

  diversity-14-00366




diversity-14-00366







Diversity 2022, 14(5), 366; doi:10.3390/d14050366




Article



Over, Under, Sideways and Down: Patterns of Marine Species Richness in Nearshore Habitats off Santa Catalina Island, California



David W. Ginsburg *[image: Orcid] and Andrew H. Huang





Environmental Studies Program, University of Southern California, 3454 Trousdale Parkway, Los Angeles, CA 90089-0156, USA









*



Correspondence: dginsbur@usc.edu







Academic Editors: Thomas J. Trott and Michael Wink



Received: 6 April 2022 / Accepted: 3 May 2022 / Published: 5 May 2022



Abstract

:

Santa Catalina Island, located off the southern California coast, is home to the Blue Cavern Onshore State Marine Conservation Area (SMCA), which is recognized as a marine protected area. Here, we provide an updated species inventory of nearshore macroalgae, seagrasses, bony and cartilaginous fishes and invertebrates documented inside the Blue Cavern Onshore SMCA. Species richness data were compiled using scuba-based visual surveys conducted in the field, references from the primary and gray literature, museum records, unpublished species lists and online resources. The current checklist consists of 1091 marine species from 18 different taxonomic groups, which represents an ~43% increase in species diversity compared to the value reported previously. These data are indicative of the high biodiversity known from the Southern California Bight (SCB) region. The total number of intertidal and subtidal taxa reported represent approximately 85% and 45% of the documented macroalgae and plants, 41% and 24% invertebrates, and 62% and 20% of fishes from Catalina Island and the SCB, respectively. Among the marine taxa documented, 39 species either have undergone a geographic range shift or were introduced as the result of human activities, while another 4 species are listed as threatened, endangered or critically endangered. Research findings presented here offer an important baseline of species richness in the California Channel Islands and will help improve the efforts by resource managers and policy makers to conserve and manage similar habitats in the coastal waters off southern California.
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1. Introduction


Ecosystem function is integral for effective management in marine systems [1], thus local and global species losses could threaten the stability of the ecosystem services on which humans depend [2]. An ongoing challenge to the documentation and management of biodiversity is that the number of taxa (species richness) in a given area is not typically known. Likewise, the patterns of species richness play an important role in studies of biogeography and conservation biology [3]. For example, while ~300,000 taxa have been described from the global ocean, the total number of marine organisms is estimated to include as many as 10 million species [4]. Not surprisingly, the taxonomic status of many of these organisms has yet to be evaluated [5], even among well-studied species, such as coastal fishes and invertebrates [6].



The California Channel Islands are located in the Southern California Bight (SCB), which stretches along ~700 km of coastline from Point Conception off California to Ensenada, just south of the US–Mexico border, and is known as a marine biodiversity hotspot [7]. The SCB is a dynamic region in which the subtropical, Southern California countercurrent flows nearshore along a northward trajectory, and the subarctic, California current moves offshore in a southerly direction. As these different water masses converge, this unique oceanographic circulation pattern acts as a biological transition zone, making the SCB one of the most productive and economically valuable coastal regions in the United States [8]. This area hosts nearly 500 species of macroalgae [9] and fishes [10], and more than 5000 species of invertebrates [11]. Concomitantly, the Bight coastal zone is also home to more than 22 million people, the busiest and largest container ports (Los Angeles and Long Beach) in the Western Hemisphere, as well as the second largest naval facility (San Diego) in the US [12].



Santa Catalina, the largest of the Southern Channel Islands (area = 194 km2), is the only island in the archipelago with a permanent civilian population. Surrounded by nearly ~87 km of rocky cliffs and sheltered bays, Catalina’s coastal zone is dominated by rocky reef and kelp forest habitat [13]. Located ~35 km south-southwest of Los Angeles, the island is easily accessible from multiple ports and marinas on the southern California mainland and is a popular tourist destination. Moreover, the diversity of its nearshore habitats and relatively inaccessible coastline makes the island an important resource to a range of stakeholders, including fishers, recreational groups, local residents and scientists. However, with more than one million visitors annually, Catalina’s marine biodiversity and ecosystems are under increasing pressure from anthropogenic stressors, such as nutrient pollution, habitat modification and climate change [14].



Recognized as an ecosystem unique for its species diversity, the State of California designated the Blue Cavern Onshore State Marine Conservation Area (SMCA), located on the leeward side of the island, as a marine protected area (MPA) in 2012. This site encompasses ~6.8 km2 of ocean habitat and is an expansion of the Catalina Marine Life Refuge, which was established by the state as a protected area in 1974. Situated adjacent to the University of Southern California (USC) Philip K. Wrigley Marine Science Center (WMSC), Blue Cavern Onshore SMCA is part of a network of nine MPAs established around the island in which the removal of living resources is either limited or prohibited altogether as outlined by California’s Marine Life Protection Act.



Here, we provide an updated species inventory of macroalgae, seagrasses, bony and cartilaginous fishes and invertebrates documented inside Blue Cavern Onshore SMCA. These findings are based on a recently published checklist of marine taxa from this area [15] and include updated records from two additional reef sites along with new data from previous data reports and articles published since 2021. It is worth noting that while the habitats and topographic complexities in and around Catalina are well known, species richness data on the intertidal and subtidal biota are far less complete [16]. Taxonomic data on species from this location are documented in an assortment of scholarly articles, technical reports, unpublished data and marine species databases, and likely represent a fraction of the biodiversity present, much of which remains unknown.



We anticipate that these new findings will provide an important baseline of species richness from Catalina Island, as well as prove useful to resource managers and policy makers for determining the mitigation costs associated with a loss in natural services. In particular, targeted conservation efforts that represent biodiversity in different regions and taxonomic groups require comprehensive inventories of the number of species present in a given area [17]. Data presented here will further improve coastal zone management by characterizing the marine biodiversity in Blue Cavern Onshore SMCA relative to other nearshore habitats in the California Channel Islands, as well as within the larger context of the SCB.




2. Materials and Methods


2.1. Study Sites


Species inventory data were recorded at 7 reef sites on the leeside of Santa Catalina Island in Blue Cavern Onshore SMCA: Big Fisherman’s Cove (33°26’43.34″ N, 118°29′11.40″ W), Bird Rock (33°27′01.7″ N, 118°29′11.7″ W), Blue Caverns (33°26′47.70″ N, 118°29′35.62″ W), Habitat Reef (33°26′41.50″ N, 118°29′17.00″ W), Intake Pipes (33°26′48.95″ N, 118°29′05.75″ W), Isthmus Reef (33°26′56.2″ N, 118°29′19.4″ W) and Pumpernickel Cove (33°26′54.08″ N, 118°29′47.90″ W) (Figure 1). These sites were selected because they support a variety of intertidal and subtidal species [13,15,18] and are the most convenient to access and use for research studies based at WMSC. The subtidal habitat structure of Blue Cavern Onshore SMCA is characterized as a major reef complex [19], which includes sandy areas with rock cobble and bedrock escarpments covered with fleshy macroalgae and kelp that provide a forest habitat for invertebrates and fishes [20,21]. Details on the nearshore reef habitat in and around Blue Cavern Onshore SMCA is reported elsewhere [15].




2.2. Field Surveys


Timed, roving visual surveys were conducted by scuba divers between May 2015 and September 2016 and from May to September 2021 to identify individual species of subtidal marine macroalgae (excluding most crustose coralline algae), seagrasses, bony and cartilaginous fishes and invertebrates. This survey method is applicable for assessing the species richness of a variety of temperate [22] and tropical [23] marine taxa. Individual species were observed and recorded at each reef site based on methods reported previously [15,24]. Visual surveys were conducted while swimming ~1 m above the bottom contour (2–30 m depth). Total bottom time (35–60 min dive−1) varied among reef sites and was dependent on the amount of breathing gas available to a diver at depth, ambient water temperatures, survey area size and visibility beneath the surface. Priority was given to conspicuous (>1 cm) subtidal macrofauna and flora that could be identified to at least the genus level of classification. Survey data on deep-water (>30 m) species, marine parasites and most planktonic organisms (<1 cm) were not recorded in this study.




2.3. Species Records


An updated species inventory from Blue Cavern Onshore SMCA was compiled from the primary and gray literature, museum records and unpublished species lists described elsewhere [15]. The earliest collections of marine taxa from Catalina date back more than 100 years. Unfortunately, these published reports are often not readily available, and in some cases, the historic names used to describe the geographic locations where samples were collected have changed. We chose to focus the current checklist on research studies and collections completed over the last 57 years, beginning with the construction of WMSC at Big Fisherman’s Cove in 1965 up to the present year, 2022.



All marine taxa data and documents were either obtained via digital bibliographic resources or as a hard copy from the USC Libraries. Many intertidal and subtidal specimen records were sourced from electronic databases [25,26,27,28,29,30,31,32,33,34]. Only species that were explicitly reported as either observed or collected in water <30 m in depth at one of the study sites designated inside Blue Cavern Onshore SMCA were considered in this study. To eliminate synonyms and create a comprehensive list of valid species names for as many taxa reviewed as possible, the scientific nomenclature was confirmed for invertebrates and fishes [35], and for macroalgae and plants [29]. The open nomenclature abbreviations sp. and spp. were used to indicate that an individual or group of species within a genus were either unidentified or have yet to be described.




2.4. Data Analysis


Species richness of marine taxa from Blue Cavern Onshore SMCA was used to create an incidence matrix relating the presence of each species to a specific source citation. Individual references and field survey data used to construct the current checklist were recorded as discrete sampling units following methods established previously [15]. The numbers of bony and cartilaginous fishes, macroalgae, seagrasses and invertebrates were then used to estimate the expected richness using the mean value of 4 non-parametric incidence-based estimators (Chao2, Jack1, Jack2, Bootstrap) of species biodiversity [36,37,38]. These non-parametric statistical procedures are tractable for the analysis of binary species data [39] and have been demonstrated to be accurate estimators of species richness in other marine biodiversity studies [40,41,42]. Species richness was also evaluated by measuring the cumulative number of marine taxa documented in this study as a function of the first year in which they were reported by a specific reference. All data were analyzed using R Statistical Software [43] with the vegan [44] package.





3. Results


3.1. Species Biodiversity


A total of 1091 species of valid and unidentified marine taxa from 18 major phylogenetic groups were documented from 7 different reef sites in Blue Cavern Onshore SMCA (see Species checklist, Supplementary Table S1). A comprehensive inventory of 763 species of invertebrates, 225 species of macroalgae, 2 species of seagrass and 101 species of bony and cartilaginous fishes was compiled from a list of 158 discrete citations and observations. These findings include species reports from two phyla (Nemertea and Platyhelminthes) not reported in the previous inventory [15]. Despite a nearly 10.5-fold increase in the inventory of taxa reported in Blue Cavern Onshore SMCA since the construction of WMSC (from 104 in 1965 to a cumulative total of 1091 in 2022), none of the species-accumulation curves produced in this study approached an asymptote (Figure 2). Overall, a total of 33.8 h was spent underwater conducting roving visual surveys (n = 68 total dives) from which 105 species were documented. The majority of scuba-based surveys (47.1%) were performed in Big Fisherman’s Cove, with the remainder spread out among the other 6 reef sites (Bird Rock 6.9%, Blue Caverns 4.4%, Habitat Reef 10.3%, Intake Pipes 22.2%, Isthmus Reef 5.9%, Pumpernickel Cove 4.4%).




3.2. Species Richness


The expected species richness of bony and cartilaginous fishes (123.2 ± 0.93), macroalgae and seagrasses (369.4 ± 5.2), invertebrates (1345.7 ± 11.4), as well as all taxa combined (1828.7 ± 11.7) recorded in Blue Cavern State Onshore SMCA were 1.2- to 1.8-times greater than the total number of organisms cataloged from all external sources and scuba-based surveys (Table 1). A heat map analysis was also performed on the number of species recorded within a given taxonomic group at each reef site assessed (Figure 3). Squares highlighted in red indicate taxa with high species richness, while squares colored in yellow represent taxonomic groups with the least number of species present. Marine taxa documented with the highest biodiversity (>40 species per reef site) include the Rhodophyta macroalgae, Vertebrata bony and cartilaginous fishes and the Mollusca and Arthropoda invertebrates, whereas those with the lowest richness (<2 species per site) include the Tracheophyta seagrasses, as well as the Phoronida, Sipuncula, Chaetognatha, Nemertea and Platyhelminthes invertebrates. Finally, the current species inventory for Blue Cavern State Onshore SMCA contains a total of 21 nonindigenous and invasive species, 18 species that have undergone a geographic range shift and 4 taxa listed as either a species of concern, endangered or critically endangered (Supplementary Table S1).





4. Discussion


4.1. Nearshore Biodiversity


The species inventory of macroalgae, seagrasses, bony and cartilaginous fishes and invertebrates presented here provides an important baseline of the nearshore biodiversity in the California Channel Islands and will help improve the efforts to conserve and manage similar habitats in the region. The current checklist consists of 1091 individual marine species from 18 different taxonomic groups, which represents an ~43% increase in species diversity compared to the value reported previously [15]. This increase is due in part to advances in environmental DNA (eDNA) techniques (i.e., genetic material obtained from seawater or soil samples rather than directly from an individual organism), which has increasingly been used to measure the biodiversity of marine ecosystems [45,46]. Specifically, eDNA methods were recently used [47] to survey more than 50 different species of fishes in Blue Cavern SMCA. Nonetheless, the total number of marine taxa documented here continues to represent only 60% of the estimated species richness from this area (Table 1). As previously suggested [15], this value might indicate that as much as 40% of the macrofauna and flora from this area have yet to be reported.



These findings corroborate our species-accumulation curves (Figure 2), which are regarded as well-established predictive tools for estimating species richness and sampling effort [38]. Species-accumulation data infer that the current species inventory represents only a fraction of a more highly diverse ecosystem. This underrepresentation of true species richness is likely due in part to the under-sampling of some habitats compared to others [6]. Among the many reef sites within Blue Cavern Onshore SMCA, those closest and with the most convenient access for conducting research studies at WMSC have received the most attention. Based on 158 discrete references and collections used to evaluate biodiversity data in this study, Big Fisherman’s Cove, Bird Rock and Isthmus Reef were selected as survey sites 2- to 8-times more often than other locations and were host to the greatest numbers of marine taxa documented (Figure 3). Future efforts to investigate patterns of species richness in this area might close the apparent gap in the estimated number of taxa (compared to the number observed) by focusing on reef sites that are less frequented, such as Intake Pipes, Habitat Reef, Blue Caverns, Pumpernickel Cove, as well as other areas in Blue Cavern Onshore SMCA, which covers nearly 7 km2 of nearshore habitat.



Still, the current inventory of marine taxa is reflective of the high biodiversity recognized in the coastal waters off southern California [11,18]. Overall, these data are beneficial for improving marine biodiversity conservation actions in the California Channel Islands, as well as within the larger context of the SCB [48]. The total number of species reported from Blue Cavern Onshore SMCA represents approximately 85% and 45% of the documented macroalgae and plants, 41% and 24% invertebrates and 62% and 20% of fishes known from Catalina Island [49] and the SCB [9,10], respectively. Although more than 5000 species of marine invertebrates are known from the SCB [11], the taxonomic status of many of these organisms is not yet known. Thus, a more conservative assessment of 3250 valid benthic taxa [32] was used here to estimate the number of invertebrate species documented off Catalina relative to the SCB.




4.2. Colonizers and Nonindigenous Species


Species checklists provide a means to track and monitor marine communities over time and are beneficial for detecting changes in the presence and condition of select organisms [50]. Findings from this study highlight the temporal occurrence and spatial distribution of a variety of marine taxa recorded inside Blue Cavern Onshore SMCA. In particular, the eelgrass Zostera marina (one of two species of seagrasses known from this area) was not documented in Big Fisherman’s Cove until 1996 and is likely the result of natural colonization from populations in the Northern Channel Islands [51]. Eelgrass beds are an important refuge for marine invertebrates and fishes and provide ecosystem services whose economic value, in terms of their overall abundance and density of eelgrass habitats as a whole, outweighs their ecological function [52]. Along the Pacific coast of the United States, state and federal resource agencies recognize eelgrass as habitat areas of particular concern that provide ecologically important habitat for species to survive and reproduce and are high priorities for conservation. Once established, the presence of Z. marina likely attracted a variety of conspicuous species associated with eelgrass habitats to the Big Fisherman’s Cove reef site, such as the California sea cucumber Apostichopus californicus, orangethroat pikeblenny Chaenopsis alepidota, Pacific angelshark Squatina californica, as well as the rays Myliobatis californica and Urolophus halleri.



Additionally, a total of 39 species from Blue Cavern Onshore SMCA were either introduced or have undergone a geographic range shift, while another 4 species are listed as threatened, endangered or critically endangered (Supplementary Table S1). For example, the invasive brown seaweed Sargassum horneri has raised concerns about its impact on native ecosystems in southern California, particularly off the Channel Islands [29,53]. Populations of S. horneri can cause a decrease in the abundance of fleshy macroalgae and kelp that provide a refuge for invertebrates and fishes [54], as well as significant economic losses to a variety of commercial industries ranging from fisheries and boating to tourism [55].




4.3. Survivors, Visitors and Missing in Action


Among the 864 species of invertebrates and fishes documented in Blue Cavern Onshore SMCA, 18 taxa have experienced either a geographic range expansion or contraction. For example, the range of the California dorid nudibranch Felimare californiensis was once widespread throughout the SCB; however, by the mid-1980s, this species was extirpated from the region [56]. After disappearing for nearly 20 years, the first sightings of F. californiensis were reported in 2003. Currently, only a handful of populations are known to exist off the southern California mainland and Channel Islands, which include the Big Fisherman’s Cove reef site on Catalina Island. The marked decline of F. californiensis populations is likely due to a variety of factors, including significant increases in coastal eutrophication, loss of essential habitat and historical overharvesting by the aquarium trade [56].



Over the past 200 years, 133 local- to global-scale marine extinctions are known to have taken place [57]. Therefore, our findings are in agreement with previous studies, which suggest that that species loss and ecosystem change have become more widespread over shorter ecological timescales [58,59,60]. For instance, a northward shift in the species ranges of several subtropical fishes from the Pacific coast of Mexico has resulted in the frequent occurrence of both the finescale triggerfish Balistes polylepis and largemouth blenny Labrisomus xanti in Big Fisherman’s Cove [15,61]. Other species of fish whose northern ranges have expanded into Blue Cavern Onshore SMCA include the Rainbow scorpionfish Scorpaenodes xyris [62], as well as the cardinalfishes Apogon guadalupensis and A. pacificus [63]. While the presence of these species in the SCB was once considered a relatively rare occurrence, such sightings have become more common and are likely attributed to the increasing frequency and spatial extent of marine heatwaves [64,65] and El Niño events [66,67].



Furthermore, several widespread, cryptogenic invertebrate species reported from Blue Cavern Onshore SMCA, such as the bryozoans Bugula neretina, Watersipora subatra, W. subtorquata, the colonial ascidian Diplosoma listerianum and the sea anemone Bunodeopsis sp., are cause for concern, given their ability to quickly settle and encrust hard substrates [26,68,69]. These species can alter the diversity of benthic ecosystems by competing with native biota for space, facilitate the spread of other nonindigenous taxa and cause significant damage to marine ecosystem services [70,71]. Other marine invertebrates, however, once commonly found in Blue Cavern Onshore SMCA, are now extremely rare. For example, two different species of echinoderms, the sea stars Patiria miniata and Pisaster giganteus, were documented in at least 15 different studies performed between 1965 and 1988 at the reef sites evaluated in this study. The sudden disappearance of these species from subtidal habitats (stretching from Alaska to Mexico) is linked to an infectious pathogen known as sea star-associated densovirus (SSaDV) [72], which caused a mass die-off of both species from Catalina and other locations in the Channel Islands [73]. Although SSaDV is not fully understood, mortality events appear to be most prevalent when sea surface temperatures are anomalously warmer than usual in the East Pacific Ocean [74]. Since 1988, there have been no reports of P. miniata in Blue Cavern Onshore SMCA, while P. giganteus has been documented twice (in 1997 and 2004).




4.4. Vulnerable and Endangered Species


Currently, 13 species of marine invertebrates and fishes living in California’s nearshore waters are in danger of extinction, as outlined by the Endangered Species Act (ESA). Among the animals listed, three species of gastropod mollusks are known from Blue Cavern Onshore SMCA (Supplementary Table S1). One of these, the endangered black abalone Haliotis cracherodii is a large herbivorous sea snail that inhabits both intertidal and subtidal habitat. It is worth noting that H. cracherodii was last documented in Big Fisherman’s Cove more than 40 years ago [75]. Two additional species, the pink (H. corrugata) and green abalones (H. fulgens), are recognized as species of concern. Interestingly, H. corrugata and H. fulgens are frequently observed in Blue Cavern Onshore SMCA, serving as a reminder that MPAs are important refuges for populations facing multiple threats, such as overfishing, habitat degradation and climate change [76]. Nevertheless, despite the closure of the regional fishery in 1997, as well as the implementation of numerous restoration programs over the past three decades, abalone populations throughout the SCB are still recovering from a combination of natural and human-induced stock collapses [77] and disease events [78].



Other vulnerable species recorded in Blue Cavern Onshore SMCA include the giant sea bass Stereolepis gigas, the largest bony fish known from California’s kelp forest habitat and classified as critically endangered by the IUCN Red List. Truly a behemoth fish, giant sea bass are members of the wreckfish family and can grow to more than 2 m in total length and 255 kg in weight [79]. One of the largest individuals documented was observed off Catalina Island at Goat Harbor (~5 km southeast of Blue Cavern Onshore SMCA) and measured 2.75 m in total length with an estimated weight of 380 kg [80]. Although never listed as endangered under the ESA [81], S. gigas stocks along the California coast were so severely impacted by overfishing that a moratorium was declared in 1982 [82]. Remarkably though, the number of giant sea bass documented in Blue Cavern Onshore SMCA has become more common in recent years, in which encounters with these fish are known from four of the reef sites (Blue Caverns, Big Fisherman’s Cove, Intake Pipes and Isthmus Reef) assessed in this study. Finally, East Pacific green turtles (Chelonia mydas), listed as threatened under the ESA, regularly visit the highly productive coastal waters off southern California from their nesting beaches in Mexico. Although not one of the species included in this study, one of the authors (Ginsburg) recently observed an adult green turtle in Big Fisherman’s Cove, which is the first report to our knowledge to document their presence at this location.





5. Conclusions


Further investigations of species richness from Blue Cavern Onshore SMCA and other nearby protected areas on Catalina Island (and the California Channel Islands archipelago altogether) are required to provide new insights into the mechanisms that contribute to both the spatial and temporal connectivity among populations in the region. Such studies will help communicate the significance of conserving marine biodiversity for future generations with both the general public and stakeholder groups.
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Figure 1. Map indicating location of Blue Cavern Onshore State Marine Conservation Area reef sites off Santa Catalina Island, California. Numbers circled in black correspond to each study site: 1 = Isthmus Reef; 2 = Bird Rock; 3 = Habitat Reef; 4 = Big Fisherman’s Cove; 5 = Intake Pipes; 6 = Pumpernickel Cove; 7 = Blue Caverns. Values below each bar represent species count of marine invertebrates (blue bar), macroalgae and seagrasses (orange bar), and bony and cartilaginous fishes (green bar) recorded at each study location (n = 1091 species total). 






Figure 1. Map indicating location of Blue Cavern Onshore State Marine Conservation Area reef sites off Santa Catalina Island, California. Numbers circled in black correspond to each study site: 1 = Isthmus Reef; 2 = Bird Rock; 3 = Habitat Reef; 4 = Big Fisherman’s Cove; 5 = Intake Pipes; 6 = Pumpernickel Cove; 7 = Blue Caverns. Values below each bar represent species count of marine invertebrates (blue bar), macroalgae and seagrasses (orange bar), and bony and cartilaginous fishes (green bar) recorded at each study location (n = 1091 species total).



[image: Diversity 14 00366 g001]







[image: Diversity 14 00366 g002 550] 





Figure 2. Species-accumulation curve for bony and cartilaginous fishes (diamonds), macroalgae and seagrasses (squares), invertebrates (triangles), as well as all marine taxa (circles) documented from seven different reef sites in Blue Cavern Onshore SMCA from 1965 to 2022. 
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Figure 3. Heat map showing species richness of seagrasses, macroalgae, bony and cartilaginous fishes and invertebrates documented at seven reef sites in Blue Cavern Onshore SMCA. Each square indicates number of species recorded within a taxonomic group. Values in parentheses indicate percentage of studies (n = 158 total; does not include scuba-based surveys from this study) conducted at each reef site (BFC = Big Fisherman’s Cove, BR = Bird Rock, IR = Isthmus Reef, IP = Intake Pipes, HR = Habitat Reef, BC = Blue Caverns, PN = Pumpernickel Cove). Color gradient (ranging from yellow to red, as shown in key) signifies changes in the number of species present (rows) among marine taxa recorded at different study sites (columns). 
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Table 1. Species richness of marine biota documented from Blue Cavern Onshore SMCA. Expected species richness was estimated using the mean value (±1 SE) of four non-parametric incidence-based estimators (Chao and Chiu 2016) of the number of bony and cartilaginous fishes, macroalgae and plants, invertebrates, as well as all marine taxa recorded in this study.
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Type

	
Number

Species Recorded

	
Non-Parametric Incidence-Based Estimators

	
Expected

Species Richness




	
Chao2

	
Jack1

	
Jack2

	
Bootstrap






	
Bony and Cartilaginous Fishes

	
101

	
118.8

	
126.4

	
134.5

	
113.1

	
123.2 ± 0.93




	
Macroalgae and Seagrasses

	
227

	
441.7

	
339.8

	
423.2

	
272.9

	
369.4 ± 5.2




	
Invertebrates

	
763

	
1631.3

	
1228.6

	
1567.3

	
955.7

	
1345.7 ± 11.4




	
All taxa

	
1091

	
2148.9

	
1696.2

	
2127.6

	
1342.3

	
1828.7 ± 11.7
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