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Distribution patterns of larger symbiebearing Foraminifera dhe Floridareef tract, USA

Rebekah DuncaBaker

ABSTRACT

Studies of largesymbiontbearingforaminiferson reefshave revealed thepotentialas
indicators ofenvironmental stredsecause of their physiological analogies to corals (dependence
on algalsymbionts for growth and calcification) and relatively short life cycle (a few months to 2
years or more). The purpose of thisstudy is to report distribution patterns and population
densities of largebenthic foraminifers (LBF) of the Floridareef tract specifically reporting
abundancealata collected from offshore (19290Q 2006, 200y and patch reefsl996, 2006
2007)

Six years ofquarterlydata collected from two offshore reetSonch(10, 18 and 30m)
and Tennesse@ and 20m) revealed that BF assemblagegprimarily varied withhabita depth,
in turn reflecting available light and water motiornTheseassemblages were dominated by
Amphistegina gibbosd 6riidgny and Laevipenerglis proteusd 6 Or bwhigmtgnded to occur
together making up ~4660% of the assemblagand up to 80% at the Tennessee 20m fBiath
overall abundance and evenness of the LBF assendilagtureexhibited the greatest variability
at shallower depths. ViEnness wasnversely related to densities éf gibbosa which wee
typically higher at depth keeping evenness below 0.5.

Across the Keys, regiofhogation along the reef trgctreef type (dfshoreshallow, deep
or patch reefsiand symbiont typetrongly influenced_BF assemblagelynamics UpperKeys
sites shared theidghest degree ointer-region similarity among assemblages (73%), while
Biscayne National Park (BNP) arldwer Keys sites had the lowest similarity (~60%). This

likely reflects the greatevariability of habitats found irthe latterareas, mainly patch eé&
X



Chlorophytebearerswere typically more abundan in shallowerturbid waters, with diatom
beareramore abundahat depth. Additionally, |1 observed a significamtvo-fold decrease irthe
proportion of chlorophytebearersin the middle Keys likely duéo lightlimitation by turbid
Florida Bayoutflow.

Finally, data comparisongvealed an inverse relationstiptween LBF abundances and
percentcoral cover Coral cover Z005 was staggeringly lowon offshorereefs(5%), but was
significantly higheron rearshore patch reefs (12%). Contrastingly, LBF species showed either

no difference in abundance between reef types or a greater abundance on offshore reefs.

Xi



INTRODUCTION

Warm-water larger foraminifers

Foraminiferacomprisea class okinglecelledmicroorganismsn the Phylum Rotoctista
that secrete an organic, agglutinated or mineralighdll which may havesingle ormultiple
chambers Foraminiferspossess reticulating cytoplasmic pseudopggdanulaeticulopodia)that
extend througlaperturesn the shellto form densend extensively branchedktworks which are
used in feedingand chamber constructionThe majority of Foraminifera are benthic; there are
only about 4660 planktonicspecies $enGupta, 1999).Vagile benthic foraminifers are alsable
to use theireticulopodiato slowly crawl along a surface.

60 L a r Bprthic Foraminifesd (LBF) describe a group that are larger in diameter
(typically >2mm) han the majority of foraminiferand includerepresentatives of severabhrm
water porcelanaus and hyalinéamilies (Leeand Anderson1991; Hallock, 1999urray, 2006
othery. Algal symbiosis igprevalent inLBF that inhabit warm, clear, tropical waters, such as
thosefound in the Florida Keys. lauchenvironmens, algal symbiosis is corggreda form of
mutualism because both the host and symbiont are thought to benefit from the association. The
host provides physical protection, housing and nutriecht metabolite to the symbiont.
Endosymbiotic algae capitalize on the recycled nusiavailable from the host in nutrient
limiting environmentsand fix carbon byphotosynthesigHallock, 1981, 2000a) In turn, the
symbiont passesp t095% of its photosynthate to the host where it candmel dor respiration,
growthor calcification. Uder oligotrophic conditions, the enormous amount of energy supplied
by algal symbiosis and algal productivity facilitates high rates of calcification and reef formation

(Hallock, 1981;Cowen, 1988 many others Studieshavefound that growth to large = is
1



primarily advantageous undeglatively predictableonditions where resources are limitingcls
as warm, shallow oligotrophigeas with favorabledht conditions (Hallock1985; Falkowskiet
al., 1993. Higher nutrientflux suppors more abundanphytoplankton and macroalgal growth,
thereby promoting dominance by heterotrophic rather than mixotrophic foraminifers.

Foraminifers hosting endosymbiotic algae are found withi&d families in the orders
Miliolida, Rotaliida and Globigerinida (Lee and Andbrson 1991; Hallock, 1999.
Endosymbionts may be of several different algal types, including rhodophytes, chlorophytes,
dinoflagellates diatomsand chrysophytes.Hosts typically house one dominant algakon
though other species may be presemhuth lower densities.

Because bdt corals and.BF are sustained by their relationshipth endosymbiotic
algaeand have similar wateaguality requirementsHallock (200, and Hallocket al. (2004)
proposed thaise of LBFto monitor the response othe benhic communityto environmental
stressrs Foraminiferscan beuseful indicators in this way for several reasons. They are easily
collected from reefs in high abundance with minimal impact on the reef itself. Also, they have
relatively short life spagias compared to hermatypic coralsd thusanrespond tahronicstress
morequickly.

In general, distributiosiof LBF areconstrained by a wordide climatic belt that exists
along winter minimum isotherms between 15 and 20°C. Thus, in shallow trep&s| larger
foraminferal faunal provinces are defined latitudinally by winter isotherms and longitudinally by
steep trophic gradients (Langer and Hottinger, 2000). Local influences on foraminiferal

distributions include substrate availabilityrbidity and nutrient flux

Bleaching in Amphistegina& data set origin

Bleaching is a stress response exhibited by lmotrals and larger foraminifesshere

endosymbionttose their photosynthetic pigmeate expellear aredigestede.g., Glynn, 1996)



The lack of algal cellor pigmentreveas the white calcium carbonate skeleton and transparent
host tisse, accounting forthei 6 bl eached6é appearance.

Bleaching was discovered in the Florida reef ttacdkmphistegina gibbosd'Orbignyin
summer 1991 (Hallockt al, 1993. This species is abundant in the Florida Keys extubitsa
di stinct 6émott | ed béwhenphotéokidatva strése chusdsadpgradadion afn ¢ e
its diatom endosymbiont§alge and Hallock, 2003; Williams and Hallock, 2004Yilliams et
al. (1997) found significant bleaching iA. gibbosaat Conch Reefn the Florida Keys that
resulted in a population crash liate 1991 and low reproductive success through 199ke
discovery of gtensive leaching infield populations ofA. gibbosain 1991 prompted monthly
samplingat Conch Reebeginningin 1992. Sampling wageduced to quarterly intervals, but
broadened to ifade sitesat Tennessee Reahd all larger taxdTable 1)in 1995 This effort
contirnued through @00, providinga sixyearmulti-speciedata set.

Following the discovery of bleaching lamphisteginaspp. worldwide (e.g., Hallockt
al., 1995; Hallock, 2000a), combined with data documenting the-temng decline of larger
foraminiferal assemblages that paralleled tiecline of coral cover along the Floridafreact
(Cockeyet al, 1996),Hallock (2000b) proposed the development of environmental bioindicators
using larger benthic foraminifers, both live and accumulating in the sediments (see also Hallock
et al, 2003, 2004). Sevenpatch reef sites weampled quarterlin 200122003 by FisherZ007)
as part of a study comparing coral health as indicated by a suite of molecular biomarkers with the
rate of recovery of the lesions created on the coral when the bensaiples were collected.
Foraminiferal assemblage samples were collected at the same sites and sample dates (Fisher,
2007). Keyswide samplingof foraminiferal assemblages at the Coral Reef Evaluation and
Monitoring Program (CREMP) sites (e.g., Poeeal., 2002) was conducted during the summers
of 20062007. Finally, samples were collected at 32 patch and bank reef sites in Biscayne

National Park as part of the thesis research of Ramirez (2008). Except for data from the Fisher
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sites (20012003) andthe Ramirez sites, the resultant assemblage data were never analyzed.
These multiple, and in most cases, myéar data sets provide the data sets for my sflidple

2).

Calcification & projected climate change effects
Largerforaminifess arewell known for their prolific calcification, whichs enhanced by

their associ@n with algal symbionts. Severahechanisma for photosyntheticalhenhanced
calcification have been proposed&ome suggest that photosynthesis promotes calcification by
splitting bicabonate and removing GCiter Kuile, 1991). Others have hypothesized just the
opposite in that calcification converts bicarbonate to, @@Ad promotes photosynthesis
(McConnaughey and Whelan, 1994)nder the latter explanation, a decreased ability toifgal
could have a negative impact on photosynthesis by the symbinateased atmospheric O
associated with fossil fuel burninggwers carbonate saturation levels in seawater arakes
precipitation of calcium carbonateore difficult (Kleypaset al, 1999.

Currently, most temperate and tropical oceanic surface waters are supersaturated with
respect to calcium carbonate. At higher degrees of saturatiohi,ibdfg interferewith calcite
formation. Some foraminifer especially the Miliolidasecretetheir shellsin equilibrium with
seawateand under higher carbonate saturation levaisprporatemore Mdg*. The more M§
incorporated into the shell, the weaker the crystal strudterg high-Mg calcite). Other
foraminifers may actively exclud®lg®* to form low-Mg calciteshells (e.g., many Rotalida and
Globigerinida) Aragoniteis much stronger than calcite and #does not interfere with crystal
structure formation. Howevearagonites more energetically expensive to build and maintain at
lower saturation levels than calcite (Hallock, 2800 No larger foraminifers and very few

smaller foraminifers secrete aragonite shells.



This study will provide baseline informatidor larger foraminifera research and has
implications for carbonate pdaction/calcification withncreasingocean acidification and global
climate change (CQncrease). These changes could potentially alter foraminiferal distributions
because higtr atmospheric C® will further decrease surface seawater pH and carbonate
sduration states, which will be less favorable for Rl caldate miliolid LBF than for the low
Mg cakite larger rotalds (Hallock, 200(&). Aragonitic corals and calcareous green algae are
also potentially atisk organisms whose loss precipigtehangs at the ecosystem level

(Hallock, 2005)

Research Objectives
1. Map distritutions of 12LBF speciegTable 1)alongthe Floridareef tract.

2. Determine if patterns of distribution are related to degéf type algal symbiont taxar
seasonal, interannuat spatial trends (e.gdepthor off-shore reefs versus patch reefs).

3. Compare findings with other related data sets, including data comparing foraminifers
with data on Biscayne and upper Keys patch reefs (Fisher),2800¥ with coral cover at
Keyswide Coral Reef Evaluation andMonitoring Project (CREMP)and Atlantic and

Gulf Rapid Reef Assessment (AGRRgites (Table 2).



Table 1. Larger foraminiferal species are listed alphabetically by order with reference to
species author, shiécomposition and symbiont type.

Order Species Reference Shell Composition  Symbiont
Miliolida  Archaias Fichtel and Moll (1798) High-Mg calcite, Chlorophyte
angulatus porcelaneous
Borelis do Or bi8sdh y Diatom
pulchra
Broeckina Hofker (1930) Chlorophyte
orbitolitoides
Cyclorbiculina d 6 Or bi gny Chlorophyte
compressa
Laevipeneroplis Cushman (1930) Chlorophyte
bradyi
Laevipeneroplis d 6 Or bi gny Chlorophyte
proteus
Peneroplis Forskal (1775) Rhodophyte
pertusus
Sorites Lamarck (1816) Dinoflagellate
margiralis
Rotaliida Amphistegina 600r bi gny (Low-Mg calcite, Diatom
gibbosa perforate wall
Asterigerina 60rbigny Diatom
carinata
Gypsinasp. Unknown
Heterostegina 60rbigny Diatom

antillarium




Table 2. Sampling sites are ordered by data setReef type (Patch, P, Offshore Deep, OD, and Offshore Shallow, OS) is given along with
respective locations in degrees and minutes, depth sampled (m), years sampled, sample sqoragew unpublished data)and notes on
the site history.

Data Set Sites Type Latitude Longitude Depth (m) Years Sample source  Site history
Time series Conch Reef OS 24°57.369'N 80°27.443' W 10 19951 2000  Williams 2002 Foram
(quarterly) bleaching
Time seris Conch Reef OD 24°57.113'N 80°27.082'W 18 19951 2000  Williams 2002 Foram
(quarterly) bleaching
Time series Conch Reef oD 24° 57'N 80° 27'W 30 19957 2000  Williams 2002 Foram
(quarterly) bleaching
Time series Tennessee Reef OS 24°44.®9'N 80°46.87'W 8 19951 2000  Williams 2002 Foram
(quarterly) bleaching
Time series Tennessee Reef OD 24 A 45.80A 45. 20 19957 2000  Williams 2002 Foram
(quarterly) bleaching
Time series Alina's Reef P 25°23.185'N 80° 09.775'W 6 8/2001i Fisher 2007 Fisher 2007
(quarterly) 2/2003
Time series Algae Reef P 25°08.794'N 80° 17.588' W 6 8/2001i Fisher 2007 Fisher 2007
(quarterly) 2/2003
Time series White Banks P 25°02.243'N 80°22.513'W 6 8/2001i Fisher 2007 Fisher 2007
(quarterly) 2/2003
Timeseries  Three Sisters (KL P 25°01.105'N 80° 23.852'W 6 8/2001i Fisher 2007 Fisher 2007
(quarterly) 6m) 2/2003
Time series Rodriguez Key P 25°02.448'N 80° 25.439'W 3 8/2001i Fisher 2007 Fisher 2007
(quarterly) (KL3m) 2/2003
Time series Key Largo 9 m OS 25°00.146'N 80° 23.626'W 9 8/2001i Fisher 2007 Fisher 2007
(quarterly) 2/2003
Time series KeyLargo 18m  OD 25°00.206'N 80° 23.023'W 18 8/2001i Fisher 2007 Fisher 2007
(quarterly) 2/2003

Summer only Alligator Reef OS 24°50.777'N 80° 37.392W 7.6 1996, 200807  Williams 2002 CREMP
& new
Summer only Alligator Reef OD 24°50.697'N 80°37.271'W 11.9 1996, 200807  Williams 2002 CREMP

& new
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Questions& Hypotheses
1. Are there seasonal trendsLiBF distributiors?

H.: There will beno seasonal trends in distribution.

H;: | hypothesize that there will beseasonal trends ihBF distributiors,
corresponahg with reproductive cyclesf individual species

2. Are there interannual trends in distribution?
Ho: There will be no interannual differences in LBF distributions.
H,: There will be significant interannual differences.

3. Are there spatial trends UIBF distribuions?

H,: There will beno spatial trends in distribution.

H;: | hypothesize that spatial distributions will be affected by the type of reef
environment, such that groupings will dependdapth and distance from
shore

4. Are there trendgspatial, depth, et) related taaxa of algal symbion®s
H,: There will be no distributional trends related to symbiont taxa.

H,: I hypothesize thdtBF distributional trends will be related to symbiont taxa.
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METHODS

Sampling
Data analyzed for this project were oridigiacollected for several different studies at a

variety of sites Table 3. The basic sample collection and processing methods are well
established and previously described by Halleick. (1995, 2008 Williams et al. (1997, Talge

et al.(1997) and dhers. To summariz&CUBA divers collectethreesets otthreeor four palm

sized pieces of reef rubble intogealable plastic bags at depth and brought them to the surface.
The sealed plastic bags of rubble were placed into a covered bucket cgnéanfiient seawater

to protect the specimens from exposure to hightlintensities and temperatuhaectuationsuntil

the samples could be processed. Each piece of rubble was carefully scrubbed with a toothbrush
to remove microorganisms from the rockfage. The resultant sedimesriganism slurry was
decanted into a petri dish and placed into an incubator, maintained bedeand 28C,
dependingpn ambient seawater temperatuaad on a 1zhour light/dark cycle.

Taxa of interest Table 1) were isolatd using forceps and placed into separate petri
dishes containing seawater from the collection site. All living specimens were enunigrated
species Densities for all species were calculated using the individual counts andf dreom
covered by ruble sampleswhich were estimated by analyzing digital images of each rock using
Coral Point Count w/ Excel extensions (CPCe V3.4) software.

Nearly quarterly from June 1995 to 2000, samples were collected at 10, 18 and 30m from
Conch Reef, and@m (though afew samples were collected at 7 and 10mng 20m from
Tennessee Reef in the Florida Keys (Aig Samples werelso collected and processed during

the summerof 1996 atnine offshore reefseachwi t h a shall ow (O10m)

11
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sampling sitein the same manner as above. Sampling during the summaed®&fand2007
expanded on the number of offshore reefs as well as patch reefs surveyed (Table 2). The
resulting data are hence referreda® Keyswide data. Data sets were similarly collected,
processed and analyzed in 2608 from sites in Biscayne National Park and the upper Keys by
Fisher 2007)and from Biscayne National Park by Ramirez (2008). Results from these studies

also are inclded in my analyses.

Limitations of the data set

The data analyzed in this study were originally collected to assess bleaching responses in
Amphistegina gibbosa Reef rubble, which typically provides suitable microhabitats Aor
gibbosa was the only sutirate sampled and thus represents some degree of sampling bias.
Rubble pieces were chosen as the sampling unit because they are easily collected with no damage
to surrounding reef, and they provide a variety of microhabitatsding turf algae, sedimeand
sometimes macroalgae on the upper surface, and coralline algae on the lower surface. The major
substrates that this method undersamples are macrophytes, especially those that grow in sands
such as seagrass. Thus, the data from this study pronaésformation on presence and
abundance of LBF in seagrass, and is ngpresentative of LBF abundances on other

macrophytes or soft sulates.
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Florida Keys Sampling Sites
1:800,000 Benthic Habitats
82°0;0"W 81‘3(2!)"W

Reef Type

A Patch

I Offshore Shallow

@ Offshore Deep
Bottom Type

[ Bare Substrate

Seagrass

i bottom with Seagrass
M Hardbottom
M Platform Margin Reef
M Patch Reef

81°0°0"W 20°0°0°W

1
25°300"N

25°300"N

GULF OF MEXICO o 4 Porter Patch
/-G recian Rocks
{4 Admiral Patch
White Banks
Molasses Reef

25°'0"N
25°0'0"N

Florida Bay

&7 AligatorReef
Coral Gardens
' Long Key Patch

1
1
24°300"N
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Figure 1. Florida Keys sampling sites listed by reef type: patch (P, triangles)ffshore shallow (OS, squares) and offshore deep (OD,
circles) and set within the context of benthic habitat typéfrom Florida Fish and Wildlife Conservation CommissiorNational Ocean
Service, 1998 bare substrate, seagrass, hardbottom with seagrass, hdottom, platform mar gin reef and patch reefusing ArcMap
(v. 9.2) Some sites appear to overlap due to the map scaldote: the original document contains colothat is necessary for
understanding the data presented here. The originaghesisis on file with the USF library in Tampa, Florida.
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Statistical analysis
The statistical methods used in this study are similar to typ$esher (2007), i.etwo-

way analysis of similarities (ANOSIM2) to determine if LBF assemblages differ significantly
among site (averaged over the entire study period) and times (averaged across allHikes).
ANOSIM procedure produces andratistic betweenl and +1, where zero represents the null
hypothesis or no difference among samples. Pairwise tests indicate the afegegmration
between groups by the-Ratistic, whichdescribes the difference between groups rmjes
from O (indistinguishable) to dériation within groups is less than the variation between gjpoups
as well as the significance level. | interpretedth values when determining significant
differences between groupgcording to the recommendatiooksClarke & Gorley(2006). In
gereral, comparisons with higher-W\alues (>0.75well-separatedand lover p-values (<0.Q)
were recognized as etig differences, while weaker-falues (<0.25not welldistinguishedl and
low p-values(<0.05) werestill considered significant, yetithout full confidence. Intermediate
R-values (>0.5)ndicated that groups weseparate, but somewhat overlapping.

Datafrom Conch and Tennessee regfsre analyzed by deptseasorand year For
Keyswide sites data were analyzed by region and reef ty@ray-Curtis similarity matrices
were calculatedor all log(x+1)-transformed LBF densities amdulti-dimensional scaling (S)
plots were usetb determine how sites cluséerbased on densities of all LB¥pecies For an
MDS plot, the proximity between sites represented similarity and a stress level of <0.2 was
considered to be a useful representation of relationships éCatk Warwick 2001).Similarity
percentages (SIMPER) analysd®wed thespecies primarily responsible fsite clusteringo be
determinedClarke and Warwick, 2001). In addition, a metadata analysis of suomhedata
from the Conch and Tennesseefse&Keyswide, Fisher (2007) and Biscayne National Park

(Ramirez,2008 data sets was performed using this same procedure.
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Evenness K) is a measure of biodiversity that expresses how numerically equal a
community of species ,igiving a value between zefwery unequal) and one (numbers of all
species are equal)l calculatedevennesdrom the Shannon IndegShannon, 1948sing SSC
Diverdty Index Calculator, an Exceldatin script (see Appendix A for relevant equatiorfsy,
Conch and Tennessee reefddok at LBF assemblagstructure over time from 1995000 as
well as for Keyswide sites to look at LBRssemblagetructure across the full extent of the
Floridareef tractfor 2006 and 2007 Amphisteginagibbosadensitywas regressed with evenness
to examinehow this dominant species might affect LBEsemblagstructure. Also, normally-
distributed mean E-values were analyzedusing a tweway analysis of varianceANOVA)
followed by the Tukey-Kramer HSD multiple comparison testComparisons resultingnia p
value greater thaf.05 were considered naignificant. Evenness meansith three or fewer
reefs sampled (i.elow sample size) were excluded from analysis (efishore shallow and
deep reefs in 2001, 2002 and in 2004).

The BIOENV or BEST analgis method(Clarke and Ainsworth, 1993yas implemented
using PRIMERV6 (Plymouth Routines in Multivariate Ecological Rasdhn PRIMERE Ltd.,
Plymouth). This procedure ailvs the matching of biotic datasdtso f i nd t he O&ébes:
betweenthe multivariaé patterns othe assemblage The extent to which the patterns match
reflects how wellone datasedxplairs the other | compared patterns in percent coral cover and
decline (collected by the Coral Reef Evaluation and Monitoring Program, CREMP) wighngat
in LBF species density (from Keysgide sites corresponding to CREMP sites) aegression
analysis to determinelationships.

All ANOSIM2, ANOSIM, MDS and SIMPER analysegereperformed using PRIMER
ANOVA analysis was performed using XLSTAT softwa(Addinsoft version 2008.3.01)

ArcMap (v. 9.2) wasused to visualize distribution patterns.
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RESULTS

Time series analysis

Conch Reef
LBF assemblagest Conch Reef (1998000) primarily varied with smpling depth

(averaged across all yea'NOSIM2: Global R.64 p=0001) with significant differences at

each depthTable 3. LBF densities also varied according to season (averaged across all years;

ANOSIM2: Global R=0.07 p=0007) with significant differences between summer and winter
assemblages (b&e 4).

Table 3. ANOSIM2 results for differences between sampling depths based on LBF densities
(across all years) for Conch Reef (1998000); Global R=0.644starred values are
significant at p<0.001

10m 18m 30m
10m
18m 0.774*
30m 0.78% 0.376

Table 4. ANOSIM 2 results for differences between seasons based on LBF densities (across
all years) for Conch Reef (19982000); Global R=0.073starred values are significant at
p<0.05. Nonsignificant values are represented by n.s.

Summer  Fall Winter  Spring
Summer
Fall 0.095*
Winter 0.145* n.s
Spring 0.087*  0.080* n.s.

Bray Curtis aalysis of transformed (log x+1)BF densities at Ghch Reef (1992000)
revealed that species tendedccluder based on abundanaegith more dominant species grouping

together and less abundant species forming a second dlEste). The two mostabundant
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speciesAmphisteginagibbosaandLaevipeneropligproteusd 6 O r bwierg paired together with
greater han80% similarity in the resultarBray Curtis dendrogramMDS analysis showed that

LBF assemblages were distinct by sampling depth at 10m, 18m and 30m (Fig. 3).

4 A. angulatu

A. gibbos:
—
c
©
° L. proteu:
c
>
g A. carinate
Qo
o) L. brady
=
H. antillarium

B. orbitoiitoides
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I Gypsin:
O
o -
c S. marginali
S
2 <
< P. pertusu
1)
g B. pulch
. pulchre
- \ | | | |
10 8C 60 4c

Similarity

Figure 2. Bray Curtis dendrogram of LBF assemblage across all depths
sampled (10m, 18m and 30m) at Conch Regf9952000).
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Figure 3. MDS plot for Conch Reef(19952 000) by sampling dept h: 10m
30m @z3Jtress:0.16.
SIMPER analysisby sampling depthshowed thatthe 10m, 18m and 30nsites all

exhibited about 81%vithin-depthsimilarity (Table 5. The species mosbnsistentlyesponsible

for the high degree of similaritwithin eachdepth wereA. gibbosaand L. proteus which

contributed 229% and 1618% for all depths, respectivelyThe 10m and 18m sites were the

most dissimilar (28%), while the 18m and 30m sites vieast dissimilarZ2%, Table §. The

species most consistently responsible for the dissimilarity between depthsAvebr@as
angulatusFichtel and Molland Cyclorbiculina compressad 6 Or b whgm gontributed 165

25% and 1218% across all depths, respectively.
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Table 5. SIMPER results by sampling depth (10m, 18m and 30m) at Conch Reef (192600) showing average percent similaritfor each
depth, average abundances (count/100 énand percent contribution for species contributing to similarity wihin each depth. Gray
shading indicates those species responsible for contributing greater than 10% to the similarigtweeneach depth.

10m 18m 30m
Average similarity: 82.9% Average similarity: 80.5% Average similarity: 81.8%

Species Av.Abund %Con Speies Av.Abund %Con Species Av.Abund %Con
A. gibbosa 4.74 19.6 | A. gibbosa 4.68 28.2 | A. gibbosa 5.45 29.5
L. proteus 3.94 16.0 | L. proteus 3.12 17.6 | L. proteus 3.48 18.0
A. angulatus 3.64 13.7 | A. carinata 2.51 13.2 | H. antillarium 2.08 10.3
C. compressa 3.58 13.5 | H. antillarium 1.74 9.4 | C. compressa 2.49 9.68
A. carinata 2.2 8.06 | L. bradyi 1.52 6.95 | A. carinata 1.84 7.7
H. antillarium 1.7 6.22 | P. pertusus 1.16 5.61 | L. bradyi 1.65 7.61
B. orbitolitoides 1.93 5.73 | C. compressa 1.19 5.38 | B. orbitolitoides 1.92 7.57
P. pertusus 1.35 4.35 | B. orbitolitoides 1.02 3.55

S. marginalis 1.39 4.12 | A. angulatus 0.87 3.21
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Table 6. SIMPER dissimilarity results by sampling depth (10m, 18m and 30m) at Conch Reef (192000) showing aveage percent
dissimilarity betweensampling depts, average abundances (count/100 é&nand percent contribution for species contributing to
dissimilarity betweeneach depth. Gray shading indicates those species responsible for contributing greater th&@¥d.to the
dissimilarity betweeneach depth.

10m & 18m 10m & 30m 18m & 30m
Average dissimilarity = 28% Average dissimilarity = 26.4% Average dissimilarity = 22.4%
Species 10m 18m %Con | Species 10m 30m %Con | Species 18m 30m %Con
A. angulatus 3.64 0.87 21.3 | A. angulatus 364 042 249 |C.compressa 1.19 249 16.5
C.compressa 358 1.19 18.7 | C.compressa 3.58 249 12.0 | B. orbitolitoides 1.02 1.92 13.2
B. orbitolitoides 1.93 1.02 9.66 | S. marginalis 1.39 0.32 8.74 | A. carinata 251 184 115
S. marginalé 1.39 041 8.05 | B.orbitolitoides 1.93 1.92 8.62 | A.gibbosa 468 545 9.76
L. proteus 394 312 7.65 | A carinata 22 184 7.01 |L.proteus 3.12 348 7.71
A. carinata 22 251 6.66 | A.gibbosa 474 545 6.92 | L. bradyi 152 165 7.55
B. pulchra 1.18 0.61 5.75 |B. pulchra 1.18 0.58 6.16 | A. angulatus 0.87 042 6.92
L. bradyi 1.16 152 5.44 | P. pertusus 135 0.7 6.02 | P. pertusus 1.16 0.7 6.64
A. gibbosa 474 4.68 5 L. proteus 3.94 348 5.66 | H. antillarium 1.74 2.08 6.43
P. pertusus 135 1.16 4.81 | L. bradyi 116 1.65 5.25 | B. pulchra 0.61 058 5.17
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Amphistegina gibbosdensities variedrom <100 to 650 per 100chfrom 19952000
(Fig. 4). At both 10m and 18m sites, densities were relatively |00 per 100cA) from
19951996, butincreasedo 306400 per100cnf during 1997 only to crash again in miti998.
Densitiesagainremained low untithe end of 1999 At 30m,A. gibbosadensities were generally
higher thamat the shallower sites, reaching the highest densities of 500 per 1@0¢ne end of
1997 and decliningby half in 1998, though densities did not go as low as populations in

shallower water§<100 per 100cA).
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Figure 4. Amphistegina gibbosaensity means (per 100ci) N=3, except April 1997 for
Conch Reef 18m and Bm sites, N=2) with standard error bars at Conch Reef (CR):

@ yijies 2 0 m

10m ©), 18m ¢ ) and 30m {/) sites and Tennessee Reef (TNg m
from 1995-2000.

(06)

Laevipeneroplis proteuslensities seemed to vary seasonally at Conch Reef, rarely

dropping below 10 individuals per 100€mnd reaching migummer highs o70 to 110 per
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100cnf for all depthsfrom 19952000 (Fig. 5). The 18m site had lower densities (usually <50
per 100crf) than the 10m and 30m sites.

Archaias angulatusdensitiesalso varied seasonallgt the Conch Reef 10m sjtavith
peaks occurring in Septemeer (usually 75 to 200 per 100&nfrom 19952000 (Fig. 6).
Populations aboth 18m and 30nsites were extremely low at less tHaimdividualsper 100cr

Cyclorbiculina compressdensities ranged from 20 to 80 per 108enthe Conch Reef
10m site witlout a regular seasonal tre(feig. 7). The highest peak was in 1996 with 160 per
100cni. Densities at the deeper 18m and 30m sites were generally lower than at thitel0m
Densities at the 30m site were similar to the 10m site, but suddenly dropp@@8irto less than
10 per 100cthand did not recoveby early 2000 The 18m site had the lowest densities overall
(typically <5 per 100cf) from 19992000.

Densities ofAsterigerinacarinatad 6 Ognybwiere quite variabléor all depths at Conch
Reef (Fig. 8). Densities were highest for the 10m and 18m sites4(l@er 100cr). Also,
abundance peaks varied by seaand depth. Densities oA. carinatapeaked in spring at the
30m site, but in fall at the 18m siteom 1997200Q Densities at the 10m sitended to have
very subtle peaks between the 18m and 30m peaks.

The depth distribution ofHeterostegina antillarium d 6 Or b wag nsymilar to
Amphisteginagibbosain that densities were highest at the 30m, gtteugh no clear seasonal
trend was observe(Fig. 9). In general, dnsities varied betweeh and 15 per 100chfor the
30m site, 2 and 15 per 100tfor the 18m and 10m site

Densities ofBroeckinaorbitolitoides Hofker were highest at the 30m site adensities
for all sites were typicallppetweers and 50per 100cr from 19951998 (Fig. 10). After 1998,
densities did not exceed 15 per 106ciness abundant species, includirapvipeneroplibradyi
Cushman PeneroplispertususForskl, Soritesmarginalis Lamarck Borelis pulchrad 6 Ognyb i

andGypsinasp, were typically preseritless than 10 per 100 éifAppendcesB andC).
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Figure 7. Cyclorbiculina compessadensity means (per 100ch N=3, except April 1997 for
Conch Reef 18m and 30m sites, N=2) with standard error bars at Conch Reef (CR):
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