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Variables that alter fish assemblages

Abstract Despite subtantial survey effort and a large body of literature on abiotic and biotic
factors in temperate reef ecosystems, knowledge of the complex and interactive effects of
environmental variables on those communities is limited. Various survey methods éave be
developed to study environmental predictors of biodiversity, but there remains a gap in our
understanding.of how survey results are influenced by environmental fattoes.we surveyed
thefish assemblagassociated witlsoutheastern U.$emperatanarire reefswith simultaneous,
pairedtrap andcameragearsthroughout a ~50,000 Knarea durin?011-2013ard assessethe
influence of'environmental variables on the trap- and video-surveyed assemPtagegor
variables In the multivariatgeneralinear modelsncluded depth, temperature, month, year,
location substrate reliepercentsessile biota, biota typand turbidity. Depth and latitude had

the greatesinfluence orthefish assemblage for botiears The influence of habitat variables
differed between methodsd percent biotexplainedmore variation irthe fish assemblage
whenassessed hyaps, while substrate relief and biota type explained more variatithe fish
assemblage wheassessed byideo. In generalhabitat complexityvas positively related to the
abundanceroffishan the video survey, buhere was aegative relationshim the trap survey.
Differences betweegearswvere speciespecific and the influenseof environmental varides

were similar, for some species suchHaemulon plumierii andHyporthodus niveatus. The

methods_ presented here can be usedgsesmethod-dependent differences in fish assemblages,
which isa necessary precursior assess the effect of environmental variables on the accuracy of

surveys.

Keywor ds Fisheries, Habitat, &kdbottom, Marine ecosystem$pecies composition, Survey
methodd ntroduction
In both terrestrial and aquatic ecosystecosnmunitiessary over time and spaadue tonatural
and anthropogeni@actors Determinng thefactors that affect communityynamicsrequires
accurate data.on bothe community assemblage and potertrating factorsthrough space and
time (Hughes'et al. 2005). Surveys tleacompasa wide variation in factors and taxa
abundanceare needed to quantifydfiectof abiotic and biotic variablesn species
distributions.

The distribution of fishes can be affected by meatyors includingbut not limited to
depth(Mitchell et al. 2014)seasor{Musick and Mercer 1977)emperaturéLanglois et al.
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Variables that alter fish assemblages

2012; Bacheler et al. 2014), habitat (Sluka et al. 1998; Kendall et al. 2008), fikkmdpll et
al. 2008)and intraspecific interactior{f&endall et al. 2008). Understanding the driving factors
affectingfish distribution is important for both conservation efforts and for fisheries
management. The influence of factors on surveyed abundance can change depending on the
sampling methd. For example, the detection of some fish species using video increased with
improvedwater clarity while detectiorof multiple fish speciessing a trap survegecreased
with increasinghard substratéBacheler et al. 2014)n addition, the survey method used to
measure fishesan alter the speciebserved as well as their abundafCelton and Swearer
2010; Harvey et al. 2012; Bacheler et al. 2017). Tthesurvey techniquesedcan also affect
our understanding of specidsstribution

Tworcommonly used techniques to survey marineefighe traps and video. Traps are an
inexpensive survey method and are often used in complex habitats (Collins 19901 880¢.
Video surveys are increasingly common, and video sampling can be used in combination with
bait to attract fisifColton and Swearer 2010; Watson et al. 2010; Harvey et al. 2012). Video
sampling issprimarily limited by the ability to see and identify focal speeibeh could be
affected byturbidity and habttaomplexity, while traps are limited by the extent to which focal
species will.enter and remain in trapdiller 1990; Stoner 2004; Bacheler et al. 2013a).
Determiningif and howenvironmental variables affect measuabdindance and diversiiy
needed to gain a better understanding of the relationship betwesy estimateand true
communities as well ago determinewhich surveymethod aremost appropriate depending on
environmentakfactors arefudygoals

Studies‘that measure the influence of environmental variables on fish abundence of
focus on ecologically or economically important species. However, théitvarfsom managing
spedes individually to ecosystefmased management approacfiesslie and McLeod 2007)
necessitates.a more holistic approachsgsessingurvey methods. Analysesth distancebased
similarity matrices, sth as permutationahultivariate analysis of varianEERMANOVA),
offer a coneise and practical way to identify and assess the factors affecting both the diversity
and abundance of species surveyed (hereafter referred to as the “assentbbagmyier,
PERMIANOVA can confound location (the mean within multidimensional space) and dspersi
effects, and multivariate general linear models (MGLM) have been implemented to improve

statistical tests of communities because meatance relationships can be specified and verified
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Variables that alter fish assemblages

(Wang et al. 2012; Warton et al. 201B)ultivariate statistichave beemsed to determine that
fish assemblages are affected by depth and h#Gitaitfield et al. 2010; Moore et al. 2010;
Parsons et al. 2016)he assemblagas determined by multivariate statistisstegarded as the
best response variable to quantify drivers of community dynamics (Legendre athieGa
2014).

Here wecompare thdéish assemblagequantified by trap and video surveys conducted
concurrentlyfortemperate redishes oveB yearsand aarge spatial area 59,000 k).
Environmentalariables measured incluakdepth, temperaturécation(longitude and latitude),
turbidity, habitat availabilityhabitattype, and habitat complexityOur objective wago quantify
andcomparetheinfluenceof multiple environmental variables through spacetand onthe
trap- and videoassessefish assemblagddentifying variables that have different effects on the
assemblage wheguantified by different survey techniques is a necessary first step in then
determining which method more accuratéor measumg the natural communitpur null
hypothesisvasthat environmental variables will explain simimnounts of variation in fish

assemblageforitrap and video surveys.

Methods
This study-utilizeddatacollected in2011-2013 by the Southeast Reef Fish Survey (SERFS),
standardized, fishery-independent survey that cisegron traps and video camegdtached to
the trapgoassess spatiotemporal patternsaef fish distribution and abundance in continental
shelf and shelbre& watersfrom North Carolina to FloridéBallenger et al. 2011; Bacheler et
al. 2014 Fig=d): SERFS is @ollaboration between the South Carolina Department of Natural
ResourcesMarine Resources Monitoring, Assessment, and Prediction program dxdtitweal
Marine Fisheries Service (NMFSputheast Fisherindependent Survey, boti which are
funded byNMES. SERFStargets economically and ecologically important reef fishes that are
asseiated with.hard bottom habitat, which is sparsely distributed throughesibft substrate-
dominated.eoastal shelf of tseutheasterbnited StategSedberry and Van Dolah 1984).
Hardbottom samplintpcationsfor each year were selected in one of three ways. First,
most sites were randomly selected frasampling frame that consisted of approximately 3,000
sampling stations on or very near hard bottom habitat. Second, some stations in thgysampli

frame were sampled opgonistically even though they were not randomly selefdiedampling
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94 in agiven year Third,newhard bottom location&ere sampledisinginformation from

95 fishermen, charts, and historical surveys. These new locations were ineelstigimg a vessel

96 ediosounder or drop camera and sampled if hard bottom was detected. All sampling for this

97  study occurred during daylight hours on the F&wvannah, R/V Palmetto, or the NOAA Ship

98 Pisces.

99 Chevron traps, wire (3.4 x 3cfn mesh}raps slaped like an arrowhead (1.7>1.5 mx
100 0.6 m Collins'199(, wereset fromApril to Octobereach yearA CanonVixia HFS-200 video
101 cameran a Gates underwater houswgs attached to the top of eachp facing outward from
102 the entrance ofthe trap to quantify fish abundamkehabitat characteristics. A second camera
103 (GoProHero®aor Nikon Coolpix S210/S220) was attached to the opposite end of the trap to
104 quantify habitatharacteristicbut not fish abundanc&raps with attached video cameras (from
105 now on referred to as trgpsereusually set in groups @lx, with a minimum distance of 200 m
106 between trapslraps wereaited with 16 menhadeBrievoortia spp) divided evenly on 4
107 stringers an@® additional menhaden unattachiedtringersTraps were set in water depths
108 Dbetweenl3rand 100 m. Trap sampling duration (time from when the trap entered the water until
109 retrieval begapwas approximately 90 minutes, and ranged frontoZAb4 minutes The
110 followingnformation was recorded for eachp depth, sampling duratiomdation (latitude
111 and longitude), and dat&ottom water temperatur@C) was measured for each group of
112 simultaneously deployed trapsing a Sed@ird CTD.

113 Habitatcharacteristics associated with each trap deployment were asfsesseitieo
114 recorded by‘theamera with the greatéof the twotrap-mounted cameras) percent hard

115 substrate Iniits‘field of view (i.e., no habitat data were @reed the camera with thedser

116 percent hard substrate in its field of viewdurhaltat characteristicsvereassessedPercent
117 hard substrate was defithas theestimatedpercent of benthic habitabvered by rockestimated
118 to begreater,than 5 cm in diamet@rby hard pavemerdubstrée. Substrate relief was the

119 maximumestimatecthange in substrate height (due to ledges or outcamukjvas recorded as
120 low (<0.3 myjer high (>0.81). Estimated prcent of the benthic habitedvered by erect biota
121 (e.g.,macroalgagsponges, corplvas recordedsgpercentbiota. Finally, the primary biota type
122 was characterized into three categohiased on estimates of biotic coverageacroalgae

123 (sessile biota was50% macralgag, other biota, which was primarily coral, sponge,

124  gorgoniansgessile biota was50% other biota), or none (no sessile biatigbitatvariables
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125 wereonly estimated when visibility was high enough that the substrate could be seedity urbi
126 was characterized intavb categorieshigh (only substrate directly adjacent to trap was visible,
127  visibility <~2 m)or low (substrate was visible beyond the trap2 m).

128 Trap abundance was the number of all fish retrieved in the trap, which werdedetatif
129 the lowest pessible taxon. Vidabundancevas quantifiedising the MeanCount method

130 (Schobernd etal. 2014), in which figlere enumerateith a series of video segments, and a
131 meancountforeachtaxonwas calculated from each of the segmsgecific countskFor each

132 video, one'second of video was “read” (i.e., individualallofaxa present enumerated) every 30
133 seconds for a 20-minute period, beginning 10 minutes after the trap settled to the. b&nthos
134 taxonspecificMeanCount was then calculated from the resulting 41 colnis.to logistical

135 constraintsyonly fishes in the following categoKi#37 species were on the identification list)
136 werequantifiedand analyzeas the fish assemblages for the video sur@@Bythose listed in the
137 U.S. National Oceanic and Atmospheric Administration’s Fish Stock Sustaipafdex

138 (http://www.nmfs.noaa.gov/sfa/fisheries_eco/status_of_fisheries/fai.li) highly migratory
139 species suchras sharks, mackerels, and tunas, and (3) the invasive Fiendisspp.

140 Predictor variablginitially considered for analyse&geredepth, temperaturégngitude

141 and latitudeljereafterx andy), month,year,turbidity, percenthard substrate, substrate relief,
142 percentbiota, and biota type. For all analyses, latitude and longitude were trandfiotm& TM
143 x and y coordinates so that the units were identical (Rafa from arnindividual trap/video set
144  were included in analgs wherat least ondish wascaught in the trap and ofish was recorded
145 in the videoyand all predictor variables were quantifitidtograms of eacpredictorvariable

146 and scatterplots of all combinations of variables were examined to ensure there were no extreme
147 outliers, the data were not heavily skewed, and there was noawllitiearity (variance inflation
148 factor >3; Zuur et al. 2013), which can bias lindesased analysgtegendre and Anderson

149 1999).Predictor, varibles were scaled because of the large difference in magnitude and

150 variation. No.outliers were evident. Muttellinearity existed between percérard substrate and
151 percentbiotaand preliminary analysis indicated thpatrcentbiota explained more variatidn

152 Dboth trap- and.video assesd$msth assemblage Thus, prcent hard substrateas not included in
153 the analyseslthough it would likely have explained a simitamount of variance geercent

154  biota.
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Variables that alter fish assemblages

To compare the variation in trapnd videocassessed fish assemblages explained by
abiotic and biotic factors, we analyzed trap and video data using multivariate generalized linear
modeling(MGLM; Warton et al. 2015). This model-based approach to multivariate data is more
statistically explicit than distandeased analysis (PERMANOVA) and the distribution can be
specified to.account for meamriance relationships and model fit can be assessed by evaluating
residual and fitted valugsiui et al. 2015; Warton et al. 2013 GLMs were created using the
‘manyglm™function in themvabund package (Wang et al. 2012) in R version 2.1R.0
Development'Core Team 2012yap and video data were transformed to presence/absence so
both analyses used a binomial distribution with a log-log link, which resulted in matels w
negligible pattern among residuals and samples or taxa, and the normal quantiles fileeava
(Wang et ali 2012)ariablesignificance was calculated using the Wald statigtib 1000
permutations and correlation among variables was included in the analysis (anowa functi
cor.typeR; Warton et al. 2015P-values for individual speciagereadjusted for multiple tests
using a step down resampling proceditee test statistimdicates theénfluence ofthe
respectivespredictor variable and the test statistic for each taxon signifiestasaorere
driving the“overall significance for individuptedictorvariables. This isnalogus to the
SIMPER"analysis fodistancebased metric§Clarke and Gorley 2006), but is less biased by
meanvariancerelationshipgWarton et al. 2012)Io assess whether the influence (test statistic)
and directional effect (positive or negatieegfficient) of specific predictor variables was
similar fortrap and videoassessed species, we calculated the covariancetestrstatisticand
the coefficientsf the predictor variablef®r each of the 14 species quantified in both trap and

video surveys:

Results

There wergl953trap'videoses with all predictor variables and 1249 of these quantified fish in
both methods.. The number of trap/video sets increased with each successivehy2ad wi5,
and 490 sets’in each year from 2011 to 20dyectivelyThe trap atch included 47axa(41

taxa to species and 6 taxa assigned to genus; ESM 1)of which the followingoliested in
greatest abundanc€entropristis striata (53% of total individuals caughtHaemulon

aurolineatum (16%9, Senotomus spp. (7%9, Pagrus pagrus (6%), Rhomboplites aurorubens

(6%) andCentropristis ocyurus (5% ESM 1). Video counts included &iority taxa (49 taxa
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186 were identified at the species level and 3 to genus; ESM 1), of which the followiag we

187 observed in greatest abundanReaurorubens (40% of total individuals quantifi@dP. pagrus

188 (20%), C. striata (13%) andBalistes capriscus (7%). Almost all the video counts were taxa from
189 the Fish Stock Sustainability Index, while highly migratory taxa individuadiyurred in less

190 than 0.02%.ef.the videos and lionfish were recorded in 2.7% of the vid&d4 ).

191 All'variables explained a significant amount of variation in fish assembfagé&sp and
192 video surveys{(Table 1). Depth and latitudeh(®)l the greatest influence thre fish assemblage
193 for both surveys baseth the test statisti@=ig. 2). Temperature and percent biota were of

194 moderate/importance, while month and substrate relief were less importaaps. For the

195 video surveygsubstrate relief abita type were of moderate importance while time (year and
196 month) were less important in explaining variatiothie fish assemblage.

197 Trap and video showatlfferent patterns in taxgroupingwhen clustered by the test

198 statistic of the variables (Fig. Z)raps had acluster of taxa, includin@. striata, H.

199 aurolineatum, andB. capriscus, with primarily negative associations with the majority of the
200 significantwvariables. Many taxa that were not significantly influenced by multiple variaiele
201 present in‘thesmiddle cluster. A fingdoupcontained taxa with positive associatiowith

202 latitude (y)«and a negative association with year, turbidity, percent bidtaiaia type. This

203 group includedHaemulon plumierii, Stenotomus spp., andC. ocyurus. Video taxa were clustered
204  with a goup of taxa that had stromgsociationsvith depth, tubidity and biota type, and

205 includedC.striata, P. pagrusandH. plumierii. Similarto the trap, video had a cluster of

206 multiple species with minimal significant variables. Finally, taxa quantified in vidadsa third
207 groupwith'negative associations Wwitlepth, percent biota, turbidity, and substrate relief. This
208 cluster includedseriola rivoliana, Mycteroper ca phenax, Lachnolaimus maximus andPterois sp.
209 Maost of the taxa present in both surveys had a positive covariance between tesiable
210 statistics of the trap and video surveys (10 of 14 taxa, Table 2), suggesting thatlitterpre
211 variables had.similar explanatory power for both methods on these taxa. However,axay 4 t
212 had a positive covariance of the coefficients, indicating tha¢ tihas minimal similarity in the
213 surveys because only these taxa had the same relationship between abundance and predictor
214 variables for both survey methods. Three species had a positive covariance for lesh the t

215 statistic and coefficient, indicatingnsilar influence of preidtor variables on abundance
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recorded by both methods and includ&llolatilus microps, Hyporthodus niveatus, andH.

plumierii.

Discussion

The association between predictor variables and tha$sémblagevas distinct for the two
survey methods. Depth and latitude had the most influence on both methods but the other
predictor variablesvere differenbetween the survey techniqgué®r exampletemperaturand
percentbiota‘explained more variatidar trapscompared to video, whileubstrate relief and
biota type explainechore variation for video compared to trapsfferences between the survey
methods derived more from the directibianthe strength of the association between taxa
abundancerand predictor variablessaggested by covariance of the test statistic and
coefficients of taxa caught in both surveyhe discrepancin the amount othe assemblage
variation explained by individual predictor variables between the two methodgghigtil
differences,in theseommonly used survey methods, including what specss waptured or
included insthewideo counts.

Coupling the video and trap survey could introduce biases associated with the lack of
independence between the samples taken by this $lodyever, measuring the same fish
assemblage by separatitig video camera and trap in space or tinpradably not possible
becausehe correlation obbservations of a reef fish community is drastically reduced if not
surveyed simultaneously or if obgations are separated by distances greater than 20m
(Karnauskas'and Babcock 201R) this study, it is possible that fish were not recorded in the
video because‘they entered the trap thigteffect was likelyninimal becausehe majorityof
fish enter ftraps after the 20inute period during which video data are colle¢takcheler et al.
2013b). Simultaneouslyuantifying fishes withwo sampling geargrobably does not
significantlybiasour findings anddue to high spatiotemporal variation in reef fish communities,
wasthe most feasablapproach for comparison of survey techniques.

Altheugh depth was the most influentiariablefor both trap- and videassessefish
assemblaggit.influencedtrapsmorethan videdased on the respective test statigtie
greaterimportance of depth for trapgas likely becaus€. striata was strongly correlated with
depth ands detectedn traps more often than video (Bacheler et al. 2013a). For instaace, w

found thatC. striata was overwhelmingly the moabundanspecies in traps btite third most
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247 abundant species in videos, which likely reducedetifiectof depth in videosThis difference

248 may result fronC. striata staying relatively close to the tios and out of the videoas well as

249 entering and exiting the trap possibly for food and sh@Bacheler etla2013c).

250 Temperature dodsfluencelocal fish abundance, as individuals may respond to

251 suboptimal.temperatures by moygito colder or warmer waters. Temperature had a greater

252 influenceon thetrap-assessefish assemblage negative associatiamth the majority of trap

253 assessedtaxand a positive association with the majority of vidsgessed taxdaxathat

254  increased'with'temperature in videos, but decreased with temperature in thagiagit

255  capriscus, @ndR: aurorubens. Lower temperaties mayreducefeeding motivation antherefore

256 reduce thesnumber éEh entering the trafp feed(Stoner 2004)however, if traps were biased

257 in this waythen‘the opposite associations woldvebeen foundThe different associations

258 with temperature for trap and video likely result from both the different toaded by the

259 methods and to a lessextent difference in detectability between the two surveys.

260 Turbidity canalsoaffect species abundance from video sur{€gppo et al. 2004).

261 However, turbidity hac similar influence otrap- and videoassessefish assemblage which

262 was surprising<given that reduced water clarity was found to decreaseetiodan videos of

263 C. driata,"B..capriscus andP. pagrus (Bacheler et al. 2014T.he minimaleffectof turbidity on

264 thevideo-assessedssemblage this studycould result from our methodology of removing

265 videosthatdid not quantify anyish and those that did not have visible substidexertheless,

266 the wide rangef turbidity in videosthat were utilizecind the similar influence of turbidity on

267 trap and videoassessed fish assemblagaggesthatvideo is a robust techniquier

268 quantifyingthefish assemblageven when visibility is variable

269 The relative influence of differemiabitat characteristian the fish assemblage was

270 dependent on survey type in this study. Studies have found survey-dependent effectstof habita
271 For example,trap catch can be the same or even lower as habitat complexity increases even
272 though diver surveys have foutitht fish abundance increases with complexity (Acosta et al.
273 1994; Robiehaud et al. 2000). Video surveys could underestimate the abundance of fish in more
274 complex habitats because those habitats impede the view of benthic fishes (Ston€oRk664;

275 and Swearer 2010). From analyses of concurrently coll¢gteckd)trap and video data,

276 Bacheler et al. (2014) found that trap detectability increased for some species as percent hard

277 substrate decreased, while detection by video was not affected by mabgat-ish may be
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278 more likely to enter traps as habitat complerliégrease because fish were less attracted to
279 traps for shelter in complex habitats, due to shelter alreaithgprovided by thoséabitats or

280 having lower feeding motivation in complex habitaézause oihcreased prey availability.

281 Habitat did influenceéhefish assemblage in this studyonsistent with previous findings
282 that habitat.eharacteristics affect the abundance and diversity of reef(Athet-Oropeza and
283 Balart 2001; Harman et al. 2003; Anderson and Millar 2004; Lindberg et al. 2006; Lingo and
284 Szedimayer2006; Daugherty et al. 2007; Schobernd and Sedberry I20@@)er, the effeatf
285 individual characteristics was survegpendent. Hard substrate was targeted by this survey,
286 which couldaffecttherelativeinfluence of habitat on tragnd videoassessefish assemblage
287 Moore et al(2010) foundhat depth and bould@resencaevere hetwo most important variables
288 in explainingvariance in the temperate fish assembiaggustralig buttheir studywas

289 conducted overa muamalkrarea (approximately 16 Kinthanour study.Another study that
290 spanned approximately 3,500 kfound the most influential variable on fish distributivas

291 substrate type (reef, sarmat cobble), followed by depth amgacroalgagype (Chatfield et al.

292 2010). Botheofithese studies used video surveys to quantifariisithe later used video to

293 quantify haltat<This study found similatesults in thathe video assemblage is influenced by
294 habitat relief and typddowever, these characteristics were less important for the trap

295 assemblage for which areal coverage of complex habitat was mavgamigfor the fish

296 community. In addition, the majority of taxa collected in traps had negative @assasiwith

297 increases'in the habitaharacteristics, while the opposite was true for the majority of taxa
298 recorded inwvideos. This could suggest that traps are less likely to catch fisfitais ha

299 availability'and"complexity increase while the opposite is true for vide@hauuld mean that
300 video detection is not reduced by greater habitat complexity.

301 Comparing the abundance of fishes quantified by multiple survey techniques has shed
302 light on the effectiveness of different techniques. For exampldies have compar@dor 3

303 survey methods including diver census, baited and unbaited video, trapsgind(Willis et

304 al. 2000; Cappo et al. 2004; Watson et al. 2005; Harvey et al. 2007; Wells et al. 2008; Colton and
305 Swearer 2010; Watson et al. 2010; Lowry et al. 2012; Harvey et al. 2012; Karnauskas and
306 Babcock 2012; Bacheler et al. 2013E)ese studies compar¢he relative abundance of

307 individualtaxa and species diversity, which is an integral step in understanding differences

308 among techniques. Howevai| survey methods have imperfect detectab{igitsanevakis et al.
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2012) and the influence of abiotic and biotic variables on the relationship between dwandye
trueabundance is likely unique for each survey technique (Addison and Bell 1997; Stoner 2004;
Geraldi et al. 2009). The next step in improving our understanding of the relatibeshigen
surveyedandtrue assemblages to determinavhich surveysnost closely track the “true” fish
assemblage.as environmental variables v@uantifyingbothdiversity andaxaabundancés
essentiglbecauseur ability to measure and predict the many anthropogeniadtsphat alter
ecosystems‘is'dependent on ldaghn surveyshataccurately measumhanges in community

assemblage
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Table 1.Summaryof the multivariate general linear modalssessing the assemblage of fish
guantified by trap and video surveyi$e asemblage data was converted to presence/absence

and y indicated latitude.

Data Variable Residual df Df Test statistic P
Trap Depth 1247 1 33.06 0.001
y 1246 1 18.45 0.001
Temperature 1245 1 17.09 0.001
Percent biota 1244 1 13.88 0.001
Year 1243 1 13.24 0.001
Turbidity 1242 1 12.50 0.001
Biota type 1240 2 11.32 0.001
Month 1239 1 10.73 0.001
Substrate relief 1238 1 8.91 0.001
Video Depth 1247 1 27.38 0.001
y 1246 1 19.88 0.001
Substrate relief 1245 1 13.69 0.001
Biotaltype 1243 2 13.43 0.001
Temperature 1242 1 11.17 0.001
Turbidity 1241 1 10.26 0.001
Percent biota 1240 1 10.13 0.001
Year 1239 1 8.10 0.001
Month 1238 1 7.63 0.002
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Table2. The covariance dfapand video surveys for species caught in both methods. The
covariance was calculated using the test statistic and coeffiofesdsh environmental variable

for each,specie§.axa are ordered from low to high covariance of the test statistic

Test statistic

Species . Coefficients
covariance
Seriolariveliana -0.2 0.2
Mycter opexcadmicrolepis -0.1 0.0
Seriola dumerili 0.0 -0.1
Epinephelus morio 0.0 0.0
Epinephelus adscensionis 0.1 -0.7
Caulolatilusmicrops 0.2 1.1
Mycter opercaphenax 0.3 -0.1
Rhomboplites aurorubens 0.3 -0.1
Hyporthodus niveatus 0.5 0.2
Haemulon plamierii 0.9 0.3
Balistes capriscus 1.0 -0.1
Lutjanus campechanus 1.1 -0.1
Centropristisstriata 1.7 0.0
Pagrus pagrus 2.2 0.0
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Electronic supplementary material

ESM 1. The percent composition and abundance (individuals per trap or meanotdamxe)

guantified in trap and video surveys. Species recorded in the video survey are indicated in vi

species eolumn.

_ % %
Scientific pame Common name Family name Vlde.o Trap | Video | Trap | Video
Species catch | index
Auxis thazard Frigate Mackerel Scombridae Yes 0.01 0.000
Balistes capriscus Gray Triggerfish Balistidae Yes 3.09 | 6.85 | 0.031| 0.068
Calamus leucosteus Whitebone Porgy Sparidae No 0.02 0.000
Calamus nodosus Knobbed Porgy Sparidae No 0.14 0.001
Carcharhinidae Requiem Shark Carcharhinidae Yes 0.01 0.000
Carchariastaurus Sand Tiger Shark Odontaspididae Yes 0.01 0.000
Carcharodon carcharias White Shark Lamnidae Yes 0.01 0.000
Caulolatilus chrysops Goldface Tilefish Malacanthidae Yes 0.01 0.000
Caulolatilus microps Grey Tilefish Malacanthidae Yes 0.06 | 0.09 | 0.001| 0.001
Centropristis ocyurus Bank Sea Bass Serranidae No 2.69 0.027
Centropristis striata Black Sea Bass Serranidae Yes | 52.08 | 13.44| 0.521| 0.134
Cephalopholis cruentata Graysby Serranidae Yes | >0.01| 0.09 | 0.000| 0.001
Cephalopholis fulva Coney Serranidae Yes >0.01 0.000
Chaetodipterus faber Atlantic Spadefish Ephippidae No >0.01 0.000
Chaetodon ocellatus Spotfin Butterflyfish Chaetodontidae No 0.01 0.000
Chaetodon sedentarius Reef Butterflyfish Chaetodontidae No 0.01 0.000
Diplectrum formosum Sand Perch Serranidae No 0.93 0.009
Diplodus holbrookii Spottail Pinfish Sparidae No 0.47 0.005
Echeneis sp Remora Echeneidae No 0.04 0.000
Epinephelus adscensionis Rock Hind Serranidae Yes 0.01 | 0.09 | 0.000| 0.001
Epinephelus drummondhayi Speckled Hind Serranidae Yes 0.01 | 0.09 | 0.000| 0.001
Epinephelus guttatus Red Hind Serranidae Yes 0.05 0.000
Epinephelusitajara Goliath Grouper Serranidae Yes 0.08 0.001
Epinephelus morio Red Grouper Serranidae Yes 0.08 | 0.15 | 0.001| 0.001
Epinephelus nigritus Warsaw Grouper Serranidae Yes 0.03 0.000
Epinephelus striatus Nassau Grouper Serranidae Yes >0.01 0.000
Equetus sp Drumfish Sciaenidae No 0.11 0.001
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Euthynnus alletteratus Little Tunny Scombridae Yes >0.01 0.000
Galeocerdo cuvier Tiger Shark Carcharhinidae Yes 0.02 0.000
Ginglymostoma cirratum Nurse Shark Ginglymostomatidag Yes 0.06 0.001
Gymnothorax moringa Spotted Moray Muraenidae No 0.06 0.001
Gymnothorax saxicela Honeycomb Moray Muraenidae No >0.01 0.000
Gymnothorax vicinus Purplemouth Moray Muraenidae No 0.04 0.000
Haemulon aurolineatum Tomtate Haemulidae No 18.45 0.185
Haemulon plumierii White Grunt Haemulidae Yes 1.00 | 2.84 | 0.010| 0.028
Holacanthus bermudensis Blue Angelfish Pomacanthidae No 0.02 0.000
Holocentrus adscensionis Squirrelfish Holocentridae No 0.04 0.000
Hyporthodus niveatus Snowy Grouper Serranidae Yes 0.12 | 0.15 | 0.001 | 0.002
Lachnolaimus maximus Hodfish Labridae Yes 0.15 0.002
Lagodon rhomboides Pinfish Sparidae No 0.56 0.006
Lutjanus analis Mutton Snapper Lutjanidae Yes 0.03 0.000
Lutjanus buccanella Blackfin Snapper Lutjanidae Yes 0.04 0.000
Lutjanus campechanus Northern Red Snapper | Lutjanidae Yes 0.80 | 4.47 | 0.008 | 0.045
Lutjanus cyanopterus Cubera Snapper Lutjanidae Yes 0.00 0.000
Lutjanus griseus Gray Snapper Lutjanidae Yes 1.45 0.015
Lutjanus synagris Lane Snapper Lutjanidae Yes 0.01 | 0.04 | 0.000| 0.000
Lutjanus vivanus Silk Snapper Lutjanidae Yes 0.03 | 0.09 | 0.000| 0.001
Malacanthus plumieri Sand Tilefish Malacanthidae Yes 0.14 0.001
Micropogonias undulatus Atlantic Croaker Sciaenidae No >0.01 0.000
Muraena sp Moray Eel Muraenidae No 0.06 0.001
Mustelus canis Smooth Dogfish Triakidae Yes >0.01 0.000
Mycter operca bonaci Black Grouper Serranidae Yes 0.03 0.000
Mycteroperca interstitialis Yellowmouth Grouper Serranidae Yes 0.01 0.000
Mycteroperca microlepis Gag Serranidae Yes 0.07 | 1.24 | 0.001| 0.012
Mycteroperca phenax Scamp Serranidae Yes 0.15 | 2.06 | 0.002 | 0.021
Mycteroperca venenosa Yellowfin Grouper Serranidae Yes >0.01 0.000
Ocyurus chrysurus Yellowtail Snapper Lutjanidae Yes 0.03 0.000
Opsanus sp Toadfish Batrachoididae No 0.03 0.000
Orthopristis chrysoptera Pigfish Haemulidae No 0.02 0.000
Pagrus pagrus Red Porgy Sparidae Yes 5.72 | 19.78 | 0.057 | 0.198
Pareques umbrosus Cubbyu Sciaenidae No 0.16 0.002
Pristipomoides aquilonaris Wenchman Lutjanidae Yes >0.01 0.000
Pterois sp Lionfish Scorpaenidae No 2.65 0.027
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Rachycentron canadum Cobia Rachycentridae Yes 0.12 0.001
Rhizoprionodon terraenovae | Atlantic Sharpnose Shark Carcharhinidae Yes 0.09 0.001
Rhomboplites aurorubens Vermilion Snapper Lutjanidae Yes 4,16 | 39.33| 0.042| 0.393
Rypticus maculatus Whitespotted Soapfish | Serranidae No 0.02 0.000
Rypticus saponaceus Greater Soapfish Serranidae No 0.01 0.000
Scomberomorus regalis Cero Scombridae Yes >0.01 0.000
Seriola dumerili Greater Amberjack Carangidae Yes 0.02 | 1.29 | 0.000| 0.013
Seriola fasciata Lesser Amberjack Carangidae Yes 0.02 0.000
Seriolarivoliana Almaco Jack Carangidae Yes 0.04 | 1.42 | 0.000| 0.014
Seriola zonata Banded Rudderfish Carangidae Yes 0.01 | 1.43 | 0.000| 0.014
Sphoeroides maculatus Northern Puffer Tetraodontidae No >0.01 0.000
Sphyrna lewini Scalloped Hammerhead | Sphyrnidae Yes >0.01 0.000
Sphyrna mokarran Great Hammerhead Sphyrnidae Yes >0.01 0.000
Squatina dumeril Atlantic Angel Shark Squatinidae Yes >0.01 0.000
Senotomus sp Scup Sparidae No 8.51 0.085
Stephanolepis hispida Planehead Filefish Monacanthidae No 0.16 0.002
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