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Abstract

Integratingresults frommonitoring effortsconducted across diverse marine ecosysfgmades
opportunities.taevealnovel biogeographipatterns at larger spatial scales and amouig e
taxonomic/groups. Winvestigatd large scale patterns of commity similarity across major
taxonomic groupéinvertebrates, fishes or algde)m a range omarine ecosysten{socky
intertidal, sandy intertidal, kelp forest, shallow and deep soft-bottom subtidaduthern
California Because monitoring sites and methods varied amongst those programs, site data was
averaged overdarger geographic regions to facilitate coegresi For the majority of individual
community types, locations that were geographically near or environmentally sovolae
another tended to have more similar communities. However, our analysis foundstipattein

of within community typesimilarity did notresult in all pairs of these community types
exhibiting sigh*levels of cross-community congruence. Roetgriidalalgae communities had
high levels‘ef'econgruence with the spatial patterns observed for almost all dieh€fish or
invertebrate) community typeghis wasnot surprising givemlgaldistributiors areknown to be
highly influenced by bottom-up factors and they are important as food and habitat for marine
fishes and invertebratedowever relatively fewpairwise comparisons of the spatial patterns
betweera fish.eommunity and an invertebrate commugigided significant correlation3hese
community types argenerally comprised of assemblages of higher trophic level spaoits,
additional-eeologicalrad anthropogenic factors may have altdtesr spatiapatterns of
community similarityIn most cases pairs of invertebrate community types and pairs of fish
community types exhikedsimilar spatial patterns, although there were some notable exceptions.
These findings havienportant implications fothe design and interpretation of results of long

term monitoring programs.

I ntroduction

Understanding linkages among patterns pnodtesses operating at large spatial scales
across multiple ecosystems and taxonomic groups represents a key question for the

implementation of ecosystebased management approaches in conservation and management

This article is protected by copyright. All rights reserved



60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

One common ecosystebased management sggy istheimplementation of Marine Protected
Areas (MPAs). MPAs are pladsmsed tools for biodiversity protection (e.g., Edgar et al., 2009;
Weeks et al., 2010jisheries conservatioe.g., Lauck et al., 1998nd in some casgfisheries

or biodiversity enhancement (e.g., Dayton et al., 2000; Dugan & Davis, 1993; McClanahan &
Mangi, 2000)., CalifornigUSA has recently completedmassive MPA impleentation process,
beginninginthe Northern Channel Islands of southern California and continuing statewide
(Botsford etal:;"2014). Currently over 132 MPAs protecting >15% of coastline are inrpthee
State MPAs"are often touted as ecosystem based tools, yet monitoring and assessment rarely
includes coordinated dasmalysis across multiple habitatghin an MPA or network, even

when multipleshabitats are being monitored (Day, 2008; Fox et al., 2014).

TheMarine Life Protection Ac(MLPA), a California state lawassed in 1999equired
theimplemenationof a network ofMarine Protected Areas througlt theState The science
basedVIPA network design process took plasgjuentially in fiveStudy Regions' throughout
the StatgBotsford et al., 2014Briefly, scientific guidelines for MPA and network design
included habitat representation (e.g., every ‘key’ marine habitat should bsengein the
network) and-habitat replication (e.tkey’ marine habitats should be replicated in multiple
MPAs acress large environmental gradients or geographic divisions), as well as minimum size
and maximum spacing guidelines (Botsford et al., 2014; Saarman et al., 2013). MPA planning
for the southern Californja.e., the ‘South Coast Study Regi(®CSR) where tle presenstudy
took placewas initiated i2008andthis network was implemented Jan. 1, 2012. The South
Coast Study“Regiois larger, and more diverse both within and ammagine ecosystenthan
otherStudy=Regions itthe StateFor this reasorearlymodels groupingimilar community
structureacrosamultiple habitats delineatddur biogeographic provincesto which MPAs
were locatedCA MLPA, 2009). We build on that work here.

Once.in place, the MLPA specifizatmonitoring of theMPA network must be
conducted.An.initial baseline assessmentkay species and habitatsscarried out from 2011-
2013 to inferm design and development of Iaagn MPA monitoring for the SCSReeld-
based assessments took placeoss the entirSCSR in all major habitats and incorporating key
species from invertebrates to birdhis largescalesampling effort created a novel opportunity
to compare patterns in community structure across multiple community types from different

marine ecosystesnn a very diverse study region.
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91 Lying in a transitional zone between the cold temperate fauna fueled by the California
92  Current to the north and thearm temperate fauna associated withSbathern California
93  Countercurrent flowing from the south (Fig. 1) (Bograd & Lynn, 2003; Horn & Allen, 1978;
94  Horn et al,, 2006), the Southern California Bight (SCB) is a complex marine biogeographic
95 region with.very high biodiversitylhe SCB is influenced by a recirculation pattern of the
96 California Currentwhich flows equatorward into thadht deflecting slightly @shore at Pt.
97  Conception(Bray et al., 1999; Hickey, 1993). The region is characterized by a shallalv, broa
98 continental shelfdeep ocean basins and canyams| several large offshore islan®ffshore
99 islands contain/more high relief rocky habitat, while the mainland coast is dodhbyetand
100 interspersed witlgenerally lover relief rocky reef{Pondella et al., 2015b).uthan activities
101 [e.g., sedimentation and pollution from urban runoff from the Los Angeles and San Diego
102  metropolitan area@\orth, 1964; Schiff, 2003; Sikich & James, 201€)grt a far greater
103 influence on the mainland coasteecological differences among the islands and the mainland
104  (Ebeling et.al., 1980; Pondella & Allen, 2000), as well as environmental grademtadrth to
105  south adddorthe region’s biodiversity. For example, the northwestern most Channel(Stands
106  Miguel, SantasRosa, and San Nicolas Islands) lie at the boundary between thietséoreith
107  cooler waters, wre frequent disturbances, and a mix of San Diegan and Oregonian species
108  (Hamiltonset'al., 2010; Pondella et al., 2005). Further south and east, the islands experience
109 warmer waters and less frequent disturbantlesse strong gradients in environmental and
110  anthropogenic conditions underlie the observed ecologattérns observed across the SCB.
111 A number of important biological communities in the S&Bhighly spatiallystructured,
112 including roeky reef fish communities (Hamilton et al., 2010; Pondella et al., 200&y,and
113 sandyintertidal invertebates(Blanchette et al., 2008; Blanchette et al., 2009; Seapy & Littler,
114  1980; Wenner et al., 1993), rocky intertidal al@slerrray & Littler, 1981) and subtidamacre
115 invertebrate.communitigZahn et al., 2016 hese spatial patterns have been directly or
116 indirectly related to the strong gradient in sea surface temperature across the region in the
117  majority of studies. Other oceanographic features have also eegd@mepatterns of marine
118  biogeography.in the SCiacluding temperature fron{&osnell et al., 2014), wave exposure
119 (Reed et al., 2011) and circulation patterns affecting larval dispersal (Cowen, 128bnWt
120 al., 2011). For example, Watson et al. (2011) found that for nearshore subtidal (kelp forest) and

121 rocky intertidal communities, two metrics derived from ocean circulation modeling
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(oceanographic distance and oceanographic asymmetry) explained patternsahdgm
structure better than thermal structure. While the drivers of community structure in marine
ecosystems are likely to be complex, the question remdondifferent communities in close
proximity respond in the same way to the combined set of environmental and anthropogenic
factors that.they experience?

Here we investigate whether different‘community types(Tablel) are responding to
theseoverarching drivers in the same wagross marine systemsthne SCB Each community
type encompasses an assemblage from a diffenemtomic groupifvertebrates, fishes or
algae) residing ilone of five marine ecosystem®¢ky intertidal,sandy intertidal, subtidal kelp
forest shallowand deeoft-bottom subtidal)We first quantify largescale spatial patterns of
community=similarity for each dhetwelve different community types individually. We then
examine levelsiof croasommunity congruence for each pair of community types. In this
context,crosscommunity congruence refers to patterns of similarity in one community type also
being observed in the other community type. For example, do paageareagi.e., islands,
large sectionswof coastlindjat have similar rocky intertidal sgle invertebrate communities
also have similar kelp forest fish communiti®gfile these methods have previously been aimed
at using one taxon or community to predict patterrspatificsites for other taxonomic groups
(e.g., Gioriaet al., 2011; Jackson & Harvey, 1993), this study is intended to provide a Istoad fir
look at these patterns over larger spa@alesacross multiple different marine ecosystems
While data.gathered in this study came from a baseline assessment of an MPA network, we do
not explicitly"censider protections a factoherebecausenost MPAshad only been established
for 0 to 3years‘during data collectipand within-Regiorata from sites are pooled across open
and protected areas.

M ethods

Monitoring Pregram Dataset Descriptions (Community Type)

Data for our analyses were generated by integrating datasets from five MPA baseline

monitoring programs in southern California (Table 2, Fig. 1). Because monitoringrsites
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methods varied amongst those programs, site data was pooled into 16 geographic “Regions” (i
islands or sections of coastline between major submarine canyons) to facilitate comparisons over

a large spatial scale.

Rocky Intertidal (Sessile Algae, Sessile Invertebrates, Mobile Invertebrates)

Théeabundance of sessile and mobile species were saatglédocky intertidal sites
acress 12 'Regions (Table 2, Fig. 1, Appendix Agjween2009-2014 using a biodiversity
survey pratocol (for more details on protocols see Blanchette et al., 2008; Blarstlat,
2009).Thisdatasetontained three community typegsSileAlgae (range20-81 taxa) Sessile
Invertebrates (range: 12-38 taxa), Mobitedrtebratesr@énge:21-62 taxa) (Tabld). At each
site a sampling'gridvas established'he grid is bound by two permanent 30 m horizontal
baselines (parallel to tiehoreline), the upper baseline placed in the high zone above the upper
limit of marine biota, such as barnacles, while the Idvaseline isvithin the low zone of iota
at that siteAyseries ofl1 parallel transect lineat 3meter intervals arthenextencd
perpendicularto the shorelineertically between these baselines. Each vertical transect was
uniformly“divided into approximately 100 sampling points, ahdaxa that fell directly under
each pointwere identifiedsing the point intercept methtmldetermine the relative abundance
(percent cover) afessile algae and invertebrafElse abundancesf mobileinvertebratesvere
determined in 50 x 50 cm quadislocatedrandomlyin eachof three zoneghe low zone (the
area belowthe,mussels), the mighe included the mussels and the rockweeds, and the high
zone was deminated byatnacles and littorine snailEhe tidal elevations vary widely across the
sites depending on site characterisfeeg., swell, aspect). The lowest points sampled are
approximately -2.0 m below MLLW, and the highest points are approximately 3.0 m above
MLLW. Species percent covésessile) or densities (mobile) were averaged across transects or

guadrats and.then across years for each site.

Sandy Intertidal (Mobile Invertebrates)

Theintertidal macroinvertebrate communities on sandy beaches were satiResites
acrosssix mainlandRegions (Tabl, Fig. 1, Appendix A2during daytime spring low tides
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during fall of 2011 (for more details on protocols see Dugan et al., 2003; Dugan et al., 2015;
Schooler et al., 2014This datasetontained a single community typavertebrategrange: 29-
52taxa) (Tablel). At each site, sampling was conducted on three vertical format (sbhorel)
transects that extended from the lower edge of terrestrial vegetation or the bluff to the lowest
level exposed,by swastt the time of low tideThe distances between transec&sewandomly
selected and a/10 m buffer zone was added between traiosetsmize disturbance of the
mobile faunarif'the Wer beach in adjacent transedsseries of 150 core samplgs0078 n,

10 cm diameter'taken to a depth of 20 evaje takerat uniform spacinglong each transect

with the top core corresponding to the lower edge of the terrestrial vegetatenbduff toe and
the lowest.core,corresponding to the low swash |&a#lthis analysis data were pooled across
all cores ateachts yielding a total sampling area of 3.5. @ediments were removed from the
core sampleby sieving in a mesh bag with an aperture of 1.5 mm in the swashAbaerimals
retainel on the sieves were identified amaumeratedMeans of abundance of akdch
macroinvertebrates were calculated and then expressed as nuritmérshoreline (a vertical
meterwidersstrip of intertidal beach) based on the core interval for each transect as suggested by
(Brown & Mclachlan, 1990).

Kelp Forest(Fishes, Invertebrates)

Fish and invertebrate assemblages vsarapledannually in summer or fall of 2011
and 2012 wusing standard underwater visual belt survey meffoodsore details on the
protocol see.Caselle et al., 2015; Hamilton et al., 2010; Pondella et al., 2015at Zlah?046).
Ninety-four sites were sampleatrossall 16 Regions (Table,Fig. 1, Appendix A3)This
datasetontained two community types: Fishes (range: 7-55 taxa), Invertebeatgs:(5-44
taxa) (Tablel)..Each site consists approximately 250 m of coastlindt each site, 8 to 16 fish
transectsvere conductethat measured 302 x 2 m at multiple levels in the water column:
benthic, midwater, and kelp canopy (when present). At each levet water column, one
SCUBA diver,per transect counted and estimateddtad lengthof all fish, excluding small
cryptic fishes. Transects alad out across a site in a stratified random design, with multiple
nonpermanent transects located in fixed strata (i.e., deep, ouddte rand inner edges of the
reef)to ensure surveys capture variation in species occurrence across these grRathents.
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215  species and highly mobile species not characteristic of kelp forest systems [e.g., Northern

216  Anchovy (Engraulis mordax), Pacific BarracudaSphyraena argentea)] were excluded from the

217 datasetThe abundancef conspicuous>2.5 cm) mobile and sessile macroinvertebrates were

218 quantified_ along 30 x 2 m benthic transects, with typical8/téansects per site per year. Smaller
219 invertebrates.(<2.5 cm) as well as encrusting and colonial species such as turigateans,

220 and most sponges, were not recorded in this method and are not included here. Spé&ess dens

221  were averagedacross transects and then across years for each site.

222

223 Reef Check Kelp/Forest (Fishes, Invertebrates)

224

225 Fishrand invertebrat@ssemblages wesampledoy Reef Check California staff and

226  volunteerdcitizen scientistsannually in summer or fall of 2011 and 2012 using standard

227 underwater visual belt survey methdflsr more details on the protocol and species list see

228  Freiwald & Wisniewski, 2015; Gillett et al., 201ZReef Check California is program of the

229  Reef ChecksFaundation, a 501(c)3 non-profit developed with the goal of involving the public in
230 the scientific monitoring of California’s rocky reefs and kelp foresiaform marine resource

231  managementorty-six sites weresampledacrosslO RegiongTable2, Fig. 1, Appendix A4).

232  Thisdatasetontained two community types: Fisheange: 14-27 taxa), Invertebrates (range:

233  15-21 taxa) (Tabld). Eachsite consiss of approximately250 m of coastlineAt each site, 18

234  fish transectsvereconducted that measur8@ x 2 x 2n along thebottom At each transect, a

235 SCUBA divereounted and estimated tb&l lengthof 35 fish species in three size categaries
236  Exact locatiens for transects were chosen at rantdatrpotential locations are stratified in space
237 and between two depth zones to ensure even coverage of thEneabundance of 33

238  conspicuousx2.5 cm) mobile and sessile macroinvertebrates were quantified along 30 X 2m

239  benthic transects, at 6 transects per site per year. The six invertebrate transectdogatedco

240  with six of the fish transactsvith the additional 1#sh-only transectslso being performed in

241  the vicinity.«The invertebratepeciesdentified and countedo not include sniker (<2.5 cm)

242  mobile, encrusting or colonial invertebrate species such as tunicates, bryomdanssa

243  sponges. Species densities were averaged across transects and then across years for each site.

244
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Soft-bottom (Invertebrates 1-100 m, Invertebrates 100-500 m, Fishes 1-100 m, Fishes 100-500
m)

Fish and invertebrate assemblages were sanfigedJuly through September 2013.
Samples were collectedth 7.6 m headrope semballoon otter trawls with 1.28m codend
mesh(for mare details on the protocol see Allen et al., 2011; Williams et al., 2068&)h@nhdred
and thirtysevenmsites were sampleatross sevemainland RegiongTable2, Fig. 1, Appendix
A5, 6). Thisdatasetontained four community types: InvertebrateK0Dm (range: 11-53 taxa),
Invertebrates100-500 (range: 37-6@axa), Fishes-100m (range: 27-51 taxa), Fishes 100-500
m (range:32-51axa) (Tablel). These shelf zones (depth ranges) are bathymetric life zone
divisions of: theycontinental shelf and slope along the west coast of North AifAdierg 2006;
Allen & Smith,#1988; Williams et al., 2013ach siteconsists of a single coordinate selected by
a stratified random sampling design and categorized by depth (1-100 m or 180)-3@@ach
site, atrawl net was towed along isobaths for 10 minutes at 0.84s68c covering an estimated
distance 0of 600 nAll fish and megabenthic invertebrates from assemblage trawls were
identified and*enumerated. Megabenthic invertebrates were defined as epibenthic species with a
minimum dimension of 1 cm; specimens less than 1 cm were excluded from the analysis. Other
invertebrates excluded were pelagic, infauna, or small species that are better sampled by other
methods.infaunal, pelagic, and colonial species, as well as unattached fish pargsites (e.
leeches, cymothoid isopodsgre not processed. Fish and invertebrates were identified to

species amall individuals were counted.

Data Analysis

Individual Community Type Patterns

We first.quantifed spatial patterns of community similarity for each of twelve different
community.types individually at this Region scale. For each communitysgprate analyses
wereperformed using a similarity matrix constructed with transformed tapenific valuesand
the BrayCurtis similarity coefficientWith monitoring progams sampling at different siteste
means were averaged across years, doavss sites within each Region to facilitate eventual
comparisons among geographic Regions between community (fyakle2, Fig. 1). Taxa
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densities were squareot transformed, an8lardy Intertidal Invertebrates wdsurth-root
transformedA relatively weak squareoot transformation was chosen for most data sets in order
to emphasize the numerically dominant taxa in defining patterns of community yméad

limit the influence of rare taxa, which would be more sensitive to unbaldéewad of sampling
effort amongst Regions. A stronger transformation was chosen f@ahdy Intertidal
Invertebrate datasethichwas scalediifferently, i.e., abundance hof coastline, and contained
relatively extreme singlespecies abundance valubat would have otherwise overly influenced
the resultsWe usedwo-dimensional, nomnetric multidimensional scaling (nMD&) examine
patterns of community similarity among Regions using the ‘metaMDS’ function imegan’
packaggOksanen et al., 2018) R (R Core Team, 2015pifferent shapes were used for island
and mainland Regions on nMDS plots to visualiese general habitat differencé@s. provide

an environmental context to the observed relationships amongst Rqmtiesns of sea surface
temperature (SST) were also viszad across the nMDglots using the ‘ordisurf’ function in

the R package ‘vegan’ (Oksanen et al., 2013; function defaults used)fihicémooth surface
using generalized additive modeling (GAM) with thin plate splines (Oksanén 20E3; Wood,
2003). Longterm averages of sea surface temperature (SST) for all sites was obtained from
merged MQDIS 1 km resolution data from MOPAgua and MODISFerra composited over
15-day intevals by the California Current Ecosystéwng-term Ecological Research program
based at Scripps Institution of Oceanograawailable from

http://spg.ucsd.edu/Satellite data/California CurjebBuie to inconsistencies with the

availabilitysofIakm cell values close to shokalues were averagddr each 15day layeracross
cells withinidkm of the point locatiorier agivensite. These values were then averaged across
the entire/period available from 24 February 2000 through 31 December 2012 and Region
specific values were obtainéal each community type by averagiagross all sites sampled
within each RegioifFig. 1, Table 2.

We also/investigated spatial and environmental relationships of regional community
similarity for@ach community typedividually usingMantel testgLegendre & Legendre,
1998). We examined tremrrelation between the matrices of community similaaiiyl
geographic distams anong Regions or differences in SST among Regisitgg the ‘mantel’
function in the R ‘vegan’ package (Oksanen et al., 2018pg@&aphic distance and SST are
correlated at this sca(€ig. 1; Blanchette et al., 2009; Zahn et al., 2016), but due to Ioplsa
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sizeof Regions for many community typesge did not runPartial Mantel testd_egendre &
Legendre, 1998in anattempt tagquantify the correlation with each variable separately after the
effect of the other variable has been remafeed., Blanchette et al., 2009).

Pairwise Community Congruence

We also'investigated the level of community congruence between all pairwise
combinations‘of community types. tinis context community congruence refers to patterns of
community similarity among Regions in one community type also being observed in the other
communitystype. iese pairwise analysascessitatéataset being reduced to Regions both
communitystypes have in commadiVe used two somewhat similanalyses to quantify tke
relationshipsMantel tests were used to test for correlations between the similarity matrices
(Gioria et al., 2011; Su et al., 2004) using the ‘mantel’ function in the R ‘vegan’ package
(Oksanen'et al., 2013). We then used PROTEST, i.e., Procrastalysis of congrueng&ioria
et al., 2013)pusing the ‘protest’ function in the R ‘vegan’ package (Oksanen et al., 2013).
Procrustesitest or PROTE®Tan alternative to Mantel tests thaes reduced space (i.e., the 2d
NMDS ordinations) instead of tlkemplete dissimilarity matricePROTESTuses a rotationdit
algorithm«e minimize the total suof-squared residuals between the two ordinations andaruns
permutation testf the significance of the correlatioNote that the?PROTESTcorrelation
statisticswill be greateithan the Mantel statistics becauseensionality andhoise is reduced in
the 2d ordimation space compared to the origliedimilarity matrix Gioria et al. (2011¥uggest
using multiplesmethods when investigating crtessa relationships given the advantages and
drawbacks with each method, and this seems particularly applicable for thigisemnyhe
differences between eadatase(e.g., sampling frameworksteselection and our goal to

examine largescale general patterns.

Results

Individual Community Types
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337 Our investigation ofpatial and environmenteglationshipsof regional community

338  similarity for eachindividual community typeevealed robust patternSor the majority of

339 community types in this study, Regicended to be more similénat were geographically

340 closer togethefi.e., spatial autocorrelationy had similar SSTs (significant Mantel tests, Table
341  3). This included all of the fish community types, with the exception of Reef Check Kelgt For
342  Fishes, and the communitiesRdcky Intertidal Sessile Algae, Saniayertidal Invertebrates,

343  Soft Bottom'Invertebrates 100-5@60and Kelp Forest Invertebrates (TaB)eFor these

344  community typesthesepatterns were also well represented visuallydro@&lination space of the
345 nMDS plots (Fig 2, 3), where the pattern of points (Regions) on the nMDS plots agipelar

346  to thatof the points on the map legend, and the SST surfaces fit to those points exhibit clear
347 gradientqi.e., parallel lines that span a relatively large range of temperatur@sjlividual

348 cases where Mantel tests were not significant, examination of their nMD Svakitsformative.
349  For example,iie regional community similarity of Rocky Intertiddbbile and Sessile

350 Invertebrates wereah significantly related to SST (Fig. 2B), This was due to communities in
351 some Regionsibeing more different than their associated differ@n8&3 . h their nMDS plots
352  (Fig. 2B, C) the points for the Point Conception and Santa BaReg@nswere relatively far

353 fromthe peints forAnacapdslandand San Nicolas Islandhile theyhadsimilar SST values

354 (Table2).Additionally, the points for th&a JolldPoint Loma and North San Diego County

355 Regions (Fig. 2B, Clvere also relatively far from each other while their SST values were similar
356 (Table2). Finally, for all community types that included both island and mainland Regions (i.e.,
357 those fromsthewrocky intertidal and kelp fordatase), clear separation iregional communities
358 was observetletweerthese habitat types in the nMDS plots (2g3), with the exception of

359 Reef Check Kelp Forest Fishes where island points surrounded mainland pigin3e).

360

361  Pairwise Community Congruence

362

363 Next.we investigated the level of cressmmunity congruendeetween all pairwise

364  combinations,of community types. Community congruence refgratterns of similarity

365 between Regions in one community type also being observed athitrecommunity typeiNVe

366  usedtwo similaranalyses of congruenddantel tests anBROTESTwith each pairwise

367 combination of two community types. These patterns can also be observed by visually
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comparing pairs of nMDS plots (Fig. 2, Rocky Intertidal Sessile Algaghe onlynon-animal
community type, exhibitedignificant pairwise relationships with almost all other community
types (Tablet). There werghoweveryelatively fewsignificant relationshipbetween pairs of
community types that included a fish community and an invertebrate community. Typically
neither, or in.some cases only one, of the two testssignificant. Oily two ofthese
community.type pairings had bothet Manteland PROTESTestssignificant:Kelp Forest

Fishes andKelp Forest Invertebrates, and Reef Check Kelp Forest Fishes and Rocky Intertidal
Mobile Invertebrates (Tablé).

The patterns of community similarity among Regions for pairs of invertebratewoity
types typically=ekibited significant congruenc&or example, Rocky and Sanadhdrtidal
invertebrate&eommunity types haslignificantpairwise relationshipwith each othein almost all
casegqTable4). Significantrelationships were also observed betw#encommunities of Sandy
Intertidal Invertebratseandthe shallow SofBottom Invertebrates-Q@00m, both community
types, which only occurred along the mainland (Fig. 3BH@wever, there were some notable
examples ofinan-congruence. None ofgpatial patterns observed in ttoeky intertidal or
subtidal (kelpforestinvertebrate communitiesere significantly related to the spatial pattams
the communities of shallow Sdiettom Invertebrates-000 m Major contributors to thikck
of congruence appear to include th&atively large differences between the communities in two
pairs of adjacent Regions in tBeftBottom Invertebrates-000 mthat were more similar in the
rocky habitat communities, i.e., Point Conception and Santa Barbara, and Orange County and
North San.Diego Countyéttern visually apparent Fig. 2E relatively large PROTEST
residual foreneé Region in the pailhis lack of geographicommunitystructurefor Soft
Bottom Invertebrates-000m was also ewent in thenon-significant correlation with
geographic distance (Tal# The patterns of sinakity amongst Regions for the deeper Soft-
Bottom Invertebrates 100-500 had significant correlationsith those patterns in shallo8oft-
Bottom Inyvertebrate8-100 m and all of the Rockynteridal community types (Table)4

Kelpsforest invertebrate communities (including Reef Check) exhibited congrugthce
patterns amongst Regions in Rocky Intertidal Sessile Invertebrates, but didldsignificant
congruenceavith thecommunities of mobile invertebratéound in theocky or sandy intertidal,
nor with either of the shallower or deeefft-bottominvertebrate communitigdable4). In
both kelp forestlatases, the invertebrate communities foundhe two Regions farthest apart
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geographically, Point Conception and La Jolla/Point Longagerelatively moe similar to each
other (Fig. 3B,D) compared to the intertidal and soft-bottom invertebrateonity types where
these Regiongend to have the lsasimilar communitiesHig. 2C-H. Additionally, the warmer
islands (Santa Catalina and San Clemente) tetadleave very different kelp forest invertebrate
communities.than the colder northern islands, while tenenot as different in the
communities oRocky Intertidal Mobile Invertebrates

Similar‘patterns across Regions were obsearadng fish communities in shallow water
habitats There'weresignificant pairwiseelationships amonielp Forest Fisheand Soft-
bottom Fishes 0-100 m, includimkelp Forest Fishes (sampled by professional academic
researchers) and Reef Check Kelp Forest Fishes (salmpleained citizensfTable 4)
However, the communities dkeepeiSoft-bottom Fshes100-500 m did not have significant
correlationswithithe spatialcommunitypatterns in shallow sofiottom norkelp forest fiskes
sampled by either group major contributor to this lack of congruence appears tthheor
Soft-bottom Fishes 100-500 rtwo Regions adjacent in space, North San Diego County and La
JollaPointssoma had themost distinct communitie@attern visually apparent Fig. 3;

relatively largelPROTEST residuals for one Region in the pair).

Discussion

Ourresults illustrate how integratibgogeographicata from multiplebaseline
monitoring effortscan reveahovelpatternsat larger spatial and taxonomic scales than would
otherwise be"possible. Our analyses of lagale patterns of biotic community similarity across
differenttaxonomic groups from very different marine ecosystems provides insight gidoak
processes and environmers. expected, for the majority of individual community typesrs
of Regions=@lands or sections of coastline between major submarinertgngmded to have
more similarreommunities when they were geographicadige(i.e., spatialy autocorrelatedor
moreenvironmentally (i.e., mean SST) similaraae another.. However, this did not resullin
pairs of the community types exhibiting high level€rfsscommunity congruence.

The patterns observed may be indicative of the relative importance of bottom-up and top-
down forces in structuring spatial patterns for different community tyiesshigh levels of

congruence oRocky Intertidal Sessile Algae communities with almost all of the other (fish or
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invertebratexommunity types was not surprisir&s primary producers, sessile algae thrive in
cold nutrientrich water and they are often the key taxa defining regions of biogeographic
similarity (Blanchette et al., 2009). The local abundance of vaatgespecies ardighly
influenced by bottonup factors, including differences in water temperatune nutriers (Barry

et al., 1995,.Schiel et al., 200#8lgae and drift macrophytearealsoimportant as food and
habitat fo marineinvertebrate and fisles(e.g., Dugan et al., 2003; Graham, 2004; Schiel et al.,
2004). $rongassociations between these algae and conswoeld likely contribute to the
significant'pairwisecorrelationsbetween their spatial patterns of community similarity.

In contrast, there were relatively few significant relationships between pairs of
communitystypes that included a fish community and an invertebrate community, with the
primary exeeption being kelp forest fishes and invertebrateselinesrtebrate andsh
community typesare generallgomprised of assemblageshifhertrophic level species
(Blanchette et al., 2015; Pondella et al., 2015a), for wénichtionalecological and species
interactionfactorsoperate including direct humamteractions via fishingDayton et al., 1998)
and intensivercoastal development and managef@ent Dugan et al., 2003; Dugan et al.,
2008).These factormayhavealtered patterns of community similarity and resdin the
reduced level of congruence observed betvepatial patterns ithoseassemblages dfigher
level, anddn’some casdsjmanexploited or impactethxa (Jackson & Harvey, 1993; Rooney &
Bayley, 2012).

Pairs of nvertebrate community typedsotended to exhibit similar spatial patterifis
included pairsef Rocky and Sanbhertidal Invertebrateeommunites, andhe Sandy Intertidal
Invertebrates:wittthe shallow SofBottom Invertebrates-000 m. An exceptiorwas thathe
shallow SoftBottom Invertebrat®-100m communitywas not significantly awelated with
Rocky Intertidalor with Kelp Forestnvertebrate communitie$his result appears to lokeie to a
lack of geographic community structure in the shallow Bottom Invertebrates-000 m
(Table3), where pairs of Regioraljacenin spacehad relatively low community similarity
(Fig. 2E). Netably, the sft-bottom datasetsS@andyintertidal, 3100 m, and 100-50&) were
based omelativelyfewer Regions (6 or 7; Table 2) than other community typealy&es of
pairwise crossommunity congruence can only include Regittvadboth community types have
in common, and the relative influence of any difference iaiagé Regions becomes magnified

with smaller sample sizes
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461 A second excepn in patterns involving pairs of invertebrate community typas that
462  spatial patterns in the kelp forest invertebrate communities) both thedatasetollected by
463  professional academic researchers (PAR) thedatasetvhich included a reduced set of taxa
464  collected by Reef Chedkainedcitizens (RCCA), were not similar tahepatterns irany of the
465  othermobile.invertebrate communiti€se., rocky and sandy intertidandthe shallow and

466  deeper sofbottom subtidalj Table4). This lack of congruence appears to be driverelagively
467  high similarity of kelp forest inertebrate communities foundtime two Regionghat were

468 farthest apart'geographically (Point Conception and La Jolla/Point L@makimilarity despite
469  geographic distance might baelatedto similarity in theirbenthic habitat characteristicBoth of
470 these Regionsshavelativelyflat (low relief) cobble or bedrock regfsompared with thenore
471 high relief reefdound at the outer islands aathermainland regions such as Palos Verdes
472  (Pondella et al.} 2015b).

473 Spatial patterns ingh communitysimilarity were congruent across shallow habitats
474  betweertheKelp Forest (bottPAR andRCCA) and shallow 8ft-bottom 3100 mcommunities
475  However, thesecommunity of dper Softbottom Fishes 100-50@ was not significantly

476  correlated'with‘any of the other fish communitiggain, this is not surprisingiven the

477  environmental differences between the shallow and dee@eéne ecosystemwith seasonal
478  variabilitydn'temperature, salinity, productivity, and turbuledeelining with deptt{Allen,

479  2006).Generally softbottom fishspecies distributiand the associatespecies assemblages
480 arehighly depth stratifiedAllen, 2006; Allen & Smith, 1988; Williams et al., 2015). In our
481  analyses, Sofbettom Fishes 100-500 m in North San Diego County and La Jolla/Raimé L
482  had the most.distinct communities, even though they are adjacent to each other,apuktris
483  to be a major contributor to the lack of congruence ovéfajl 3). A sampling issue, also

484  relatingto depth_stratificationlikely contributed to this differenceyith more trawls coming
485  from the shallower or deeper ends of the depth range intines®egions, respectivelyrhis

486  difference wadurther magnified by the relatively low number of Regions samiolethese

487  fishes

488 This'studyalsogave us an opportunity to compare invertebrate and fish communities in
489  kelp forest ecosystems collected by two methods, professional academic res¢gfoReand
490 Reef ChecKRCCA) trainedcitizens. Citizen science, also called Public Participation in

491  Scientific Research is growing in popularity in the US and Europe and has the péential
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expanding scientific data bosipatially and temporall{FosterSmith & Evans, 2003; Schmeller
et al., 2009; see Freiwald et al. this issudpweverrigorous comparisons are necessary
order to validate the quality of data collected by sortiists. Gillett et al. (2012fompared
fish, invertebrate and habitat data from the same two kelp forest monitoring psdzpaed oa
smallersubset,of southern California reefs in 2008. In that study, both fish and invertebrate
community.structure exhibited generadiynilar spatial patternglthough the less detailed
taxonomicresolution used BRCCA resulted in differences in relative abundance. Physical
habitat as*measured by the divers (not compared here) was very differentrecioss
programs,

TheRCCA kelp forest monitoringrogramtargets aeduced number of taxenpximum
taxa observed:53°@AR) to 27 RCCA) for fishes, and 44RAR) to 21 RCCA) for
invertebrates]The reduced list of target species in the RCCA protocol (i.e., 35 fish species, 33
invertebrate taxad)kely contributes to the lack of differentiation among regisesnn the
RCCAfish.data(Fig. 3C), as compared to tiAR data(Fig. 3A). The Point Conception Region
fish community in particulaappears tarive this pattern and it had the fewest taxa observed (14)
of any Regionsin th®@CCA datasetThis Region was only represented by one site (Refugio State
Beach) inithe RCCA data set (Appendix A.4) and therefore lower samplingpfibably also
reduced.the'number of species obserTéere was also a laak significantcorrelation with
geographic distance and S®F theRCCAfish data(Table3). This might be driven by the
selection of species counted by RCCA. For this statewide monitoring program, species were
selected that“are likely to be fod in many geographic regions potentially reducing the ability to
identify regiensSpecific assemblagékwever, even with the reduced level of taxonomic
breadth it wasreassuring to find a high level of congruence between spatial patterns in the kelp
forest community types collected with the different methods. This provided additionahlgene
support tlat.the patterns observed across the community typesnweea artifact of the
differences.in.methodology, but are reflective of the biogeographic patterns. Ganpauch
as these camform the extat to which taxonomic coverage of the species assemhlkages
required to'delineate biogeographic patteamsiultimatelymay help to design longgrm
monitoring protocol@nd programdt also highlights theeed for clear objectives (e.g.,

informing marine resource management, detecting biogeographic patternsteclzmgcspecies
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assemblages or diversity) of monitoring grams as the targeted taxa nadfgct the conclusions
that can be drawn from timeonitoring data.

Our analyss of spatial pattern®r individual community types wemnsistent with
those described in previous studies of many ok#meetaxonomic group# the SCB. Primarily,
(1) Regions,that were geographically closer together or had similar SSTs tendeddrebe
similar and(2) there was clear separation between the communities found on the mainland and
the offshore‘islands (see summary in the introduction for citations). Alaatdferercein our
studywas that'data wengooledacross sites within Regions to facilitate comparisons between
community types. In sonyarevious studiegBlanchette et al., 2009; Zahn et al., 2016)
communityssimilarity was found tioave stronger correlatiomith mean SST than with
geographiedistanaemparedo whatwasobserved herelhis differencewas likelydue to the
coarserspatialresolutionof our datawith sites averaged withiRegions. In particular, there are
relatively large diferences in mean SST on opposite sides of each of the offstzores (Fig.

1), a characteristic that is lost when averaging data from sites on both sides of an island.
Monitoringssitercoordinatiom future studies or monitoring programs coblp resolve this
issue(e.g., Gloria et al., 2011; Jackson & Harvey, 1998 relative impact of other
oceanographic featurés.g., temperature fronts, wave exposure, circulation patterns affecting
larval dispersalpn various community types in these different ecosystems remains to be
examinedmore closely

Our study provides a broad view of patterns of community congruence adfesmntimarine
ecosystems over a large spatial scakes is in contrast toypical studies examiningrosstaxa
congruacethatare often focused on identifyirmodiversity surrogatesr bioindicatordor a
specific ecosystenThe goabf these studieis often to find ways to effectively monitor
ecosystems whta limited budget. Surrogatesay beindividual species or communitiéisat can
be monitoredelatively easilyand provide insightmto the state of other populations and
communities.at a specific site thre overall environmental conditions of the local sys{&roria
et al., 2011;sRooney & Bayley, 2012; Su et al., 2004). Our study indicatestératlal sessile
algal communities exhibhigh levels of congruence with other fish and nelerate community
types. For this reasoit,will be important to include thesdgal communitiesn long-term
monitoring programsas changem algal assemblagesll likely influence invertebrate andsh
communities and may be indicative of impacts from climate ch¢@ayey et al., 1995; Schiel et
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al., 2004). However, because fish and invertebrate communities do not exhibit high levels of
congruence, they may be responding differently to changes in oceanographic regimes or larg
scale management actions as a result of additional ecological interactions at thedeopigicer
levels.A previous study examining community congruence in assemblages of wetland plants,
invertebrates;,and birds found that congruence was lower in sites more impactecahg hum
(Rooney & Bayley, 2012). A similar hypothesis could be testedanne ecosystems where an
increased-level’of crogommunity congruence might be observed with in MPAs as
communities‘recover from the impacts of fishing, compared with those outside of KERAs t
remain open to/fishing. Testing this hypothesis will require-f@ngn monitoring data be

obtained fromsmultiple community types at a sufficient number of easkdinated sites inside

and outside’MPAs over sufficient time spans to allow impacted populations to recover
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Communit

y Type
Rocky

Range

San Miguel Island
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Santa Cruz Island
Anacapa Island

Begg Rock

San Nicolas Island
Santa Barbara Island
Santa Catalina Island
San Clemente Island
Point Conception

Santa Barbara

Malibu

Palos Verdes

Orange County

North San Diego County
La Jolla and Point Loma

Intertidal
Sessile 20-
Algae 81 33 48 53 64 57 20 35 49 41 79 45 81
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Rocky
Intertidal
Sessile
Invertebrat
es

Rocky
Intertidal
Mobile
Invertebrat
es

Sandy
Intertidal
Invertebrat
es

Soft-
bottom
Invertebrat
es 0-100 m
Soft-
bottom
Invertebrat
es 100-500
m

Kelp Forest
Fishes
Kelp Forest
Invertebrat
es

Reef Check
Kelp Forest
Fishes
Reef Check
Kelp Forest
Invertebrat
es

Soft-
bottom
Fishes 0-
100 m

Soft-

bottom

12-
38

21-
62

29-
52

11-
58

37-
66

7-55

15-
44

14

27

15-
21

27-
51

51

20

26

39

39

39

38

19

17

55

43

26

21
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32

41

34

24

21

15

27

40

15

15

25

33

31

58

40

34

27

19

31

38

32

27

12

21

36
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46

37

32

14
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28

45

30

37

52

43

64

47

36

24

15

51

51

30

35

46

47

47

44

35

21

17

44

40

27

45

53

39

48

44

25

20

27

44

38

58

29

49

33

25

19

20

41

27

37

40

39

37

28

23

38

32

31

62

43

50

66

36

31

22

17

39

37
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Fishes 100-

500 m
788
789  Table 2. Sampling summary. Number of sites sampled in each of the 16 Regions for each of the
790 6 datasets."We"also report the mean Sea Surface Tempe&&Uye/dlue for each Region and
791 datasefaverage MODIS SST across sites sampled with the Re@jotgthatdatasetsnay
792  contain more than one community type.
793
Rocky Sandy Reef Check Soft-bottom Soft-bottom
Intertidal Intertidal Kelp Forest Kelp Forest 0-100 m 100-500 m
Years Sampled 2009-2014 2011 2011-2012 2011-2013 2013 2013
Mean Mean Mean Mean Mean Mean
Region Sites SST Sites SST Sites SST Sites SST Sites SST Sites SST
San Miguel lsland 2 14.05 4 14.05
Santa Rosa dsland 3 14.94 3 15.22
Santa Cruz Island 10 15.53 6 15.66
Anacapa Island 2 15.91 4 15.83 5 15.81
Begg Rock 1 14.98
San Nicolas Island 3 15.3 1 14.93
Santa Barbara. Island 5 16.44
Santa Catalina.lsland 5 17.56 14 17.5 7 17.59
San Clementerlsland 5 16.91 12 17.13
Point Conception 1 1521 2 1546 3 1514 A 15.6 2 1534 10 1454
Santa Barbara 3 15.69 2 15.61 3 15.69 3 15.59 18 15.67 19 15.44
Malibu 6 1606 2 1612 5 1614 3 1639 19 1636 8  16.12
Palos Verdes 3 16.85 14 1689 6 1691 11 1696 7  17.01
Orange County 6 1739 1 1733 4 1743 7 174 11 17.42
North San Diego
County 2 1776 3 1762 5 1767 8 1762 6  17.69
La Jolla and Point
Loma 6 17.3 2 1777 6 1737 5 17.5 9 1721 9  17.58
794
795 Table 3. Mantel tests to examine the correlations between taxonomic group community
796 dissimilarity’and geographic distance or between taxonomic group community synaitatit
797  differences in longerm mean SST among Regions. Mantel r statistic value is reported and
798  statistically significant values are indicated by * (p < 0.05) and ** (p < 0.005). Ndtbabhause
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799  dissimilarity is used, positive r values indicate communities are more different as the difference
800 in geographic distance or SST increases between Regions increases

801
Community Type Distance SST
Rocky Intertidal Sessile Algae 0.66** 0.66™*
Rocky Intertidal Sessile Invertebrates 0.43** 0.19
Rocky Intertidal Mobile Invertebrates 0.35* 0.09
Sandy Intertidal Invertebrates 0.70** 0.70**
Soft-bottom Invertebrates 0-100 m 0.29 0.17
Soft-bottom Invertebrates 100-500 m 0.71* 0.75*
Kelp Forest Fishes 0.36* 0.45**
Kelp Forest Invertebrates 0.54** 0.61**
Reef Check,;Kelp.Forest Fishes 0.23 0.2
Reef Check Kelp/Forest Invertebrates  0.36 0.41*
Soft-bottom Fishes 0-100 m 0.45* 0.53*
Soft-bottom,Fishes 100-500 m 0.66™* 0.56*

802
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803

Table 4. mantel and PROTEST pairwise community correlation resultsamongst Regions.

()
—_ E o 1
£ ¢ s B g g 3
_ _ £ 2 _ < g 2 a o 8 =
] T o [} ] o — 0 ° T <9 B2
28 25 2 g 2y ? g I g X g x 2 U
32 3z 8% &8 5% 58 B 2 g 35 ¥ 2% E
< £ = E£E5 £5 5 £ 35 5 5 & &axT 2 £ =
>2 >2 =2 =28 8¢ 88 u L & O % O g 28 ¢
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88 88 82 §2 B2 532 3 T s 85 85 §8
Test T wHw o x E O E O E B E fx v £ ¢ o o S
Rocky=intertidal Sessile mantel 0.54**
Invertebrates PROTEST 0.80**
Rocky Intertidal Mobile mantel 0.50**  0.61**
Invertebrates PROTEST 0.76**  0.77**
Sandy~Intertidal mantel 0.59* 0.51** 0.57*
Invertebrates PROTEST 0.75 0.82 0.88*
Soft-bottom mantel 0.31 0.28 0.17 0.56**
Invertebrates 0-100 m PROTEST 0.67 0.62 0.66 0.92*
Soft-bottom mantel 0.69** 0.61* 0.84** 042 0.60*
Invertebrates 100-500 m PROTEST 0.93**  0.80* 0.93** 0.86 0.92**
Kelp Forest Fishes mantel 0.49** 0.22 0.1 0.29 0.14 0.44
PROTEST 0.83* 0.70* 0.60* 0.63 0.74* 0.57
Kelp Forest mantel 0.59**  0.27* 0.07 0.44 0.02 0.17 0.62**
Invertebrates PROTEST 0.73** 0.65* 0.41 0.76 0.56 0.74 0.58*
Reef Check Kelp Forest mantel 0.61* 0.4 0.67* -0.1 0.29 0.79* 0.77*  0.41*
Fishes PROTEST 0.86** 0.78** 0.82* 0.64 0.72* 0.72 0.85** 0.5
Reef Check Kelp Forest mantel 0.50* 0.43* 0.2 0.02 0.39 0.31 0.38 0.71» 0.51*
Invertebrates PROTEST 0.64 0.69 0.42 0.73 0.65 0.48 0.59 0.84**  0.53
Soft-bottom Fishes mantel 0.45* 0.19 0.34 0.1 0.33 0.38 0.56* 0.26 0.76* 0.09
0-100 m PROTEST 0.81* 0.7 0.6 0.53 0.53 0.48 0.76* 0.73 0.96 0.63
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Soft-bottom Fishes mantel 0.60* 0.60* 015 024 014 037 042 056* 041 043 01804 Pairwi

100-500 m PROTEST 0.73 0.71 0.59 0.58 0.54 0.71 0.74 0.62 0.79 0.6 0.6%05 se

806 Mantelf statistic value and PROTESIT statistic are reported asthtistically significant values are indicated by * (p < 0.05)*ind
807 (p < 0.005).and in bold teXncreasing andn? values indicate that the same patterns of similarity between Regions in one

808 community type is also observed in the other community type.
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811
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813
814
815
816
817
818
819
820
821
822

Fig. 1. Map ofavailable ecosystesspecificdatawithin each of thel6 Regions with mean Sea
Surface Temperature (MODIS SST) from 2a0L2.Note that data from each ecosystem was

typically available fomultiple community types (e.qg., invertebrates, fisti@&aplel).

Fig. 2. Norrmetric multidimensional ordination plédr each community type using Br&urtis
similarity based on the squareot transformed species densitypercent cover (exception
Sandy Intertidal Invertebrates were fourth root transformed) for each oéthieriR where data

were availableyverlaid on a fitted SST surface (grey contour lines; °C).
Fig. 3. Norrmetric multidimensional ordination plot for each community type using Brayis

similarity based\on the squareot transformed species density dataeach of the Regions

where data were available overlaid on a fitted SST surface (grey contour lines; °C).
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827

Appendix Al. Sites sampletbr the Rocky Intertidatlataset.

Region Site Name Latitude Longitude
Anacapa Island S Frenchys Cove 34.00655 -119.41104
Anacapa Island Middle West 34.00584  -119.39643
La Jolla and\Point Loma La Jolla Caves 32.84861 -117.26535
La Jolla andsPoint Loma  Wind and Sea 32.83285 -117.28231
La Jolla and'Peint Loma Sea Ridge 32.80799 -117.26793
La Jolla and Point Loma  Navy North 32.69278 -117.25306
La Jolla and.Point Loma  Cabrillo 1 32.66943 -117.24541
La Jolla and Point Loma  Cabrillo 3 32.66490 -117.24282
Malibu Old Stairs 34.06622  -118.99810
Malibu Deer Creek 34.06069 -118.98221
Malibu Sequit Point 34.04323 -118.93700
Malibu Lechuza Point 34.03446 -118.86179
Malibu Paradise Cove 34.01200 -118.79214
Malibu Point Dume 34.00036  -118.80703
North San Diego County  Cardiff Reef 32.99984 -117.27867
North San Diego.County  Scripps 32.87140 -117.25321
Orange County Buck Gully South  33.58825 -117.86736
Orange County Crystal Cove 33.57086 -117.83785
Orange County Muddy Canyon 33.56576 -117.83314
Orange County Shaws Cove 33.54473 -117.79974
Orange County. Heisler Park 33.54259 -117.78928
Orange County. Dana Point 33.45994  -117.71461

Appendix A2: Sites sampled for the Sandy Intertidataset
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Region Site Name Latitude Longitude
Palos Verdes Point Vicente 33.74101 -118.40947
Palos Verdes Abalone Cove 33.73778 -118.37612
Palos Verdes Point Fermin 33.70679 -118.28614
Point Conception Alegria 34.46714 -120.27818
San Clemente Island Graduation Point 33.03327 -118.57560
San Clemente Island North Head 33.03287 -118.60057
San Clemente Island West Cove 33.01477 -118.60613
San Clemente Island Boy Scout Camp 33.00112 -118.54832
San Clemente Island Eel Point 32.91801 -118.54668
San Miguel Island Cuyler Harbor 34.04861 -120.33642
San Miguel Island Crook Point 34.02207 -120.37924
San Nicolas Island Thousand Springs 33.28491 -119.52972
San Nicolas Island Tranquility Beach 33.26567 -119.49210
San Nicolas Island Marker Poles 33.21870 -119.49575
Santa Barbara Ellwood 34.43519 -119.93078
Santa Barbara Coal Oil Point 34.40686 -119.87829
Santa Barbara Carpinteria 34.38704 -119.51408
Santa Catalina Island Bird Rock 33.45167 -118.48761
Santa Catalina Island Big Fisherman Cove  33.44645 -118.48526
Santa Catalina Island Two Harbors 33.44435 -118.49888
Santa Catalina Island Goat Harbor 33.41680 -118.39407
Santa Catalina Island Avalon Quarry 33.32200 -118.30520




Region Site Name Latitude Longitude Region Site Name Latitude Longitude
La Jolla and Point Loma  Blacks 32.88792  -117.25303 North San Diego County  San Elijo 33.02460  -117.28659
La Jolla and Point Loma  Scripps 32.86415  -117.25464 Orange County Crystal Cove 33.57810  -117.84797
Malibu Leo Carillo 34.04697 -118.94820 Point Conception Gaviota 34.47109 -120.22788
Malibu Dume Cove 34.00608 -118.80167 Point Conception Arroyo Quemado  34.47039  -120.11952
North San:Diego=County San Clemente 33.40074  -117.60329 Santa Barbara East Campus 34.41053  -119.84205
North San DiegosGounty  Carlsbad 33.11060 -117.32302 Santa Barbara Isla Vista 34.40930 -119.87373
828
829  Appendix A3 Sites sampled for thi¢elp Foresdataset.
830
Region Site Name Latitude Longitude Region Site Name Latitude Longitude
Anacapa Island Al - West Isle 34.01693 -119.43079 San Clemente Island ~ SCLI - Station 1 32.93640 -118.49825
Anacapa Island Al - East Isle 34.01672 -119.36571 San Clemente Island ~ SCLI - Eel Point 32.90469 -118.53910
Anacapa Island Al - Lighthouse Reef 34.01237 -119.36510 San Clemente Island ~ SCLI - Purseseine Rock 32.86900 -118.41043
Anacapa Island Al - Middle Isle 34.00862 -119.39041 San Clemente Island ~ SCLI - Lost Point 32.84186 -118.49016
Begg Rock SNI - Begg Rock 33.36237 -119.69495 San Clemente Island ~ SCLI - Lil Flower 32.83663 -118.36587
La Jolla/Point Loma Children's Pool 32.85167 -117.27829 San Clemente Island ~ SCLI - Pyramid Cove 32.81550 -118.37115
La Jolla/Point Loma Matlahuayl 32.85116 -117.27018 San Clemente Island ~ SCLI - China Point 32.80065 -118.42918
La Jolla/Point Loma South La Jolla 32.81593 -117.28372 San Miguel Island SMI - Harris Point Reserve  34.05986 -120.35069
La Jolla/Point Loma Point Loma Central 32.71210 -117.26302 San Miguel Island SMI - Cuyler 34.05405 -120.35042
La Jolla/Point Loma Point Loma South 32.67649 -117.25615 San Miguel Island SMI - Tyler Bight 34.02714 -120.40928
La Jolla/Point Loma Cabrillo National Monument ~ 32.66371 -117.24424 San Miguel Island SMI - Crook Point 34.01647 -120.33518
Malibu Deep Hole East 34.04522 -118.95920 San Nicolas Island SNI - Boilers 33.27600 -119.60693
Malibu Leo Carrillo East 34.03996 -118.92427 Santa Barbara Naples 34.42353 -119.95266
Malibu Encinal Canyon East 34.03505 -118.87098 Santa Barbara IV Reef 34.40401 -119.86915
Malibu Little Dume West 34.00654 -118.79097 Santa Barbara Horseshoe Reef 34.39166 -119.55003
Malibu Point Dume 33.99884 -118.80659 Santa Barbara Island  SBI - Graveyard Canyon 33.47471 -119.02679
North San Diego County ~ San Mateo Kelp 33.36900 -117.61058 Santa Barbara Island  SBI - Southeast Sealion 33.46878 -119.02882
North San Diego County  South Carlsbad 33.09845 -117.32315 Santa Barbara Island ~ SBI - Sutil 33.46585 -119.04821
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North San Diego County  Leucadia 33.06360 -117.30932 Santa Barbara Island  SBI - Cat Canyon 33.46442 -119.04408
North San Diego County ~ Swami's 33.03574 -117.30134 Santa Barbara Island  SBI - Southeast Reef 33.46293 -119.03127
North San Diego County  San Elijo 33.01818 -117.28882 Santa Catalina Island ~ SCAI - Indian Rock 33.46887 -118.52617
Orange County Crystal Cove 33.56275 -117.83770 Santa Catalina Island ~ SCAI - Ship Rock 33.46302 -118.49140
Orange County Heisler Park 33.54039 -117.79189 Santa Catalina Island ~ SCAI - Bird Rock 33.45217 -118.48767
Orange County Laguna Beach 33.53115 -117.78048 Santa Catalina Island ~ SCAI - Blue Cavern 33.44802 -118.47947
Orange County Dana Point 33.46160 -117.72145 Santa Catalina Island ~ SCAI - Iron Bound Cove 33.44750 -118.57515
Palos Verdes Ridges North 33.78848 -118.42323 Santa Catalina Island ~ SCAI - West Quarry 33.44250 -118.47017
831
832 Appendix A3. (continued) Sites sampled for the Kelp Forelsttaset.
833
Region Site Name Latitude Longitude Region Site Name Latitude Longitude
Palos Verdes Ridges South 33.78631 -118.42641 Santa Catalina Island SCAI - Ripper's Cove 33.42815 -118.43547
Palos Verdes Rocky Point North 33.78093  -118.42999 Santa Catalina Island SCAI - Cat Harbor 33.42609 -118.51181
Palos Verdes Rocky Point South 33.77638  -118.43160 Santa Catalina Island SCAI - Twin Rocks 33.41788 -118.38917
Palos Verdes Lunada Bay 33.77180  -118.43030 Santa Catalina Island SCAI - ltalian Gardens 33.41073 -118.37576
Palos Verdes Resort Point 33.76650  -118.42742 Santa Catalina Island SCAI - Hen Rock 33.40010 -118.36690
Palos Verdes Underwater Arch 33.75144  -118.41655 Santa Catalina Island SCAI - Lover's Cove 33.34358 -118.31705
Palos Verdes Hawthorne Reef 33.74662  -118.41657 Santa Catalina Island SCAI - China Point 33.33032 -118.46975
Palos Verdes Point Vicente West 33.73974  -118.41369 Santa Catalina Island SCAI - Salta Verde 33.31458 -118.42152
Palos Verdes Abalone Cove Kelp West ~ 33.73922  -118.38789 Santa Cruz Island SCRI - Painted Cave 34.07297 -119.87009
Palos Verdes Long Point East 33.73595 -118.40122 Santa Cruz Island SCRI - Hazards 34.05645 -119.82174
Palos Verdes Bunker Point 33.72465  -118.35317 Santa Cruz Island SCRI - Cavern Point 34.05384 -119.56949
Palos Verdes Whites Point 33.71531 -118.32486 Santa Cruz Island SCRI - Forney 34.05358 -119.91427
Palos Verdes Point Fermin 33.70667  -118.29928 Santa Cruz Island SCRI - Scorpion 34.05032 -119.55051
Point Conception Arroyo Quemado 34.46804  -120.12116 Santa Cruz Island SCRI - Coche Point 34.04387 -119.60290
Point Conception Bullito 34.45683  -120.33170 Santa Cruz Island SCRI - Pelican 34.03166 -119.69668
Point Conception Cojo 34.44435  -120.41927 Santa Cruz Island SCRI - Yellowbanks 33.99283 -119.55903
San Clemente Island SCLI - Castle Rock 33.03732  -118.61528 Santa Cruz Island SCRI - Valley 33.98320 -119.64183
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San Clemente Island  SCLI - Northwest Harbor 33.03225  -118.58382 Santa Cruz Island SCRI - Gull Island 33.94833 -119.82489
San Clemente Island  SCLI - Reflector Reef 33.02639  -118.56347 Santa Rosa Island SRI - Cluster Point 33.92908 -120.19083
San Clemente Island _SCLI - Boy Scout Camp 33.00208  -118.54826 Santa Rosa Island SRI - Johnson's Lee South  33.89726 -120.10359
San Clemente Island, SCLI - South Range 32.96762  -118.57756 Santa Rosa Island SRI - South Point 33.89344 -120.12148
834
835 Appendix A4. Sites sampled for the Reef Chdtilp Forestdataset
836
Region Site Name Latitude Longitude Region Site Name Latitude Longitude
Anacapa Island Landing Cove 34.01747 -119.36240 Palos Verdes 120 Reef 33.73792 -118.39201
Anacapa Island Cathedral Cove 34.01650 -119.36839 Palos Verdes Abalone Cove 33.73615 -118.37632
Anacapa Island Cathedral Wall 34.01575 -119.37150 Palos Verdes White Point 33.71351 -118.31810
Anacapa Island Goldfish Bowl 34.01473 -119.43750 Point Conception Refugio State Beach 34.46333 -120.07032
Anacapa Island Light House 34.01263 -119.36420 Santa Barbara Naples Reef 34.42185 -119.95150
La Jolla/Point Lema  La Jolla Cove 32.85217 -117.26987 Santa Barbara Sandpiper 34.41747 -119.89673
La Jolla/Point Loma  Windansea 32.83660 -117.28800 Santa Barbara IV Reef 34.40305 -119.86608
La Jolla/Point'toma  South La Jolla 32.81345 -117.28577 Santa Catalina Island Lions Head 33.45124 -118.50210
La Jolla/Point Loma  North Hill Street 32.72862 -117.26500 Santa Catalina Island Bird Rock 33.45080 -118.48754
La Jolla/Point Loma  Broomtail Reef 32.69423 -117.26807 Santa Catalina Island Isthmus Reef 33.44832 -118.49060
Malibu Big Rock 34.03517 -118.60809 Santa Catalina Island WIES Intake Pipes 33.44700 -118.48485
Malibu Lechuza 34.03403 -118.87132 Santa Catalina Island Long Point West 33.40840 -118.36740
Malibu Paradise Point 34.00413 -118.79290 Santa Catalina Island Torqua 33.38300 -118.35000
Orange County Little Corona Del Mar 33.58980 -117.86870 Santa Catalina Island Casino Point 33.34917 -118.32497
Orange County Crystal Cove 33.57135 -117.84110 Santa Cruz Island Cueva Valdez 34.05500 -119.81000
Orange County Seal Rock North Crescent Bay  33.54555 -117.80370 Santa Cruz Island Frys Anchorage 34.05416 -119.75600
Orange County. Shaws Cove 33.54396 -117.79986 Santa Cruz Island Scorpion Anchorage 34.04852 -119.55230
Orange County Divers Cove 33.54317 -117.79658 Santa Cruz Island Pelican Anchorage 34.03565 -119.70250
Orange County Heisler Park 33.54225 -117.79500 Santa Cruz Island Yellowbanks 33.99880 -119.55050
Orange County Salt Creek 33.47715 -117.72736 Santa Cruz Island Sandstone Pt. 33.99067 -119.55440



Palos Verdes Malaga Cove 33.80365 -118.39835 Santa Rosa Island Elk Ridge 33.95333 -119.96909
Palos Verdes Christmas Tree Cove 33.76040 -118.42105 Santa Rosa Island East Point 33.94397 -119.96478
Palos Verdes Hawthorne Reef 33.74700 -118.41589 Santa Rosa Island Johnsons Lee 33.90155 -120.10340
838
839  Appendix’A5:-Sites sampled for the shallowgoftbottom 3100m dataet.
840
Region Site Name  Latitude Longitude Region Site Name Latitude Longitude
La Jolla/Point Loma B13-9052 32.82374 -117.34121 Orange County B13-9177 33.54831 -117.82495
La Jolla/Point Loma B13-9040 32.78135 -117.26930 Orange County B13-9173 33.52456 -117.79534
La Jolla/Point Loma B13-9037 32.76383 -117.31984 Orange County B13-9171 33.52140 -117.76980
La Jolla/Point'Loma B13-9034 32.74076 -117.31480 Orange County B13-9168 33.51414 -117.77943
La Jolla/Point Loma B13-9012 32.58938 -117.26361 Orange County B13-9166 33.51182 -117.77133
La Jolla/Point Loma B13-9008 32.55110 -117.14986 Orange County B13-9161 33.50506 -117.77313
La Jolla/Point Loma B13-9007 32.55081 -117.19931 Orange County B13-9159 33.50056 -117.75367
La Jolla/Pointszoma B13-9006 32.54924 -117.14077 Orange County B13-9152 33.47427 -117.73662
La Jolla/Point Loma B13-9005 32.53761 -117.15511 Palos Verdes B13-9257 33.82949 -118.40126
Malibu B13-9383 34.12507 -119.19268 Palos Verdes B13-9245 33.73300 -118.12150
Malibu B13-9377 34.11371 -119.18046 Palos Verdes B13-9239 33.72266 -118.15526
Malibu B13-9372 34.10112 -119.15082 Palos Verdes B13-9229 33.69541 -118.29616
Malibu B13-9342 34.02646 -118.57065 Palos Verdes B13-9221 33.65956 -118.13065
Malibu B13-9341 34.02321 -118.59282 Palos Verdes B13-9219 33.65450 -118.05838
Malibu B13-9339 34.02205 -118.86736 Palos Verdes B13-9217 33.64800 -118.14950
Malibu B13-9336 34.01948 -118.74305 Palos Verdes B13-9214 33.64300 -118.07835
Malibu B13-9331 34.01320 -118.67019 Palos Verdes B13-9204 33.62780 -117.98720
Malibu B13-9326 34.00509 -118.76663 Palos Verdes B13-9200 33.60346 -118.09545
Malibu B13-9323 34.00126 -118.82445 Palos Verdes B13-9199 33.60185 -118.05647
Malibu B13-9321 34.00042 -118.81508 Point Conception B13-9487 34.46470 -120.17971
Malibu B13-9320 33.99917 -118.86887 Point Conception B13-9482 34.44309 -120.28516
Malibu B13-9319 33.99744 -118.49182 Santa Barbara B13-9471 34.40395 -119.81211
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Malibu B13-9316 33.99528 -118.63280 Santa Barbara B13-9470 34.40100 -119.83280
Malibu B13-9303 33.96250 -118.47620 Santa Barbara B13-9468 34.39975 -119.87481
Malibu B13-9292 33.94372 -118.51978 Santa Barbara B13-9467 34.39839 -119.86476
Malibu B13-9286 33.93486 -118.53976 Santa Barbara B13-9466 34.39548 -119.66218
Malibu B13-9271 33.89793 -118.53699 Santa Barbara B13-9465 34.39505 -119.85862
Malibu B13-9266 33.86038 -118.44805 Santa Barbara B13-9458 34.36812 -119.54012
841  Appendix"A5: (continued) Sites sampled for the shallow®oft-bottom 0-100m datt.
842
Region Site Name Latitude Longitude Region Site Name Latitude Longitude
North San Diegoe.County B13-9131 33.26991 -117.56485 Santa Barbara B13-9456 34.36084 -119.84922
North San Diego/County B13-9130 33.26882 -117.53942 Santa Barbara B13-9454 34.35930 -119.84950
North San Diego"County B13-9129 33.26553 -117.53393 Santa Barbara B13-9449 34.34408 -119.56258
North San Diege"County B13-9121 33.17566 -117.38149 Santa Barbara B13-9448 34.34384 -119.77376
North San Diego'County B13-9111 33.10513 -117.36191 Santa Barbara B13-9447 34.34247 -119.45800
North San Diego County B13-9105 33.08807 -117.35098 Santa Barbara B13-9433 34.27832 -119.58315
North San Diege.County B13-9104 33.08343 -117.34265 Santa Barbara B13-9424 34.25487 -119.47649
North San*Diego.County B13-9094 33.03384 -117.31726 Santa Barbara B13-9421 34.24441 -119.37034
Orange County B13-9194 33.58976 -117.89469 Santa Barbara B13-9409 34.21832 -119.29504
Orange County. B13-9192 33.58086 -117.86846 Santa Barbara B13-9397 34.17867 -119.34686
Orange County B13-9187 33.56822 -117.85659 Santa Barbara B13-9382 34.12460 -119.25856
843
844  Appendix-A6: Sites sampled for the deefoft-bottom 100-500m dasat.
845
Region Site Name Latitude Longitude Region Site Name Latitude Longitude
La Jolla/Point Loma B13-9056 32.83149 -117.35914 Point Conception B13-9476 34.42003 -120.26919
La Jolla/Point Loma B13-9053 32.82544 -117.36599 Point Conception B13-9459 34.36839 -120.11302
La Jolla/Point Loma B13-9051 32.82160 -117.36852 Point Conception B13-9457 34.36268 -120.01034
La Jolla/Point Loma B13-9035 32.74149 -117.42695 Point Conception B13-9450 34.34424 -120.36861
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La Jolla/Point Loma
La Jolla/Point Loma
La Jolla/Point Loma
La Jolla/Point Loma
La Jolla/Point Lama
Malibu
Malibu
Malibu
Malibu
Malibu
Malibu
Malibu
Malibu
N. San Diego County
N. San Diego County
N. San DiegoyCounty:
N. San Diego County
N. San Diego"County
N

. San Diego County

B13-9026
B13-9023
B13-9014
B13-9013
B13-9011
B13-9354
B13-9350
B13-9348
B13-9325
B13-9314
B13-9309
B13-9300
B13-9287
B13-9125
B13-9107
B13-9100
B13-9092
B13-9091
B13-9073

32.69385
32.67006
32.59843
32.59770
32.58567
34.05085
34.04406
34.04114
34.00459
33.99155
33.97742
33.95711
33.93551
33.22069
33.09375
33.06657
33.02686
33.01823
32.91015

-117.39582
-117.42091
-117.32876
-117.35125
-117.34110
-119.21575
-119.05558
-119.19721
-119.05596
-118.85703
-118.87639
-118.59303
-118.59212
-117.51202
-117.41715
-117.36748
-117.33666
-117.34053
-117.29773

846
847
848

Appendix..Ab. (continued) Sites sampled for the deefgoftbottom 100-500m daset.

Region Site Name Latitude Longitude
Palos Verdes B13-9251 33.76682 -118.46048
Palos Verdés B13-9237 33.72141 -118.41792
Palos Verdes B13-9235 33.70335 -118.39750
Palos Verdes B13-9228 33.69409 -118.34651
Palos Verdes B13-9223 33.67587 -118.33247
Palos Verdes B13-9185 33.56469 -118.01844
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Point Conception B13-9436 34.28711 -120.45557
Point Conception B13-9435 34.28456 -120.42371
Point Conception B13-9427 34.26002 -120.28113
Point Conception B13-9400 34.18317 -120.35129
Point Conception B13-9399 34.18235 -120.40732
Point Conception B13-9387 34.14379 -120.17822
Santa Barbara B13-9455 34.36050 -119.89146
Santa Barbara B13-9444 34.31988 -119.75113
Santa Barbara B13-9441 34.31380 -119.88421
Santa Barbara B13-9432 34.27781 -119.71827
Santa Barbara B13-9431 34.27751 -119.65789
Santa Barbara B13-9426 34.25859 -119.81040
Santa Barbara B13-9419 34.24006 -119.66910
Santa Barbara B13-9414 34.22508 -119.73198
Santa Barbara B13-9407 34.21626 -119.60595
Santa Barbara B13-9403 34.20641 -119.63271
Santa Barbara B13-9398 34.17889 -119.61204
Santa Barbara B13-9396 34.17124 -119.87676
Santa Barbara B13-9394 34.16870 -119.54170
Region Site Name Latitude Longitude
Santa Barbara B13-9391 34.15836 -119.82763
Santa Barbara B13-9388 34.14562 -119.77009
Santa Barbara B13-9385 34.13268 -119.36990
Santa Barbara B13-9380 34.12281 -119.33129
Santa Barbara B13-9379 34.11821 -119.62891
Santa Barbara B13-9374 34.10717 -119.31902



Palos Verdes B13-9179 33.55625 -118.02254

849

Author Manuscript

This article is protected by copyright. All rights reserved




Latitude (°)

18.0

Malibu
® O 16.9
mi
| A X 15.8
< .
ol 14.7
Santa Cruz A
Islang \acapa 13.6
Island
Orange County
Santa Barbara : _(")_
© Island
@ Iﬂ A
Santa Catalina
. Island
San Nicolas
Island
(9]
™

| /\ Reef k Kelp Forest BRIClemente
m 0-100 m Island
Soft-bottom 100-500 m

| . . . . | i i " i 1

120 119 118
Longitude (°)

maec_12453_f1.eps

This article is protected by copyright. All rights reserved



W San Miguel Island
{ Santa Rosa Island
VW Santa Cruz Island
VW Anacapa Island
\ Begg Rock
¥ San Nicolas Island
\V/ Santa Barbara Island
Y Santa Catalina Island
W San Clemente Island
@ Point Conception
Santa Barbara
@ Malibu
Palos Verdes
Orange County
North San Diego County
@® La Jolla and Point Loma

This artiq

A Rocky Intertidal Sessile Algae B Rocky Intertidal Sessile Invertebrates
2D Stress:0.09 2D Stress:0.1
i °
<4
o A
g
A
<
4
o
< o
(03 Rocky Intertidal Mobile Invertebrates D Sandy Intertidal Invertebrates
[ ] 2D Stress:0.07 2D Stress:0.03
( ]
(
o
v
v ([
v
vV v o
E Soft-bottom Invertebrates 0-100 m F Soft-bottom Invertebrates 100-500 m
2D Stress:0.03 [ 2D Stress:0.00
[ J
®
o
o
le is protected by copyright. All rights reseryeq

maec 12453 f2.eps




W San Miguel Island
Y Santa Rosa Island
W Santa Cruz Island
V¥ Anacapa Island
\ Begg Rock
Y San Nicolas Island
\V/ Santa Barbara Island
YV Santa Catalina Island
W San Clemente Island
@ Point Conception
Santa Barbara
@® Malibu
Palos Verdes
Orange County
North San Diego County
@ La Jolla and Point Loma

This artid

A Kelp Forest Fishes

Kelp Forest Invertebrates

2D Stress:0.05

2D Stress:0.09

JAN
< L
J
X [N
<4 ) °
g v >/¥ e
N5 o
J
g <
J
C Reef Check Kelp Forest Fishes D Reef Check Kelp Forest Invertebrates
2D Stress:0.05 2D Stress:0.04
i o
() ®
A
.A
) A
v
A
E Soft-bottom Fishes 0-100 m F Soft-bottom Fishes 100-500 m
2D Stress:0.00 2D Stress:0.00
[
o
([
o
([
le is protected by copyright. All rights reseryed ¢

maec_12453_f3.eps




