe Monterey Bay National Marine
Sanctuaryo provide timely and pertinent information to managers, the research community,
and the public. The foundations for an integratddrmationsystemalready exist. The
SFCN has been gathering and archiving fiséfand coral data collected by its partnars
southeast Florida and Caribbgzarks This process shouldcludedatafor other natural
resourcesincludingseagrasses, seabirdad sea turtleddany of the federadndstate
management agencies with jurisdictional responsibilities for the region have established
electronic databases or information portals that describe their monitoring activities

2. Severaffederal and statgovernment agencies and academic organizationduct
monitoring and research programs within the g&@kapter 2). Irthe past, many of these
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agencies collected data that were best suited for their own management or research agendas.
Although it may seem cosdffective in the shosterm to depend othese programs to obtain
information on the availability and abundance of natural resources within the park, data
collected by these programs may not always match the needs of the resource managers at
DRTO, nor are these data always collected at the pppte spatial and temporal scales that
are relevant to management of the park. For example, data from sampling designs that
provide precise metrics at the scale of the Florida Keys reef tract may not provide the
precision necessary to detect differenaesrg sampling strata at the scale of the park
(Chapter 6). Dataollected at randomly selected sites are not always suitable or precise
enough for detecting temporal trenBsta collected from permanent sites are not suited for
characterizing spatial patins in the availability of resources, especially if the sites were not
chosen randomly. DRTO resource managers should continue to develop specific research
goals and objectives to guide research and monitoring within the park.

Recommendation:NPS staff should evaluate existing monitoring and research programs
carefully to determine what data types are
they should work with other agencies to increase the sharing of relevant data between
researchexrand DRTO staffMonitoring programs should be designed to collect data that

meet the goals and objectives of park managers. The strategy recommended here would
ensure that the best ecological information available is used to make management decisions
andfill existing gaps in the types of data needed for sustainable management of natural
resources. A good example of this is the recent RNA science plan that was developed by a
multi-agency team of scientists to assess conservation efficacy of the DRTOQSHNR

FWC 2007). The science plan focuses on assessing the effe@sRfion reef fish
assemblage#\ similar process should be invoked to develop monitoring and research plans
for other natural marine organismscludingcorals, seagrasses, seahiaigl sea turtleshat

are important natural resources to the pArkcientific advisory panel could be created and
regularly convened to offer recommendations on sciegleged issues to park managers.

. Coral reefcoral cover and colgnabundancén the Tortugas region are very different from
what they were 10Qearsaga Historical reports and maps suggest that live coral was widely
distributed and abundant on hardbottom substrates. This historical view contrasts sharply
with reports from current motairing projects indicating that live coral is now significantly
less abundant and less widely distributed. L-targh declines in the spatial extent and
abundance of living coral may have resulted fromctinaulative, synergistieffects of
environmental ath anthropogenic human stressdnends in the trajectory of coral reefs in
DRTO,theTortugas regionand the Florida Keys during the past decade suggest that future
declines in coral cover are likely.

Recommendation DRTOresource managessiould develp achievable goals for protecting
coral reefs from anthropogenic stressors that could increase the susceptibility of reefs to
natural stressors that are beyond the control of man#&genal. reef protectiogoals are
dependent on establisly baseline levis of coral cover and colony abundamgginst which

to measurduture changeBaselines and future targets require vagsigned monitoring

programs that collect data that adequately characterize the spatial and temporal variability in
coral reef ecosystemBvery effort should be made to obtain and use monitoring data from
existingprograms to develop a spatially robust and comprehensive resource management
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program for coralsThis program should identify goals, objectives, and metrics to evaluate
progress toward improving coral reef resour@seta from existing monitoring programs
should be analyzed to determithe metricsthatare suitable for detecting improvement or
degradation of coral reefs within DRTO.

. Seagrass bedsethe most spatially extensive benthic cover witbiRTO; turtle and

manatee grassdominating substrates 81In (33 ft) deep and paddle graissmore abundant

at depths 20 m(33 ft). Algal communities are also spatially extensive, but typically
ephemeral and occur on hard (e.g., rubble) and soft (e.g., sand) substrates. Seagrasses are
important to coral reefsiithe Tortugas region because their primary productisitye basis

of food webs that support reef fish assemblages/ide connectivity among hardbottom
habitats through trophic energy flows, and they remove sediments from the water column
improving wder quality. Currently, tw@nnualmonitoring programs sample benthic
communities in seagrass and algal beds within DRTO, bubdatsestatus and condition of
seagrass and algal beds are not readily available to park managers and are not adequate to
determine the current ecological condition of seagrasses.

Recommendation DRTO managershould expand sampling programs that currently

monitor ecological condition of seagrass beds. Existing monitoring projects are good, but the
number of sites currently mdored is inadequate to quantify acltaracterize the spatial
extentand the ecological condition of seagrass beds within the park. A probabilistic sampling
design that includes all types of seageass all management use zones should be developed
to chamcterize seagrasses in the park.

Data that characterize the magnitude and spatial extent of kseagnasstressorssuch as

prop-scarring from motor boatshould be collected along with biological déta., percent

cover, shoot densityand blade legth). The information could be used to develop guidelines

for motorboat wuse in the parkoés cultur al and
shallow seagrass beds.

. Reef fish assemblages are the most comprehensively sampled actavadterizedatural
resource in the Tortugas region. Fish assemblages are prominent components of the marine
ecosystems occurring in the Dry Tortugast have suffered significant declines in the
abundance and size of desirable species because of historical awgrfish recovery is
expected to take decadésit establising no-take reserves coupled with management actions
that reduced fishing mortality already may be having a net positive effect on previously
exploited reef fish populations. Several studiesattarized population abundance and size
of exploited species and are tracking temporal trends to evaluate the effectivenetzkef no
reservesincluding the newly established RNA within DRTReef fish assemblages in
unconsolidated sedimehabitats however,arepoorly characterized. Reef fishestire

Tortugas region & a mosaic of habitat typeacludingunconsolidatedubstrateghrough

daily home range movements and ontogenetic habitat shifts.

Recommendation Existing programs that characterizef fish assemblages on reef and
hardbottom substrates tine variousparkmanagement za&s should continué&fforts should
be made byesourcenanagesto characterize reef fish assemblages occurring in
unconsolidated sedimehabitats Existing data oneef fishes should be analyzed to
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determine baseline levels for various reef fish metrics against which future data could be
compared. The recently developed science plan for evaluating the conservation efficacy of
the RNA recommends several additionaffpenance goals and measures for reef
assemblages that should be followed (SFNRC and FWC 2007).

. Sea birds and sea turtleie important components of marine ecosystems. Turtle abundance
in the Tortugas region is substantially lower rinan inpre-Europeartimes, but sea turtles
continue to nest on beaches in the park. Sea birds forage and breeggarktrel the

National Audubon Society lisDRTO as one of the importafioridabirding areasThe

Tortugas regioimas the only breeding sites within the tioental U.S. for three species of
seabirds. Resource managers have been succesgétliiny Roseate Terns to nestthe

park as they did historically. Important stressors affecting turtle nesting and seabird colonies
at DRTO include shoreline erosiagastal vegetation, exotic plangd increased human
visitation. There are no monitoring programs for sea turtles in the park and monitoring of
seabirds occurs only at a few sites.

Recommendation A well-defined sampling plan that uses habitat infornmateguide
selection of sites should be developed to characterize the spatial distribution of sea turtles and
colonial nesting birds within the park.

Multiple environmental stressoexting at different spatial scalkave affeatdthe condition,
abundancgand availability of natural resourcesthe Tortugaseagion.During the last

century anthropogenic stressors have contributed to loss of live coral aodestbundancge

declining species diversity, deding of coral reef ecosystem health, and a reédaan reef

fishes, sea tues and seabirdd-ewstudieshavedirectly assessed the effects of stressors on

natural resources in spite of several research and monifmoggans that have monitored

and documented temporal and spatial variahitityoral reef resource#t. is difficult to

differentiate between natural and anthropogenic causes of resource degradation in coral reef
ecosystemslThe most likely source of anthropogenic stress in the Tortugas rediaman

recreational activities becaus®st other extractive activities are prohibited in the TER and

DRTO. Recreational activitiesuch as boating, fishingnd scuba diving, are associated with
increased visitation to the Tortugassdp | ace i ncreased stress on th
ecosytems. The cumulative impacts of raefated recreational activities could have a
profound negative effect on the regionds nat

Recommendation Park managershould assemble a team of experts to develop monitoring
and samplig programgo characterize impacts of stressors on natural resources within
DRTO. Park staff should work witrecognizedexperts to develop strategies to mitigate the
negative effects of increased visitation and visitor use on natural resources. A teqrartyd
developed acienceplan that outlines performance measures and identified monitoring
activities to assess the effects of implementing the RNA on ecological and socioeconomic
variables. A similar approach is needed for other natural resowtdessed in this report.
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Table E-1. Summary of the ecological condition of resources in the Tortugas region based on stressor-resource matrix in Table E-2.

Natural Resource Categories

Coral reef and hardbottom Seagrass and algae

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Seaturtles Seabirds
Proportion of
stressors 12% 59% 76% 41% 41% 47% 35% 41%
affecting
resources
Proportion of
stressors with
good or fair 24% 59% 59% 12% 12% 29% 41% 12%
information on
effects

Intact and Intact and Intact and Intact and Intact and Intact and Intact and Intact and

Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine Pristine Marine
Park-desired Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem Ecosystem
condition (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005); (NPS 2005);

for water undefined for  undefined for  undefined for  undefined for  undefined for  undefined for  undefined for

quality coral reefs coral reefs seagrasses seagrass and  reef fishes sea turtles seabirds

algal beds

Dissolved Spatial extent  Coral cover; Spatial extents Seagrass shoot Species Aerial extent of Nesting activity;

oxygen, total  of reef and colony density; of seagrass and density; composition, nesting aerial extent of
Recommended nitrogen, hardbottom disease algae habitats  Species abundance and beaches; turtle nesting habitat;
metrics to turbidity communities prevalence and composition; size; presence sighting seasonal and
determine incidence; productivity commercially-  frequency; annual bird
Park-desired indices important turtle nesting counts;
condition species (e.g.,  activity abundance by

black and red life-stage.
grouper)

Overglll Caution Significant Inadequate Inadequate Caution Significant Inadequate
condition concern data data concern data
Information 1.00 0.59 0.59 0.20 0.22 0.56 0.58 0.20
score
Stressor extent 0.09 0.47 0.56 0.55 0.60 0.51 0.38 0.34

score
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Table E.1 (continued).

Coral reef and hardbottom

Seagrass and algae

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Sea turtles Seabirds
None reported. Insufficient data Living coral Insufficient data Data specific to Abundance, Abundances of Unknown.
Concentrations to determine cover has to determine the status and  size, species seaturtles are  Existing
of dissolved temporal trends declined temporal trends condition of composition of substantially gquantitative
oxygen and drastically. seagrass and  reef fish lower than in data on sea
nutrients Average coral algal beds are assemblages  pre-European  birds in the
(nitrogen, cover in 2005 is not readily are below times. From Tortugas region
phosphorus, <20% available to historical levels 1 9 9 41 2 0 Care dated
and organic compared with DRTO; (Bohnsack et  nesting (1986-1991),
carbon) were an average Repeated al. 1994). activities of and were not
fairly stable cover >50% sampling at Several loggerhead and collected with
between before 1975 permanent sites exploited and  green sea appropriate
1995120C¢C (Agassiz 1883, monitored by  unexploited fish turtles was statistical and
(Boyer and Davis 1982, Park staff are  populations variable sampling rigor
Bricefio 20086, Jaap et al., spatially limited have increased between to determine
2007). 2008). Prior to and inadequate in abundance  species. temporal and

the 1970s, to determine and size in the  Hawkshill, spatial trends
Temporal Acroporid temporal and reserves since leatherback, and the current
trends in corals were spatial trends  implementation and Kemp's ecological
resources spatially for the park in 2001 (Ault et ridley are condition of sea

extensive and (Chapter 5, this al. 2007); The uncommon, birds at the

very abundant, report). A useful mutton-snapper with little data  park (Chapter

but now they data set to aggregation on nesting 7.

have virtually obtain is may be activity (Van

disappeared Fourqurean and reforming Houtan and

(Davis 1982, Escorcia 2006). (Burton et al. Pimm 2006).

Jaap and 2005). There Existing data

Sargent 1993, was an and trends are

Jaap et al., increase in the spatially and

2008). frequency of temporally

exploited black limited and

and red
groupers in the
Tortugas region
(Ault et al.
2007)

should not be
used to infer
long-term
demographic
trends.
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Table E.1 (continued).

Coral reef and hardbottom

Seagrass and algae

Spatial
patterns in
resource

Water quality Abiotic Biotic Abiotic Biotic Reef fishes Seaturtles Seabirds
Concentrations Coral reef Data on spatial Insufficient data Data specific to The abundance Average annual Unknown.

of dissolved metrics have density of coral to determine the status and  of exploited nest density Existing
nutrients much beenusedto  colonies used spatial trends  condition of species in was highest at quantitative
lower than in characterize to optimize seagrass and  fished areas East Key, data on sea
the neighboring and map coral sampling algal beds are  declined or did followed by birds in the
Florida Keys. reefs and designs; but not readily not change Loggerhead. Tortugas region
Chlorophyll ais hardbottom spatial trends available to over time Annual trends  are dated
much lower in  based on have not been DRTO; compared to in nest (1986-1991),
the Tortugas spatial analyzed (Miller Repeated areas within abundance and were not
region than on patchiness et al. 2006). sampling at marine were spatially  collected with

the West
Florida Shelf
(Boyer and
Bricefio 2006,
2007).

(Franklin et al.
2003)

permanent sites
monitored by
Park staff are
spatially limited
and inadequate
to determine
temporal and
spatial trends
for the park
(Chapter 5, this
report). A useful
data set to
obtain is
Fourqurean and
Escorcia 2006).

reserves since
2001

variable among
the Tortugas
islands.

appropriate
statistical and
sampling rigor
to determine
temporal and
spatial trends
and the current
ecological
condition of sea
birds at the
park (Chapter
7).
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Table E-2. Summary of stressors, their effects on natural resources, and the information available in the Tortugas region.

Natural Resources

Coral Reef and Seagrass and
Hardbottom Algae
Oceanography Water Communities Communities Reef
Threat Stressor and Climate quality Abiotic Biotic Abiotic Biotic Fishes Turtles | Seabirds
Increased sea surface
G U G G
Climate temperature
change Sea level rise G U Inf Inf Inf Inf
Ocean acidification _ U Inf Inf Inf U
Cold / warm fronts G U G G F U
Extreme .
events Tropical storms G G G G G G G G F
Disease epidemics U U G G U U U U Inf
Commercial fishing U U Inf Inf Inf Inf G G P
Recreational fishing U U Inf Inf Inf Inf G G P
Trade in live species U U Inf Inf U U - U P
Resource | Habitat destruction
extraction | from fishing gear U U F F Inf Inf Inf Inf U
Boat groundings & U
anchor damage
Oil and gas exploration U
& spills
Sedimentation
Eutrophication U
) (nutrient enrichment)
Pollution  ["Marine debris (e.g., U
derelict fishing gear)
Chemical
: U
contaminants
Invasive Non-native species U
species introductions
Key
Extent of _ . HP = Historical e PP = Potential _ .
problem OK = Unlikely problem problem EP = Existing problem problem -- = Not applicable
Knowledg G = Good F = Fair P = Poor Inf = Inferential U = Unknown

e base
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Table E-2 (continued).

Key
EP - Existing problem: Convincing historical (before 1990) or current (1990 to present) evidence that the stressor affects resources at DRTO

negatively
HP - Historical problem: Convincing evidence exists that stressor affected resources at DRTO prior to 1990 but is no longer a problem

PP - Potential problem: Stressor is known to affect resources in the Florida Keys negatively, but there is no convincing evidence that it
negatively affects resource at DRTO; threat could become a stressor in the near future

OK - Unlikely problem: Stressor has been investigated and no convincing evidence exists that stressor affects resources negatively; Stressor
has been alleviated by a management action

UNK - Unknown: There is insufficient data to determine if the stressor has negative effects on natural resources at DRTO; Effects of stressor
has not been investigated at DRTO

-- - Not applicable: Stressor is not known to affect the resource or ecosystem component
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Chapter 1: Introduction
Christopher. G. Jeffrey

The condition of water resource®re assessad Dry Tortugas National Park (DRTO) located
in theFloridaKeys (Figure 1.1). Thgoak of the project wreto identify (1)the state of
knowledgeof natural resources in DRTO; (&)e state of knowledgef natural and
anthropogenic stressors and threats that affect these resources;thadyBent and future
strategies to help DRT@anagers meet their management objectives.

As stated in the general management plan (NPS 2005), the goals of DRBO are

1. protectand interpret a pristine subtropical marine ecosystem, incladingtact coral
reef community;

2. protect populations of fishnd wildlife, including loggerheadaretta caretthand green
sea turtlegChelonia mydas Sooty Terns$terna fuscatg Frigate Birds Qlfersia
spiniferg and numerous migratory bird species;

3. protect the pristine natural environment of the Dry Tortugyasip of islands

4. protect, stabilize, restore and interpret Fort Jefferson, an outstanding example of 19
century masonry fortificatio(Figure 1.2)

5. preserve and protect subrged cultural resources; and
6. provide opportunities for scientific researchdchieve goalene through five.

The parkwhich islocated 113 kn§70 mi)from Key West in the Straits of Florida, is relatively
small (269 km[104 mf]) and compriseseven small islands and extensive shafeater coral
reefs (NPS 2005Figure 11). Significant naturatesources include ocean, coral reefs, fisheries,
seagrass beds, and sea tuatid seabird nesting habitat¥ithin the past few decades, some of
the resources have deteriorated because of natural and anthropogenic faatamngehfam

localto global in scaleFor example, despite tmemotenessf thepark, live coral cover has
decreased substantially in recent years because of global impacts from hu(ki¢aeaton et al.
2007)and elevated sea surface temperat(esirewset al.2005) while overfishing has altered
reef fishassemblages in the wider Tortugas redult et al. 2006a) Benthic resources have
been damaged by localized activitisgach as boating and anchoring, snorkeling and diving, as
well as pollution inside and outside the park

Coastal watershed condition assessments review and synthesize information to determine the
status of resources in coastal pamksluding water qualy, habitat condition, invasive species,
extractive uses, coastal development, and other iséi@esingresourceconditiors. The
assessmentharacterize the relative health or statuseafestrial aquatic andmarine resources
based on the best avdila data, identify actual or potial stressorsand make

recommendations for further studies or assessm@ivisn thatDRTO landarea isonly about 4

km? (1.5 mf), the condition of parkesourcess shaped more by oceanic than terrestrial
processes.



This report synthesizes information on the status of marine and terrestrial natural resources and
thestressors and threats affecting resources at the DR3$@ssment of theondition ofDRTO
resources was based on pemriewed and noipeer reviewed puldations anen unpublished
information.Several important sources of information deserve mention.

In 2007 ,National Park Service (NP@ndthe Florida Fish and Wildlife Commission (FWC)
develomda collaborative science plan for monitoring and assessingathservation efficacy of
thefully-protectedresearch Natural Are&NA) that was implemented at DRTO that year. The
RNA science plan summass existing information, performance measures and recommended
monitoring and research activities ®x performance topg many of which are describend

this reportMuch of information in the RNA science plan fed into the assessment of ecological
condition of resources described herein. In some cases, initial data and other information from
the RNA sciene planare includedn this report The first report on the implementation of the

RNA science plan was released in 2010 and described the progress of 18 projects designed to
address the six performance topics (Hallac and Hunt 2010).

TheNPS South Florid&aribbean NetworkSFCN) Vital Signs Monitoring?lan Pattersoret
al. 2008a,b,c)ncludedDRTO. The plan describegpaogram formonitoling the condition of
selected natural resourdes early detection of negative trends in resource condition. NPS
defines a vital sigras

éa subset of physical, chemical, and biolog
ecosystems that are selected to represent the overall health or condition of park

resources, known or hypothesized effects of stressors, or elements that have

i mportant human valuesé

Vital signs were ranked in order of importance to park memegf 28 of 69 vital signs
identified for south Florida and Caribbean paskese deemed important for DRTO. Information
on SFCN rankings of vital signs and monitoringittgies are provided for marine natural
resources covered in this assessment.

NOAA Biogeography Branch conducted a biogeographic assessment of reef fishes occurring in
the wider Tortugas regiomitp://ccma.nos.noaa.gov/ecosystems/coralreef/tortugas. Atne
Tortugas integrated assessment was designed to determine existing or potential biological and
human (societal) benefismxdimpactsresultingfrom implementation of th&ortugas Ecological
Reserve (TERIn theFlorida Keys National Marine SanctygiFKNMS). The reserve is a 518

km? (200 mf) no-take marine areeonsistingof two non-contiguous sections: Tortugas North
Ecological Reserve (TNER) and Tortugas South EcologicalriRe$€SER). The TNER is

adjacent to DRT@nd theTSER is southwest of DRTO (Figure 1.Thegoal of thereservas

to protect large contiguous and diverse habitats to preserve biological diversity, maintain
resource quality, and te@plenishsurrounding areas. The recerglyactedRTO RNA adds 119

km? (46 mf) of marinehabitatsto federally protected waters in the Tortugas region.

This report focuses on natural resources identified by researchers and resource managers of the
DRTO as vitallyymportant to the Tortugas region and the wider South Florida ecos{iNes

2005. Chapter 2 summarizeike history of the DRTO and describes figtorical and curent

research conducted thef@hapter 3 summarizes information on physical resources including


http://ccma.nos.noaa.gov/ecosystems/coralreef/tortugas.html

geology, oceanograpland water quality of the parkhapters 47 describecoral reef and
hardbottonbenthic assemblages, seagrass and etgahunities, reef fishes and
macronvertebratessea turtlesand seabirdChapter 8 summarizes stressors and threats known
to affect natural resources in the parid the Tortugas regio@hapteB is a synopsis of the
ecological condition of naturaésources based on infoatronin the Chapters-3. Information

on resources and the stressors affecting them was synthesized from severalisoludies)
peerreviewed journal articles and technical memoranda, unpublished repattsersonal
communi@tion withNPSstaff. This assessment will aid efforts by resource managers to address
threats and issues at a regional oceanographic scale and will help guide development of
management actions to reduce and prevent impairm@&RdO marine resources.

Water <20 m
[ ] Deep Water
B Tortugas islands
National Park Zones
D Research Natural Area
D Historic Preservation/Adaptive Use

Hospital Key [Z] National Park Boundary

Florida Keys National
Marine Sanctuary

[ 5 10 15km
East Key

Loggerhead Key Middle Key

Bush and Long Keys

Garden Key

Figure 1.1. Islands and management zones of the Tortugas region, Florida Keys (source: K. Buja).



Figure 1.2. Fort Jefferson on Garden Key in Dry Tortugas National Park (source:
NOAA/NOS/NCCOS/CCMA/Biogeography Branch).



Chapter 2: History of Dry Tortugas National Park
Christopherr. G. Jeffreyand Douglas Morrison

Dry Tortugas was given its name by the Ponce de Ledn in the early 1500s because of the
abundance of turtles (Davis 1982, NPS 2005, Shinn and Jaap 2005). According to Davis (1982),
Gauld mapped and identifidd sand and coral islands in 1773. Agassiz aispped the region

in 1883 to challenge Darwinbés theory on the
volcanoes (Dobbs 2005). In 1904, the Carnegie Institution established a marine laboratory on
Loggerhead Key (Davi$982, Shinn and Jaap 2005; Figar#). President Theodore Roosevelt
designated the area as a wildlife refuge in 1908 to protect sea bird rookeries. The Dry Tortugas
National Monument was established in 1935 and in 1980, corals and marine life were included
for protection. In 1992, the PrTortugas National Park (DRTO) was established by the federal
government to protect the subtropical marine ecosystem including coral reefs, fish, and wildlife
within its boundary (Figure 1.1). The state of Florida retained the rights to the seabed and
as®ciated resources (SFNRC and FWC 2007). The park encompasses’894«mf) and its
boundary is marked by a series of buoys located beyond the reef margins in abq22®) of
water.National Park Service (NP$gulations prohibit commercial fisig, but allow

recreational fishing, boating, snorkeling, sculdang, and other recreational activities.

In 2007, NPS and the state of Florida entered into a joint agreement or Memorandum of
Understanding (MOU) to establish a Research Natural Area (RhA)N the DRTO (SFNRC

and FWC 2007). The RNA is 119 kg6 mf), but its regulations exclude an area 1.85(krt5

mi) in diameter around Garden Key Lighthouse and the developed areas on Loggerhead Key
(Figure 1.1). Aquatic activitiegermitted within te RNA include boating, swimming,

snorkeling, scuba diving, reseayeimd education, but exclude anchoring and recreational
fishing. Mooring buoysreprovided for snorkeling and scuba diving boat operations during the
day. RNA regulations prohibit maniptilen of resources within its boundaries, except where
needed to achieve restoration (SFNRC and FWC 2007).

The RNA was designed to restore ecological integrity and the capacity for renewal of natural
resources within its boundaries and to protect shallater marine habitats known to be
inhabited by juvenile fishs and benthic communitieslong with the protection to natural
resources offered by the adjacent Tortugas North Ecological Reserve (TNER), resource
managers hypothesize that the RNA will enhapeeies diversity, productivity and lofigrm
sustainability of reef fish assemblages in Tortugas region (SFNRC and FWC 2007).

2.1. History of Research, 18521 1990

Research has been conducted at the Dry Tortsigas1852, some of which has been

cataloguedn an annotated bibliography by Schmidt and Pikula (1997) and summarized in Davis
(1982), Shinn and Jaap (200&8hd Wheatort al.(2007).B e t w e e 882, 8Sedrch at the
Tortugas descraxthe natural history and mapping the geology of the islandswamndunding

marine resourced®avis 182, Ginsberg 1985, Jaap and Sargent 1993, Whea&d2007) In

1904, the Carnegie Institute of Washington D.C. established the Tolialgasatory on

Loggerhead Key androm 1911 until its closing in 1939, reseaadnductedhere resulted in

several publications on reef geology, animal physiology, chemistry of seawater, taxandmy

f



the effects of temperature on growth rates of cqralsewed by Schmidt and Pikula [1997] and
Shinn and Jaap [2005]).

During the late 1970s and 1980s, research at the Tortugas focused on geologi¢Situthes

al. 1977)and interdisciplinary investigations called Tortugas Reef Atoll Continuing Transect

Studies (TRACTS) of benthic resourd@savis 1982) The TRACTS program was designed to

devel opmairbkeoncchescr i pti ons of marine resources
Monument, which were to be used to define and evaluateténgchange occurring in the

Tortugas regiorfDavis 1982) One highlight from the TRACTS research was an assessment by

Davis (1982)hat compared the spatial distribution of reef corals in 1979 with their mapped
distribution in 1881 described/lAgassiz (1882)Davi s 6 f i ndtoondgesstamdr e cr i t i
temporal changes in the distribution of acroporid corals in the Tortugas regi@meadescribed

in Chapter 3

2.2. Recent Multi-year Research and Monitoring, 19901 2007

Research on natural resources in the DRTO between 2008 focused mainly on fisheries

(reef fish and macro invertebrates), wildlife (seabirds and turtles), benthic comm(cutads,
algae and seagrass beds)d oceanographic variables (sea surfangerature, ocean cojor
etc.).Seven established muitear projectsnonitored assemblages of reef associated fishes
(including sharks) and mobile macroinvertebrafiesb(e 21). Eight multiyear projects

monitored benthic communitigsncluding hard andoft corals, alggeind seagrassesgble

2.2); eight projects have either synthesized data for mappingnolucted mapping activities in
the Tortugas regiont@ble 23). Four projects include the Tortugas regiondargescale
oceanographic and water quality studies for South FloTidblé 24). The interdisciplinary

studies are funded by multiple state and federal agencies, and ultimately, aim to evaluate the
efficacy of netake areas on natural oesces in the Tortugas regiohnecdotal information,

data, and major findings from these monitoring and research pregvare reviewed and
synthesized in the Chapter&/ 3o determine the status of ecological resources of Tortugas region
and the DRTO.

2.3. Current Research and Monitoring, 2007 to Present

In 2007, NPS and Florida Fish and @ife ConservatiolCommission FWC) developed a RNA
science plan to evaluate the effectiveness of the RNA in protecting and enhancing natural
resources within its boundaries in six key topical areas of perform@abie .. The RNA
science plams a blueprint for proposed research and monitoring activities; it also defines
essentl and supplemental activities aperformance measures that will quantify the
effectiveness of the RNAeveral projects have been implemented to evaluate performance of
the RNAand resultshould beeported to FWC commissioners, NPS managers, and the public
every3-5 years, as stipulatday the MOU between NPS and FWTable 2.6.
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Table 2.1. Projects that characterize and monitor reef fish assemblages in the Tortugas region (source:
D. Morrison, Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start year
description institution agency / duration
National Uses the Reef Visual Census University of NOAA 1994
Oceanic and Survey method to collect in situ Miami, National
Atmospheric data on reef fishes (species Rosenstiel Marine
Administration composition, size, and abundance) School of Fisheries
(NOAA) / Marine and Service
University of Atmospheric (NFMS) and
Miami Reef Fish Science (UM-  National
Visual Census RSMAS) Park Service

(NPS)
Reef REEF's Advanced Assessment REEF NOAA 2001
Environmental Team of Scuba divers collect National
Education information on marine fish Ocean
Foundation populations using a Rover Diver Service
(REEF) Survey method at permanent sites (NOS) and

in the DRTO NPS
SEAMAP Reef  Used video cameras and fish traps  NMFS NMFS 200171 2005
Fish Survey to collect data on reef fishes
Characterization Conducts drifter studies for larval NOAA Center NOS 2002
of the Tortugas  transport studies; ichthyoplankton for Coastal
Ecological surveys; reef fish visual surveys Fisheries and
Reserve (TER) (fish size and abundance) Habitat
Research
(CCFHR)

Reproductive Observes and tracks sharks during  Mote Marine 20021 2007
biology and mating and birthing seasons to Laboratory

mating behavior
of nurse sharks

evaluate growth and local
movements; characterizes the
social interactions that develop
during mating season; determine
relationships between mating
behavior and essential habitats;
uses DNA analysis to assess the
composition of social groups




Table 2.2. Multi-year projects that study benthic communities in the Tortugas region (source: D. Morrison,

Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start
description institution agency year
Long-term Collects in situ data on sea grasses  Florida NOAA NOS 1995
monitoring of (species composition, cover, International
benthic habitats abundance, morphology, growth rate, University
and isotopic analyses) (FIU)
Florida Reef Collects in situ data on algae Florida Keys NOAA NOS, 1998
Resilience (species composition and cover), National Environmental
Program corals (species composition , Marine Protection
disease, bleaching, cover, and Sanctuary Agency (EPA)
abundance of colonies) and fishes (FKNMS)
(species composition and
abundance)
Coral Reef Uses video transects to conduct a Florida Fish NOAA NOS/ 1999
Evaluation and complete station species inventory of and Wildlife EPA
Monitoring benthic organisms and coral Research
Project (CREMP) diseases. Institute
(FWRI)
Coral Reef Monitors long term ecological status FWC, NPS ?
Benthic and trends of the common and rare  University of
Communities coral reef types and effects of Georgia
Assessment hurricanes at seven sites within
DRTO
Rapid Collects in situ data on benthic University of NOAA NMES 1999
Assessment and composition (percent cover, size, and North Carolina and NOS
Monitoring of abundance of corals, algae, National
Coral Reef gorgonians, and sponges); condition Undersea
Habitats of corals (bleaching and disease) Research
Center (UNC-
NURC)
Distribution and  Uses a probabilistic sampling design  EPA EPA 2001
Etiology of Coral (based on EPA's EMAP) to select
Diseases inthe  sites and assess the presence or
Florida Keys absence of diseased coral colonies
at each site
Characterization Benthic mapping & characterization = NOAA CCFHR NOAA NOS 2002

of the TER

at permanent sand/reef interface
sites (percent cover of algae,
gorgonians. Sponges, and coral;
sediment cores, stable isotope
studies)



Table 2.2 (continued).

Project title and Activities and data collected Lead Funding Start
description institution agency year
South Florida Measures coral cover, diversity, Florida Institute  NOAA NOS 2002
Program herbivory on algae, and mortality of
Ecological rates of juvenile corals; compare Oceanography
Processes and juvenile and adult coral assemblages
Coral Reef
Recovery Project
Monitoring Spiny Collects in situ data on lobsters (size, Florida Fish FWC 1997
Lobsters and abundance) and Wildlife

Conservation

Commission

(FWC)
Benthic habitat Collects in situ data on benthic NPS South NPS 2004
monitoring of composition (percent cover of algae, Florida/
DRTO gorgonians, sponges, and corals and Caribbean

coral disease) Network of

Parks (SFCN)




Table 2.3. Multi-year projects to map and characterize benthic habitats in the Tortugas region (source: D.
Morrison, Everglades and Dry Tortugas National Parks, Key Largo, FL).

Project title and Activities and data collected Lead Funding Start year
description institution agency / duration
Benthic Habitats Used visual interpretation of aerial FWRI NOAA 199171 1998
of the Florida photography to identify seafloor NOS

Keys features

Characterization Used a suite of ship-based and NOAA NOAA 2001

of benthic remote sensing technologies to map CCFHR NOS

habitats in the and characterize habitats (towed

TER underwater video, side-scan and

multibeam sonar, aerial photography,
and satellite imagery)

Benthic habitat ~ Synthesized data from a suite of UM-RSMAS NOAA 2003-2003
mapping in the  technologies (bathymetric surveys, NFMS and

Tortugas Region, side scan sonar, imagery, aerial NPS

Florida photogrammetry, existing habitat

maps, and in situ visual surveys)

EAARL LIDAR Used the National Aeronautics and u.s. NPS 2004-2006
Topography for  Space Administration (NASA) Geological
the Dry Tortugas Experimental Airborne Advanced Survey

Research Lidar (EAARL) to collect (USGS)
data for portions of Florida Keys

Benthic Habitat  Coordinates efforts among State and NOAA Center NOAA 2005
Mapping of Federal agencies to map and for Coastal NOS
Florida Coral characterize coral reef ecosystems of Monitoring
Reef Southern Florida; prioritizes areas for and
Ecosystems mapping; developed a mapping Assessment

implementation plan (NOAA

CCMA)

Benthic habitat Synthesized data from a suite of UM-RSMAS NOAANOS 20051 2007

mapping in the technologies (bathymetric surveys,

Tortugas Region, side scan sonar, imagery, aerial

Florida photogrammetry, existing habitat
maps, and in situ visual surveys)

Bathymetry map Synthesized existing data from University of Completed
of south Florida  various sources to create a single South Florida

map of the Florida Keys (USF)
Dry Tortugas Collected multibeam sonar data for USF Completed
multibeam the Dry Tortugas region

characterization
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Table 2.4. Recently completed or ongoing multi-year projects that study oceanographic conditions and
water quality in the Tortugas region (source: D. Morrison, Everglades and Dry Tortugas National Parks,
Key Largo, FL).

Project title and  Activities and data collected Lead Funding Start year /
description institution agency duration
Southeast Collects in situ and grab water FIU South Florida 1991
Environmental samples; measures several water Water

Research Center parameters (depth profiles of water Management

(SERC) Water temperature, nutrients, salinity, District and

Quality Monitoring dissolved oxygen, EPA

Network photosynthetically active radiation)

chlorophyll a fluorescence, optical
back-scatter, turbidity, depth, and

density)
Real-time Continuous measurement of NOAA NOAA 20021 2004
oceanographic oceanographic variables (e.g., Office of
observations in salinity, sea height differences, Oceanic
the FKNMS temperature, salinity, chlorophylla and
fluorescence, ocean currents, and  Atmospheric
volume flow from Florida Bay Research

through the Keys passages towards (OAR)
the coral reefs of the FKNMS)

Long-term Uses remotely sensed data NOAA OAR NOAA 2004-2007
measurement of  (SeaWiFs and MODIS satellite

physical, ocean color) to estimate water

chemical, and radiance, chlorophyll, and turbidity

biological water in Florida Bay
column properties

in the south

Florida coastal

ecosystem

Regional Develops a 3-D,"community" UM-RSMAS NOAA 20041 2007
hydrodynamic hydrodynamic model for Florida

model for South Bay and the Florida Keys and

Florida coastal conducts simulations to provide

seas boundary conditions for the models

11



Table 2.5. Summary of research topics and performance measures to assess the conservation efficacy of
the Dry Tortugas National Park (DRTO) Research Natural Area (RNA) (source: National Park Service and
Florida Fish and Wildlife Conservation Commission Science Plan, 2007).

Topic area for evaluating Research
Natural Area

Performance measures

1.

Quantify changes in the abundance and
size structure of exploited species within
the RNA relative to adjacent areas

Monitor the immigration and emigration
of targeted species in the RNA

Monitor changes in species composition
and catch rates of exploited species
throughout the surrounding region

Evaluate the effects of RNA
implementation on marine benthic
biological communities

Assess reproductive potential of
exploited species by evaluating egg
production and larval dispersal

Incorporate social sciences into the
research and monitoring program

Abundance, sizes, occurrence frequency, and estimates of
fisheries stock assessment parameters for groupers,
shappers, and grunts inside and outside the RNA.
Abundance of reference (non-fishery) reef fishes e.g.,
parrotfishes)

Net immigration of select species from the snapper-
grouper complex from the RNA to adjacent fished areas
inside and outside the DRTO

Catch per unit of effort, including released fish, harvested,
and population size-structure of targeted reef fishery
species, especially grouper and snapper species
throughout the region

Damage to, and loss of, stony and soft corals species,
seagrass, benthic community structure, abundance of
functional groups, measures of grazing pressure, coral
recruitment, spawning, and disease; measures of primary
productivity

Fecundity and larval production of reef sportfish and
movement of reef sportfish from the RNA to spawning
aggregation sites. RNA export of targeted reef fishery
species, primarily larval groupers and snappers
throughout the Tortugas and Florida Keys

Fishing activity scuba and snorkeling activity (total number
of scuba divers and snorkelers and duration in water for
each designated dive site and reference site), number of
boats, anchoring by location, visitor satisfaction, and law
enforcement activity

12
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Table 2.6. Summary of research projects implemented after 2007 to assess the conservation efficacy of the Dry Tortugas National Park (DRTO)
Research Natural Area (RNA) (source: Hallac and Hunt (2010). UM-RSMAS = University of Miami, Rosenstiel School of Marine Science; FWC =
Florida Fish and Wildlife Conservation Commission; USGS = U.S. Geological Survey; SCFN = South Florida / Caribbean Inventory and Monitoring
Network.

RNA topic area Project title Lead institution Project description

1. Quantify changesin Fishery-independent visual UM-RSMAS Monitor and statistically assess coral reef fish resource status
the abundance and  assessment of resource status through diver visual surveys to determine efficacy of RNA
size-structure of of the reef fish community in

exploited species DRTO
within the RNA

relative to adjacent Examining the efficacy of the FWC Use of baited fish traps, hook and line gear, and tagging
areas. newly established Research studies to evaluate changes in relative abundance, frequency
Natural Area for protecting coral of occurrence, size-age structure, and movements of exploited
reef fishes within DRTO fishes within the RNA and in adjacent areas
Characterization of fish FWC To characterize community structure of seagrass-associated
assemblages associated with fish within the DRTO RNA and adjacent open-use areas

seagrasses within the newly
established RNA and adjacent
open-use zones at DRTO

2. Monitor the Fine-scale and net migration of FWC Analysis of reef fish movement and habitat use from acoustic
immigration and selected reef fish species from telemetry data to determine patterns and essential spatial
emigration of RNA to adjacent fished areas in range of selected snapper and grouper species
targeted species in DRTO region
the RNA ) , i i

Reef fish movements and flux ~ UM-RSMAS A multi-year acoustic telemetry study to determine long-term
around the RNA movement patterns, space requirements, and population flux

for exploited fishes in the RNA and to evaluate the contention
that reserves are sinks for fisheries production

Use of protected areas by USGS A turtle capture, tagging, and tracking project to characterize
threatened and endangered sea turtle populations in DRTO and quantify the proportion of
marine turtles in the Dry time individuals of each species spend in the RNA compared

Tortugas to other areas of the park.
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Table 2.6 (continued).

RNA topic area

Project title

Lead institution

Project description

Monitor changes in
species composition
and catch rates of
exploited species
throughout the
surrounding region

Extended creel census
development for DRTO

DRTO vessel permit system DRTO

UM-RSMAS

To improve creel census design performance and evaluate
fishery-dependent and independent databases as they relate to
RNA implementation in DRTO

Development of an electronic system to generate permits and
maintain statistics and information on park users

Evaluate effects of
RNA implementation
on marine benthic
biological
communities

Assessing the effects of scuba DRTO
and snorkeling use on corals at

RNA designated (mooring buoy)

dive sites

Coral community monitoring ad  SFCN
Bird Key Reef and sites inside
and outside RNA at DRTO

Trophic relationships on coral USGS
reefs of DRTO inside and
outside of RNA

Assessing the effects of creating DRTO
the RNA no-anchor zone on
seagrass meadows

To monitor the effects of diving activity on corals at designated
dive sites in the RNA. Performance measures include damage
to and loss of stony corals especially Acropora spp., which are
listed as endangered

SFCN is monitoring coral reef communities within DRTO to
determine whether the percent cover of stony corals , algae
(turf, coralline, macroalgae), octocorals, and sponges; coral
species diversity; coral community structure; and rugosity are
changing through time at selected coral reef sites and inside and
outside RNA

The goals are to examine trophic interactions, to understand
better the intricate balance among herbivores, macroalgae, and
corals, and to determine if that balance can be restored in
protected areas like the RNA. The project conducted detailed
baseline species-level surveys of macroalgae, scleractinian
corals, gorgonians, herbivorous and exploited fishes, urchins,
and substratum rugosity at 18 DRTO sites before RNA was
implemented.

The intent of this project is to detect changes in percent cover of
seagrass through a fully replicated "Before-After-Reference-
Impact” sampling design that measure and compare changes in
seagrass cover at RNA and reference sites.
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Table 2.6 (continued).

RNA topic area Project title Lead Project description
institution
5. Assess reproductive  Reproductive potential of FWC To examine gonad tissues and estimate reproductive potential or
potential of exploited exploited reef fishes within the fecundity of exploited reef fishes. The project examines gonad
species by evaluating newly established DRTO RNA tissues from 10 snappers and 10 groupers caught within the RNA
egg production and and adjacent open-use areas and in adjacent areas during spring and fall sampling to
larval dispersal determine stages of reproductive development. If reproductive
development is advanced, a sample of gonad tissue is preserved
for further reproductive analysis.
Immigration and emigration of FWC Use an array of acoustic receivers to determine spatial and
selected reef fish species from temporal patterns and rates of movement of acoustically tagged
the RNA to Tortugas South shappers and groupers among the Tortugas North Ecological
Ecological Reserve Reserve, Tortugas South Ecological Reserve, and DRTO
including the RNA. Data from the receivers will be used to assess
fish habitat utilization patterns, residence times, and migration
patterns; the timing of multispecies aggregations; and the
importance of habitat linkages between adjacent marine
protected areas.
Larval transport modeling from UM-RSMAS To evaluate the expected physical transport and fate of reef fish

the Dry Tortugas

eggs and larvae spawned in the Dry Tortugas region to the
adjacent waters of the south Florida coral reef ecosystem. The
study utilizes the Hybrid Miami Isopycnal Coordinate Ocean
Model (HYCOM) along with information on spawning and larval
life history characteristics of snapper-grouper species.
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Table 2.6 (continued).

RNA topic area Project title Lead Project description
institution
6. Incorporate social A survey of visitor University of The project will survey and compare visitors demographics,
sciences into the demographics, attitudes, Massachusetts  attitudes, perceptions, and experiences of park resources among
research and perceptions, and experiences in  Human visitors who enjoy recreational boating, fishing, SCUBA diving,
monitoring program DRTO Dimensions of  snorkeling, and other activities. The report will also provide a
Marine And geospatial assessment of geographic locations of these uses.
Coastal
Ecosystems
Program
Law enforcement in Dry DRTO To enhance effectiveness of law enforcement at DRTO. Primary

Tortugas National Park

Submerged cultural resource
condition assessment project

National Park
Service
Submerged
Resource
Center

law enforcement goals at DRTO include educating the public and
enforce zones that do not permit anchoring and fishing, enforcing
fishing limits, in areas where fishing is permitted, and enforcing
laws that protect sensitive turtle coral, seagrass habitat, and
submerged cultural resources.

To conduct baseline documentation, monitoring and condition
assessments of known submerged cultural resources in DRTO




Chapter 3: Climate and Oceanography

Christopherr. G. Jeffrey, ihkngangLuo, JraldS. Ault, SeveG. Smith and ¥ris
Ransibrahmanakul

3.1. Climate

The Dry Tortugas National Park (DRTO) atiné surroundingareahavea tropical maritime

climate that is influenced by the Caribbean Sea, GUi@fico,and the Bermuda/Azores high
pressure air system (Schomer and Drew 1982, NOAA)2@ogure 3.1). Seasonal variations in
position of the Ajet streamo and its interact
affect temperature, precipitation andndispeed in the region. Two primary climatic seasons are
present: a rainy season occurs from aboutiNxfober and a drier colder season from

November April caused by northern frontal systems. Winds from the smsiheast typically

prevail during the rajppseason while warmer winds from the eagitheast predominate during

the dry winter season. The wind patterns are disrupted by cyclonic disturbances during the rainy
season and by cold fronts associated with strong northwesterly winds during the dny seas

FIl oridads climate i s s tSputherm Ospllatore(ANSO)nElINifoc | es o
periods result in: (1) warmer, wetter winters with fewer hurricanes and (2) delitkeim

conditions in late summer that are favorable for mass coral bleadsidndjsease even(€ausey

2008, Jaagt al 2008) La Nifia periods correlate with drier cooler winters and more frequent

storms. Water temperatures typically range frofC186°F)during January to an average high

of 32.2C (90°F)during July and AugugVaughan 1918Jaapet al.2008) Occasional cole

fronts result in water temperatures as lovt4€ (57°F)in 1978 and have been implicated in the

periodic decrease in the cover of live coral in the Florida K&gassiz 1882, Davis 1982, jaa

et al.2008)

The Florich Keys includinddry Tortugas experiencesanytropical depressions and hurricanes
In combination with less sewebut persistent ecological perturbatiorteege catastrophic events
have shaped the ecology of ecosystems in the southeast Florida(Regadm andViller 2007,
Jaapet al 2008) Precipitation averages 125 cm(¥8 in'yr), making the Tortugas Islands the
driest areas of the Florida KeyRainfall is mainly convectional and results from localized
storms that occur between June and Novemheipaak during September (Schomer and Drew
1982). Average monthly rainfall ranges from1418.9 cm( 1 . 8 1 ,5ut Precipitatjon from
individual hurricanes ranges typically from® cm( 2 T 6and can)exceed 50 ofR0 in)at
times (NOAA National Weather Service Dat&everal storms have affected the area in recent
decades (Figure 3.1).

3.2. Geologic and Bathymetric Features
Unlike the main reef tract in the Florida Keys, which some regard as being marginal for coral
reef growtt (Jaap 1984, Shinet al.1989,Precht and Miller 2007 the Tortugas region boasts

“Marginal conditions for coral growth of the modern Florida Reef Tract supposedly is caused byrtitlatd

flows from Florida Bay and the Gulf of Mexico over the Florida Reef Tract through tidal passes that create
conditions unfavorable to accretionlwhestone to reefs (e.g., variable salinity, high nutrient content, temperature
extremes and high turbidity [Lidzt al. 2008, Ginsburg and Shinn 1964])).
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several well developed reef systems with complex benthic fegfugessiz 1882Davis 1982,
Miller et al.2001, Frankliret al.2003) Located on the southwest margin of the Florida
Continental Shelf, these carbonate banks are interspersed vdthisiamds and form an

ellipsoid with a soutfiwest to nortkeast axis (Figure 3)2Atoll-like in structure, the rim of the
banks consists of 1# (46 ft) thick Holocene coral reefs 18,000yearsold) that lie above
135,000yearold rock known as Key Lgo LimestongShinnet al.1977) The Holocene reefs

are omprised of massive headsMbntastraeaspp.Coral reef andhardbottonmsubstrates on the
banks within the park are comprised of nine different habitat types based on bathymetric and
geomorphologic featurggranklinet al.2003)

South of the park and within the Tortugas Ecological Re3¢f&R)i s Ri | eiyads Hu mp
smaller bank with an area of 12.0 k(.6 mf) (Franklinet al 2003; Figure 3.2). Substrates at

Ri | ey 0 savelerynhgw vertical relief (&5 m[1.6 ff]) and are predominantly patchy
hardbottomand rocky outcrops within a matrix sand(Franklinet al. 2003) To the east of the

DRTO is an area of extensive sand (named the quick savidsh is shaped by currents into

waves with crests up to 3 r{iLO ft). Interestingly, the Tortuags Bank reefs did not keep pace with
rising sea levels as did Bird Key Reef that is located in the DEShinet al. 1977)

To the west of the Tortugas National Park are the Tortugas and Little Banks with a combined
area of 137 k(53 mf) (Figure 3.3). That area contains fewardbottorrhabitat types
comparedvith the area enclosed within the DRTO and is predominantlyréief hardbottom
and scattered rocky outcrops (94%; Mikeral.2001, Frankliret al.2003).However the
remaining 6% of the Tortugdsttle Bank complex consists of terraces and pinnaitiasrise
from the sand at 338 m( 1 0 8 T 1d@ep to shallpwer depths ai BB m( 5 2 1 8 Of ndte )
is Sherwood Forest, aptly named because of the predominance of rmasshve@ormshaped
corals that occur there (Figure B.Bhe topography of Sherwdd-orest is very complex with
numerous undercuts and caverns and mushisimped and plating corals up to Z6r6 ft)in
height (Milleret al.2001). About 50% of the Tortugddttle Bank area lies within #gnnorthern
portion of the TER.

3.3. Oceanography and Currents

The oceanography of the Tortugas region is driven by the Gulf Stream Current System, a western
boundary current that forms the northward flowing segment of North Atlantic Gyre (Figlre 3.4
Equataial Atlantic surface waters (5200 m deep937 ff]) are transported via the North

Equatorial, Braziland Guianaurrents into the Caribbean Sea through passages between the
islands of the Lesser AntilleShe Caribbean Current transports surface waters from the

Caribbean Sea through the Yucatara@mel (between the island of Cuba and the Yucatan
Peninsula) into the Gulf of Mexico wherebkcomeshe Mexican CurrenfSturges and Blaha

1976) Loop Curren{Hofmann and Worley 1986andFlorida Curren(Leeet al. 19949 (Figure

3.0. Just off FIl or i da 0 soinsetleeAntilleancCarserit that trahsports=1 o r i
surface water from the near the equator along the eastern boundary of the Lesser Antilles and
Greater Antilles to form the Gulf Stream (Figure 3.4).

*Tortugas Ecological Reserve (TER) is part of the Florida Keys National Marine Sanctuary, whigérithen
jurisdiction of NOAA. TER comprises TER North, which abuts the Dry Tortugas National Park and encompasses
the Tortugad i tt 1l e Bank area, and Tortugas South Ecol ogical F
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The Loop Current is dynamaurrent pathway thagxerts a stnog influence on currentdiv

around the Tortugas regioBometimes the Loop Curreistnonexistent as water flows in an
almost direct path to the Florida Current south of the Tortugas region through the Florida Straits.
This current pattern results in aastg eastward flow over the slope off the Dry Tortugas and
lower Florida Keys (Leet al. 1994). At other times, the Loop Current intrudes into the Gulf of
Mexico to a mean position of 278 +100 km(62 mi) north or south of that positigqivukovich
1988, ZavaleHidalgoet al.2003) When it is prominent, cold, cyclonic gyres or eddies form and
evolve fom the Loop Current in the southern Straits of Florida @tesd. 1994).0One such eddy

is a largecounterclockwise rotating gyre that forms just south of the Tortugas and is known as
the Tortugas Gyre (Figure 3.9he Tortugas Gyre can attain a siz€00 km(124 mi)in

diameter and may persist for up to 100 days @tesd. 1994). The gyre travels eastward toward
the Florida Keg at an average speed of 5 krf8dni/d) but reduces to half its original size off

Big Pine and Marathon Key#s eventuallypecomes unobservable off the northern keys étee

al. 1994).

The Tortugas Gyre contributes significantly to the uniqueness of the region. The formation of the
gyre enhances food supply and retains and transports locally spawned larvae of invertebrates

(eg., conch and lobster) and fishes (e.g., snapper and grouper) eastward toward coastal reefs in

the Florida Keys. In fact the Loop current, Tortugas Gyre and Florida current could provide a
recruitment pathway for lobsters in the Florida K@yseet al. 1994, Yeunget al.2000, Yeung

and Lee 2002, Sponaugial.2005)For exampl e, passive drifters
becameentrained in the Loop Current and transited once around the Tortugas gyre before rapidly
exiting the area with the Florida Currédbhns 2003)Dri f t er s rel eased at Ril
became entrained and either drifted eastward along the Florida Keys toward the east coast of
Florida or northward toward the West Florida SliBliirke et al.2003 (Figure 3.6).

Burkeet al.(2004) estimated that within approximately 30 days of larval life Stageshes
spawning at Rileybés Hump, | arvae could reach
Florida coast and Cape Canaveral on the east coast. This pattern of flow occurs often and has
been observed in similar studigee and Williams 1999, Sponaugleal.2005) Passive

transport of fish and invertebrate larvae by these ocean currents and their associated frontal
eddies could mean that the Tortugas region may be receiving larvae from reefs in the Yucatan
Peninsula or the Caribbean that may be upstream if circulatogyqmthatch planktonic larval
duration(Yeunget al.2000, Yeung and Lee 2002, Sponaugflal.2005) Likewise, passive
oceanidransport could be outsourcing larvae from the Tortugas region eastward tbeaest

of the Florida KeysHowever, the export of larvae from the Tortugas to the remainder of the
Keys is counteracted sometimes by a westward ccanteent flow of watethat also could be
transporting larvae and recruits to the Tortugas regam feefs in the Florida Key$he

westward countercurrent tends to occur during the fall season from Key Largo to the Dry
Tortugas when persistent northeasterly winds prevailydren the Florida Current is further
offshore(Leeet al. 1994, Lee and Williams 1999)

Several other oceanic conditions could also affect larval transport to or from the Tortugas region.
The transport prasses in the Florida Keys coastal zone are spatially vatiéadleng and Lee

2002) Semidiurral internal tides can cause upwelling of colder oligotrophic continental slope
waters during periods when the Florida Current meanders closer towardIshasport of fish

larvae by the movement of these frontal eddies will not occur if fish and inkegeslalo not
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spawn during the passage of these eddies (Sponetugl005) or if the planktonic larval

duration times are shorter or longer than the transit times of the €ddiasy and Lee 2002)
Although some of the mechanisms, timirgsd patterns of flowsemain to be understood, the
general pattern of oceanic circulation observed in the Tortugas region tends to aid the retention
and ultimate recruitment of locallanddistantlyspawned larvaé_ee and Williams 1999,

Yeung and Lee 2008 ponauglest al. 2005)

3.4. Climate Change versus Variability in Ocean Temperature

3.3.1. Sea Surface Temperature

Climate change is now considered a global threat to coral reef ecosystems (Glynideifs8
Guldberg 1999Kleypaset al. 1999). Stressors associated with the threat of climate change
include increased SST, sea level rise and ocean acidifichtitme Tortugas region, the
degradation in coral reef ecosystems has been linked to climate change as well as extreme
variability in oceanographic conditiorf8IPS 2005, Jaagt al. 200§. Increasingsea surface
temperature}ST) is a stress to corals and has been one of thedrwestatingrroblems facing
reefs in the Tortugas region. Contaulincrease in mean ocean temperaturéneduce oxygen
levels, which could result in respiratory stress to marine anihmalee past 2§ears extremely
warm sea surface temperaturesi@®C[8 6 T 9])0hAVE resulted in bleaching events followed
by disease outbreaks that contributed to aimke@h coral cover in the Florida Keys, and the
same may have occurred in the Tortugas region (Causey 2001 2805t and Miller 2007,
Jaapet al.2008).

Increased sea surface temperatures have been correlated with bleaching or the loss of
zooxanthelladrom hard and soft corals, zoanthided other zooxanthellate organisr8sveral
massive bleaching episodes have resulted in widespread decline in coral cover in the Florida
Keys and the wider Caribbeanthe past 2§ears(Causey 2008 Concurrently, he incidence

and prevalence of coral diseases increased during the past three decades (Causey 2008). The
most recent Caribbeamide bleaching event occurred in 2005 when unusually warm waters were
also detected in Tortugas region. Miltgral, (2006) obsrved signs of a severe bleaching event

in the Florida Keys associated with high surface and bottom seawater temperatarg2(F1C1

[8 8 T 9])) bAitFound little evidence of bleaching in the Tortugas region. Coral bleaching may
have been minimal in the Ttagas region becausieereefs occur in deeper waters than reefs of
the Caribbean (Milleet al.2006).The 2005 hurricane season may have mitigated the effect of
elevated seawater temperatures on corals and prevented massive bleadtsgccurred in

the wider Caribbean.

Episodic passages obld and warm fronthave also affected coral ree®cleractinian coral reef
ecosystems in the Tortugas region are at the northern latitudinal and temperature limits of
extensive reef growth in the Atlantic (Véawan 1914Precht and Miller 2007)helocation

coupled with the convergence of several ocean current systakesthe area susceptible to
extreme variability in oceanographic and climatic conditionsithstressful to reef systems.
Periodically, cold ad warm fronts travel through the Tortugas region, which results in extreme
variability in local oceanographic conditiorfSor example, episodic cold fronts periodically have
resulted in extremely ¢d-water temperatures (1148°C [57-64°H) that obliteratd acroporid

corals and decimated coral reefs in the Tortugas region in the late 1800s (Vaughan 1918) and
1970s (Davis 1982). Anecdotaformationsuggests that coral reefs in the Tortugas region may
have recovered after episodic events in the past (08838 (Chapted), but relatively rapid
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changes in global ocean climate in recent times may be slowing or preventing the recovery of
corals to historic levels.

There are several examples of the effects of anomalous sea temperature on coral populations in
the Tortugas region. Coral bleaching due to exceptionally high water temperatures has been
reported in the Tortugas since the earl{ 20ntury (Vaughan 1911, Mayer 1918). Jaap (1979,
1984) also reported coral bleaching events in the Lower Keys folloaiagtmmer doldrums

when water temperatures exceeded IBEF) Other significant and severe bleaching events

on reefs throughout Florida occurred in 1987, 19@@ 1997 1998 (Causey 2001Bleaching

events have caused moderate mortality of the momgtsenstony coralssuch asMlillepora
complanataandAgaricia agaricites Declines in populations of other coradsich asAcropora
palmata(elkhorn coral) Acropora cervicornigstaghorn cora)yandAcropora proliferg in the
Tortugas region havasobeen associated with hypothermic stress (Role¢ids 1982)(Figure

3.2), virulent diseasesuch as whitand black band (Petees al. 1983, Voss and Richardson

2006), and cyclonic storms (Jaafpal 2008). Acroporid populations at Bird Key Reef, DRTO

for example, experienced significant decline in coral cover from as high as 47% in 1977 to 12%
in 2004 (Jaaget al 2008). The decline was caused by the cumulative and synergistic effects of
winter cold fronts, bleaching, coral disegse® hurricanes (Bbertset al 1982 Davis 1982,

Jaapet al 2008)

3.3.2. Sea Level Rise

Sea level risés apredicted outcome of global and leteym climate change. Mean global sea

height increased 18 cfid.1 in)during the 28 century (Douglas 1997) and is expected to

increase between 117 cm( 4 . 3 1 @urirg the 2i' pentury (Houghtoret al.2001f. Sea

level rise resutfrom thermal expansion of sea water and from increased melting of polar ice

caps which would contribte additional quantities of water to the ocean as global temperature
increases. Predicted effects of sea level rise are increased erosion, inyaddtitooding of

coastal areas, which would lead to a retreat of coastal beaches. Such effects shouidifma/e
negative impacts on submerged marine resources like seagrasses and coral reef ecosystems, but
severe negative consequences could result for seabirds and sea turtles populations that nest on
the sandy beaches of the lying islands of the Tortugaregion. Corals in deeper watsuch

as those occurring in Sher woomayleatrthesdgeoda nd Rii
their photeadaptive capacity. The predicted increase in sea level height could result in decreased
light reaching these cosalwhich could reduce rates of reef calcification necessary for those

reefs to remain within the depth zone needed for reef growth and to keep up with sea level rise
(Macintyre 2007).

3.3.3. Ocean Acidification

Ocean acidification is another expectedcgneee nce of c¢cl i mate change.
expected to become more acidified in response to an increeadon dioxide (Cg) in

seawater driven primarily by an increase in atmosphericg@@centration. The concentration of
atmospheric C@is projected to double prmmdustrial levels by the 2065 and increase to 720

parts per million (ppm) by the year 2100 (Solonebal. 2007). In response to increases< O,

levels, rates of coral growth and calcification are expected to decrease significaribig and

“Intergovernmental Panel on Climate ChatigeCC) predicts global mean sea level rise to be 48cm by 2100
(Houghtonet al.2001).
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dissolution rates of carbonates (e.g., reef structure) are expected to increase significantly (see
review in Kleypast al.2006). Kleypast al.(1999) estimated that average calcification rates on
coral reefs might have already declined by 4% since preindustrial times and will continue to
decline by as much as 60% during th& 2antury Kleypaset al.2008.

Ocean acidification and its proximate consequences (reduced calcification and increased
carbonate dissolution) couichpact reefs inthe Tortugas region over the long term.
Sceleractinian corals and calcareous algae are major builders of carbonate reefs that provide
important habitats for reef organisnecreases in rates of reef calcification may result in
decreases in rates of cogabwth and reef extension (Lough and Barnes 280ight et al

2008), reduced abundance of crustose coralline algae (CCA; Keffab2008 Jokielet al.

2008) and reduced densities of coral coloniesreased dissolution of carbonates will regult

the weakening and loss of carbonate structure over time. The ultimate effects of ocean
acidification on the population dynamics of most coral reef organisms and the ecosystem as a
whole remain unknowrit is impossible to reliably predict the future kadcal condition of

reefs under scenarios of increased acidification. However, hypothesized outcomes include
reduced reebuilding and growth that results in the failure of reefs to keep up with sea level rise
(Kleypaset al.2006), reduced recruitmentdsettlement of larvae that depend on habitat cues
for settlement (Mundagt al.2008, 2009), increased dissolution and bioerosion of reefs (Kleypas
et al.2006) and reduced biodiversity (Munday al.2009).

3.3.4. Cyclonic Storms

Storms play an activele in shaping coral reef ecosystems in the Dry Tortugas, the Florida
Keys, and other areas of South Florida because of the proximity of Florida to the Caribbean
Basin where intese hurricanes devel@ach yearSeveral studies (see review by Precht and
Miller 2007) have concluded that prior to the 1970s, reefs in South Floratizding the

Tortugas exemplified a generalized pattern of zonation and consistadpaiimatg A.

cervicornis andMontastraeaannularis These three species were the most abundant corals on
reefs andvere considered frarguilders.Several tropical storms have affected the Tortugas
region in the padbur decades (1970 to preseatid have restructured coral reef communities
through direcphysical impact, increased terrestrial runoff, sedimentagiodpollution (Table

8.2, Figure 8.1). Foexample, Hurricane Georges (1998) decimated elkhorn and staghorn corals
that were already weakened bgehse (USGS 19980ML 1999).Likewise, Hurricae

Charley fragmentedcroporacolonies on coral reefs on the northeast side of Loggerhead Key
and dislodged several coral formations on Bird Key (W.C. Jagrs. comm.).

Infrequent storms could have positive effects on coral reefs aablatmmdanced.irman (2003)
found that the abundance &f palmatacorrelated positively with an increase in storm frequency
from one storm every 1%ews to one storm eveidyeas, but declined with a further increase in
storm frequency. Successful survivorship, @dtment and growth of coral fragments after
storm events may be the only means of propagatioA.fpalmatawhen sexual recruitment is
limited. However, the synergistic effects of multiple stressors (e.g., disease, coastal pollution
and overgrowth by alg) could be preventing normal patterns of recovery in corals after storm
events (USGS 1998).

Seventyfour tropical storms have affected the Dry Tortugas region sif@@ (Table 8.2)31
storms hitthe region during the 1990s and 17 stormsqutbsough the area itihe 2000s.
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During the record breaking hurricane season for the Atlantic Ocean, 28 trapiedl storms
occurred, of which 15 attained hurricane strengiftoughout the Atlantic, Caribbean Sead

Gulf of Mexico. Five of the tropicalyclones directly affected the Florida Kegsfrequency of

one storm per month. Tropical Cyclone Arlénthe first storm in 2005 passed west of Dry
Tortugas, but Hurricane Dennis passed directly over Dry Tortugas approximately one month
later and cawexd severe beach erosion there. Many marine habitats in the Dry Tortugas region
suffered obvious physical damagech as overturned coral colonies and scouring from the
storms(Donahueet al.2008) Many areas that were previously gorgontimminatechardbottom
habitats in 19982000 and 2002, especially in the southern portion of DRTO, became devoid of
most gorgonians and spong€sncurrent ref fish surveys documented a marked decline in the
abundance of juveniles of some species (Mycteroperca bonadblack grouper) that were
previously relatively abundant in these habitétslt et al. 2005, Donahuet al.2008) Reef
terraces on Little Tortugas Bank and the northwestern Tortugas Bank (Sherwood Forest)
remained in relatively good condition in terms of coral abundance, but coral emlieed from
about 50% to about 35% in some areas. In the same sites, scientists noticed an increased
prevalence of the brown alga@bophora variegatawhich now occupies space once covered by
live coral(Donahueet al.2008) A few siteshad arelatively high prevalence of coral disease,
especially by what ithoughtto be white plague. in particulakpproximately 25% of the corals
wereafflicted with this conditiorat one sitgDonahueet al. 2008)

3.4. Water Quality

Maintaining water quality that promotasd sustainscasystemintegrity is essential fohealthy
coral reefsPoor water qualityfdefined asvaters not meeting established water quality
standardsjesulting fromland-based sources of pollutiasia major contributor to the observed
deterioation ofnearshorecosystemgdegradation of reefs, seagrassesl mangroves

declining species diversity; and reduced abundance of organisms in many areas around the world
(Wilsonet al.2006, Halperret al.2008b, Waddelét al.2008) A few studies suggest thebral
reefs ultimately becomalgaedominated wheambhentnutrient levelsncrease over time
(reviewed inSzmant 2002nd Pandolfet al, 2005. Reefs adjacent to densely populated areas
sometimesre in worse condition than reefs locatadher awaythis difference isntuitively
attributed to anthropogé degradatioriFabricius2006, Fabriciuset al. 200, but see Lirman

and Fong 2007 Some studies suggdbat chronimutrient enrichment and sewage inputsir
cesspits and septic systersmrm water runoffand altered hydrologlyaveresulted inpoor

water quality elevated incidence of coral disegsa®d declines in coral cover in nearshore
waters of the Florida Keys (Pattersetral 2002 Brand 2002Pandolfiet al 2005) and in the
Tortugas region (Lollar 2004Throughout the Ierida Keys groundvater is closely connected to
nearshore waters that bathe coral reefs and represents a pathway for the transport of terrestrial
pollutants to nearshore reefdhinnet al. 1994,Brand 2002, Nelsoat al. 2002). Nutrient
enrichment ohearshorevatersin the Florida Keys is well documenté8oyer and Bricefio

2007, but urces of nutrients and proximal causes of declining water quilitytly debated
(Brand 2002Pandolfiet al. 2005, Grigget al 2005, FKNMS 200pb

Rapidincreassin human population and uncontrolled economic developmihin the Florida

Keys coastal zone atkreatsto water qualityF| or i daés human popul ati on
million in 1930 to about 18 million in 20QJ.S. Census Bureau 200Fve million of Florida

residents live in the four most densely populated counties (Miade,Monroe, Browargdand

Palm Beach), which are adjacenttokFli daés c or a lin2008, & millercvsitong st e ms .
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participated in reefelated recreation in Florid¥isit Florida Yearin-Brief 2003) Recreational
activities included snorkeling, scuba diving, fishing, boat tours and reatalglive training
generated as much as $18 million in revenue in the Florida Mefaset al. 2001, Visit Florida
Yearin-Brief 2003) In the Florida Keys, residents and visitors spent about 3.9 million person
days diving, fishingand viewing coral from 2002001 (Johnset al.2001) Recreational fishing
as measured by the number of registered recreational boatsigdakhcreased by more than
500% from approximately 40,000 in 1964 to approximately 190,000 in (XafRet al.2001,
2002) This shiftin humandoward the coasilong withincreased interest in reef recreation has
brought more humans in contact wého u t h  Fhkashore datui@lssurcesandmay have
negative impacts on nesdrore water quality

The influx ofhumangesiding &ad recreating in the Florida Keysight haveincreasd

recreational activities ithe Dry Tortugas regiomndincreased anthropogenic stress on DRTO
coral reef ecosystem¥isitation to DRTO occurs via commercial ferries, private baaigdsea
planes andhas been increasing in recent yeadtse cumulative impacts of visitors and residents
engaging in reefelated recreational activities could have a profound negative effect on natural
resources in the region. Divers and snorkelers can cause significardgblodjamage to coral

reefs and lower their aesthetic appg#dwkins and Roberts 1993, Hawkietsal. 1999)

Increased human use and contact could further diminish the quality and productivity of nearshore
ecosystems and limit their contribution to regional resouf@#éser athropogenic stressors

likely to affect resources in DRTO arecreational fishing anddating;most other extractive
activities are prohibited within DRT®oundaries.

Some experts considéne evidence linking landerived pollutants to coral decline the Florida
Keysequivocal For examplesome expertgontend that there is no compefjiavidence that

coral declingn the Florida Keysvas causegrimarily by pollution or that improvements in

water quality will necessarily lead to coral recovery unless gisteale stressors such as diseases
and climate change are curtail€grigg et al 2005. They attributeobserved declines of corats
the Florida Keydo diseases, cold frontsyiticanes, and coral bleachirfsggmant (2002)
concluded that nutrient enrichment appears to play a secondary role in coral reef decline
compared to sedimenia, overfishing, and global warmingirman and Fon@007)observed
thatcorals on inshore patch reefs with poor ambient water qualityhigi levels of dissolved
nitrogen, phosphorus, organic carbon, tditlgi and light attenuation) hagignificantly higher

coral cover and growth ratdsut lower partial mortality than corals on offshore patch reefs with
significantly higher ambient water qualityfKkNMS managerasserthatinjection of treated
wastevatervia 914-m (3,000-ft) wells intothe groundin Key West creation of nepollution
discharge zone®r vesselghroughout the sanctugnypgrads toexisting and construction of
advancedewage and wastewater treatment pldatsl ordinancesand increasetederal and
stateprojectfunding haveimprovel wastewater management and water quality irFtbada
Keys(Grigg et al.2005 FKNMS 2005.

Housing facilitiesat DRTO support 12 personnel that oversee park operations (Kimball and
Lopez 2004)Most park employees live on Garden Key oubkes attached to Fort Jefferson.

Two singlefamily residences on Loggerhead Key provide housing for researchers, volunteers,
and work crews (NPS 2009)RTO hascampgrounds for visitorshe maincamp groundhas
eightsites, eaclof whichaccommodateup to six camperdhere is also a group site that can

hold up to 40 campers and an overflow area that houses additional campers during periods of
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heavy uséhttp://www.nps.gov/do/planyourvisit/upload/campingdrto.pd€cesse&eptember
15, 2010.

Fecal and other organic waste from resident NPS personnel, campers, and other visitors are
handled by wastewater and septic systems with tanks that feed into leachdie@srden Key

and Loggerhead KefNPS 2005)These septic systems wenadequatéo supporexisting
annuallevels of visitation(NPS 2005), and theach fields did not me&nvironmental

Protection Agency (EPA) and statgulations because their field pipes emptied tidally-
influenced groundwatdNPS 2005)The campgroundés waste disposa
made up of toilets that do not require water or chemita®002, heavy rains destroyed the
septic system at the Garden Kegmpground, but it was restalled in 2004The campground

was closed for about a year because of the damage from heavy\fagtevater and septic
systems were replaced in 20@ddcomposting toilets were installed at the campground (Kimball
and Lopez 2004 )Griffin et al.2006suggested that septic systems at DRTO were not a
significant source of nutrients microorganisms tthe surrounding surface waters

Information on the condition of water quality of the Tortugas region was obtained from the
Water Quality Monitoring Projeaif the Southeast Environmental Research Center (SERC)
Florida International University (FIU), which has been monitoring several variables since 1995
(Boyer and Bricefio 2006, 200Between March 1995 and January 2007, the project collected
quarterlydata at 154 fixed ations within the Florida Keys National Marine Sanctuary
(FKNMS) and DRTO (Figure 3.7Parameters measured at each station included salinity
(practical salinity scale), temperature (°C), dissolved oxygen (D®), tugbidity (NTU),

relative fluorescenceand light attenuation (Kich). Water chemistry variables included the
dissolved nutrients nitrate (N, nitrite (NO,), ammonium (NH'), dissolved inorganic

nitrogen (DIN) and soluble reactive phosphate (SRP). Total unfiltered concentrations of
nitrogen(TN), organic nitrogen (TON), organic carbon (TOC), phosphorus, @rf)silicate

(SiO,) were also measured. The biological parameters included chloreghydl H L A/L.) arel g
alkalinephe phat as e a c th). Deitailey degcripfoAs,of tre Materadily monitoring
project and its results are provided8ayer and Bricefi¢g2006,2007) a summary of the data is
provided here (Table 3.1 and Figure 3.8).

Descriptive statistics (median, minimum, maximwnd number of samples) for several water
guality parametes obtained from 15 stations during 47 sampling events in the Tortugas region
are provided in Table 3.1. In general, the Tortugas region was warm and euhaline. Median
surfacetemperatures were 26@ (79.2°F)andmedianbottomtemperatures were 25@

(77.7F). Median salinity ranged from 36.20 parts per thousand (ppt) at the surface to 36.25 ppt
at the bottom, indicating very little vertical stratification. CHLA concentrations were also very

| ow ( O.ahdrangedffom p.002 . 3 8 . Thegniedian lighattenuatiorcoefficient (Kd)

was also very low (0.12/m), which reflected low median surface and bottom ty@idkile

3.1).

In comparison to the wider FKNMS, the waters of the Tortugas region exhibited much better
water quality with relatively very lowoncentrations of nitrogen, phosphqraisd organic

carbon (Figure.9). Low nutrient concentrations in the Tortugas region most likely retthect

low level of human impacts to watguality. Since 1995 significant and consistent nearshore to
offshore gadients of nitrate and total organic carbon concentrations have been observed in the
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Florida Keys where human population levels are pyer and Briceiio 2006, 200An
inshoreoffshore gradient of reduced variability in salinity has been observed in the Florida Keys
(Boyer and Bricefio 2007Thegradents most likely reflect lantdased sources of nutrients and
freshwater inputs near coastal areas in the Florida Keys mixing with Atlaetnic waters

farther offshoreThegradientshowever, have not been obserwadnshoreoffshore transects in

the Tortugas region where the level of human population is low.

Monitoringby SERCidentified a strong nortBouth gradient of CHLA concentration from the
west Florida continental shelf toward the Marquesas and Tortugas,regfio highest
concentrations occurring near the shelf Hr@lowest concentrations occurring in the Marquesas
and TortugagBoyer and Jones 200Bpyer and Bricefio 2007Higher phosphorus
concentrations on the west Florida shelf may have resultedsivathward advection of Gulf of
Mexico waters along the coagintinentalcoupled with entrainment of coastal rivers and runoff
toward the Tortugas regiqBoyer and Bricefio 2007l is also possible that freshwater plumes,
with elevated levels of nutrienfrom the Mississippi River, were entrained by current eddies
associated with the Loop Current in the Gulf of Mexi@ohns 2003, Kourafaloet al. 2005,

Jaapet al.2008) Satellite derived data on sea surface temperature documented the presence of
the Loop Current near the Louisiana coastline, which could transport nddidlent, lowsalinity
water from the Mississippi estuary toward the west Florida shelfpwand to the Dry Tortugas
region and eastward to the Florida KéMelsonet al.2007)

In 2004, concentrations of nutrients (i.e., nitrate, nitrite, orthophosphate, and iron), fecal coliform
bacteria, and human enteric viruses in groundwater and surface water samples cajlectied fr
grounds and mote of Fort Jefferson, the visit
different from ambient background levels.

3.5. Summary

The geographic location of the Tortugas region bestows unique qualities on the area. The
climatology andceanography of the region, which are shaped by the convergence of several
ocean current systems, have a profound effect on the ecology of marine life. The confluence of
major current systems from the Caribbean and the Gulf of Mexiggestsmallscale

connectivity among reefs in the Florida Keys and along the Florida mainland as well as-broader
scale connectivity among major oceanic bodies such the Caribbean Sea, the Gulf of &hekico

the Western Atlantic OceaRatterns of oceanic circulation dngghly variable but often make

the Tortugas region an important source of fish and invertebrate fan@@wvnstream areas of

the Florida Keysor entrain larvae and food supply to local reefs. At other times, different
circulatory patterns (e.g., countarrent eddies and westward flows) can episodically deliver
nutrients from upstream areas (Gulf Coast states or the Florida mainland) to the Tortugas region.
Unpredictable disturbancesuch as hurricanes, celdater and warnrwater events, and other

extrane weather eventgesult in atypical oceanographic conditions that adversely affect
ecological and biological processes and ultimately the demography of organisms in the Tortugas
region. Climatic and oceanographic processes are beyond the control af restource

managers, but understanding the spatial and temporal variability in physical processes is crucial
to determine the ecological status and condition of the natural resources they affect.
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Table 3.1. Values for water quality parameters in and around Dry Tortugas National Park. Samples (N)
were collected from 15 stations during 47 sampling events between May 1995 and December 2006
(source: Boyer and Bricefio 2006) (http://serc.fiu.edu/wgmnetwork/FKNMS-CD/2001FKNMS.pdf).

Variable Symbol Depth  Median Min Max N
Total Nitrogen (¢ M) TN Surface 0.11 0.01 0.66 692
Bottom 0.11 0.01 0.62 689
Di ssolved I norgan DIN Surface 0.01 0.00 0.05 687
[NOs + NO, + NH,'] Bottom 0.01 0.00 0.09 689
Total Organic Nit TON Surface 0.11 0.01 0.66 689
Bottom 0.10 0.01 0.62 686
Tot al Phosphorus TP Surface 0.01 0.00 0.04 692
Bottom 0.01 0.00 0.03 691
Soluble Reactive Phosphorus( €¢ M) SRP Surface 0.00 0.00 0.01 615
Bottom 0.00 0.00 0.01 527
Al kaline Phosphat APA Surface 0.03 0.01 0.79 617
Bottom 0.03 0.01 0.28 616
Total Organic Car TOC Surface 1.63 0.67 12.66 690
Bottom 1.60 0.65 10.60 689
Silicate (&gM) SiOo Surface 0.01 0.00 0.28 584
Bottom 0.01 0.00 0.25 613
Turbidity (NTU) TURB  Surface 0.40 0.00 4.63 674
Bottom 0.52 0.00 4.59 674
Salinity (ppt) SAL Surface  36.20 26.70 36.70 684
Bottom  36.25 34.00 37.00 685
Temperature (°C) TEMP  Surface  26.23 20.50 31.10 686
Bottom  25.40 18.2 30.60 686
Dissolved Oxygen (mg/L) DO Surface 5.88 2.14 14.80 679
Bottom 5.90 3.30 9.00 666
Chl orophyl | U (&N CHLA Surface 0.21 0.00 2.38 686
Light Attenuation Coefficient (Kd/m) Kd 0.12 0.00 0.83 516

27


http://serc.fiu.edu/wqmnetwork/FKNMS-CD/2001FKNMS.pdf

I |

Hurricanes
\. 2000-2007

Category

—_— 1

RITA 2005) 4

RITA (2005) H3

Figure 3.1. Path and intensity of tropical storms affecting the Florida Keys, 2000 2007. The name, year
of occurrence, and category of each storm are indicated along each storm track (map: K. Buja adapted
from Donahue et al. 2008).
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Figure 3.2. Bathymetry of the islands and coral reef banks of the Dry Tortugas region. Yellow-orange
colors indicate islands and shallow areas less than 2 m (6.6 ft) deep (source: Ault et al. 2006a).
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Little Bank ——»

Sherwood Forest

Tortugas Bank

Figure 3.3. Bathymetry of the Tortugas Bank west of the Tortugas National Park. Yellow-orange colors
indicate areas less than 16 m (52 ft) deep (source: Ault et al. 2006a, Franklin et al. 2003).
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Figure 3.4. Boundary currents affecting the Caribbean Sea, Gulf of Mexico, and Western Atlantic Ocean showing hydrodynamic connectivity
among these bodies of water. Key: | T Caribbean Current, Il i Mexican Current, Il T Loop Current, IV -- Tortugas gyre, Vi Florida Current, VI 1
Gulf Stream, and VII 7 Antilles Current (source: University of Miami, Rosenstiel School of Marine and Atmospheric Science).
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Figure 3.5. Topography of the Dry Tortugas region showing direction of net current flow through the Straits of Florida (source: University of Miami,
Rosenstiel School of Marine and Atmospheric Science).



Drifter 26598 - Release Date 17 July 2000 Drifter 26859 - Release Date 17 July 2000
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Figure 3.6. Argos (WOCE/SVP) tracks of drifters released by NOAA Center for Fisheries and Habitat
Researchat Ri | ey 06 s gaslHcoiggical Reservé, during July 2000. The scale along the x axis is
degrees of longitude; scale along the y axis is degrees of latitude (adapted from Burke et al. 2004).
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Figure 3.7. Spatial distribution of fixed stations (+) in the Southeast Environmental Research Center
Water Quality Monitoring Network within the Florida Keys National Marine Sanctuary including Dry

Tortugas National Park, Florida Bay, Biscayne Bay, Whitewater Bay, Ten Thousand Islands and
Southwest Florida Shelf. SFWMD=South Florida Water Management District (source: Boyer and Bricefio

2006).
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Figure 3.8. Spatial distribution of fixed stations in the Southeast Environmental Research Center Water
Quality Monitoring Network in and around the Dry Tortugas (source: Boyer and Bricefio 2006).
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Figure 3.9. Comparison of surface water quality in the Tortugas region with those from the wider Florida Keys National Marine Sanctuary for data
collected between May 1995 and December 2006 (source: Boyer and Bricefio 2005, 2006) (http://serc.fiu.edu/wgmnetwork/FKNMS-

CD/index.htm).
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Chapter 4: Distribution and Condition of Coral Reef and
Benthic Communities

GregPiniak, $hayViehman, QiristineAddison, and ole Fogarty

4.1. Spatial Distribution of Coral Reefs, 18821 1990s

Live coral was widely distributed and relatively abundant in the Tortugas region aborgd$0

ago. Populations dfladrepora (hereafterAcroporaspp.) were spatially extensive on

hardbottomat depth less than 18 {89 ft) throughout the Dry Tortugasgien, although colonies
Acropora palmatgelkhorn coral) were concentrated around Bird and LWéeyg (Figure 4.).

Areas south of Fort Jefferson @arden Key also contained large corals (presunyably

palmatg that were limited in theirpward growth only by low tides.arge masses of calcareous
algae includingUdotea and Halimedayrew atop elkhorn coral branchist died from

exposure to aifl Lxuriant and extensive growth Atroporacervicornis(staghorn coral) also
existed on both sides of channels that separated Bird Key, Gardearideyong Key, and gave
Tortugas reefs a distinctive appeara(®gassiz 1882)Agassiz theorized that the channels were

at one time much deepdut were being filled with sand and sediments because of reddakd t
flow. Agassiz described several cluster$ofites furcateandPorites clavariathat covered

shallow tracts of coarse sand, aidandrina areolatdhat was growing in between marine

lawns ofThallasiasea grassSea cucumbers (Holothuroidea) were scatteredtabeueef, and

| arge sea urchi ns ( Dof#hdreafsantdeefdeavea)®@ased on Vivedd fip o c k
descriptions, reefs in the Tortugas appeared to be in better condition than in more recent times.

In a letter advocating the establishment aésearch laboratory in the Tortugas however, Mayer
(1903) i ndiMaadtreedp ofirbaadropatrishcerals) were poorly represented in the
Tortugas in 1903 comparedtitheir distribution in 1878\ p p ar e n tcl oyl, o rileddaor kwat er
drifted from themainland of Florida in 1878 and killed almost all of the stock#\op@almatd)

and other marine organisn@ther corals (e.gRoritesandMeandring survived in considerable

numbers, because Mayer observed corals that were toddangee been formesince 1878.

Colonies ofA. palmatamust also have survived the darloredwater event because Agassiz
(1882) observed abundant Amadreporidd coral s
a Afew stockso remaim(é.aft) @Mayerd @B, t1H4A. cprviedimis er t h a
occupied about 417 ha (1,030 ac) (24)IA. palmataoccuped &out44 ha(109 ac)(3%) of

the total coral reef angardbottomareas mapped by Agassiz in 1882f§le4.1). Anecdotal

information indicated tat A. palmatadistribution was restricted to a 36&long (1,200ft) area

of hardbottomat depths of 23 m( 6 . 6 T 8lon@sedward of Bird Key re@Nells 1932, Jaap

and Sargent 1994Figure 4.). Wells however did not quantify the areal coverage of corals, but
described the coral community as dominated®Iploria clivosaandA. palmataup to depts of

6 m(20ft) (Jaap and Sargent 1993)

During the late 1970s and 1980s, research at the Tortugagdoongeologic studigShinnet
al. 1977)and interdiscipnary investigation§ TRACTYS) of benthic resourcg®avis 1982) The
TRACTS research progr am waasr kdoe sd egsncerdi pttoi odnesv eol f

*The genug\croporawas formerly classified adladreporaAgassiz (1882).

®Referred to aMadreporia murciateby Mayer (1903)
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resources at the then Fort Jefferson National Monument, which wereisedeo define and
evaluate longerm change occurring in the Tortugas redioavis 1982) One highlight from the
TRACTS research was an assessnieavis 1982hat compared the spatial distribution of reef
corals in 1979 with their mapped distribution in 1881 as describ¢ddassiz 1882)

By 1976 the composition and spatial distribution of coral reefl@rdbottomareas had
changed drastically from thabserved by Agassiz in 188%.band of elkhorn coral that covered
44 ha(109 ac)or 3% of mapped coral reef ahdrdbottomareas in 1882y occupied about
0.06 ha(1.48 ac)r <0.01% of coral reef anldardbottomareas that were mapped by Davis in
1976 (Table4.1).Davis (1977) noted the pparance of an extensive staghorn reef
(approximately 200 hpt94 ac) in an area that was previously mapped by Agassiz as linear
ridges of gorgonians (octocorals) interspersed with saigaie 4.3. However, the overall
spatial abundance of staghorn coral decreased from 25% dfidotflottonarea mapped by
Agassiz in 1882 to 10% mapped by Davis in 1917/&b{e4.1). Octocoral coverage increased
from 61% of mapped coral amérdbottomareas in 1882 to 80% of coral reef draddbottom
areas mapped in 1976gble4.1).

Some of the changes in spatial abundance of corals betweenl®882undoubtedly resulted
from differences in technology and unitsed for mapping (Davis 197 8ometempor

changes in coral distribution may have resufteth episodic natural event®avis speculated
that the staghorn re#tiatoccupied the area formerly colonized by gorgoniaritee\gassiz

map may have existed prior to 1882t were killed by the darkolored water event of 1878 and
werenot observed by Agass{d882. The virtual absence of elkhorn coral frohe Davis 1976
map likely resulted from episodic events rather than from differences in mapping techniques
becauselkhorn corals were vividly described by Agassiz in 1882 and their presence was
confirmed by Wells in 1932.

Subsequent episodic events resulted in even more drastic changes in the spatial distribution and
coverageof corals in the Dry Tortugas. Colbntsin 1977 1978 reduced water temperatures in

the Dry Tortugas to 1416°C(57-61°F), which killed 91% of staghorn corals that were mapped

in 1976 and 6070% of two remnant patches of elkhorn corals in Five Foot Gharaar Long

Key (Davis 1982)Other coralsincludingMontastraea annulariandPorites poriteswere

killed, but the spatial extent of mortality was not estedaA resurgence of corals followed the
cold-water stress, but in 1981, an epidemic disease severely reduced coral populations
throughouthe Florida Keys (Jaap 1998).

Jaap and Sargent (1993) further assessed changes in the spatial distribution and abuAidance of
palmataat the Dry Tortugas National Park (DRTO) by mapping the spatial extent of the densest
aggregations oA. palmatain Five Foot Channel in 1993-gure4.3). They compared their

findings with historical reports and maps (Agassiz 1&8#/is 1977) and with aerial

photographs taken between 186091 by several federal agencies. Jaap and Sargent (1993)
mapped an area of 0.14 {fa35 ag of A. palmatareef, with the densest area occupying 0.073 ha
(0.18 ag. TheA. palmatareef was located in the same position as remnant patches mapped by
Davis in 1976 [Figure4.2), and they concluded that tAepalmatapatch was the population that
recovered from the 1977 celdater event. If true, then the recovery rate was high. Only about
30% (180 M[1,938 ff]) of 600 nf (6,458 ff) of A. palmatasurvived the 1977 coldaterevent

and increased tan area of 1,40 (15,070ft%) by 1993, a 777% increase over i&as Jaap
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and Sargent did not indicate the total area mapped in their study, thus the proportion of coral reef
andhardbottonoccupied by thé\. palmatareef is unknown

Since 1990, eight muliyear projects have been monitoring benthic communities in the Tortugas
region (Table 2.3). These studies employed various methods and characterized benthic
communities at different locales in the Tortugas region (Figurelé.4preral, results from

these projects indicate that benthic communities in the Tortugas region are very different today
compared with 100 or more years ago. The following sections summarize the results of these
projects separately and the final section sunaearthe overall conclusions about the effects of
protection on benthic communities in the Tortugas region

4.2. Characterization of Benthic Communities at the Sand-reef Interface

In 2001,the NOAA Center for Coastal Fisheries and Habitat Research (CCFetidna suite of
studies in the Tortugas region to examine the effects of the Tortugas Ecological Reserve (TER)
on reef fish assemblages and benthic organisms (Barkde2004). A major premise of the

studies was that energy flow across 1&sfid boundaes is critical to understanding reef

function. For example, reef fish may import significant amounts of nutrients onto the reef after
foraging in sand, algaand seagrass flats adjacent to the reef (Melyat 1983). Previous work

by CCFHR on the west Florida shelf suggested that benthic primary production is the major
energetic source supporting fish biomass (Cuwatial. 2000). Given that the majority of the
Tortugas region igsot coral reefsthe structur@nd composition of fish communities near the

reef interfacavould be ararea to detect a reserve effect (Buekal 2004). Finescale (meters)
surveys of benthic composition were added to complement annual fish surveys and to provide
additional covariads for explaining spatial patterns in fish assemblages atreahthterfacef.
Chapter 7)

4.2.1. Data Collection and Statistical Analyses

A stratified fAbefore and after reserve Iimplem
used to test for theffects of maagement on natural resourc&kirty permanent monitoring

sites Figure 4.4 were randomly selected along tleefsand interface in 2001 (depthiI® m

[ 4 91 1)0uSingthe procedures outlined by Busdtal. (2004).Ten sites were established in
ead of three strata: reservie TER), park (in DRTO)and unprotected (areas outside the
reserve and park). Seat of the park sites were located within fResearch Natural Area

(RNA) that was dsignated within DRTOSites in each stratum were allocagzpiallyon either
side of the predominant directioh@urrent flow across the bankssuting in six stratapark

north (PN), park south (PS), reserve north (RN), reserve south (RS), out north (ON) and out
south (O$.

Every year between 2002005, divers concurrently surveyed fishes and collected data on
benthic communities along two 30 (98-ft) transects perpelicular to the interfaceé one into

the sand, and one onto the rddébwever, transects in the sand had scant biological cover and
reliable identification of benthic microalgae foundtbis substrate was difficulOnly data
obtained from transects on femdhardbottonmsubstrates are presented h&ata on benthic
communities were collected with an analog video or digitillcamera and used tietermine
percent coveandtaxonomic richness and diversity. In 2001, continuous video data of benthic
comnunities were collected along each transect with a camera positioned approximately 1 m
(3.3 ft) above the bottom. Between 20@D04, the camera height was decreased to {14 3rft)
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to improve image resolution and iddiation of benthic organismslon-overlapping frames

from the videos were selected with Sony DVGate software for processing and identifying
benthic organisms. In 2005, continuous video was discontinued. Instead, digital still photos were
taken at every meter along eachrB@98-ft) transectt a fixed heighof 0.4 m(1.3 ft) above the

sea floor Still photography improved image resolution and eliminated the nesldat image

frames from videok-or each site, percent cover, diversigd richness of benthic organisms

were determined froraither digital still photos or analog video frames through poinint

analysis with Coral Point Count (CPCe) softwéitehler and Gill 2006) Benthic organisms

were categorized into the following functional groups: scleractinian coral, fire coral, macroalgae,
sponge, octocoral, crustoseralline algae (CCA), hard substrate, seagrass, microalgae and soft
substrate, other invertebratasd unknown/manmade substréfegure4.2).

Statistical tests were conducted to determine differences in benthic composition among
management strata and ang sites within strata. It was not possible to determine temporal
change in benthic composition because aryedy differences in benthic cover due to

differences in photographic techniques would confound differences caused by temporal
variability. Datafrom years with similar methodologies were pooled for analygis, @001,

20022003 and 2005)For data that met parametric assumptipnseway Analysis of Variance
(ANOVA) wasused to determine if the percent cover of benthic organisms were difienent
management strata for data collected during 2001 and 2005.-«aw@NOVA was used to
determine if percent cover of benthic organisms differed among management strata and between
years for dataallected during 2002 and 2008/hen significant diffeences were found among
management strata or between years -postcomparisons among strata and years were made
usi ng houdstly sighificant differenc@iSD) test if variance among stratas/
homogeneous o rvarncenwas riotthénmogedusBata that fid not meet

parametric assumptions after arcsine square root transformation were tested with nonparametric
KruskalWallis ANOVA or the ScheireRay-Hare nonparametric twavay ANOVA to

determine differences amg management strata and year

Multivariate analyses were conduciadPrimer 6.0 to explore the similarity in the percent cover
of benthic functional groups among sitesl atrata within a given yeddata on percent cover

were arcsinesquareroot transformed angrincipal componemstanalysis (PCA) was conducted

to examine which benthic categories accounted for the most variability observed among sites.
Non-metric multtdimensional scaling (MDS) ordination was applied to identify similarity
among sites. MDS results were confirmedhirarchical cluster analysis based on group
averages and Bra@urtis similarityindices for functional groups.

4.2.2. Results and Discussion

Benthic cover by management stratum

All eight benthic functional groups were observed at-saeid interfaces in all management

strata and in ajears (Figure 4.5). Primary producers (macroalgae, CCA, and seagrasses) and

"Preliminary comparisons of the video anitl photo techniques at a small subset of sites in 2005 suggested the two
methals provide comparable resulCFHR resurveyed the 30 permanent transects using the still photo
August 2007 with concurrent video transects for additional method cadibrati

8percent cover data were tested for normality using Kolmog8roinov test and for homogeneity of variance
using Leveneds test.
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sand with microalgae accounted for the most benthic cover in &l &traall years

Scleractinian corals, octocora#nd sponges were relatively low in cover compared with the

other benthic functional groups. Reef rubble was the next most abundant substrate, except at park
reefsand interface surveyed in 2005.

Relativdy few statistically significant differences in the cover of benthic functional groups were
observed among management strata and differences were inconsistent across years. For example,
in 2001, the percent cover of rock/rubble was significantly highesedsand interfaces in the

partk (=6 . 617, p=0.005) than at comparable sites
unprotected areas (p=0.005) in 2001. Octocoral cover was usually lowest at DR-E@netef

interfaces compared with reserve and unptetesites, but only the difference between the TER

and DRTO sites in 2002003 was significantgs=3 . 398, p=0.041, Tukeyods
The only significant temporal difference observed was an increase in percent cover of primary
producers during 2008mpared with 2002 ¢+~7.743, p=0.007), which correlated with a

concomitant decrease in the percent cover of rock rubpka=@101, p=0.048). Percent cover

of corals at reserve sites was typically twice as high as that in park or unprotectedisaek; b
differences observed during 26@D03 were significant @~6.688, p=0.003)

In general, coral cover in all strata primarily consisteMohtastraea cavernosand the
Montastraea annularisomplex (mosthyM. faveolatg, which were present atast sites.
Siderastrea sidereandColpophyllia natangorm a secondary group of framewenkilding
species at these sites, wherBgsloria spp. was relatively uncommon. Historically, acroporids
were major frameworkuilders on the shallow Tortugas (Dat&82) but were rare at surveyed
sites, which may have been below the lower depth limit of these corals. Amoffigumamwork
builders, the most common species wdseetophylliaspp. andAgaricia spp., with occasional
Meandrina meandritedoritesastreoidesStephanocoenia interseptdSiderastrea radians
Rare species includdaichocoenia stokesiScolymiaspp.,Solenastrea bournopandEusmilia
fastigiata These interface sites are relatively deep 825m|[ 5 105 ff]) so branching corals er
presentbut not abundanOculina diffusaMadracis decactisMadracis mirabilis andP. porites
were occasionally observed, whidecervicorniswas rare

Richness and diversity of scleractinian coral species iniZIlliE3 tended to be higher at TER
reef-sand interfaces than at sites in the park or unprotected bueagas not significant.
Although increased photographic resolution in 2005 resulted in better identification of coral
species, there were no significant differences among strata inicbredss (kF»7~=0.138,
p=0.872) or diversity (}»=1.180, p=0.32B(Figure4.6). Diversity correlated positively with
depth (r=0.386, p=0.035), but richness did not (r=0.214, p=0.256). Greater photographic
resolution in 2005 also improved taxonondentification of macroalga¢he predominant
genera wer®ictyota, Halimeda andLobophora Codiumwas moderately abuadt at park reef
sand interface

The few statistically significant differences among strata could imply that management strategies
havehad little effect on benthic resources, but methodological differences make temporal
comparisons difficult.Differences between sites may have swamyeability among strata.

The experimental design emphasized replication at the stratum level rathtdrelsite level, but
additional transects at each site may have helped reduce variability amon@iggaghat the

TER was established only in 2000 and that global stresaars as climate change and coral
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diseasesact at spatial scales much larg¢jesin the Tortugas region,douldbe too early to
observe differences in benthic composition that result from protection.

Benthic cover by site and year

In 2001, coral cover was variable among +&&fid interface sites within management strata
(Figure 4.7. Three sites in the park and four in the reserve had greater than 10% live coral,
whereas only one unprotected rsahd inteflace had 10% or more live cor&8elative percent

coral cover was highest (approximately 24%) at resetedR$10262 and parkes PN3120The
highest observed coral cover at unprotectedsaatl sites was about 10% and occurred at
OS7675Percent coral was greater than 2% at all 10 unprotected sites, but was less than 1% at
two sites n the park and in the reserilER had themost reefsand interface sites with fire

coral, though its overall cover did not differ among strata£f2.068, p9.146).The

unprotected stratum had sites with the highest ocabcover (ON6772 and OS7673ponge

cover was relavely consistent amansites Macroalgal cover at reefand interfaces in the park
appeared more variable than that of reserve or unprotected sites, and the park stratum included
sites with the fghest and lowest algal covéfideo resolution in 2001 was not sufficient to

identify seagrass or CCA reliably, so the covéthese organisms is unknowsite PN632 was
sparsely colonized and had 76% cover of sand and less than 5% cover of any benthic functional
group (Figure 4.7).

Principal components analysBGA) explained 59.7%f the variation in PC1 with the three
dominant functional groups of soft substrate, macroakya@ coralWith the addition of hard
substrate, PC2 increased the cumulative peraamdtion explained to 80.0%.everal distinct
groups were seen in the Mpdt and supported by grotgveraged cluster analysis from Bray
Curtis similarities (Figure 4)8Reetsand interface sitehowever did not cluster by
management strata, which further confirmed that benthic composition was not siggifican
different anong the stratdnstead clusters were coneged of sites from different strata that
were similar in benthic compositio@luster C contained sites withe highest proportion of
sand.Within that group, sites with the highest octocoral cover (0S7265 aB@3RFclustered
together, as did the only sites with macroalgaleco®20% (O0S6731 and RN98). Cluster B
contained the two sites with the highest coverage of rock/rubblé%badt PN1136, 45.7% at
PN690).Site ON94, an outlier, shared less than 80% siitylavith other sitesand was the only
site with <1% cover of octocoralg.he remaining sites were grouped in Cluster A and did not
have a mgle defining characteristid.hree of the six gnaps in this cluster had high33%)
macroalgagbut wereseparate by other categorieRN9807 and PS2780 had low cover of
corals and octocorals, ON5842 and 0OS12379 had moderate @egaland high octocoral cover.
RN10105 and RN8924 had high coral and octocoral cover btgiced very little bare sand.
Among the othethree groups, PS6108 and PS6493 had high cover of corals but hawaokore
than macroalga®N11460 and OS1864 had virtually identical coverfagevery benthic
category except coral cover, whereas PN3275 was closely grdupddd slightly less sponge
cover.The final group contained the four sites in this cluster with the highest sand cover
(ON5527, RN1915, RS10529, OS7675).

2002 2003

Coral cover was greater at many TEiEes than at DRTO and unprotected sites in 2002 (Figure
4.9); in 2003, all TER sites had higher coral cover than sites in other strata (FigureSéii@y.

to 2001, RS10262 had the highest coral cover in 2002 (17.1%) and 2003 (23.5%). ON11460 was
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an outlier in the unprotected stratum with coral covéx. B n 2002 and 0.3% in 2008Bire

coral was commonly observed at the reserve sites (eight and six sites in 2002 and 2003,
respectively), but at only two sites did fire coral cover exceed 1% (RN@&82002 and PS2780
in 2003).Black coral (Antipathidae) was served at two sites in 220both of which were in
DRTO.In contrast to 2001, reserve sites generally had the higbestoral cover in 2002nd
2003.Macroabal cover was highly variabl@he unprotected stratum had the site with the
lowest macroalgal aeer in 2002, but that stratum had sites with the highestcamneisk
macroalgal cover in 2008 CA was present at every TER site surveyed in 200Roccurrd at
only seven sites in 2008eagrassHalophila decipienswas present at two DTNP sites in 2002
PN3120 and PS4671, but only at 0S1864 in 2003. PS3926 again appeared to be the outlier
among all site$ macroalgal cover was 14.6% in 2002 and 10.6% in 2003, but no other
biological category had cover >1.5%.

PCA of data collected in 2002 explained 32.6f the variation in PC1 and identified three
dominant functional groups: microalgae and soft sabsthard substratand coralWith the
addition of macroalgae, PC2 increased the cumulative peragation explained to 73.9%.
PCA of data from 2003caounted for 49.3% of variation in PC1 with microalgae and soft
substrate, macroalgaand coral accountinfpr most of that variabilityThe addition of hard
substrate increased this to aataif 79.3% variance explainedlDS ordination plots (Figures
411 and 4.12) show PS3926 and RS10529 as outliers in both 2002 and 2003, as they have <80%
similarity to the other site®S3926 wa again characterized by very high sand cover and
virtually no living biological cover, while RS10529 stands out becausel itHeahighest
coverage of zoanthids in each year (5.2% in 20026 6112003).The other two outliers in 2002
were the sites with the highest rock/rubble cover; PS6108 had high coral cover (10%) and
moderate macroalgae, while ON532ad high sponge cover.6%).The other 2003 outlier,
RS9042, had the highest maalgal cover that year (63%).

In 2002, reefsand interface sites were grouped into two main clusters based on 80% similarity.
Cluster A contained sites with low coral cover {256%) and higlsand cover (301%58%),
whereagluster B contained sites with relatively high cover{3.2%; Figure 4.1}

Furthermore, sites within cluster A were divided into threegrolips based on 90% similsr

One group was characterized by low sponge cover26sand ON11460), the second had
mainly rock/rubble substrates (0S1864 and PN32a%) the third group had high octoab

cover (PS4671 and RN949&)luster B had five sulgroups based on 90% similarity: 3% coral
(ON5842, 0S12379), low sponge (ON67729R6&2), high rock (PN1136, 0S12379, RS8233),
high sand (PS6493, PN3120) and high coral/octocoral (RN10105, RN8924). Two sites occurred
in both clusters OS1864 has the highest coral cover cluster A, whereas and RN1915 had the
highest sand cover cluster B.

Clustering patterns in 2003 were different from those observed in 2002. MDS of sites surveyed
in 2003 resulted in the formation of three main clusters based on 80% similarity between sites
(Figure 4.12. Cluster A cantained sites with low cover {4.5% of rock/rubble substrate,

whereas cluster C was comprised oésithat had very little sandg83%), but highcover of

sponges (71610.3%).In cluster C, the two sites with the lowest coral and highest rock cover (PS
6493 and ON5842) formed a subgrogséd on 90% similarity. The three other sites in cluster C
had the highest cover of coral observed in 2003, but they did not form a separate subgroup
Cluster B had no distinctive characteristics and contained the remaining sites organized into four
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subgoups based on 90% similarité. pair of sites (PS4671 and PN1136) was distinguished by
high cover of rock, a second pair (RN1915 ar8BR33) had the highest covel 6) of CCA

within cluster B, and a third pair of sites (0S12379 and OS1864) had similaricoearly

every category including the highest amount of unidentified data 8i2tsand 1.8%,
respectively) The last subgroup of cluster B (PS6108, RS9162, PS2780 and ON6772) contained
sites with coral cover ranging betweeni®0% and maciagae coer of 27.1 36.7%.

2005

Use of digital still photography instead of videography for benthic images resulted in a slightly
smaller field of view, but the average coral cover for all sites in 2005 (5.5%) was comparable to
that observed in previous years @.th 2003, 5.0% ir2002, 6.3% in 2001). Six of the seven

sites with the highest coral cover in 2005 occurred in the HiRie4.13). In all previous years
coral was most abundant at RS10282 in 2005, RN8924 had the highest coral cover (24.5%)
observe in any year of the study. Seven of the TER sites had fire coral, including the highest
coverage observed in this study (3.7% at RS10%8¢k coral was observed in DTNP (site
PN1136) but was rare in the TER @<25% cover at RS10529 and RS8233). There was no
apparent pattern in octocoral or sponge cover among sites. Half of the sites had macroalgal cover
greater than the highest observed coral cover, compared to 22 sites in eachaofdZIIAB and

19 sites i”001. Seagras$i( decipienywas observed at two park sites (PN1136, PS2780) and
one TER site (RN1915). CCA were again most commonly observed at TER sites, although the
unprotected and DTNP strata each had more sites with CCA than in previous years

PCA d the 2005 data resulted in 76.2% of the variability in functional groups among sites being
explained by the fst two principal component$he first principal component (PC1) explained
48.0% of the variation and identified three dominant functional gréuicroalgae and soft
substratemacroalgagand coral)PC2 accounted for an additional 28.2% of the variation and
identified hard substrate as additional dominant factofhe MDS plot of the 2005 data

indicated that RS10529 was an outlier, as it w&002 and 2003 (Figure 4 J14owever, in

this case the site was an outlier because it contained far mocerfalehan any other site

(Figure 4.12. Site PS2780 was identified as an outlier by MDS because the cover of zooanthids
was unusually high dhat site.

The MDS ordination of data showed three main clusters in 2005 (Figune Bh&deft cluster

contains sites with moderate to high macroalgae (52.3%).Groups within this cluster

include sites with low coral cover (RN9807, ON11460) androek/rulble (0S12379, OS7265,
0OS7675) Sites with high sand cover (54.85.7%) form thecluster on the right, with sites

grouped by low coral cover (PN1136, RN9498), high coral cover (PN3275, RN10105,

RX10262) and high rock/moddeamacroalgae (PN632, P28). The cluster at the bottom is
intermediate, with low macroalgae (bIB%) and mderate sand cover (39.48.1%).The two

sites with the highest macroalgal cover in this cluster (0S1864, RN1915) were grouped together.

The intent of the CCFHR study wasdioaracterize resources at the re@hd interface in the
Tortugas and to monitoh¢ effects of implementinipe TER. Interface sites were randomly
selected using a rigorous statistical approach, but the resultant spatial variability among sites
made detetion of management effeats temporal trends difficulOn average, one half of each
reef transectvasnonliving substrate (rockrad sand)Macroalgae were the most common
biological component, with an averagevepof 25 33%.Coral cover wasi®%%, butit was
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highly variable among sites and ranged frai24.5%.Relationships among sites were not
consistent over time.

4.3. Multi-scale Mapping, Benthic Cover, and Fish Surveys

A largescale assessment of the community structure and conditfmrdiottomand coral reef
habitats, coral population structueend potential habitat change at multiple spatial scales has
been conducted since 1999 by NOAAOGs Under wat e
Camlina, Wilmington (NURC/UNCW)The study provides compheentary habitat information

for fisheryindependent reef fish surveys and modeling efforts for evaluating essential fish
habitat (NOAA National Marine Fisheries Service [NMFS] and University of Miami, Rosenstiel
School of Marine and Anospheric Science [UNRSMAS]). The survey design is scaled at three
management z@&s: Tortugas Bank Fished (commercial and recreational fishing), DRTO
(recreational hook and line only), and TNER (closed to all fishing since 20dtlet al.2006a)

as well as by reefabitat typeand regions of the South Florida sh@Mfiller et al.2006)

Independent sample sites were selectedawmnty from a digital benthic habitat map stratified by

nine categories dfardbottomand coral reef habitat typéBranklinet al.2003) Each #e has

four random transectSurveys use the linear poiimtercept method and strip transects to

measure coverage, octocoral abundance, species richness, coral size and condition, juvenile coral
abundance and size, urchin abundance &eg @&nemone and corallimorph abundaacel algae
coverage by functional groyMiller et al.2000, Milleret al.2006)

Habitat surveys included 24 sites in 1999, 36 in 2000, 24 in 20026 in 2006 sitesranged
fromS527m( 1 6 1 &8pth@iller et al.2000, Milleret al.2006) Physical damage from the
2005 storms was patchy and more appasarthe south side of the pafkrior to 2006,
gorgonians and sponges were dominant, but after 2006, their @od abundance were reduced.
In some high cover areas, coral cover has decfiroaa nearly 50% in 2004 to approximately
35% in 2006 due to coral disease and has been replacedobidphora variegatgMiller et al.
2006) Mean stony coral cover ranged from 0.3%% among 42 of the 46 sit&§ponge spaes
richness was greater than or equal to stony conglgyargonian species richne€ambined
juvenile coral colonies rangdrbm 0.16 5.77/nf (0.015 D.536/t?), with higher densities within
DRTO highrelief habitatsThese results are similar to the9®2000 Tortugas surveys as well
as other Florida Keys surveyBisease pevalence was relatively low $6), but some medium
profile reefs and patchyardbottormhabitat sites on the northern and northeastern areas had
higherincidence of disease (1L87%).No bleaching was observed in 2004iller et al.2006)

4.4. Long-term Monitoring of Coral Cover

The state of Florida has conducted researdhe Dry Tortugas since 197bhe goal of the

Coral Reef Evaluation and Monitorifyoject (CREMP) is to assess the ecological status and
annual trends in coral reefs. Monitoring occurs through repetitive surveys with underwater video
transects and station species inventories that includes information on species richness,
distribution and mean percent cover of stony corals and selected functional groups.

Three Dry Tortugas sites (12 stations) were established in 1999, of which two are inside DRTO
and one is now within the Florida Keys National Marine Sanctuary (FKNMS) TER. Four
additional park sites were added in 2004 (Wheatoal. 2006). Sites range in depth from12.5

m( 6 . 6 1, dnd eathtsije has two to four stations with permanent markers at start and end

45



points for 22m (72-ft) transects. Repeated video transects and spaeEstoriesare used to
estimate the biodiversity, distribution, coveraged species richness of stony corals and
octocorals, clionid sponge assessment, selected disease conditions, benthic algae anderage
incidenceof long-spined sea urchin®{adema antillarun) (Beaveret al. 2006, Wheatoet al.
2006). Similarities between sites and stations were analyzed using MDS o &tas/

similarity indices for functional groups, including coral species

Coral colonies at the CREMP sites hdpeeninfluenced by disease, bleaching, tropical storm

and hurricane activityand other unknown facto(gigure 4.3) In 2005, 29 stony coral species
(Milleporina and Scleractinia) were identified at 23 Tortugas stgtimean coral cover ranged

from 1.6 13.8%(Beaveret al.2006) Stony coral cover averaged 7.2% in 2004t decreased to

6.7% in 2005; tAreduction wasot statistically significantCoral species richnesiecreased
significantly at two sites from when the site was established (1999 or 2001) and 2005, which was
attributed to tropical storm activity 2003005(Beaveret al. 2006, Wheatowet al. 2006)

Shallow reefs formerly dominated by acroporids have shown a dramatic declieeargple at

oneA. cervicornisdominated site, coral cover declined from 17.4% in 1990 to 9.5% by 1999
(Beaveret al.2006) However,Acroporapopulationdluctuatedhistorically in the Dry Tortugas

due to hurricanes, cold water and other facidaspet al. 1989) CREMP data showed a decline

in M. annularisandC. natanscoral cover from 2003 to 2005, which was attributed to an

unknown coral diseagBeaveret al.2006, Wheatoet al.2006) In 2005, 18 of 23 stations

showed signs of coral disease or bleaching and 18 iofv28toried coral gecies showed

bleachingA. cervicornshad a fAwhiteo di sease at two statio
M. annularisspp. complex an8. sideredBeaveret al.2006, Wheatort al.2006) Octocoral

cover varied inversely with coral covhinn and Jaap 2009)lacroagjae cover was relatively

low, <10.4%, for all sites in 2004 and 200&'heatoret al.2006)

4.5. Long-term Monitoring of Coral Disease and Bleaching

Monitoring of coral disease and bleaching prevalence in the Dry Tortugas has been conducted by
the Environnental Protection Agency (EPAJhree permanent sites were established in the Dry
Tortugas (two at Bird Key and one at Loggerhead Key) as part of larger study with 30 sites
throughout the Florida Keys to characterize coral community composition, abundance, age class
structure and speciesiurvival. Sites were selected randomly from a spatibfyanced grid. A

radial arc transect was used for disease and bleaching surveys and coral colon\beoteny

et al.2005) In 2005, five stations in the Dry Tortugas were surveyed and estimates of total coral
surface area and percent living coral tissue were atbdie methodolog{Fisheret al. 2006,

Fisheret al.2007)

In 2000,survey sites throughout the Florida Keys, including the Dry Tortugas, had less than 13%
disease prevalence, while approximately 80% of the reef area had lower than 5% disease
prevalence (Fishest al 2006). Dry Tortugas stations had a higher total cardhce area than

Key West stations, in addition to differences in size distribution, species diversity and the
contribution of different species to total coral surface area. In Key West and the Dry Tdptugas,
clivosa, P. astreoidesndP. poriteshad a high percentage of live coral, ButhatansandM.
faveolatahad a low percentage e coral Figure4.4). High numbers of small corals were
surveyed and an inverse relationship between abundance amésifmund (Santavet al

2005). Each dony encountered at the five stations had 78#41% live coral calculated. At

each station, estimates of total coral surface area ranged from#29L®f (312 456t%) and
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estimates of living coral surface area ranged fromiZ2Z nf ( 2 4 4 1 3. AtB5.7%D.
clivosahad the greatest total surface area per species anesein®3.9% of total coral
colonies

4.6. South Florida/Caribbean Inventory and Monitoring Network

In 2004, theNPSSouth FloridaCaribbean Network (SFCN) began monitoring bentiabitats

in DRTO. Originally planned for June, the trip was rescheduled for October because of

Hurricane Charlie. This first cruise was a collaborative effort between SFCN and Florida Fish

and Wildlife Research Institute (FWRI)The scientistestablisked one permanent index site at

Bird Key Reef (also called Long Reef) and allowed for exploration of two others coinciding with
FWRI 6s monitoring. The Bird Key Reef site per
underwater sonar navigation system delimegan area of 19,765%4.9 ac)with an average

stony coral cover value of 12.2%

In June 2005, SFCN chartered the MRhning Ticketwhich allowed four SFCN scientists to
monitor DRTO and Biscayne National Park (BISC) in a single trip. The DRTO Biyd é&df
site was monitoredndan adjoining site named Bird Key Nostas establistd The new site
has an area of 24,94 (6.2 ac)with an average coral cover of 11%.

In June of 2006, SFCN scientists worked alongside resource management staff from BISC
aboard thdR/V Tiburonto assist o monitoringin DRTO and BISC. Partnering with U.S.
Geological Survey (USGS) and the BISC dive team, the selttacto the standard cdraideo
monitoring with stony coral diseas®onitoringand collectd samples with swabs of diseased
andhealthy stony coral® new method of relocatg transects using rangempass bearings
and photosvasevaluatedThe results were very successful

In 2007, the SFCN team worked from aboard the Mdvt Jeffersona 33.5m (110 ft)NPS

vessel built in 2003 used primarily for logistical sapgbetween DRTO and Key Wegthis was

the first year tk ship was used to support scientific research and wak more cost effective

than contracting a private divedt. The SFCN team conducted a pilot project that examined the
potential for more longerm coral reef community monitoring sites arduhe parkA

generalized random tessellation stratified suré&RTS) procedure developed by EPA to ensure
a random, spatially balanced placement of sampling sites was used to choose rantfom 40
(431-ft?) grid cells created within a sttah of depths ranging fromi20 m( 6 . 6 1. Be@thid t )
communities including corakefs and hardbottom habitats, as well as unknown habitats based
on the NOAA Benthic Habitats of the Florida Keys (FNMRind NOAA 1998)Unknown

habitat classification accounts for approximately 25% of thedpark mapped submer ged
resourcesThe SFCN teamsvaluated 158 grid cells for potential inclusion for addaidong

term monitoring sitesAt each site, habitat characteristics were collected, including depth,
general vertical relief for the cell, habitat classification, percent cover of biotic avteccabi
features, presence Df antillarumand roudp estimates of fish abundance.

*The Florida Marine Research Institute (FMRI) was renamed Florida Fish and Wildlife Research Institute (FWRI)
on July 1,2004.

10¢f. footnote 9.

a7



In June 2008, the SFCN team monitored 40 transects at Bird Key and Bird Key North index
sites, and began the installation of permanent transects at sites defined from thepRY@fory
work. This extensive design will help park management track changes in the coral community
over time, as well as examine differences in managed areas in the park, inside and outside the
RNA, which prohibits fishing and anchoring within its 148 (46 mf) area.

4.7. Summary

Despite differences in methodologies and spatial scales surveyed by current coral monitoring
projects (Table 2.5), estimates of the average and rdnmprcent coral cover are fairly similar
among the current studies (Frgut.15) and significantly less than those from historical reports
(Figure 4.16. Currenttrends in the trajectory of coral reefs in the Tortugas region and the

Florida Keys suggest that further declines in coral cover will occur in the region. Therdiffere
between historical and current coral species composition and cover have sparked a debate among
reef scientists about the likely causes of the decline in coral cotrex ifortugas and Florida
Keys.One sidebelieveshat pressures from human actiegi(recreational use, coastal
developmentand over extraction of fish and invertebrates) and global climate change resulting
from greenhouse gases are the likely causes of coral reef d@&dineret al.2001, Hughegt

al. 2003, Pandolfet al.2003, Prechét al.2005) Alternatively, episodic natural disturbances

such as coldvater events, coral disease outbreaks, and tropical stoawe periodically

reduced the abundanceseleractinian corals in the Tortugas and Florida K&yscht and

Miller 2007, Shinn 2004, Preclet al. 2005, Jaaet al.2008) The debate has relevance to the
management of coral reefs in the Tortugas region bethesritcomeailtimately determines the
strategieDRTO resource managevdll use to actdve their managemegbak. For example, if

coral reef decline in the Tortugas regi@sults primarily from local human activities, then

reversal of the decline in coral reef resources will only occur if the human stressors are reduced.
If episodic natural disasters beyond human control are causing the decline of coral resources,
then maagement actions that reduce known human stressors may do little to reverse the decline
in scleractinian corals.

Coral reefs in the Tortugas region appear very different today from what they were a century
ago.The data reviewedheresupportthe contentia that episodic events have resulted in boom

and bust cycles of coral abundance in the Tortugas region since the 1800s. However, the data

also support an overall declining trend in the abundance oftbooaightime. Oneexplanation

suggestshat pressurefrom human activities may have slowed or prevented the recovery of
corals to previous fiboomo | evel-termaéclneinthee ac h i
abundance of corals.

TheNPS GneralManagemenilan for DRTO outlines several goaisatinclude protection of

an intact and pristine subtropical marine ecosystem and the populations of fish and wildlife that

live there(NPS 2005)To achievethig oal , t he concept of an fiintac
ecosystem must be defined for the Tortugas region. Most of the extant monitoring programs in

the Tortugas list ecosystem characterization and the determination of baselines for corals as

major goals.Although these programs provide baseline characterizations of coral reef
ecosystems, resource managers must decide if
condition of coral reef ecosystems that they aredatad to maintain and protethe pak was

established in 193But corals and marine life were included for paditon only in 1980 (NPS

2005).Should the condition of coral reefs in the 1980s be considered the baseline from which to
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measure the amount of coral loss in Tortugas régthoud it be the target to which the
ecosystem must be returned to be considered pristine?

In the Tortugas, the phenomenon of shifting baselikeswlton and Jackson 2008)

confounded further by the historical boom and bust cycles of corals there, and begs the question
of how much investment should made by resource managers in attempting to return the coral reef
ecosystem to a more pristinetsté.e., return coral abundance, structarel cover to some

previous level). For examplirgescale restoration of coral reef structure is possible via

available technologiesuch as the reattachment and transplantation of corals to an injured area

or the use of preformed manade modules as substrates for coral settle(@gmbionset al.

2006) However, these technologies are very expensive, time gonguo implement, and

require long periods to show gitive ecosysterwide resultsGains from coral reef restoration

efforts could easily be wiped out by natural episodic disturbances.

Ultimately, parkresource managers must set achievable goals ftegtiray coral resources,
determine the true costs of protection, and whether the ultimate gainsristaation are worth

the costsThe determination of appropriate metrics and basetigagistwhich to measure coral
decline and to set targets to whithe coral reef ecosystem should be returneglires wel

designed sampling regimes that adequately describe the spatial and temporal variability in coral
reef ecaystems of the Tortugas regigafew of themonitoring programs reviewed hegellect
spatally-explicit data that could be used to addréhisissue (Table 2.2Park managershould
increase their efforts to obtain these data to develop a resource management torbghaitine

park meet its natural resource goals.
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Figure 4.1. Map showing the distribution of corals in the southwestern Tortugas region developed by
Agassiz in 1882 (source: Agassiz 1882). The red line demarcates an area colonized by gorgonians
(octocorals) in 1882, which was later identified by Davis (1977) to be staghorn coral (Acropora
cervicornis).
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Figure 4.2. Map showing the distribution of benthic habitats in the Tortugas region in 1979 developed by
Davis (1982). The white broken polygon west of loggerhead Key shows an Acropora cervicornis reef
(staghorn coral) that was previously colonized by octocorals in 1882 (cf. Figure 4.1).
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Figure 4.3. Map showing the location of the remnant Acropora palmata (elkhorn coral) thicket (broken

circle) in the Dry Tortugas in 1993 (adapted from Jaap and Sargent 1993).
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Figure 4.7. Percent cover of benthic biota on reef transects in 2001 in the Tortugas Ecological Reserve
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crustose coralline algae, SG = seagrass. Dashed line is the overall average benthic cover of biota at
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Figure 4.9. Percent cover of benthic biota on reef transects in 2002 in the Tortugas Ecological Reserve
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Figure 4.10. Percent cover of benthic biota on reef transects in 2003 in the Tortugas Ecological Reserve

(R), Dry Tortugas National Park (P), and unprotected areas outside the reserve and park (O). COR

coral, FC = fire coral, BC

macroalgae, CCA =

octocoral, POR = sponges, MALG

black coral, OCT =

crustose coralline algae, SG = seagrass. Dashed line indicates overall average benthic cover of biota at

surveyed sites.
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Figure 4.11. Multi-dimensional scaling of Bray-Curtis similarities of 2002 Tortugas coral reef biota
functional groups with superimposed group-averaged clustering obtained from the same similarities.
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Figure 4.12. Multi-dimensional scaling of Bray-Curtis similarities of 2003 Tortugas coral reef biota
functional groups with superimposed group-averaged clustering obtained from the same similarities.
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Figure 4.13. Percent cover of benthic biota on reef transects in 2005 in the Tortugas Ecological Reserve

(R), Dry Tortugas National Park (P), and unprotected areas outside the reserve and park (O). COR

coral, FC = fire coral, BC
crustose coralline algae, SG = seagrass. Dashed line indicates overall average benthic cover of biota at

surveyed sites.
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Figure 4.14. Multi-dimensional scaling of Bray-Curtis similarities of 2005 Tortugas coral reef biota
functional groups with superimposed group-averaged clustering obtained from the same similarities.
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Figure 4.15. Coral cover in Tortugas region and Dry Tortugas between 19961 2007. Data were
summarized from studies and projects in Table 2.2.
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Figure 4.16. Coral cover in Tortugas region and Dry Tortugas between 18801 2007. Data were
summarized from studies and projects in Table 2.2.
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Chapter 5: Distribution and Condition of Seagrass, Algal, and
Sand Communities

ChrigopherF. G. Jeffrey and BugMorrison

5.1. Importance of Seagrass and Algal Communities to Coral Reef Ecosystems
Seagrass and algal communities are important components of coedasgstems in the
CaribbeanSeagrass beds provide habitat and food for important coral reef fishery species,
threatened andndangered specieand many other organisnfBarrish 1989, &el and
Dahlgren 2004, Adamet al. 2006) Calcareous algae (e.¢dalimedaspp.) are major
contributors of carbonate sediments to the coral reef ecosystems in the Atlantic Ocean (e.g.,
quick sandsreas of the Tortugas regioReef fishes migrate froneef ar hardbottomareas
and foragen adjacent habitats (sand, seagrasaas algal plainsgreatinga trophic pathway
that transfers energy from these habitats to the (MfFarlandet al 1979, Meyeet al. 1983)
The presence and abundance of sesgnabitatgre correlated with increased fish abundance
and species richness in mangrove communities in Puertq[Ritmanet al.2007)and higher
sighting frequencies of groupers bardbottormhabitats in the Florida Keydeffrey 2004)

Seagrass and algal communities fomportant components of the nglaore environments of

the Florida Keys and the Dry Tortugasgion (Figureb.1). For example, reedissociated and
pelagic fish species collected from coral reefs laaudibottomareas on the West Florida Shelf
and in the Tortugas region had stable carbon isotope signatures that were stiméasdtope
signatures of macedgae and the seagrddalophia decipiensollected from adjacent sandy
substrates. Theimilarity in carbon signatures suggests that pelagidhandbottonfish
assemblages on the West Florida Shelf are being supported by benthic primary producers in
seagrass and algal communit{Bsirke et al 2004, Fonsecat al. 2006) Seagrasses may be
driving primary productiorby exporing defoliated leaf blades to other habitats (Fourquetan

al. 2006).

5.2. Types and Spatial Distribution of Submerged Aquatic Vegetation

Seagrass and algal noeavs are spatially extensive within the Dry Tortugas National Park
(DRTO) and Florida Keys National Marine Sanctuary (FKNMS). Seagrasses account for over
4,440 hg10,970 ac)approximately 31%) of mapped areas within the park and about and
288,080ha (711900 ac)approximately 71%) of mapped areas within the FKNMS (FV&id
NOAA 1998). Community composition of seagrasses is determined by several factors including
salinity levels, light extinction rates, spatial distribution of hardbottom and soft sediments,
nutrient enrichment, water quality, disease, level of distudand succession (Duarte 2002).
Density of seagrasses in DRTO varies by species but typically most areas are sparsely colonized,
with deeper areas (>10 |83 ft]) of the park being dominated bl decipiengFourqurearet al.
2002).Thallasiatestudinurmand Syringodium filiformeypically abound in shallower waters <10

m (33 ft). Algal communities in the Dry Tortugas tend to be ephenag@dihey occur on a

variety of bottom types. Algae are commonly found on rocks or rubble in reef flats and areas of

YThe Florida Marine Research Institute (FMRI) was renamed Florida Fish and Wildlife Research Institute (FWRI)
on July 1, 2004.
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highwave energy (Davis 1982, Jaaipal 1998).Conspicuous genera incluti@aurencia

Dictyota, SargassumCladophora andPading theyhave more foliose morphologieBSigure

5.2). Algae also occur on soft sedimentary (sandy) deposits, where more calcaremgisuch
asHalimeda Avrainvillea Penicillus andUdoteg are more abundant. Crustose coralline algae
(CCA; Rhodophyceae) form thioranched or unbranched crusts and typically are attached to
hard substrates. In 1928, 377 species of marine algae vwsargbee for the Dry Tortugas
(Taylor 1928); eightnorespecies were later identified near Pulaski Shoals (Ballantine and
Aponte 1995, Ballantine 1996).

Mapping and habitat characterizations have been used several times to estimate the areal extent
and spaal distribution of submerged aquatic vegetation in Tortugas régigassiz 1882, Davis
1982, FMRI and NOAA 1998)hese estimates varig@pending on mapping meitks used and

the spatial exterdf the area mapped, bestimates oproportional cover of seagrasses were very
similar among the efforts and ranged fromi 3% of mapped area (Table 5.Extimates of the
spatial extent ohonvegetatedareas (bare substrate, saaald rubble) were much more variable
among mapping efforts and ranged from 60% of mapped area in 1882 (Agassiz 1882) to 40% in
1982 (Davis 1982) and 1% in 1992 (FMRI and NOAA 19B&ble 5.1). The differences in
estimatesesult more from differences theway soft bottom habitats (i,eron-coral reef and
hardbottomareas) were classified than from natural or anthropogenic changes in the spatial
exter of these habitats over timeéor example, Davis (1982) differentiatedtween vegetated
andnonvegetatedoft bottom habitats, whereas Agassiz (1882) mappedfalbattom areas as
sedimentsFMRI and NOAA (1998) classified 6,400 (5,810 ac)31%) of DRTO as

unknown habitat because those areas were either too desptorttid for photo interpretation

of the imagery used for mapping and characterization.

Ongoing activities to map and characterize benthic habitats in the Tortugas region have also

yielded variable estimates of the spatial extents of soft bottom areasthe Si nce 2001, \
Center for Coastal Fisheries and Habitat Research (CCFHRshdsidescan and multieam

sonar and underwater video surveys to map and charadterzandcoral reef interface (i.e.,

where coral reefs transition to seagrass/atghs) in the DRTO and the Tortugas Ecological

Reserves (Burket al. 2004b, Fonseceat al.2006). The interfacis located along the perimeters

of the Tortugas Bank and the Park (Figu®55I1Sbased compari sons of CCF
characterizations \th those by FMRI and NOAA (1998) based on photo interpretation and
groundtruthing of 1991 aerial imagery, indicated that FMRI and NOAA underestimated the

spatial extents of coral reef habitats by at least 28% and overestimated soft bottom substrates by

the same amount (Fonseeiaal. 2006).

The University of MiamRSMAS synthesigddatacollected bya variety of technologies to
develop a detailed digital map of coral reef Gaddbottomhabitats for the Tortugasgion.The
RSMAS map is updated bienniailyith data from diver surveys, and the area of the Tortugas
region mapped as coral reef amardbottomhas increased to 35,560 (8,870 acfrom 9,480

ha (23,430 acps mapped by FMRI and NOAA (19983).GIS overlay of the RSMAS map onto
the FMRI and NOAA (1998) map shewthat 2,568 h#6,346 ac)58%) of areas previously
classified as seagrass habitats have been reclassified as coral tesmiddattomhabitat (Table
5.2, Figure 5. This leaves 1,85B8a(4,579 ac)pf seagrass iDRTO, with about 333 hé823
ac)in the RNA, 155 h#383 ac) in the Historic Preservatidwalaptive Use Zone (AUZ), and
1,364 hg(3,371 ac)n the rest of the park (FigureS).
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5.3. Monitoring of Seagrasses and Algae

5.3.1. South Florida/Caribbean Monitoring Network

The South Florida/Caribbedtetwork SFCN) is one of 32 networks across tNationalPark
Systemcreated to meet the scienmueed of thepark managershe networksconduct

inventories and monitor natural resowgtesertebrates, vascular plangd species of special
management conceringhat occur on lands managed by NPS
(http://science.nature.nps.gov/im/units/sfcn/Index)cfihe SFCN ischarged with: (1) selecting
Avital signso for monitoring the health of na
coordinating existing pr ogor aammsd t(o3)morneiptoorrt isnegl
changes, or trends in the vital sigio assist in the adaptimeanagement of park resources.
AVidganlso are defined as fAphysical, chemical an
ecosystems that represent the overall health or condition of the park; they may also be park
resources hat are highly valued but not necessari.|l
(http://science.nature.nps.gov/im/units/sfcn/docs/SFCN%20VI1tal%20Skfs86t%20Sheet2a.

pdf). TheSFCN sel ected 41 Avital signso to monitor
resources in the parks within its network, and has been developing monitoring protocols for each
ofthem A Mar i ne bend hii rcc lcwdmweduanuiatdcwdgesation and coral reefs,

is the most | mphitp:/fscemce.nattire.nps.gV/im/anitsgsitribenthic)chn

monitoring protocoivas developed for coraleecommunities within the netwodndone for

submerged aquatic vegetatiorbsing developed

5.3.2. Monitoring of Seagrasses

Two monitoring programeollectdata on segrasses and algae within DRT@onitoring and
assessment of seagrass communitiesinviiR TO beganin 2005 by park staffThe goals of the
monitoring prgramare: (1) to evaluate the long term ecological status and trends of seagrass
communites in the park and (2) to assess the effects of hurricanes on seagrass meadows and to
determine ecovery from hurricane damaggince 200010 named tropical storms and seven
hurricanes have affected the Tortugas region, and five hurricanes passed through the region
between August 2004 and October 20080(//maps.csc.noaa.gov/hurricapneBRTO
experiencesropical cyclonegach yearbut the frequency of stormsperienced during 2004

and 2005 was unprecedented

Themonitoringprogramsample seagrass communities at permanently marked sites selected
randomly from three dep#trata: (<3 nj<10 ft], 31 1 0 [1(83 ft], and >10 n{>33ft]) and
replicated acr oss t Zores (pigurelb)dReplitate sitesewermiaitinllyg e me n t
selecte randomly from each depth stratum within each monitoring zone, however, the absence

of a certified scuba diving program and insufficient funding in 2005 and 2006, only allowed sites
shallower than 3 (L0 ft) in the RNA and Adaptive Use Zon&lZ) to be leing surveyed. A

broader scale assessment of hurricane effects and seagrass recovery around the Tortugas islands
(Loggerhead, Garden, Busind EasKeys) by aerial photography was planned, lu#s not

been implementeddeause of insufficient funding.

DRTOseagrass communitiesalsomoni t ored by Florida I nternat.i
Southeast Environmental Research Center (SERE://serc.fiu.edu/seagrasbigure 57). The

objectives of SERC seagrass monitoring are to measure the status and trends of seagrass
communities and to evaluate progress toward protecting and restoring the living marine

resources of tn FKNMS (Fourgurean and Escorcia 2006). SERC monitors abblibtes
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every year within the park, but the sites are in deeper water (338 ft}), and new sites are

selected at random for every sampling event (Fourqurean and EscorciaSg@@sass da for

sites in DRTO are not readily available from SERC, although annual reports and publications for
the entire Florida Keys and FKNMS are web accessible.

Seagrass onitoring data collected by park staff at permanently marked sites in shallow areas
could provide complementary information on the status of seagrass communities that are not
being sampled by SERC, and are the only data on seagrass abundance and occurrence available
for this resource condition assessment.

5.3.3. Methods

Three shallow (8 m [10 ft] deep) randomly selected permanent sites around Loggerhead Key (in
the RNA) and three such sites in the AUZ were sampled in 2005 and 2006 §-gJurdl sites

were surveyed in June 2005, before Hamies Dennis, Katrina and Riwo sites (GK2 and

GK-3) were also examined in September after these three hurricanes, but before Hurricane
Wilma. All sites were surveyed in July 2006. Randomly located ;2.7 f£) quadrats

subdivided into 5% grids were used tongde each site (N=121). The perent cover of each
seagrass and macroalgal species observed were recorded in each quadrat to the nearest 5%, and
individuals of macroalgasuch afenicillusspp. andHalimeda incrassatevere enurarated to
determine abundancEchinoids (sea urchins aneasbiscuits) were enumerated imi(10.8

ft?) quadrats.

A two-way Analysis of Variance (ANOVA)with species and time as main factors, was used on
transformed data to determine if significant differences in percent cover were observed among
species anddiween sampling periodZar 1996) For site GK3, where only one species was
abundant, aonparametrioneway ANOVA was used to test if seagrass cover and echinoid
density varied significantly among sampling periods. If significant differences obeserved,
multiple comparison tests were used to determinevpag differences among species and
between sampling periods (Zar 1996).

5.3.4. Results and Discussion

T. testundinun(turtle grass) was the most abundant benthic macrophyte at all shallew wa

sites, except at site - in 2005 where it was edominant with the seagraSs filiforme

(Figures 57 and 58). Syringodiumwas the second most plentiful macrophyte at all LK stations

and GK1. Syringodiumwasnot observed at G2 and Gk3. Macroalge were aburaht (5%

cover) only at GK2. GK-2 is close to the Bush Key bird rookery, a likely major mumtrisource.
Macroalgal species frequently associated with relatively higher nutrient conditions were common
at GK-2. GK-2 also had the greatesdriability (i.e., patchings) in seagrass percent covidre

most common macroalgal species at the other sites were calcareous greddalif@edaspp.,
Penicillusspp.)thatare indicative of relatiig lower nutrient levelgLittler et al. 1983)

Seagrass abundance decreased significantly (p<0.05) from June 2005 (pre hurricanes) through
July 2006 (post hurricanes) at allesit except GR (Figures 57 and 58). The changén

seagrass cover at GKwas marginally signifiaat (p=0.055) Site GK-2 was most protected

from wave action, and it had the greatest seagrass patchineshefsiies before the
hurricanesMacroalgalabundance at G changed significantly among June 2005 {pre
hurricanes), September 2005 (post Hurricanes Dennis, KaandeRita) and July 2006 surveys.
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The observed changes in seagrass and macroalgae abundance at sampled sites most likely
resulted fronthe combined effects of four 2005 hurrica@@snnis, Katrina, Ritaand Wilm3g

that passed through or near DRiFdJour months GK-3, which is located on the side of Bush
Key exposed to the open ocean, wasnadfected by the hurricaneBhe hurricanesspecially
Katrina caused substantial amounts of sand erosion from Bush Key, and the eroded sediment
smotherednuch of the seagrass at &K Stes GK-2 and GKk3 were also sampled in September
2005 after Dennis, KatrinandRita (Figure 5). One can gedn idea of shofterm recovery by
comparing the September 2005 and July 2006 surveys at these sites, even tihmagh W
occurred in October 200Macroalgal and seagrass abundance a?G¥as significantly lower

in September 2005; but there wassignificant difference between June 2005 and July200
denoting complete recoveriven at highly impacted GR, seagrass abundance was
significantly greater in July 2006 than Septemi@0% indicating some recovererial
photography is needed for a recomprehensive, seascape scale assessment of the effects on
seagrass communities of, and recovfeoyn, the 20082005 hurricanesThis photography could

be compared to that taken by U.S. Geological Society (U8GZ)04 before the hurricanes.
Posthurricane qualitative aerial photography andvater surveys found substantial loss of
shallow water seagrass arounoggerhead, Easaind BushtKeys

Echinoids (sea urchins and sea biscuwits)e observed at several site@wever, the only
echinoid species ith abundance0.3 individuals/m (>0.03 individualsft?) was the sea biscuit
Clypeasterwhich occurred only at G (Figure 59). Clypeastedensity declined significantly
(p=0.M4) after the 2005 hurricandso Clypeastemwere observed &K-3 in the Jly 2006
survey.Sea urchinschinometraandDiademg were recorded at GK in 2006 (0.3
individuals/nf), but not in 2005There was no statistically significant difference in total urchin
abundance from 2005 to 2006 #khWhitney U test, p=0.32)he urclins were on coral rubble
and rocks that were deposited at-GKy the 2005 hurricanes.

5.4 Summary

Seagrass and algal communities are important componentsrwtthial resources within

DRTO. Their primary productivity may form the basis of food webs that support reef fish
assemblages hardbottomhabitats Recent mapping indicates that seagrass and algal
communities in DRTO may be less spatially extensive (approximately 58%) than previously
estimated; however a largart of DRTO remains unmappégiven the importance and
connectivity of seagrass communittescoral reef ecosystems, additional mapping is needed to
determine the full suite and spatial extents of habitats that exist within DRTO.

Currently, two monitoring programs sample benthic communities in ssagnal algal beds

within DRTO.The SERC pract monitors 1015 new sites in DRTO annually as part of a larger
project to measure the status and trends of seagrass communities within the FKNMS and to
evaluate progress toward protecting and restoring the livingienegsources in South Florida.
Howe\er, data specific to status and condition of seagrass and algal beds at DRTO sites are not
readily available to local parkanagers from the SERC projeEbr example, SERC has
developed Gl$hased maps of the abundance and distribution of various seadg@asbe

FKNMS (Figure 510), butsimilar maps arenot availablefor DRTO. If developedmaps of

DRTO seagrass distribution could be usedhykmanagers to prioritize use within management
zones to minimize anthpwgenic impacts to seagrassédditiond information on nutrients,

water quality and other factorthataffect seagrass bedhouldbe collected to address questions
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about changes in spatial distribution, spagitkent, andcomposition seagrass habitats over
time. Monitoring of nutrients ad other water quality parameters as done by the SERC program
should be implemented for shallow water areas that@trenonitoredEfforts should be made

by park staff to leverage information relevant to DRTO needs and mission from existing
programs.

DRTO staff recetly began monitoringhallow (8 m[10 ft]) seagrasbeds within the RNA and
Historical UseAUZ to determine the effects of hurricanes damage and monitarassag

recovery from such damagdowever, only three shallgyermanent sites have lvemonitored
whichis inadequate to address the objectives for which it was designed, namely detecting
hurricane damage and measuring seagrass recovery. énafythe data identified significant
differences in seagrass abundance among sampling peviude, may have resulted from
hurricane damage. However, the three sites are not representative of all seagrass beds within
DRTO; the results from this monitoring activity should not be generalized for all seagrass beds
in DRTO. Prop scarring and anchor dage from small boats are leading causes of the seagrass
decline in South Floridah(tp://research.myfwc.com/features/view_article.asp?id=p1¢{3
unknown if prop scarring remas a threat to shallow seagrass habitats at DRTO, but damage
should be quantified to determine seagrass daraag recovery from hurricand®ecenly

created neanchor zones should reduce the amount of damage caused by small boat anchors, but
not necessdsi reduce the damage cadday scarring from boat propshe presence of the

Historic Preservation Area within the protected RNA may still expose shaller seagrass

and algal communitie® damage from prop scarrirgdditional financial resources and

increased monitoring capacity are needed to manage successfully the natural restheces
seagrass and algal communities because they are a vital pailatebrecosystems within

DRTO. Hopefully, these and other concerns will be addressed in thigamiog protocol

developed by SFCN as part of its vital signs monitoring program.
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Table 5.1. Spatial extents of mapped habitats in Dry Tortugas National Park estimated from Agassiz
(1882), Davis (1982), and FMRI and NOAA (1998). 1 ha = 2.5 ac.

1882 1979 1992
Bottom Type Area (ha) % g:en;ap Area (ha) % gIen;ap Area (ha) % gen;ap
Seagrass 7,053 32% 6,904 30% 4,440 31%
Bare substrate, sand, rubble 13,162 60% 10,892 48% 210 1%
Coral reef, hardbottom 1,736 8% 4,945 22% 9,480 67%
Sub-total 21,951 100% 22,741 100% 14,130 100%
Land 44 46 40
Unknown 6,400
Total area mapped 21,995 22,787 20,570

Table 5.2. Variability in estimates of spatial extent of seagrass in Dry Tortugas National Park. 1 ha = 2.5
ac.

Continuous Patchy seagrass

seagrass (ha) (ha) Total (ha)
Area of seagrass estimated by FMRI and
NOAA (1998) 1,731 2,708 4,439
Area of mapped seagrass reclassified as
hardbottom by Ault et al. (2006a) 995 1,591 2,586
Current estimate of seagrass extent [FMRI 736 1,117 1,853

and NOAA (1998) - Ault et al. (2006a)]
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Figure 5.1. Benthic habitats of the Florida Keys and the Dry Tortugas (source: FMRI and NOAA 1998; map: C. Jeffrey).



Figure 5.2. Photo of Dictyota spp. surrounding staghorn coral (Acropora cervicornis) in Dry Tortugas
National Park (DRTO) (source: NOAA/NCCOS/CCMA).
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