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1.0 INTRODUCTION
1.1 Background

On the morning of 7 January 1994, the towline from the tug Emily S. broke allowing the fuel
tank barge, Morris J. Berman, to drift with the wind and current for approximately one hour
before it came aground. The barge, loaded with 35,000 bbl. of No. 6 fuel oil, grounded on a hard
bottom eolianite reef approximately 274 m (300 yards) offshore of Escambron Beach in San
Juan, Puerto Rico (Figure 1). The grounding of the barge on the eolianite reef caused seven of
the barge’s nine holding tanks to rupture, resulting in the discharge of approximately 17,000 bbl.
of fuel oil onto the reef and surrounding nearshore areas (Applied Science Associates, 1994).
The barge remained aground for over one week and was refloated and towed to a scuttling site
15 January 1994. The discharged oil was reported to impact more than 30 miles of shoreline
along the north coast of Puerto Rico (Applied Science Associates, 1994). The weight of the
grounded barge scarified the eolianite reef and dislodged rock substrate creating loose boulders
and rubblezdebris (Hudson and Goodwin, 1995); the impact area was estimated to cover an area
of 1,009 m“.

1.2 Objective

A settlement agreement between the U. S. Federal Government, the Commonwealth of Puerto
Rico, and the responsible parties concerning the Morris J. Berman grounding event resolved
claims for the resultant natural resource damages. The National Oceanic and Atmospheric
Administration (NOAA), the U.S. Department of Commerce, the National Park Service, a
Bureau of the U.S. Department of the Interior, and the Puerto Rico Department of Natural and
Environmental Resources, as trustees of the natural resources, have the responsibility to assess
the extent of resource damages, plan for appropriate restoration projects, prepare a restoration
plan, and implement restoration. On-site restoration of the injured reef is not considered feasible
due to the shallow water and associated high-energy sea conditions. The Trustees will
compensate for the lost services of the impacted area by conducting off site compensatory
restoration, since on-site restoration is not an option. Under Task Order 8 of contract number
WC133F-04-CQ0003 to NOAA and in support of the Trustee Council, Tetra Tech EM, Inc.
subcontracted Marine Resources, Inc. (MRI) to conduct a Habitat Suitability Analysis (HSA) to
identify local marine habitats that could be utilized for compensatory restoration. The objective
of the HSA is to evaluate and rank various marine habitats on a service-to-service basis to
determine suitability for providing ecological compensation for lost resources associated with the
Morris J. Berman grounding along the north coast of Puerto Rico.

A total of 183 organisms, documented from the project literature search, occur within the
eolianite reef habitat and are considered to have been either directly or indirectly injured by the
Morris J. Berman grounding. The species documented to occur in the eolianite habitat can be
described by the principal functional service that they provide to the environment: 1) primary
producers, 2) structural animals, 3) herbivores (invertebrates and vertebrates), and 4) predators
(invertebrates and vertebrates). Of the 183 species documented on eolianite reef habitats, 8% are
primary producers, 29% are structural animals, 11% are herbivores, and 52% are predators. A
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thorough description of the organisms and the services that they provide within each service
category is provided in Section 3.3.
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Figure 1.  Location of the Morris J. Berman grounding site relative to San Juan

Morris J. Berman 2 Habitat Suitability Analysis



20 METHODS

Evaluation of the potential ecological benefits associated with compensatory habitat restoration
was conducted through the analysis of published articles and technical documents. The principal
goal of this evaluation was to compare the ecological services that provided by the eolianite reef
habitat to those ecological services likely to accrue from creation (Powers et al., 2003),
restoration (Peterson et al., 2003), and/or protection (Sperduto et al., 2003) of alternative
habitats. As specified in the Statement of Work (SOW), habitats evaluated on a service-to-
service basis included the following:

1) eolianite reef - feature of lithified substrate located in 0 — 5 m water depth, characteristic of
the nearshore coastline of San Juan with its geomorphology closely related to the erodibility
of the rock formation;

2) shallow hard bottom - consolidated substrate which supports a biological community
dominated by attached sessile organisms located in 5 - 10 m water depth;

3) deep hard bottom - consolidated substrate which supports a biological community dominated
by attached sessile organisms located in water depths greater than 10 m;

4) mangroves - submerged prop-root system of the red mangrove (Rhizophora mangle) and
adjacent muddy substrate in a water depth of 0 to 2 m; and

5) seagrass beds - multi-species seagrass assemblage, often dominated by turtle grass
(Thalassia testudinum) occurring in protected embayments in a water depth of 0 to 5 m.

Data on the biological community supported by artificial reef habitat was not available for the
region of interest; consequently, artificial reef was not included as a specific habitat in the HSA.
However, creation of artificial reef habitats may be the preferred alternative of compensatory
restoration for the shallow hard bottom and deep hard bottom habitats. Although no specific
information from the northern coast of Puerto Rico was available concerning artificial reef
habitat, a substantial literature base exists that compares biological community structure between
natural and artificial reefs. The majority of this literature focuses on predatory species (fish and
mobile invertebrates). The consensus that emerges from this literature is that artificial reefs
designed to maximize structural complexity and relief can support diverse fish and epibenthic
assemblages (Sherman, et. al., 2002; Hixon and Beets, 1989; Hudson, et. al., 1989; Gorham and
Alevizon, 1989). Artificial reefs designed to provide refuge by including small holes in the
concrete material may enhance survival of recreationally and commercially important finfish
(Hixon and Beets, 1989; Beets and Hixon, 1994). Rilov and Benayahu (2002) reported
designing and monitoring artificial reef structures in the Eilat, Red Sea that supported a more
diverse fish assemblage than the surrounding natural hard bottom habitats. Results indicating
similar fish communities between natural and artificial reefs have been reported for artificial
reefs constructed in coastal waters of the United States (see Ambrose and Swarbrick, 1989).
Studies examining fish diet and growth have also demonstrated a high degree of similarity
between artificial and natural reef habitats (Donaldson and Clavijo, 1994; Vose and Nelson,
1994; Lindquist et al., 1994). Based on our review of the literature, it is assumed that an
artificial reef system placed within the target biotope and designed to mimic the local natural
hard bottom habitat would function similar to the natural hard bottom it was designed to mimic
after a brief period of succession (~5 years).
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The HSA compares the ecological services provided by the aforementioned habitats with the
eolianite reef in terms of four functional groups: 1) primary producers, 2) structural animals, 3)
herbivores (invertebrates and vertebrates), and 4) predators (invertebrates and vertebrates).
Biogenic and hard bottom habitats provide a range of ecological services to nearshore
environments. The structural complexity characteristic of hard bottom habitats provides
attachment area for primary producers (e.g., algae and seagrass) that in turn provide structure and
food for a variety of herbivorous animals (Heck et al., 2003). The addition of primary producers
from the fouling algae community or those characteristic of the habitat created (e.g., seagrass and
mangrove) also serves to process inorganic and organic nutrients. Although a fraction of these
nutrients are assimilated in plant tissue, a large percentage of these nutrients are transferred to
higher trophic levels through grazing by herbivorous animals. In addition to the primary
producer community that develops on the structure provided by these habitats, sessile
invertebrates (e.g., corals and sponges) also colonize the habitat and provide additional biogenic
structure. Predatory species are attracted to the refuge provided by the structured habitat and/or
the increased number of herbivorous animals, which may serve as prey. Thus, the compensatory
restoration of structured habitats is expected to modify at least four functional groups (primary
producers, herbivores, structural animals, and predators) and these four levels serve as the basis
for our service by service comparison.

A schematic diagram for the approach used during the HSA is presented as Figure 2. A search
and compilation of available literature concerning the floral and faunal communities associated
with the eolianite habitat and the four potential compensatory habitats was utilized to identify
ecological services. After the literature review was completed, lists of documented species were
compiled for each habitat. These documented species were then assigned to one of the four
ecological services. Although we recognize that a species may overlap service categories (e.g.,
an algae species is a primary producer that also provides structure), we assign them to one
category. Available information on life-history stage was included in the listing of documented
species (i.e., juvenile, adult, and spawner). New data collection or reanalysis of previously
collected databases is beyond the scope of this contract; therefore the level of evaluation
(qualitative to quantitative) was based on the nature of site-specific information found in the
published literature. It was anticipated that there would be a greater availability of quantitative
data to evaluate relative abundances of species in the selected habitat comparisons (Figure 2).
Unfortunately, this level of analysis could not be performed with the limited availability of
quantitative data. Consequently, the HSA that we present here is based to a large extent on
resemblance analysis between the eolianite reef habitat and the four potential compensatory
habitats.
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Figure 2. Schematic diagram for the approach used during the Habitat Suitability Analysis.

2.1 Literature Search

Literature sources included: 1) primary literature that included refereed journal articles, Masters
Theses, and Ph.D. Dissertations and 2) grey literature that included technical documents
pertaining directly to the Morris J. Berman grounding which were provided by the Trustees,
technical reports and internet searches. Information pertinent to the flora and fauna potentially
injured either directly or indirectly by the Morris J. Berman grounding were found by
conducting a broad literature search utilizing a key word list. Additional government
publications were collected by conducting a search of the NOAA document depository at the
Rosenstiel School of Marine and Atmospheric Science in Miami, Florida. In addition, personal
communications via telephone and email were also used to gather relevant information. A list of
the evaluated literature sources is presented as Appendix A.

Internet databases used for the literature search included 1) Science Direct (SD), 2) Academic
Search Premier (EBSCO), 3) Cambridge Scientific Abstracts (CSA), 4) ProQuest Digital
Dissertations (PDD), and 5) ISI Web of Knowledge (ISI1). SD is the world's largest electronic
database for scientific, technical, and medical full text and bibliographic information. EBSCO is
a general interest database with more than 3,000 journals indexed covering a wide variety of
topics including social sciences, business, humanities, general science, and education. CSA
provides access to more than 100 subject-oriented databases published by CSA and its
publishing partners. PDD lists more that 1.6 million thesis and dissertation titles, citations, and
abstracts. ISl is a web page for key word searches to access several refereed scientific journals.

2.2  Habitat Suitability Analysis

Using the data gathered from the literature review, a regional list was compiled of species
common to the north coast of Puerto Rico. Species within the regional list that were documented

Morris J. Berman 5 Habitat Suitability Analysis



to utilize the eolianite reef habitat were identified from Trustee provided injury assessment
documents and habitat assessment studies conducted in similar nearby habitats. The species that
were documented to utilize the eolianite reef habitat were considered to be species either directly
or indirectly injured by the grounding incident. The utilization of the four potential
compensatory habitats by the eolianite reef species was then determined from the literature
search. Next, species were assigned to one of four service categories for analysis (i.e., primary
producers, structural animals, herbivores, and predators). Small pelagic zooplankton predators
that are predominantly pelagic in nature and lack a strong affinity for benthic habitats, were
placed in a separate category (planktivore) and excluded from the analysis of predators in
keeping with previous HSAs involving restoration of benthic habitats (Peterson et al., 2003). A
complete regional list of the species reported to occur off the north coast of Puerto Rico with
their associated service category, biological descriptor, and presence/absence by habitat is
presented as Appendix B.

A data matrix of the species documented to occur in the eolianite reef habitat was created from
the regional list of species from the north coast of Puerto Rico. This data matrix of eolianite reef
species and their presence/absence within compensatory habitat type served as the basis for
analysis of resemblance among the eolianite reef habitat and the four possible compensatory
habitats. Consequently, our similarity analysis is based only on those 183 species that occurred
in the eolianite reef. Ordination of the resemblance data among the habitat types (i.e., eolianite
reef, shallow hard bottom, deep hard bottom, seagrass and mangrove) was performed using
nonmetric multidimensional scaling ("MDS) with PRIMER® 6 software package (Clarke and
Warwick, 2001). An ordination is a map of the samples (i.e., habitats), usually in two or three
dimensions, in which the placement of the samples reflects the similarity of their biological
communities. Nearby points have a very similar biological community, whereas more distant
points have dissimilar communities. The first step in the nMDS method is to construct a
similarity matrix among the samples (habitats). The similarity matrix was based on Bray-Curtis
similarity distances, a widely used method for calculating similarity among samples, using
presence/absence data for marine species reported to occur in the eolianite reef habitat located
off the north coast of Puerto Rico. Bray-Curtis distances express how similar two habitats are to
each other based on a scale of 0-100 with a value of 100 indicating greatest similarity. The
nMDS method then uses the ranks of the similarities among the 5 habitat types (not the actual
distance measurements) to construct the ordination plot. NMDS uses relative ranks in the
visualization of plots, therefore the axes have no specified units. Four separate nMDS analyses
were performed, one for each ecological service (i.e., primary producers, structural animals,
herbivores, and predators). Visual comparisons of plots generated for each ecological service
were used to characterize differences in community structure among the five habitat types. The
plots are presented and described in Section 3.4.

Additional qualitative evaluation of the eolianite reef habitat and the four possible compensatory
habitats was conducted by summarizing the life history information (where available) for the
organisms that were either directly or indirectly injured by the habitat degradation/loss
(Appendix B). These data, primarily focusing on predatory species, provided the basis for a
limited evaluation of habitat utilization by life history stage (i.e., juvenile, adult, and spawner).
No formal analysis was conducted by life-history stage due to limited data; life history data were
used as qualitative factors in the discussion of potential benefits to the predatory community.
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3.0 RESULTS
3.1  Synopsis of Literature Search

Injury assessment reports and other documents pertaining to the Morris J. Berman grounding
were provided by the Trustees and reviewed prior to conducting the literature search.
Grounding-specific documents and habitat assessments from similar habitats were utilized to
create a list of species that occur in the eolianite reef habitat and to describe the injured reef
resource. The species list, site description, and potential compensatory habitat descriptions were
used to create a key word list that was utilized for the literature search. Results from the
literature search and from internet databases utilizing selected key words are presented as Table
1. The literature search initially focused primarily on relevant literature from Puerto Rican
marine habitats, but was later expanded to include the Caribbean and southern Florida due to
lack of information from the north coast of Puerto Rico. A total of 362 references were collected
and examined during the HSA program (Table 1).

References collected during the literature search were assigned to general subject categories and
functional groups within a category. Number of references for each functional group within
categories is presented in Table 2. The majority of references provided information on life
history and basic biology of species potentially found in Puerto Rico. Although a relatively large
number of site-specific studies concerning life histories and/or ecological field research were
identified from Puerto Rico, the majority of these studies were conducted in coral reef habitats
along the southwestern coast and were not applicable to the eolianite reef habitat injured during
the grounding event (Lisa Carruba, 2005, personal communication, Puerto Rico National Marine
Fisheries Service). The few studies conducted in areas near the grounding site were primarily
qualitative reporting only presence/absence information. Similarly, few studies of mangrove and
seagrass habitats were found for the north coast of Puerto Rico.
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Table 1.  Key words and databases utilized for the Habitat Suitability Analysis (HSA). Potential
sources and selected HSA literature (in parentheses) are presented for each database.
Hyphens (--) indicate no search for the given key word.

Key Words Database
SD EBSCO CSA PDD I1SI
Puerto Rico 620 4,732 195(6) -- 2,465
Puerto Rico & Fisheries 2(0) 9(1) 2(0) 6(3) 10(1)
& Reef 19(3) 20(10) 4(0) 22(13) 78(20)
& Seagrass 7(1) 2(0) 2(0) 10(6) 18(5)
& Mangrove 11(3) 9(1) 1(0) 1(1) 25(8)
& Near Shore Habitat 2(1) 0 0 0 1(1)
& Fish Production 0 1(0) 1(0) -- 0
& Fish 17(3) 4(4) 8(2) 32(9) 90(17)
& Ichthyofauna 0 0 0 -- 0
& Sea Turtles 1(1) 1(1) 1(0) -- 6(1)
& Benthic 8(0) 12(2) 2(0) 8(3) 38(3)
& Sea Horse 0 0 0 - 0
& Hard Bottom Habitat 0 0 0 0 2(0)
Caribbean & Fisheries 38(2) 74(13) 14(2) 18(1) 94(4)
& Reef 154(10) 234(27) 20(10) 101(9) 897(35)
& Seagrass 38(7) 15(8) 18(0) 18(7) 124(11)
& Mangrove 34(4) 44(8) 82(8) 18 153(19)
& Near Shore Habitat 1(1) 1(1) 0 - 1(0)
& Fish Production 7(1) 0 0 -- 0
& Fish 103(11) 125(0) 689(25) 62(10) 448(18)
& Ichthyofauna 0 0 0 -- 0
& Sea Turtles 1(1) 31(2) 39(1) -- 22(0)
& Benthic 45(0) 31(2) 216(9) 31(5) 222(5)
& Hard Bottom Habitat 2(0) 0 1(0) 1(0) 5(0)
& Sea Urchin 13(6) 2(0) 0 6(2) 46(3)
& Habitat 84(8) 118(23) 12(0) - 347(21)
Life History & Corals 42(5) 10(1) 82(3) -- 94(4)
& Sponges 12(0) 1(0) 25(0) -- 27(0)
& Sea Urchin 9(0) 7(0) 25(0) -- 69(0)
Reproduction & Corals 0 40(1) 124(3) -- 239(3)
& Sponges 0 50(0) 81(2) -- 111(0)
Growth Rate & Corals 207(8) 37(1) 134(3) -- 195(2)
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Table 2. Number of references is listed for each functional group within general subject categories. A
reference may appear in more than one category.

Category Group Total
Life History
Algae 6
Sessile Invertebrates 30
Mobile Invertebrates 35
Turtles 7
Fish/Sharks 88
Site Specific
Puerto Rico (P.R.) 71
Grounding Location 12
P.R. North Coast 9
General Habitat
Seagrass 24
Shallow Reef: 5-10 m 17
Deep Reef: >10 m 5
Mangrove 38
Conceptual 45
Other 14

3.2 Morris J. Berman Grounding Site Characterization

Puerto Rico, situated on the leading edge of the Caribbean plate, has a complex northern
coastline formed predominantly of limestone formations and alluvial plains which supported the
development of beaches and dunes (Krushensky and Schellekens, 2001). The insular shelf along
the north coast of Puerto Rico is less than one mile wide and experiences intense wave action
and longshore currents (Glauco A. Rivera & Associates, 2003). Wave heights along the Puerto
Rican north coast predominantly generated by the east Trade Winds range from 1 to 3 m
(Morelock, 1978). These physical conditions, in conjunction with disproportional erosion of the
limestone substrate, create topographically variable localized reef formations. Lithified beach
rock and fossil sand dunes (i.e., eolianite) are nearshore features characteristic of the San Juan
area. Eolianite reefs are submerged hard bottom structures composed of sand deposits cemented
together with calcium carbonate. Along the northern coastline of Puerto Rico, these reefs are
oriented west to northwest following a slightly sinuous course (Kaye, 1959).

The Morris J. Berman barge impacted the seaward edge of a high-energy eolianite reef in a
water depth of 2.4 to 4.6 m (8 to 15 ft) that runs parallel to the coastline. The injured eolianite
reef, strongly influenced by high wave energy and large influxes of river sediment, was
characterized by Hudson and Goodwin (1995) as structurally complex due to erosional processes
from land and sea which have created a microkarst topography of small pits, holes, and crevices
within randomly distributed, erosion resistant rocky outcrops, shallow caves and trenches. The
impacted eolianite reef habitat lacks any evidence of long-term coral reef accretion or relict coral
reef deposits.
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The habitat impacted by the Morris J. Berman grounding event is part of a continuous nearshore
reef feature which extends the length of the San Juan coastline as shown in Figure 1 (Kendall et
al., 2001). Vicente (1994), Entrix (1995), and Hudson and Goodwin (1995) characterized the
biological resources of the impacted eolianite reef habitat as well as unimpacted reference areas
following the grounding event. These documents provided qualitative information such as lists
of species within the injury area, lists of species in unimpacted eolianite habitats, and general
habitat descriptions. Other surveys providing qualitative and limited quantitative descriptions of
the eolianite reef habitat along the northern coast included pipeline corridor characterizations
offshore of Isla Verde, Puerto Rico conducted by Vicente & Associates (2000) and Glauco A.
Rivera & Associates (2003). Dial Cordy & Associates (2000) conducted an assessment of
similar habitat offshore Arecibo, Puerto Rico, approximately 60 km west of the grounding site.
CSA Architects and Engineers, et al. (2004) conducted a habitat assessment for the Puerto Rico
Aqueducts and Sewer Authority (PRASA) within similar hard bottom habitats east of Puerto
Rico which provided limited quantitative fish and coral community data. Mignucci-Giannoni
(1999) listed over 152 species and 15 taxon groupings of marine organisms affected by the
Morris J. Berman oil spill, as documented from specimens gathered along the shoreline after the
incident by the Caribbean Stranding Network. Mignucci-Giannoni (1999) found that the most
commonly affected biota from the grounding event and subsequent oil spill were echinoderms,
mollusks, and crustaceans, respectively comprising 58, 25, and 10 percent. Vertebrates,
primarily fish, accounted for approximately 6% of the marine organisms affected by the Morris
J. Berman grounding event (Mignucci-Giannoni, 1999). The eolianite reef injured by the Morris
J. Berman was visually dominated by soft corals, sponges and macroalgae.

3.3 Reef Habitat Species Composition

A complete listing of the species reported to occur off the north coast of Puerto Rico with
associated service category, biological descriptor, and presence/absence by habitat was compiled
by review of the collected literature and is presented as Appendix B. Life-history stage
(juvenile, adult, or spawning) is presented for some of the documented species; life history data
was unavailable for most species. Of the 478 marine species documented along the north coast
of Puerto Rico, 183 were documented as occurring within the eolianite reef habitat. Faunal
groups with the most species either directly or indirectly injured by the loss of habitat due to the
grounding event were fish, sponges, and corals (both hard and soft) with 108, 24, and 25,
respectively (Appendix B).

3.3.1 Primary Producers

Primary producers are organisms, most often plants, which convert carbon dioxide into chemical
energy by photosynthesis. Primary producers are important components of the reef community
because they provide both food and structure for higher trophic levels. Algae are the most
diverse macrobenthos along the north coast of Puerto Rico and included 113 species of red algae,
59 species of green algae, and 33 species of brown algae (Appendix B).

Fourteen species of algae were documented from the eolianite reef habitat (Appendix B). Mixed

algal assemblages of red articulated coralline algae, fleshy red, green and brown algae are
visually dominant in the area of the grounding site (Vicente & Associates, 2000). Green and
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brown algae such as Halimeda discoidea, Udotea flabellum, and Dictyota spp. are important
primary producers that form loose clumps or dense mats on shallow rocky substrates. Halimeda
spp., calcareous green algae, are also an important source of reef sediments. Coralline algae are
beneficial to reef habitats by binding the reef substrates and increasing the structural integrity of
the habitat. Consolidation of reef substrate by coralline algae creates microhabitats for several
invertebrates such as juvenile sea urchins, chitons, and limpets. Fleshy red algae, such as
Bryothamnion triquetum, Gracilaria dominguensis, and Amansia multifida, are bushy and
provide structurally complex habitats for many small fish and invertebrates. Regional checklists
of benthic alga have been compiled by Almodovar and Ballantine, (1983); Ballantine and Norris,
(1989); Ballantine and Aponte, (1997); and Ballantine et al., (2004).

3.3.2 Structural Animals

Structural animals are sessile organisms that attach to the substrate and subsequently increase its
structural complexity. Although many plant and algal species increase the structural complexity
of their environment, as discussed above, their primary service to their environment is to provide
food for higher trophic levels and therefore were described and analyzed as primary producers.
The most common organisms documented along the north coast of Puerto Rico that increase the
structural complexity of the environment in which they inhabit are soft and hard corals and
sponges.

Soft corals are a conspicuous component of marine communities worldwide. Soft corals
typically have branching or fan morphologies which allows for minimal exploitation of hard
substrate while utilizing a large volume of the water column (Barnes, 1980). Soft corals by
virtue of their common arborescent colonial morphs, provide structural complexity and vertical
relief to the physical habitat. Soft corals provide refuge for various symbiotic and epizoic plants
and animals that either attach to or crawl on the surface. Some of the symbionts take on the
color of their soft coral host (Barnes, 1980). Common soft corals found along the northern coast
of Puerto Rico include sea fans (Gorgonia sp.), yellow sea whips (Pterogorgia citrina), and sea
rods (Eunicea spp.) (Vicente & Associates, 2000). Thirteen of the fifteen soft coral species
found along the northern coast were documented in the eolianite reef habitat (Appendix B).

Scleractinian corals, or hard corals, are the most important of the calcium carbonate-accreting
organisms and are the major structural contributor to modern reef formation. Hard coral colony
morphology is variable and dictated primarily by species and environmental factors. For
example, low-profile colony morphologies often referred to as plate and encrusting forms, are
more indicative of high-energy environments. Hard corals provide structural complexity and
increase surface area and abundance of sessile macroinvertebrates which influence the diversity
and abundance of fishes (Ferreira et. al., 2001). Hard corals provide habitat three dimensionality
in the form of vertical relief and interstices which influences number of reef fish species and
their abundance (Luckhurst and Luckhurst, 1978; Dennis and Bright, 1988). Some of the
common species of hard corals found colonizing the shallow hard bottom substrate along the
north coast of Puerto Rico are the great star coral (Montastraea cavernosa), symmetrical brain
coral (Diploria strigosa), massive starlet coral (Siderastrea siderea), mustard hill coral (Porites
astreoides), and finger coral (P. porites). Of the twenty-four species of hard corals documented
along the north coast of Puerto Rico, 12 species were documented to occur in the eolianite reef
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habitat and were therefore potentially directly injured by the Morris J. Berman grounding event
(Appendix B).

The vast majority of sponges are filter-feeding marine organisms and are an important
component of the nearshore hard bottom community. Sponges are highly diverse concerning
their ecological functions; in particular shallow-water species have been documented to mediate
substrate rubble consolidation (Wulff, 1984), contribute to bioerosion of hard substrates, and
modify hard coral morphology (Goreau and Hartman, 1966). At least 24 different species of
sponges have been documented along the northern coast of Puerto Rico, nineteen of which were
reported to inhabit the eolianite reef (Appendix B). Commonly observed sponges on the
eolianite reef include the giant barrel sponge (Xestospongia muta), brown variable sponge
(Anthosigmella varians), and the vase sponge (Callyspongia vaginalis). X. muta, a visually
dominant sponge that can be as wide and as high as one meter, provides increased structural
complexity on the reef and habitat for numerous sponge inquilines such as brittle stars and
snapping shrimp. A. varians has two distinct growth forms that include a massive amorphous
lobate form and a sprawling encrusting form. C. vaginalis is a relatively large branching sponge
that provides habitat for surficial zoanthids (Parazoanthus sp.) and other invertebrates.

3.3.3 Herbivores

Herbivores are animals that consume primary producers as an energy source. Both invertebrates,
such as sea urchins, and vertebrates, such as fish and sea turtles, can be characterized as
herbivores if their diet consists primarily of primary producers. Within reef communities
herbivores provide food for predatory organisms and help to maintain a balance between primary
producers and structural animals. Fifteen species of herbivorous vertebrates and six species of
herbivorous invertebrates occur within the eolianite reef habitat and were potentially injured, by
the grounding incident.

3.3.3.1 Invertebrates

Common motile marine invertebrates impacted by the Morris J. Berman grounding event
included various crustaceans, echinoid echinoderms, and a gastropod mollusk. Echinoid
echinoderms (i.e., sea urchins) are an important component of the reef system that helps maintain
substrate availability and structural complexity of the habitat. The rock-boring urchin
(Echinometra lucunter) is a bioeroder which breaks down the substrate and helps maintain
highly variable micro-habitats within the reef structure. Habitat creation within the structure
facilitates species diversity due to niche partitioning and biotal zonation. Herbivorous urchins,
such as the longspine urchin (Diadema antillarum), variegated urchin (Lytechinus variegatus),
and the white sea urchin (Tripneustes ventricosus) which graze on algae, facilitate successional
progression by providing available substrate for structural reef species. A localized die off of sea
urchins was reported just days after the Morris J. Berman grounding event; urchins that were
found alive showed visible signs of oil influence such as loss of spines, poor adherence to the
substrate, and algal tufts growing on the spines (Vicente, 1994). The queen conch, Strombus
gigas, is an herbivorous mollusk common in seagrass beds and algal flats that was documented
in the injury assessment reports as injured by the Morris J. Berman grounding incident. The
queen conch is an important commercial species in Puerto Rico and is listed as threatened in
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Appendix Il of the Convention of International Trade in Endangered Species (CITES) as
threatened.

3.3.3.2 Vertebrates

The north coast hard bottom habitat is considered a habitat of concern for the threatened green
sea turtle (Chelonia mydas) and the endangered hawksbill sea turtle (Eretmochelys imbricata).
During rescue and rehabilitation efforts following the grounding, two oiled green sea turtles were
treated by the Caribbean Stranding Network (Mignucci-Giannoni, 1999). Green sea turtles, with
a smooth grey, green, brown, and black carapace, can be up to 4 ft long and weigh up to 500
pounds. Adult green sea turtles are herbivorous and eat primarily seagrass and algae. Juvenile
green sea turtles are carnivores that consume jellyfish and other invertebrates found in the
eolianite reef habitat. The hawksbill is a small to medium turtle approximately 2 — 3 ft long and
weighs up tol180 Ibs. Adult hawksbills forage primarily on sponges found on hard bottom
habitats. Juveniles are known to forage and consume algae in coastal hard bottom areas of
northern Puerto Rico.

Herbivorous fishes within the eolianite habitat include 8 families of ichthyofauna (Appendix B).
These herbivores feed exclusively on either the algae that grows directly on the reef or on the
plankton in the water column above the reef. Acanthurids (Surgeonfish, 3 species),
Pomacentrids (damselfish, 2 species), Scarids (parrotfish, 5 species), a Blenniid (redlip blenny,
Ophioblennius atlanticus), and a Monacanthid (orange filefish, Aluterus punctatus) are
herbivorous fish that graze attached algae and are found in the eolianite reef habitat.
Planktivorous reef associated herbivores include one Engraulid species (anchoveta, Cetengraulis
edentulus), Exocoetids (flyingfishes, 2 species), and a Pomacentrid (Blue chromis, Chromis
cyaneus).

3.3.4 Predators

Predators are animals that feed on other animals. Both invertebrates, such as the spiny lobster
(Panulirus argus) and vertebrates, such as the red grouper (Epinephelus morio), feed on
herbivores and other small predatory animals (Appendix B). Predatory activities influence the
recruitment of juvenile fish and invertebrates to reef communities (Hixon, 1991) and influence
reef assemblages by controlling herbivore populations that may overgraze plant assemblages. In
total, 57 families encompassing 98 species of predatory ichthyofauna and 2 species of
invertebrates have been documented to occur on eolianite reefs on the northern coast of Puerto
Rico.

3.3.4.1 Invertebrates
The spiny lobster (P. argus) and blue crabs (Callinectes spp.) are important commercial species

of crustaceans that likely experienced indirect injury due to loss of habitat as a result of the
grounding event.
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3.3.4.2 Vertebrates

Predatory icthyofauna documented to occur within eolianite reefs along the northern coast of
Puerto Rico include top predators, demersally associated species, and pelagic species (Appendix
B). The bull shark (Carcharhinus leucas), blacktip shark (Carcharhinus limbatus), barracuda
(Sphyraena barracuda), tarpon (Megalops atlanitcus), and four species of snook (e.g.,
Centropomus unidecimali,) are all top predators found on the eolianite reef habitat. Twenty-two
predatory species of the demersally associated grouper-snapper complex [i.e. red grouper
(Epinephelus morio), margate (Haemulon album), jolthead porgy (Calamus bajonado), and
hogfish (Lachnolaimus maximus)] have been documented within the northern Puerto Rican
eolianite reef habitat. Three pelagic predatory species such as, the bar jack (Caranx ruber),
atlantic bumper (Chloroscombus crysurus) and the bigeye scad (Selar crumenophthalmus), feed
in the open water habitat above and adjacent to the eolianite reef habitat.

3.4  Habitat Suitability Analysis

The HSA compares the ecological services provided by the aforementioned habitats with the
eolianite reef habitat in terms of four functional groups: 1) primary producers, 2) structural
animals, 3) herbivores (invertebrates and vertebrates), and 4) predators (invertebrates and
vertebrates). Because the majority of studies conducted in areas near the grounding site and
within the four possible compensatory habitats were primarily qualitative, our analyses were
restricted to the comparison of presence/absence data. Non-metric multidimensional scaling
(nMDS), a type of ordination which generated plots of the relative similarity of the five habitat
types (points closer together have greater similarity), were used as the basis for the HSA
analysis. NMDS uses relative ranks in the visualization of plots, the axes have no specified
units. Bray-Curtis distances, which were used to determine the relative similarity ranks, are also
presented to provide a more numeric index of similarity.

3.4.1 Primary Producers

At the base of the food chain of the eolianite reef habitat, as well as the four possible
compensatory restoration habitats, are primary producers (algae, seagrass, and mangroves) which
provide two important ecological services: food for herbivores and structural complexity for
small invertebrates and juvenile fishes. The presence/absence of 14 species of green, red and
brown algae were used as the basis for constructing a similarity matrix. Shallow hard bottom
demonstrated the highest degree of similarity to the eolianite reef (Figure 3). Mangrove, a
habitat which supports a high level of primary production owing to its biogenic nature, ranked
2" followed by deep hard bottom and seagrass (Table 3).
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Figure 3.

MDS plot illustrating the resemblance of the five habitats based on the presence/absence of
eolianite reef primary producers. Stress indicates the degree to which the plot represents the
data, values of less than 0.1 are considered highly representative.
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Table 3. Bray-Curtis similarity (0-100 with a value of 100 indicating greatest similarity) coefficients
for the five habitats based on the presence/absence of primary producers.
Eolianite Shallow Deep
HABITATS Hard Hard Seagrass | Mangrove
Reef
Bottom Bottom

Eolianite Reef

Shallow Hard Bottom 66.7

Deep Hard Bottom 35.3 40.0

Seagrass 25.0 22.2 0

Mangrove 35.4 60.0 0 40.0
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3.4.2 Structural Animals

Corals and sponges are common species found within the eolianite reef habitat and are a key
structural element for fish and invertebrates (see Section 3.3.2). Based on the presence/absence
of 53 species (primarily soft corals, hard corals, and sponges), greatest similarity of fauna was
found between the eolianite reef and shallow hard bottom habitat (Figure 4; Table 5). Deep
hard bottom, which ranked second, and seagrass, which ranked third in similarity to the eolianite
reef in overall similarity, were close in similarity ranking. Mangrove was the most dissimilar
habitat to eolianite reef. Differences between the eolianite reef, mangrove, and seagrass habitats
in terms of structural animals are partly offset, in terms of provision of structural refuge for fish,
by the structure provided by the exposed mangrove root or seagrass leaf area.

Figure 4. MDS plot illustrating the resemblance of the five habitats based on the presence/ absence of
structural animals (primarily soft corals, hard corals, and sponges). Stress indicates the
degree to which the plot represents the data, values of less than 0.1 are considered highly
representative.
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Table 5.  Bray-Curtis similarity (0-100 with a value of 100 indicating greatest similarity) coefficients
for the five habitats based on the presence/absence of structural animals.

Eolianite Shallow Deep

HABITATS Hard Hard Seagrass | Mangrove
Reef

Bottom Bottom

Eolianite Reef

Shallow Hard Bottom 84.8

Deep Hard Bottom 34.4 32.0

Seagrass 31.8 36.8 19.1

Mangrove 10.8 14.3 14.3 46.2
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3.4.3 Herbivores

Inshore and nearshore habitats along the coast of Puerto Rico are known to possess a rich
abundance of herbivorous fish and invertebrates. Based on our literature review, 20 species of
herbivorous fish (e.g., surgeonfish, parrotfish, mullet) and invertebrates (sea urchins, gastropods)
would likely occur within the eolianite reef habitat. With the exception of deep hard bottom,
similarity was high among the habitat types (Figure 5, Table 6). The high degree of similarity
among eolianite reef, shallow hard bottom, mangrove, and seagrass habitats was largely driven
by the overlap of the herbivorous fish community, and to a lesser degree by the echinoderms.
Deep hard bottom had few documented herbivore species: two species of parrotfish and one
surgeonfish (see Appendix B).

Figure 5.  MDS plot illustrating the resemblance of the five habitats based on the presence/absence of
herbivorous species (vertebrate and invertebrate). Stress indicates the degree to which the
plot represents the data, values of less than 0.1 are considered highly representative.
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Table 6.  Bray-Curtis similarity (0-100 with a value of 100 indicating greatest similarity) coefficients
for the five habitats based on the presence/absence of herbivores.
Eolianite Shallow Deep
HABITATS Hard Hard Seagrass | Mangrove
Reef
Bottom Bottom
Eolianite Reef
Shallow Hard Bottom 74.3
Deep Hard Bottom 24.0 37.5
Seagrass 77.8 59.3 23.6
Mangrove 66.7 66.7 28.6 64.0
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3.4.4 Predators

Predators represent a highly diverse assemblage of fish and invertebrates that utilize the five
habitats as structural refuge and/or foraging grounds. There were 94 predators documented on
the eolianite reef habitat. Shallow hard bottom habitat was most similar to the eolianite reef
habitat based on the presence of predatory species (Figure 6). Overall, all four potential
compensatory habitats showed high similarity (Bray Curtis values > 50, Table 7) to the eolianite
reef. Shallow hard bottom was the most similar followed by seagrass, mangrove and deep hard
bottom (Table 7). Species of commercial or recreational fisheries significance, in particular,
snapper, grouper and grunts, were common in all habitats. Spiny lobsters were present in all
habitats except deep hard bottom.

Figure 6. MDS plot illustrating the resemblance of the five habitats based on the presence/absence of
predatory species (vertebrate and invertebrate). Stress indicates the degree to which the plot
represents the data, values of less than 0.1 are considered highly representative.
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Table 7. Bray-Curtis similarity (0-100 with a value of 100 indicating greatest similarity) coefficients
for the five habitats based on the presence/absence of predators.

Eolianite Shallow Deep

HABITATS Hard Hard Seagrass | Mangrove
Reef

Bottom Bottom

Eolianite Reef

Shallow Hard Bottom 81.0

Deep Hard Bottom 54.3 62.6

Seagrass 73.9 68.9 53.3

Mangrove 67.6 53.5 50.6 75.7
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Detailed information on habitat utilization was available for some commercially and
recreationally important species. Two exploited invertebrate species, spiny lobster (P. argus)
and queen conch (Strombus gigas), were reported to utilize one or more of the five evaluated
habitats. Juvenile spiny lobsters were reported in seagrass, mangrove, and shallow water hard
bottom. Adult spiny lobsters of harvestable size were reported from shallow hard bottom and
seagrass (Appendix B). Adult queen conchs were also documented in both shallow hard bottom
and seagrass. Juvenile conchs were documented only in seagrass. Although some variability
among fisheries species occurred with respect to habitat utilization, in general, mangrove,
seagrass, and shallow hard bottom were used as nursery grounds for juvenile fisheries species.
In contrast, deep hard bottom was predominantly utilized by adults and to some extent as
spawning areas. With the exception of silk snapper (Lutjanus vivanus), a deepwater snapper
species, most snapper and grouper species utilized mangrove and/or seagrass habitat as nursery
grounds (Table 8 and Appendix B). Shallow hard bottom also served as juvenile habitat for
some fisheries species; utilization of shallow hard bottom was higher among adults.

Table 8. Documented occurrence of selected fish and invertebrate species of commercial and
recreational fisheries significance in the four potential compensatory habitats by life stage (A =
adult and J = juvenile) and reported spawning activity (S). A + sign indicates that the
references denoted presence but did not give information on life stage.

Species Common name Shallow Deep Mangrove Seagrass

Hard Bottom | Hard Bottom
Strombus gigas Queen conch A J, A
Panulirus argus Spiny lobster J A J J, A
Lutjanus griseus Gray snapper J,A'S S J, A J, A
Lutjanus vivanus Silk snapper J A A
Lutjanus analis Mutton snapper + S + S J, A J, A

Ocyurus chrysurus Yellowtail snapper A + S J, A J, A

Epinephelus gutatus Red hind A + J J

Epinephelus striatus Nassau grouper A A J A J
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4.0 CONCLUSIONS

Our recommendations are based on the analysis of qualitative presence/absence data from the
eolianite reef habitat along the north coast of Puerto Rico; a lack of quantitative data limited the
level of detail in the HSA. The majority of studies from Puerto Rico, identified in our literature
search, were conducted in coral reef habitats along the southwestern coast and were not
applicable to the eolianite reef habitat present at the grounding site. Few studies were conducted
in areas near the grounding site and these were primarily qualitative (presence/absence) in
nature. Similarly, few studies of mangrove and seagrass habitats were found for that pertained to
the north coast of Puerto Rico. Quantitative data on densities and demographic parameters by
habitat type would have greatly enhanced the HSA capacity to make quantitative predictions on
ecological services (Peterson et al., 2003; Powers et al., 2003); however, such an analysis was
not consistent with the available information and may not be necessary in a case where damages
have been agreed upon. Although it is possible that the current database could be augmented
through re-analysis of photographs and video from previous trustee council studies or site-
specific biological sampling, additional analyses and sampling could be costly and may not
significantly change the conclusions of the HSA.

4.1 Recommendations

A total of 183 species were documented from the literature search to occur on the eolianite reef
habitat. Of these species, 18 (9.8%) were unique to the eolianite habitat, therefore the maximum
number os eolianite reef species supported by utilizing all four of the compensatory habitats is
165. Table 9 shows the number and percentage of eolianite reef species shared with each of the
four potential compensatory habitats (Shared) and the number of shared eolianite reef species
unique to each of the compensatory habitats (Unique). For example, shallow hard bottom shares
128 species with the eolianite reef habitat and of those 128 shared eolianite reef species 42 are
found only at the shallow hard bottom habitat (Table 9). Figure 7 is an nMDS plot illustrating
the similarity between the habitats based on all of the eolianite species.

Table 9. Number and percentage of eolianite reef species shared with each of the four potential
compensatory habitats and the number of shared eolianite reef species unique to each of the
compensatory habitats.

Compensatory Habitat Type
Eolianite Reef Shallow Hard Deep Hard Mangrove Seagrass
Species Bottom Bottom
Shared 128 (70%) 56 (31%) 68 (37%) 84 (46%)
Unique 42 (23%) 7 (3.8%) 8 (4.4%) 9 (4.9%)

Habitats were ranked according to degree of similarity to the eolianite reef as shown by the
nMDS plots as well as the number of shared eolianite reef species (Table 10). Shallow hard
bottom appears to have the highest degree of similarity, sharing 128 species with the eolianite
reef habitat; and deep hard bottom was the least similar, with only 56 shared species. Seagrass
habitat, an important recruitment and nursery habitat, ranked second in similarity to the eolianite
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reef sharing 46% (84 species) of the eolianite reef species. Mangrove habitat ranked third
overall. Difference in ranking between seagrass and mangrove is relatively minor and both
should be considered similar to one another in terms of compensation potential. Seagrass was
the only area utilized by juvenile queen conch, a species of significant management concern;
seagrass also provides habitat for the two species of sea turtles common to the northern coast of
Puerto Rico.

Figure 7.  MDS plot illustrating the overall resemblance of the five habitats based on all of the habitat
services. Stress indicates the degree to which the plot represents the data, values of less than
0.1 are considered highly representative.
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Table 10. Relative rankings of compensatory habitats based on Bray-Curtis similarity of four services
to eolianite reef habitat and fisheries significance of habitats.

Services and Shallow Deep Seaqrass Manarove
Fisheries Significance | Hard Bottom | Hard Bottom g g
Primary production 66.7 35.3 25.0 35.4
Structural animals 84.8 34.4 31.8 10.8
Herbivores 74.3 24.0 77.8 66.7
Predators 81.0 54.3 73.9 67.6
Recruitment Habitat . .

(Fisheries) High Low High Moderate
Ranking 1 4 2 3

4.1.1 Shallow Hard Bottom (5-10 m)

In examination of the four ecological service categories, the number of species in common with
the eolianite reef, and consideration of species of fisheries significance, the shallow hard bottom
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showed the greatest similarity to the eolianite reef habitat (Table 10) and would be considered to
be the most appropriate compensatory habitat. Artificial reefs created in the shallow water areas
would be expected to function similarly to the injured habitat, provided the design of such reefs
could reasonably mimic the eolianite reef. However, the logistical difficulties associated with
construction along the exposed north coast of Puerto Rico will preclude on-site restoration.
Placing artificial reefs within more protected areas may be a reasonable alternative to on-site
restoration if the habitat is created in close proximity to the shallow hard bottom so there is a
shared pool of larvae and propagules. The artificial reef created in protected areas would be
expected to yield many of the same ecological benefits as the eolianite reef habitat.

4.1.2 Habitat Mosaic

No single habitat was identical to the injured habitat for all four services: therefore a mosaic
approach of compensatory restoration of more than one habitat may be the best alternative. In
many areas the restoration of adjacent or nearby habitats has proven economically and
ecologically effective in restoring habitat function and providing greater fisheries enhancement
(Micheli and Peterson, 1999; Grabowski, 2002; Peterson and Lipcius, 2003). The number of
eolianite reef species that are in common with each habitat are given in Table 11. The number
of eolianite reef species that would be expected to benefit from the compensatory restoration of
two nearby habitat types is shown in Table 12. Of the two compensatory habitat mosaics,
shallow hard bottom coupled with either a seagrass or mangrove habitat nearby would provide
compensatory restoration for 150 and 149 eolianite reef species, respecitively. Table 13 shows
the number of eolianite reef species that would benefit from the compensatory restoration of
three habitat types. Appendix C provides a breakdown of the number of additional species that
would benefit from the sequential addition of each habitat type; beginning with the shared
species provided by a single compensatory habitat and sequentially adding compensatory
habitats and their shared eolianite reef species. Appendix C could be a useful tool for
management purposes to determine the order in which the habitats are chosen for compensatory
restoration. Utilization of all four compensatory habitats yields 165 eolianite reef species,
regardless of the order in which they are created (Appendix C). Figure 8 provides a schematic
representation of a compensatory restoration area prior to and following coupled compensatory
restoration (i.e., seagrass and artificial reef placement).

Table 11.  Number of eolianite reef species in common between compensatory habitats.

Compensatory Shallow Deep Hard Mangrove Seagrass
Habitat Hard Bottom Bottom

Shallow Hard Bottom 48 47 62
Deep Hard Bottom 48 27 30
Mangrove 47 27 53
Seagrass 62 30 53
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Table 12.
compensatory habitats.

Number of eolianite reef species that would potentially benefit from the given mosaic of two

Compensatory Shallow Deep Hard Mangrove Seagrass
Habitats Hard Bottom Bottom
Shallow Hard Bottom | ------ 136 149 150
Deep Hard Bottom 136 | - 97 110
Mangrove 149 97 | eeee-- 99
Seagrass 150 110 Q9 | -
Table 13.

compensatory habitats.

Number of eolianite reef species that would potentially benefit from a mosaic of three

Shallow Hard Bottom Mangrove
Compensatory Habitats & &
Deep Hard Bottom Seagrass
Shallow Hard Bottom | = ----- 158
Deep Hard Bottom | = e 123
Mangrove %56 |
Seagrass 57 | e
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Figure 8.  Schematic representation of a mosaic compensatory restoration area prior to and following

coupling of seagrass and artificial reef habitat creation/restoration.
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4.1.2.1 Two Habitat Mosaic: Shallow Hard Bottom and Seagrass or
Shallow Hard Bottom and Mangrove

A desirable coupling may be the restoration of seagrass beds or mangroves near a shallow
artificial reef, providing compensatory services to 150 or 149 eolianite reef species, respectively.
Greater species richness and higher densities of fish are found in areas where seagrass habitats
are adjacent to coral reef habitats (Dorenbosch et al., 2004; Nagelkerken and Van der Velde,
2004; Weinstein and Heck, 1979). The juxtaposition of seagrass or mangrove with hard bottom
mimics the landscape of many productive coral reefs as well as habitats within San Juan Bay.
Recruitment of juvenile fishes is facilitated by the expanse of seagrass beds or shallow water
mangrove habitats which provide shelter from predators and abundant food sources. In addition,
seagrass beds may provide nursery area for planktonic fish larvae more effectively than reefs,
which are normally utilized by later stage juveniles and adults (Powers et al., 2003). Seagrass
and mangrove habitats are nursery areas for many reef fish. Juvenile Haemulon flavolineatum,
H. sciurus, Lutjanus analis, L. apodus, L. mahogoni, Ocyurus chrysurus, Acanthurus chigurus,
Scarus coerulus, and Sphyraena barracuda are found predominantly in seagrass beds, where as
juvenile L. apodus, L. griseus, S. barracuda, and Chaetodon capistratus are some of the species
more commonly found in mangroves (Nagelkerken et al., 2000). Many juvenile fish within
seagrass beds and mangroves exhibit an ontogenenetic habitat shift as they outgrow the
protection provided by the juvenile habitat and migrate to nearby reef habitats (Weinstein and
Heck, 1979; Nagelkerken et al., 2000; Cocheret de la Moriniere et al., 2002). A nearby artificial
reef that mimics the natural hard bottom habitat would provide habitat for adults and could
stabilize the seagrass bed or mangrove habitat from wave action and sediment transport.
Creating a mosaic habitat of seagrass beds or mangroves and artificial reefs would provide both
juvenile and adult habitats for species associated with the eolianite reef habitat injured by the
Morris J. Berman grounding.

4.1.2.2 Three Habitat Mosaic: Shallow Hard Bottom, Seagrass, and Mangrove

The compensatory restoration of shallow hard bottom, seagrass and mangrove habitats within a
lagoonal area would provide compensatory services to 86% of the eolianite reef species that were
either directly or indirectly injured by the grounding incident. Combined compensatory
restoration of these three habitats would provide habitats for many of the juveniles and adults of
the predatory and herbivorous species documented on the eolianite reef. An additional 9 unique
seagrass species or 8 unique mangrove species would be compensated for by adding the third
habitat type to the above two habitat mosaic (Section 4.1.3).
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