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ARE CURRENT ESTIMATES OF CORAL REEF BIODIVERSITY TOO LOW? 
THE VIEW THROUGH THE WINDOW OF A MICROCOSM 

Allegra M. Small', Walter H. Adey', and Don Spoon' 

ABSTRACT 

Our results have provided an estimate of the biodiversity of pan tropic coral reefs that 
is more than 3 times higher than that previously published. The biodiversity of global coral 
reefs has recently been estimated at approximately 1 million species based on what is 
currently known about tropical rain forests. However, in order to determine the actual 
biodive~sity of even a single coral reef locality, an extensive team effort on the part of 
hundreds of specialists would be required. Close exanlitlation of the mature 5 m2 Caribbean 
coral reef microcosm described in this paper provided 534 species, with an estimated 70% 
tallied. Using the areddiversity relationship S=kAZ, we were able to more accurately assess 
the probable biodiversity of wild reefs. This outstanding species biodiversity, based in an 
extensive range of higher taxa, reconfirms the essential need to restore and conserve one of 
the most precious ecosystems on earth. 

INTRODUCTION 

In the middle decades of the 20th century, it was widely accepted by biologists that 
about one million currently-living species xcurred on the planet earth. Grave doubts have 
been raised in recent decades, primarily based on modern studies in tropical rain forests, that 
this number is even remotely close to reality. Indeed 10 million is currently a low estimate 
with some scientists citing 30-100 million species (Wilson and Peter, 1988; Ehrlich and 
Wilson, 1991; Wilson, 1992; Stork, 1993; Lovejoy, 1997). 

While coral reef biologists have long known that tropical reefs are rich in species, no 
serious effort has been made to actually "dissect" a well-developed reef ecosystem to 
determine a realistic biodiversity number. In truth, a thorough study would be 
extraordinarily difficult and would require a team effort by hundreds of specialists. A recent 
analysis of what is known about coral reef biodiversity (93,000 identified species) and what 
can be estimated about actual biodiversity (950,000 predicted species) has been carried out 
by Reaka-Kudla (1997). We quote the ltey elements of Realta-Kudla's conclusions: 

"These analyses suggest that about 93,000 total described species of all taxa 
occur on coral reefs, wl~ich represents about 5% of the described global biota. 
These numbers are considerably lower than the number of species that are 
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estimated to occur in rain forests. However, coral reefs occupy only 5% of 
the global area of rain forests. If coral reefs were equivalently studied and 
contained as much biodiversity as rain forests per km2, and if rain forests 
contained 2 million species, then coral reefs should include approximately 
950,000 species. The difference between the numbers of described (93,000) 
versus expected (950,000) species suggests that coral reefs are repositories 
of very high undocumented species diversity. Most species on coral reefs 
are relatively small and cryptic, and difficult to observe and collect. This, in 
combination with the fact that tropical environments and particularly tropical 
marine habitats receive less study than those of higher latitudes or terrestrial 
sites, suggests that many coral reef taxa are indeed very poorly known." 

Adey (1983) suggested that microcosms of coral reefs could be utilized to better 
understand the function of these extremely complex ecosystems. Although this approach has 
not been widely utilized by researchers, more recently, the microcosm described herein has 
been employed effectively as a tool to better understand reef metabolism, specifically the 
process of calcification and its relationship to photosynthesis (Small and Adey, in 
manuscript). As that study has demonstrated, properly constructed microcosms have the 
ability to maintain a natural reefs physical, chemical and biological characteristics for many 
years; thus microcosms have the capability to be used as tools in the first approaches to 
solving many extremely difficult problems, such as the magnitude of biodiversity, the nature 
of community structure and their controlling factors. The larger, and generally far more 
remote, reef ecosystems of tropical seas can then be approached in silu to test the hypotheses 
already developed and tested at a more manageable and controllable laboratory scale. 

In this paper we present the results of a year-long study of the biodiversity of a 
mature coral reef microcosm used primarily for metabolism and calcification research. 
Except for specific, macro species additions for research, amounting to less than 5% of the 
total flora and fauna, the biota of this system was taken in two distinct collections made in 
1983 and 1991 at a single coral reef locality in the tropical West Atlantic. This represents 
what could be termed two sets of samples from a single habitat (and is therefore a sample of 
alpha diversity), while the only sufficient comparison that is available is an estimate of 
gamma or regional reef diversity taken from multiple samples (i.e. many thousands) over 
long periods of time. 

As we describe in this paper, the extraordinary diversity found in this microcosm, 
based on minimal collections from a single locality in the Tropical Western Atlantic, suggest 
a considerably larger diversity in tropical reefs than that described above. 

MATERIALS & METHODS 

The biodiversity of a Caribbean coral reef n~icrocosm, which has been functioning 
without significant biological input for over 7 years, was determined (Figure 1). Originally 
set up in 1988, the microcosm is a 400 liter system with a 1,280 liter refugia, and was 
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Figure 1. Diagram of the i~~icrocosm. Please note the volume of this system is an cstiniation 
based on original tank volu~ne minos the estimated volu~ne of the carbonate stri~cture to obtain 
a water- volume. 'Lights not shown; See Adey and Loveland (1998) for a detailed mechanical 
description of this unit. ONote impeller pumps, (not shown) deliver water from the right hand end 
of the refngiitm unit to the Algal Ti~rf Scrubber and the left side ofthe refi~gium unit to the wave 
bucltet. 

physically and metabolically modeled after the reefs of St. Croix where adequate data were 
available (e.g. Adey and Steneck, 1985). Significant biologicallecologica1 collections were 
made fro111 Mayaguana, in the Bahamas, with the last collection occurring in 1991. Refer 
to Lucltett ct a1. (1996) and Adey & Loveland (1998) for detailed information 011 

construction, microcosm set up, daily maitite~iance, lighting, pumps, refugia, and algal turf 
scrubber technology (used to match water chemistry with long and short term conditions on 
the St. Croix reef). The physical and chemical components of the microcosm and the 
methods used for collection and identification of its species are discussed below. 

Pl<ysiccd uizd Clzemical Componetzts of the Microcosnz 

Slnall and Adey (in manuscript) deterrnilied the physical and chemical components 
of the microcos~ii to closely match those of St. Croix (Table I). The yearly mean total of 
daily radiation was determined with a pyranograph to be 220 Langleys (cal./cm2). The light 
levels of the St. Croix fore-reef are approximately 220 Langleys at a depth of 5 meters (Kirk, 
1983; Adey and Stcneck, 1985), therefore the physical and chemical components of the 
microcosni were compared to the St. Croix fore-reef (see Table I and Adey and Steneck, 



1985). During the period of research, the microcosm ranged from 0.21 to 0.71 pM N-NO, 
+NO, (with a mean at 0.56 pM; n=6) as compared to 0.35 to 1.05 WM N-NO, + NO; at St. 
Croix (based on a skewed distribution of data points where the most data points occurred at 
0.35 p M  and the points trailed up to 1.05 pM; Adey and Loveland, 1998). 

Table 1. Modified from Small and Adey (in manuscript). Comparisons between microcosm and 
St. Croix reefs (annual mean or mean daily range with standard error). The St. Croix data is from 
Adey and Steneck (1985). "indicates the data represents tropical Atlantic means from Millero & 
Sohn (1992); no data available for St. Croix. **indicates the data represents tropical Atlantic means 
from Sverdrup et al (1942); no data available for St. Croix. ***indicates data represents tropical 
world wide means (Pichon, 1995); nm 

7 St. Croix Reefs (fore reef) Microcosni 

26.5 i 0.03 ( ~ 3 6 5 )  - 
27.4 * 0.02 (n=362) 

Temperature ("C) 
(am - pm) 

Salinities (ppt) 

pH (am - pm) no am-1x11 pH data available 
for St. Croix reefs; however, 
pH range is similar based on 
extensive 0, data. 

Oxygen concentration (mgll) 
(am - pm) 

GPP (g 021m21day) 

Daytime NI'P (g 021m2/day) 

Respiration (g O2lm2lIir) 

N - NO; + N0,2(pmol) 

Calcium (mgll) 

Alkalinity (meqll) 

Calcificatio~i (kglm2/yr 
CaCO,) (based on alkalinity 
depletion - based on calcium 
input) 

1.2% of a reef will calcify at 
10 kglmzlyr, 2-4% at 4 
kg/m2/yr, and 90-95% at 0.8 
kg/in2/yr *** 

Light (Langleyslday) 430 (surface) 
220 (5 meters deep in fore- 
reef) 

The minor variations between the microcosm, as described, and the physical and . . 
chemical components of the natural reef are attributed to the maintenance of an  enclosed 
ecosystem separated from the strong open ocean water input characteristic of these reefs. 



Without a constant supply of open ocean water, the primary elements of variation (calcium 
concentrations and alkalinity) continually fall during the day due to calcification, but remain . . - 
stable at night (Small and Adey, in manuscript). It was therefore necessary to maintain the 
concentrations of these elements by daily addition of calcium and bicarbonate. In an effort 
to keep the calciun~ and bicarbonate in the microcosm from depleting below nornlal tropical 
oceanic levels after a full day of calcification, the mean concentrations were maintained at 
491 * 6 mg/l (n=33) and 2.88 i 0.04 meqll (n=59), respectively. These elevated levels of 
calcium and bicarbonate did not significantly effect the calcification rate as demonstrated by 
student's t-test (Small and Adey, in manuscript). Though the calcification rate of the 
microcosn~ ecosystem is 4.0 i 0.2 kg CaC0,/m2/year (n=l l ;  based on alkalinity depletion) 
to 4.4 rt 0.1 kg CaC0,/m2/year (n=365; based on calcium input), individual coral colonies 
are calcifying at rates as high as 20 kg CaC0,/in21year (e.g. Acropora sp.) (see Small and 
Adey, in manuscript, for rates of all microcosm components). 

The gross primary productivity (GPP) of the microcosm (14.2 i 1.0 g 0,/m2/day; 
n=4) is higher than the world-wide averages for tropical reefs (10 g 02/m2/day) (Crossland 
et al, 1991). However, it is 1.5 g 0,/m2/day lower than that determined for the St. Croix fore- 
reef by Adey and Steneck (1985). Thcse differences in the mean GPP of the microcosm and 
St. Croix can be explained by the differences in spatial heterogeneity. Because of the much 
smaller area of the enclosed tnicrocosm, spatial heterogeneity cannot be developed at levels 
equivalent to the very high spatial heterogeneity of the well-developed Caribbean fore-reef. 

Collection and identification Procedures 

Orieinal Colleclions 

The vast majority of the organisms present in the microcosm came from two original 
collections on the southwest reef of Mayaguana. Both of the collections were part of larger 
collections made for an exhibit n~icrocosn~ in the Smithsonian Institution's Natural History 
Museum. These collections were mini-ecosystem collections of 50-70,0.03 m3 units (lugs), 
which contained live-sand, live-rock, specific macro-invertebrates, algae and fish. The first 
collection occurred as several sub-collections from 1980-1983, and was flown in coolers by 
plane directly to the larger exhibit microcosm at the Smithsonian, and maintained there until 
1988 when a small portion was then transferred to establish the microcosm described in this 
paper. The primary collection (1991) was transported by research vessel with ocean flow- 
through capability from the Bahamas, up the Gulf Stream to Cape Hatteras. At Cape 
Hatteras, the collection systems were converted to on board algal turf scrubber control (Adey 
and Loveland, 1998) for about 24 hours until arrival at the microcosm system on the shore 
of the Chesapeake Bay. It was from this larger collection that sub-samples were taken to 
provide the majority of the microcosm ecosystem. The remainder of the collection was then 
transferred to a rebuilt exhibit microcosm at the Smithsonian. 

In addition to the species from the Mayaguana collections, a few Indo-Pacific species 
were introduced within the first years of operation ( i e  giant clams, soft corals, fish). These 



species were bought as individuals, with little possibility of accidentally introducing other 
organisms. More recently, fish have occasionally been replaced when necessary (as they 
were lost by internal predation). Finally, in 1996, two species of Indo-Pacific stony coral 
(Acropora sp. and Montipora digilata) mounted on plastic holders at Inland Aquatics inTerre 
Haute, IN (and therefore without other species on their bases) were added for deterinination 
of calcification rates (Small and Adey, in manuscript). The only possible source of unlcnown 
organism introduction would be through the addition of Chesapeake Bay water that was 
exchanged in small amounts daily (2 L). In order to reduce the introduction of larvae and 
microorganisms in the water, the Bay water (- 18 ppt) was increased in salinity by the 
addition of aquarium salts to -50 ppt, and then brought back down with distilled water to 
normal tropical oceanic concentrations (-35 ppt), over a few days time in a dark holding 
reservoir. The analysis of the microorganisms present in the Chesapeake Bay, the holding 
reservoir, and microcosm showed only four possible species that might have been introduced 
to the microcosm using this technique. These cosmopolitan species occur naturally in 
bracltish and fully saline waters. 

With exception of the few selective introductions mentioned above, there has been 
no significant input of organisms into the microcosm for 7 years. The vast majority of 
species found in the microcosm today have been maintaining viable populations through 
reproduction. 

Organisms were identified whenever possible without removal from the microcosm. 
This was only possible for about 10% of the total species found. To minimize disturbance 
of the 400 liter portion of the microcosm, only those organisms that could be identified 
without removal or with minimal disturbance of the entire system, were identified. The 
much larger refugium allowed for live-rock and sand samples to be taken without impactiug 
the ecosystem. Sand was sieved for removal of larger organisms and the remaining sand was 
sorted through under a dissecting nlicroscope. Small pieces of live-rock were also placed 
under the dissecting microscope for locating species on the surface. Larger pieces of live- 
rock were brolten open to reveal species hidden inside. Representative samples of live-rock 
and sand were talcen from different areas and depths within the microcosm. 

The majority of macro species were able to be identified by being placed live under 
the dissecting microscope. 'These organisms were returned to the system after the 
identifications were made. Many of the smaller invertebrates were collected and fixed for 
identification. Arthropods and sponges were fixed and preserved in 70% ethyl alcohol. 
Polychaete worms were narcotized with 7.5% MgCI, in seawater, fixed in 10% formalin, and 
preserved in 70% ethyl alcohol. Sipunculids were relaxed in 7% MgC1, in freshwater, fixed 
in 10% fonnalin, and preserved in 70% ethyl alcohol. Except for about twenty larger species 
collected individually by hand or forceps, the algae were taken as samples of substrate, 
teased apart under a dissecting microscope and identified under the compound microscope. 
A Scanning Electron Microscope (SEM) was used in the identification of diatoms. 



Microorgallisms were collected and identified alive using an array of techniques. 
For artificial substrates, inverted 50 mm plastic petri dishes inserted into Styrofoam cup 
sections were placed on the water's surface (Spoon and Burbanck, 1967), and glass slides 
with glass coverslips (affixed with thin strips of 50 pm thick AdcomTM double sticky tape) 
were inserted vertically into the sediment creating horizontal cllambers at different depths. 
Microcompression chambers for detritus sainples were created on glass slides by using thin 
plastic HaudiwrapTM film as a gas exchanging coverslip (attached peripherally with Dow 
CorningTM silicone stopcock grease), which allowed for living preparations to last many 
hours (Spoon, 1976). In addition, plankton samples were collected by filtering water through 
I00 i . ~ n ~  and 20 win meshes. 

Identifications 

The major taxonomic groupings of orgallisms were divided amongst the authors for 
identification. Walter Adey was responsible for the algae, iucluding diatoms but excluding 
dinoflagellates, Allegra Small was responsible for the macroscopic animals, and Don Spoon 
for the protozoa, dinoflagellata and microinetazoa. Due to high diversity of the macroscopic 
invertebrates and the difficulty in identification of a great number of species, the majority 
of invertebrates were ideutified only to family level and then sent to the appropriate specialist 
for further identification. Table 2 lists the assisting specialists and their taxonomic group of 
expertise. For organization at higher taxonomic level, Parker et a1 (1982) was used as a 
guideliue, except in the case of the I'rotists, in which (Corliss, 1994) was used. 

Approximately one year of roughly one-third time was spent in this 
collecting/identifying endeavor. Another year of similar time would have been required to 
nearly complete the tally, and several additional specialists would have beeu required 
(nematodes, fungi, bacteria, viruses, parasitic genera and the minor phyla not yet explored). 
It is our mutual judgement that approximately 30% of species in the system remain 
uncounted, not including bacteria, viruses and parasites, which would liltely add an order of 
magnitude to the species count. Since bacteria, viruses and parasites are not usually 
considered in biodiversity estimates: we do not consider them in our calculations for coral 
reef biodiversity. With increasing intensity of examination of the microcosn~, special 
precautions would have to be taken to avoid altering the ecosystem through collection 
procedures. 

RESULTS 

The results of the species collections and identifications are listed in Appendix A. 
A total of 534 species were found at last count, with several phyla not considered, and 
approximately 30% of species unaccouuted for. At higher taxonon~ic level, distribution of 
species number is approximately 25% algae, 45% invertebrates, 30% Protozoa and lower 
Metazoa, and only a few chordates. These percentages are referring to the number of species 
in each grouping, not the abundance. Abundances of each species were difficult to estimate 



with any level of accuracy due to the destructive sampling techniques required to do so. The 
higher taxonomic diversity, with thc 534 species spanning 96 orders and 27 phyla, makes 
this coral reef microcosm a truly diverse ecosystem. 

Table 2. Specialists consulted 

Subclass Ostracoda 

Identifying Specialist 

Riclial-d Benson, S~nitlisonian Ilistitution 
Louis Kornicker, Sniithsonian I~istitution 

11 Order Tanaidacea Richard Heard, Gulf Coast Research Laboratory 

Rony l~luys, The Natural History Museum, London 
Sophie Conroy-Dalton, 'The Nati~ral I-listory Museum, 

Londotl 
Chad Walter, Smithsonian Institution 

Order lsopoda 

Order Amphipoda I------- Marilyn Schotte, Smithsonian lristitutio~i 

Sara LeCroy, Gulf Coast Research Laboratory 

Class Granuloreticulosea 
(Foraminifera) 

Beth Burkhard, independent contractor, betli@intrepid.~~et, 
(collected and identified specimens) 

Rayc Gel-mon, Smitlisonian lnstitutio~i 

Phylum Nemertea Jon Norenburg, Srnitlisonia~i Institution 

IClaus liuetzler, S~iiitl~soiiian Institution 

I1 Phylum Sipuncula Mary Rice, Smithsonian Institution 
Julie Piraino, Smillisonian Institution 

11 Family Terebellidae I'at I-iutchings, The Australian Museum 

Family Maldanidae Andrew Mackie, National Museum of Walcs 

Guillermo San Martin, Universidad Autonoma de Madrid 

Family Spirorbidae Wyir K~iight-Jones, University of Wales 

James Blake, ENSR Consulting and Engineering, Inc. 

1) Family Serpulidae Harry A. ten I-love, Zoological Museum, A~nsterdam 

I! Family Sabellida Kirk Filzliugli~ 1x1s Angcles County Museum of Natural 
History 

Order Eunicida, Families 
Orbiniidae, Paraonidae, 
Ctenodriliae, Capitellidae, 
Owcniidae 

Kristian Fauchald, Smitlisonian Institi~tion 



Using the standard relationship between species diversity and area (S=kAZ) that has 
been utilized since the 1960's for relating biodiversity to area, and more recently used by 
Wilson (1992), May (1994) and Realta-Kudla (1997), it is possible to estimate the total 
number of species that should appear in natural coral reefs worldwide based on this 
microcosni. The first step is to determine, based on our diversity of a 5.0 m2 Caribbean coral 
reef microcosn~, the estimated diversity of the Caribbean reefs. To do this the Z value of 
0.25 (Realta-Kudla, 1997) and the Caribbean coral reef area as determined by Spalding and 
Grenfcll (1997) (A=23 x lo9 ni2) was used. Note that the value of the constant (k) will be 
the same for the microcosrn and natural reefs, so it can be canceled out on both sides of the 
equation. The calculations for the first step are as follows: 

S,=predicted Caribbean reef diversity; S,=diversity ofthe microcosm (532, without bacteria); 
A,=arza Caribbean reefs; &=area microcosm; 2=0.25 

With the diversity of Caribbean reefs at about 1112th of that of pan tropic coral reefs 
(based on I'aulay, 19971, and with the estimated Caribbean reef diversity of approxin~ately 
138,000, it can be further interpolated that the pan tropic reefs have a diversity of 1,656,000 
species. These diversity numbers for the Caribbean and pan tropic coral reefs are a bare 
minimum. Considering that the actual diversity of the 5.0 m2 microcosm is more likely to 
be 30% higher than determined (due to the estimated number of species not yet found and 
the various phyla not considered), the Caribbean and pan tropic reef diversities can be 
recalculated to be: 

S, = 
(692)(23x1 09)0 25 _ - 180,217 for thc Caribbean and 2,162,603 pan tropic. 

(5 .0~ 25) 

111 addition, the microcosm has been running for 7 years without significant 
introduction of species. It can be safely assumed that many species were not represented in 
the original collections, and that additionally some did not survive either translocation, 7 
years of life in the microcosm, or were not able to reproduce due to lack of a mate or for 
other reasons. Conservatively estimating the number of species that did not survive the 
extended period of time in the microcosn~ to be approximately 20 * lo%, we can once again 
recalculate the predicted diversity of Caribbean and pan tropic reefs to be: 

9 0 2 5  
S, = (830)(23x10 ) = 216,156 for the Caribbean and 2,593,874 pan tropic 

(5.0OZ5) 



The difference between this estimated 2.6 million species pan tropic and the 
previously published estimate of 950,000 species (Reaka-Kudla, 1997) is even greater when 
considering the differences in coral reef areas used for the respective calculations. Reaka- 
Kudla used a pan tropic coral reef area of 6.0 x 10" m2 for her calculations (a commonly 
used estimate of reef area; Smith, 1978). For our calculations, we used the more 
conservative and recent coral reef area estimates of Spalding and Grenfell(1997), 23 x 1 O9 
mZ for Caribbean reefs, and 2.6 x 10" m2 pan tropic. For comparison to Reaka-Kudla's 
numbers, our estimated biodiversity can be further adjusted, using the less conservative area 
of 6.0 x 10" m2 and the formula above, to be approximately 3.2 million species pan tropic. 
'Though the actual current area of worldwide reefs may be debatable, our numbers show that 
the biodiversity of pan tropic reefs to he more than 3 times what has been previously 
estimated. 

DISCUSSION 

The S=kAZ relationship is basically empirical. Whether it adequately states the 
difference between alpha (habitat) and gamma (regional) diversity, with the equation 
allowing for the increase in habitats with greater area, or whether there are significant 
additional factors probably doesn't matter to its use in this context. What probably does 
matter is that the relationship was developed largely for vertebrates in island terrestrial 
communities. It certainly has not been adequately tested for marine ecosystems and 
especially very high diversity ecosystems. Accepting that this relationship is all we have to 
work with in this context, and it is widely used, our primary concern for the use of the coral 
reef microcosm for estimating natural reef diversity is whether or not the Mayaguana reef 
habitat was adequately sampled. 

As was shown by Small et a1 (1996), for relatively simple stream systems with a 
macrophyte species count of 30-60 species, at least 10 samples considerably larger (-5 m2) 
than that en~ployed here were required to approach local ecosystem diversity. In this case, 
only a limited taxonomic group was being considered. Gage and Tyler (1991) describe the 
similar rarefaction technique used in sampling deep sea soft bottom fauna. In one case cited, 
168,O.l m2 box cores failed to produce a rarefaction curve that approached the asymptote - 
or in other terms, 25 species were still being discovered as each in2 of sample was added, at 
the limit of the curve. This kind of information is not yet available for coral reef ecosystems. 
However, it seems reasonable to state that the sampling employed in the collecting process 
of this investigation (smaller sub-samples of the approximately 120, 0.03 m' samples talcen 
at two separate times) could not begin to sample adequately the total biodiversity of the 
Mayaguana reef. Thus, the samples returned to the n~icrocosn~ for community and 
ecosystem development must have considerably understated the actual diversity of the 
Mayaguana reef. 

Although considerable efforts were talcen to avoid species loss in transit, certainly 
some especially larger species were Lost in transit or in the process of establishment in the 
new habitat. Even in newly available wild habitat, a considerable period of time is required 



to build up to typical species densities. Thus, as large as the species density is in this 
relatively small microcosm, it almost certainly understates coral reef diversity in situ. 

Though the microcosm has an inter-reef refugium to aid in larval development 
outside of predation, it lacks the essential open ocean refuge for those species that live and 
breed on coral reefs but spend their larval phases in open water where predation is 
considerably less marked. Many fish species are in this category and spend weeks to months 
in open ocean plankton. Indeed, coral reef fish often reproduce in microcosms but the larvae 
do not ~ucce~sful ly recruit to the reef unless specific steps are taken to protect them from 
predation and provide appropriate plankton for feed (this has been accomplished for about 
two dozen fish species; e.g. Adey and Loveland, 1998). Fish constitute less than 1% of coral 
reef species and this failure to generally maintain populations would make little direct 
difference to our overall diversity analysis. However, other invertebrate groups probably 
also fall into this category and thus would be a missing element in the microcosm. It should 
be emphasized that this particular microcosm, in part operates with bellows (rather than 
impell&) pumps and thus, at least in the 400 L section, planktonic stages could theoretically 
last indefinitely in the water column (and some clearly do so). However, this does not solve 
thc predation issue as it relates to those nlany species that require an open ocean refugium. 

Reaka-Kudla based her calculations on the assumption that tropical rain forests 
contain 2 million species. She acknowledges that this is a conservative estimate, and predicts 
that if tropical rainforests contain more species, in turn coral reefs could contain more 
species. Based on a tropical rainforest diversity of 2 million species and what we now know 
to be the current estimate of coral reef diversity (2.6 - 3.2 million species, depending on the 
true area of coral reefs), coral reefs have a much higher specieslarea density than rainforests. 
Otherwise, if it is indeed true that coral reefs have the same specieslarea density of 
rainforests, than the current estimate of tropical rainforest biodiversity used by Realca-Kudla 
(1997) is much too low. 

CONCLUSION 

Based on the 5.0 in2 Caribbean coral reef microcosm described in this paper, and the 
speciesiarea relationship S=kAZ, pan tropic coral reef biodiversity can be conservatively 
estimated to be approximately 3 million species. While major field efforts and continued 
microcosm development work is necessary to develop more acceptable numbers, this new 
estimate shows that the previous estimate of pan tropic coral reef biodiversity developed by 
Realm-Kudla (1997) is most certainly low. Whether actual numbers are only three times as 
much as Realta-Kudla's estimate or an order of magnitude higher cannot be stated at this 
time. The importance of coral reef biodiversity can be further recognized when considering 
that coral reefs have a much higher diversity at higher taxonomic levels than tropical rain 
forests (Paulay, 1997). As most probably the ecosystem with the highest specific diversity 
(species per unit area) in the biosphere, each day's decline of coral reefs is a devastating loss 
to the human race. This concern need not be framed only in esthetic or local concerns. As 
coral reefs likely bear the highest specific diversity of yet unknown biochemicals, the 



ongoing loss of reefs is providing considerable loss of potential to the human pharmacopoeia. 
The clear concern by many scientists for the loss of these very rich ecosystems, before we 
even understand just how rich they are, is very real (Paulay, 1997; Reaka-Kudla, 1997; Adey, 
1998). 
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Appendix A. Species list for the 5 111' coral reef microcosm. * = pacific species. Total: 534 species, 
357 genera, 241 families, 96 orders (with suborders), 44 classes (with st~bclasses, 27 pliyla (-1-2 
subphyla), 4 kingdoms (+3 subkingdoms). Note: bacteria and ~iematodes are listed only where 
identification was possible without a specialist. An investigation of fungi, viruses, primarily 
parasitic genera and tile minor pliyla Prochloropliyta, Gnathostomulida, Mesozoa, Kii~orhynclia, 
I31toprocfq Phol-onicla and Ecl~iura  not yet initiated, and would provide nulnerous additional species. 

SUPERKINGDOM 
PROKARY OTAE 
KINGDOM MONERA 

DIVISION BACTERIA 
0. Cytophagales 

F. Cytopliagaceae 
c.:JJlo/~h~igu ,s/>, 

1'. Beggiatoaceae 
Ueggiciloa s p  

DIVISION 
CYANOPIIYCOTA 
(Bluc-Green Algae) 
C. CYANOPHYCEAE 
0. Chr.oococcales 

I:. Chroococcaceae 
A4icroc)~,sti.s 

iier~,igino.str 
l~lcroc)~,sli.s il?oi?lui?u 
3 ~ ~ ~ C ~ O ~ ) J . S I ; . S  ,S/l/). 
(~onphosph~ieriu 

czponinu 
.lolic~iii~e.sbu/~/i,s~u 

/~ell~!ciclu 
0. I'leorocapsales 

I:. Plcurocapsaceae 
4 P/ei.~rocupsrr vpp. :) 
"Aplcrs1idirl1ie.v IISO.  " 

1:. (new families being 
clescri bed) 
"Ai~roehuhaclcr r?sp. " 
"A.riohocler rl.s/i. " 

"Ak)lhrobtrcler 
illcg"Izo1l " i?S/'. 

"iVo/hi.obcrc:ler i?,S/J. " 

0. Nostocales 
1. Oscillatoriaccae 

Por/~l?~~r~o.s+l~o lesir-ii 
cSchizolliri.x ii?e.a-icuiic~ 
Schizoihri.x ciilcicola 

SUPERKINGDOM 
EUKARYOTAE 
KINGDOM PLANTAE 

PHYLUM 
RHODOPHYCOTA 
(Red Algae) 
C. RIIOIIOI'I-IYCEAE 
S.C. BANGIOI'I~IYCIDEAE 
0. I'orphyritliales 

F. Goniotrichaceae 
Goiiio~richzoi~ ulcidii 
Iiry~hro~richio c u r ~ ~ i i  

S.C.I:L,ORIDEOPI~IYCIDEAE 
0. Nclnalionnles 

I:. Acrocliactiaceae 
Aaochueliuii? 

.stigrciei~r,~ii~ 
Rkodochor/ii? 

cor)v~o.s~~oroitle,s 
I:. Gelidiaceac 

G'elicii~o~? liu.sillui~? 
1:. W ~ ~ r t l c ~ ~ ~ a ~ l ~ ~ i a c c a e  

1~1'1,irc/~~111tri?17iii ii?iiiiulu 
0. Cryptonemiales 

I:. Pcyssonneliaccae 
/'e)i.,s.soi~r~eliu ,sp 
sevcral unitlcntifictl 

s p p  



Helposiphonia Mustogloia sp. 
secunda S.O. Monorhapl~idineae 

Lo~hos i~hon ia  cristata F. Aclinanthaceae 
Acanthophora 

spicijera 
Laureiicia n~icrocladia 
Laurencia corallop.vis 
Choiidrin dasyphyllu 

PHYLUM 
CHROMOPHYCOTA 
C. CRYPTOPHYCEAE 
0. C~yptomonadales 

F. Cryptotno~~adaceae 
Cryplonioilas sp. 
Chilonioi7a.s S ~ I .  

C. BACI1,LARIOPHYCEAE 
(Diatoms) 
0. Centrales 

F. Hemidiscaceae 
Actinocyclirs s p  

O. Pe~lnales 
S.O. Araphidineae 

F. Diatomaceae 
Microtabella s p  
3 Licniophorc; sp. 
A'eo.s,ynedra sp. 
Cataconibas s p  

S.O. Biraphidineae 
F. Naviculaceae 

,Seniinuvi.s sp. 
Proschkii~ia s l~ .  
4 PIein.osignia sp. 
Gyrosign~u s p  
I~allacen s p  
Dip1oriei.s sp. 

F. Cymbellacea 
3 Ainphora ,spp. 

F .  Entol~iol~eidaceae 
Eiitanionei.~ sp. 

F. Nitzscliiaceae 
3 Nitzscl7ia .spp 
Bucilluria sp. 
Ifui~rz.scl~ia sp. 
Dentic~du .sp. 

F. Epithe~niaceae 
3 Rhopalodia spp. 

F .  Mastogloiaceae 

6 Cocconeis spp. 
2 Acanthidiuiti .sp(,. 
Anorthoneis sp. 

C. DINOPI-IYCEAE 
(Dinoflagellates) 
0. Gymnotli~~iales 

1'. Gylnnodiniaceae 
An~phidiniuin s p  
Gyrodii~iwn .sp. 
2 Gy~i~nodir~i~tni sp. 
2 unidentified spp. 

0. Peridinales 
F. Gonyaulacaceae 

Gonyaz1lux s p  
0. Proroce~ltrales 

F. Prorocentraceae 
2 Prorocentrum sp. 

0. Zooxantl~ellales 
F. Zooxantliellaccae 

Zooxanthella 
n7icroudriatica 

C. PI-IAEOPHYCEAE 
(Brown Algae) 
0. Ectocarpales 

F. Ectocarpaceae 
Gifordia niitchellne 
I-ler~~orieiiia 

lorli.~geiisis 

PHYLUM 
CHLOROPHYCOTA 
(Green Algae) 
C.CHLOROPRYCEAE 
0. UIvales 

F. Ulvaceae 
Eii/eroniorpha 

conrpressa 
0. Cladophorales 

F. Cladophoraceae 
Clinetoii~orld~a Iiiiun7 
Cludol,hora crispula 
Clodophora 

crystallii7a 

F. Valoniaceae 
Valonia aegagrophila 
Dictyosphaeria 

ocellata 
0. Bryopsidales 

F. Derbesiaceae 
Derbesia 

vaucherieforniis 
Derbesia lan~arouxii 
Derbesia nzarina 

F. Caulerpaceae 
Caulerpa taxifolia 
Caulerpa niexicana 
Caulevpa 

serlu1arioide.s 
F. Codiaceae 

Avrainvillecr asarifolia 
Avruinvillea 

longicaulis 
Avraim~iNea iiigriciuns 
Halimeda opuntia 
IMinieda ruiia 
Hnlinieda iiicrassata 

0. Coleochaetales 
F. Coleochaetaceae 

Coleochuete .~p. 

PHYLUM 
MAGNOLIOPHYTA 
C. LILIOPSIDA 
0. Hydrocharitales 

F. Hydrocliaritaceae 
Thala.s.sia testudinuni 

KINGDOM PROTISTA 

PHYLUM PERCOLOZOA 
C. HETEROLOBOSEA 
0. Schizopyrenida 

F. (new fal~iily being 
described) 
"Buctoanioeba nsp  " 
Ezfhjperamoeha sp. 

F. Vahlkampfiidae 
2 Vahlkanipfia spp 

C. PSEUDOCILIATA 
Cladophora delicatula F. Steplianopogonidae 

0. Siphonales S[ephanopogon corona 



PHYLUM EUGLENOZOA 
C. EUGLENOIDEA 
0 .  Euglenida 
S.O. Eutreptina 

Eulreptia sp. 
S.O. Heteronematina 

Peranenfa ,sp. 
Perineniopsis sp. 
1 tmideotified sp. 

C. KINETOPLASTIDEA 
0 .  Bodonida 
S.O. Bodonina 

F. Bondonidae 
Bodo ,salturis 
6 Bodo spp. 

PHYLUM CHOANOZOA 
C. CI-IOANOFLAGELLATA 
0 .  Cl~oanoflagellata 

F. Codosigidae 
Cou'osigu .sp. 
Monosign sp. ? 

1'. Salpingoecidae 
Sull,iiigoecu .sj). 

PHYLUM RHIZOPODA 
C. LOBOSEA 

F. Acantharnoebidae 
Acanrhanmeba 

gigantea 
F. Ha~tmannellidae 

Hrntrnaiv~ella sp. 
F. Hyalodiscidae 

I$nlodi.vcus sp. 
F. Mayorellidae 

Mayorella sp. 
Vexillifera sp. 

F. Reticulosidae 
2 Peiiardia ,vpp 

F. Sacca~noebidae 
Saccat77oeha,fulv1~i77 

F. Thecamoebidae 
Thrcainoeba s p  

F. Trichosphaeridae 

Tricho.sphaeriun7 Peneroplis pertzrszis 
platyx~~rzini so rite.^ orbiculu 

C. FILOSEA F. Textulariidae 
17. Vampyrellidae Textulario cf conicu 

A'ucleuricr s p  
C.GRANULORETICULOSEA PHYLUM CILIOPHORA 
(Foraminifera) 

F. Allogro~niidae 
2 Allogron7ia spp 

F. Ammodiscidae 
Ai7nnodi,scu.s sp. 

F. Astrorl~izidae 
Halyphysen~a sp. 

F. Ataxophragmiidae 
Clmu~lina cf 

lricurinata 
F. Bolivinitidae 

Bolivina i.f paulu 
2 Bolivina spp. 

F. Cibicidiidae 
Cihicides sp. 

F. Cylnbaloporidae 
Cj~inbuloporetta 

squan~osa 
F. Discorbidae 

Discorbi.~ rosea 
Discor1~i.s sp. 
3 Rosalina spp 

F. Holnotremidae 
Hon7otreina rnbrunz 

F. Peneroplidae 
Laevipcncroplis prole6 

F. Miliolidae 
8 Quinqueloculina 

spp 
Triloculina obloiiga 
Triloculina .sp. 

F. Planorbulinidae 
( ; ~ p . ~ b 7 ~  Sp. 
Plarzorbnlinu cf 

uceiwdis 
F. Sipholii~~idae 

Siphoninu cf 
cluibornensis 

F. Soritidae 
Archais a17gulatus 
Cyclorbiculinu 

conipimsa 

C. KARYORELICTEA 
F. Kentrophoridae 

Kentrophoru.sfluvzm 
C. POLYHYMENOPI-IOREA 
S.C. HETEROTRICHIA 

F. Blepharismidae 
Anigsteinia 

clasissin1ut17 
Parablepharisina sp. 

F. Condylostolnatidae 
Condylostoina s p  

F. Folliculinidae 
Folliculiriu sp. 
Magnifolliculiiia sp. 
Metafolliculina .sp. 
Parafolliculina sp. 

F. Peritro~nidae 
2 Peritronzus spp. 

F. Protocruziidae 
2 Protocrrrzia sip 

S.C. SPIROTRICHIA 
F. Aspidiscidae 

Aspidiscu nculealu 
6 Aspidisco spp. 

F. Chaetospiridae 
Chaelospirn sp. 

F. Discocephalidae 
Psai~nnocephalus sp. 

F. Euplotidae 
Certesiu 

yziadrinulcear~nn 
Diophrys 

ai~piidiculutus 
Diophrys Iiistrix 
Diophrys ivmgard 
Diophrys sczitzon 
Euplofes crn.s.su,s 
5 Ez~plotes spp. 

F. Keronidae 
2 E~1iclir7ti.s spp 
Keroiiopsis rubrn 
4 Keronopsis spp. 



F. Oxytricliidae 
Tachysotna s11. 

F. Psilotrichidae 
Kiitricha marina 

F. Ptycocyclidac 
2 fivella spp. 

F. Spirofilidae 
Stichotricha .siuiplex 

F. Strombidiiae 
Stronibidiutn .sp 

F. Uronychiidae 
Lmriychia f~asjuga 
U~onychia .sp. 

F. Urostylidae 
2 I-lolo.sticha spp. 
U7oleptus .sp. 
Uroslvla .su. 

Lilonotu.~ .TI]. 
Loxophylluni sp. 

F. Enchclyidae 
E~'nchclyodon sp. 

F. Lacrymariidae 
Lacryniaria olar 
1,ucrymuria coroiiuta 
2 Lacryniaria spp. 

PHYLUM HELIOZOA 
C. ACTINOPHRYIDEA 
0. Actinophyritla 

F. Actinophryidae 
Aclinopkq~s sol 
Aclinophrys ys~esiculota 

KINGDOM ANIMALIA 
C.OL~GO~-IYMENOPHOREA SUBK. 
S.C. SCUTICOCILIATA PHAGOCYTELLOZOA 

F. Cinetochilidae 
Cir?etochilzrni t~iariilzini PHYLUM PLACOZOA 

F. Cyclidiidae 
3 Cyclidiuni spp 

F. Pleuronematidae 
3 Pleuronenza spj). 

F. Uronematidae 
Uronemafilicicum 

S.C. PERITRICHA 
F. Vaginicolidae 

Cothurnia sp. 
F. Vorticellidae 

Vorlicella niarinuni 
Vorticella sp. 

S.C. PENICULINA 
F. Parameciidae 

Pararnecizrm sp.? 
C. PROTOMATEA 

F. Colepidae 
2 Colej)s spp. 

F. Metacystidae 
Melacysti.~ elongata 
Metacystis lesselala 
Pelntractus grandis 

F. Prorodontidae 
Prorodon sp. 

C. LITOSTOMATEA 
F. Anlphileptidae 

Hemiophrys sp. 

SUBKINGDOM PARAZOA 

PHYLUM PORIFERA 
5 unidentified spp. 

C. DEMOSPONGIAE 
0 .  Homoscleropborida 

F. Plakinidae 
I'lakina ,sp 
1 unidentified sp.? 

0 .  Astrophorida 
F. Geodiidae 

2 Erylus .spp 
Geodia gihberoscr? 
2 Geodia .spp. 

F. Pachastrellidae 
Dercitu,~ . ~ p .  

0 .  Spirophorida 
F. Tetillidae 

Cinachyr,ella .sp. 
0. Hadromeritfa 

F. Suberitidae 
Laxosuberites sp. 

F. Spirastrellidae 
Tiniea sp. 
Spirastrella .sp 

F. Clionidae 
Cliorza caribbaea? 
2 Cliona .spp 
Thoosa .sp. 

I:. Tethyidae 
Tetliya actinia 
Tetliyu sp. 

F. Chondrosiidae 
Chondriila .up. 

0. Axinellida ? 
F. Axinellidae ? 

1 unidentified sp. 
0. Agelasida 

F. Agelasidae 
Scopulina sp. 

0 .  Haplosclerida 
F. Haliclonidae 

IIcrliclonu tubulijera 
Hdiclona cJ: 

foxadocia 
2 Haliclona .spp 

17. Oceanapiidae 
Oceanupiafi,sluloscr 

0 .  Poecilosclerida 
F. Mycalidae 

Mycale .sp. 
0 .  Halichondrida 

F. Dex~iioxyidae 
Myrmekiodernia s p  7 

F. Halicl~ondridae 
2 FIalichondria .sp. ? 

C. CALCAREA 
0 .  Clathrinitla 

F. Clathrinidae 
Clathrina sp. 

0 .  Leucettida 
F. Leucettidae 

Leucetta sp. 
2 unidentifed spp. incerti- 

sedis 

SUBKINGDOM 
EUMETAZOA 

PHYLUM CNIDARlA 
C. HYDROZOA 

3 unidentified spp 
0 .  Hyroida 



F. Eudendridae 
Eudelidriuni s p  ? 

F. Olindiiae 
A4icrohydrula sp. 

C. ANTHOZOA 
0 .  Gorgonacea 

F. Plexauridae 
Euniceu sp. 

F. Anthothelidae 

Diploria PHYLUM ROTIFERA 
lal~rinthiformis 2 unidentified spp. 

F. Mussidae 
Isophyllia .sp. PHYLUM TARDIGRADA 

F. Poritidae F. Batillipedidae 
Porites porites B ~ t i l l i p e ~  sp. 
Porites divaricatus 
Poriles astcroides PHYLUM NEMATA 

0 .  Zoanthinaria (Nematodes) 
Erythropodiuni F .  Zoanthidae 

curibaeorun~ Palythoa currbaeorum 
F. Briareurn 2 Zoarirhus spp 

Briarcum asbestinum 0 .  Ceriantharia 
0 .  Alcyonacea 1 unidentified sp. 

F. Alcyoniidae 
Sarcophyton PHYLUM 

b.ocheliophorton* PLATYHELMINTHES 
Sinuluria .sp. * 

0 .  Actinaria 
F. Actiniidae 

Anlhopleum krebsi 
A~ithopleuru sp. 
Cor~dylucris gigantea 

F. Aiptasiidae 
Aipta,siu ,sp. 

F. Stichodactylidae 
Stichoducrylu 

heliunthus 
0 .  Corallimorpharia 

F. Actinodiscidae 
Rhodncti.~ 

.sunctithoiiiae 
2 Di.scoson~a .spp 
Oi-i11ia sp. 

F. Cot-allimorphidae 
Corynucli.~ l~arvula 
C0l:vnuctls sp. 
Ricordeujloridu 

0 .  Sclcractinia 
F. Acroporidae 

Acroporu sp. * 
Ahiitipora digifuta * 

F. Caryophylliidae 
IJliy,sogyra s p  * 

F .  Faviidae 

0 .  Acoela 
F. ? 

Amphiscolops sp. 
F. Anaperidae 

2 Ai~uperus spp. 
Co7ivoluta sp. 

0 .  Nemertodermatida 
F. Newertodermatidae 

Noiicrtode~~~iia .sp. 
0 .  Kalyptorhychia 

G~rotrix sp. 

PHYLUM NEMERTEA 
C. ANOI'LA 
0 .  I'alaeonemertea 

1 unidentified sp. 
(new?) 

0 .  Heteronemertea 
I unidentified sp. 

F. Micruridae 
A4icrura vanderhosti 

F. Lineidae 
Linee~s albocir7ctusY 

PHYLUM 
GASTROTRICHA 

F. Chaetonotidae 
Chrrelono/u.s s p  

Monta,$Irea calwiiosa I unidentified sp 
Diploriu clivo.sa 

F. Draconematidae 
Dracogrullus .sp. 
2 unidentified spp 

PHYLUM MOLLUSCA 
C. POLYPLACOPHORA 
0 .  Acanthochitonida 

F. Acanthochitonidae 
Acanthochitona 

pygnlaea 
C. GASTROPODA 
0 .  Archaeogastropoda 

F. Fissurellidae 
Dirrdora sp. 
Riniula sp. 

F. Acmaeidae 
1 unidentified sp. 

F. Trochidae 
Callioslon~a ,sp. 

F. Turbinidae 
Turbo cunicularia 

F. Phasianellidae 
Tiicolia bella 

F. Neritidae 
Sinarugdia viridi.~ 

0 .  Mesogastropotla 
F. Rissoidae 

Rissoim sp. 
F. Rissoellidae 

1 unidentified sp. 
F. Vitrinellidae 

I unidentified sp. 
F. Vermctidae 

Pe~ulochoi~cus varian.r 
F. I'liyramidellidae 

1 unidentified sp. 
0 .  Neogastropoda 

F.  Fasciolariidae 
Lalirtrs SI I .  



Fasciolnriu hunlerii 
F. Olividae 

I tmidentified sp. 
F. Mal-gi~iellidae 

v0h~OiiII~ albolii7eutu 
F. Mitridae 

I onitlentified sp. 
0. Cephalaspidea 

F. Bullidae 
Bulb sp. 

3 uiiidentifed spp. incerti- 
sedis 

C .  RIVALVIA 
1 unidentified sp. 

0. Mytiloitla 
I:. Mytilidae 

Liihophugu m7lillurzi17i 
lithophngu bisuIcu/u 

0. Arcoitla 
F. Arcidae 

Burbcrlia do1ni17gerisi.s 
Burbatiu cu17ullariu 

I:. Glycy~iierididae 
G / ~ l ~ y l l l e i i ~  / IeCl i l l~ l~  

0. Pterioitla 
1 .  Isognomonitlae 

Ivognoiiion ruc/io/zr.s 
0. Lirnoitla 

F, Limidae 
Limecr bronniam 

0. Ostreoicla 
F. Pectiiiidae 

1 unidentified sp. 
0. Hippuritoida 

F. Chamidae 
C l m i u  .sii77.1o.ru 

0. Vcneroida 
F. Lucinidae 

Lucina s p  
C'ocltrkia orhice11ui'i.s 

I.'. Carditidae 
1 unidentified sp. 

F. Tridacnidae 
Piclocnu r71min7cr * 
Tiidircna deru.su* 

F. Tcllinidae 
Tellincr lisleri 

. . 

1 u~iide~itifietl sp. 
0. Amphiriomida 

F. Amphinomidae 
Pnreui:ythoe sp. 

0. Eoriicida 
F. Eunicidae 

Nemalonereis .sp. 
3 unide~itificd sp. 

F. Lumbriiieritiae 
Lumbrineris sp. 

I:. Dorvilleidae 
I witlcntified sp. 

0. Orhiniida 
F. Orhi~iiidae 

I i~nidentified sp. 
0. Spionitla 

17. Spionidae 
I unidentified sp. 

0. Cliaetopterida 
F. Cliaetopteridae 

PIi)~llocl7uelo~11e)11i.s sp 
0. Cirratolitla 

1'. I';~raonidac 
C,'irr.opl7ortt.s ,sp. 

1'. Cirratulidae 
Ti~~rcrrele .sp. 
(,7~?'l'~fiI?'liii<l ,SlJ. 
2 unidentified spp. 

0. Ctenodrilida 
1'. Ctenodrilidac 

C~cnociriltr,~ .serr~l7.t.s 
0. Capitcllitla 

F. Capitellidae 
A'eohe~erori~cr.s~z~t,s ,SO. 
,Cc)~/~l7o11aoclat.s s p  
Cupi~elia s p  

F. Maldanidae 
Errclytire~ic ,sp. 

0. Oweniitla 
F. Owcniidae 

I unidentified sp. 
0. Terebellitla 

PI iYLUM ANNELIDA I:. Tercbellidae 
C. POLYCI-IAETA 2 T I W I ~ ~ U . Y  spp. 
0. Pliyllodocicla 0. Sabellitla 

F. Syllitlae F. Sabeliiclae 
I-Iuplosy1li.r spongicoln 2 Notcr~ilux spp 
Ai~~bIyo.~ylli.s .specio.ro? 

PHYLUM SII'UNCULA 
F. Golfingiidae 

Golfinigiu ,sp :> 
I'. Phascolosomatidae 

ilpion.so~rru 
ii7i.sukicni 7.1117 

Phu.scolo.sor17a 
perlttccrw 

Phuscolo.so~i~cr 
17igre.sc~17.s 

I.'. Pl~ascolio~iidae 
I'iicrscolioii gervrtli 

F. Aspitlosiplionidae 
I,ill7ocrosipl7oi7 

cri,s/u/r.r,s 
A.spido.s@ho~i 1crevi.s 
i l .s~~ic~o~si~~ho~i, f i .r~l~ei . i  

I'IIYLUM AIITNROPODA 
C ARACIINIDA 



0. Acariformes 
F.  I-lalacaridae 

Halacarid mite 
C. CRUSTACEA 
S.C. OSTRACODA 
0 .  I'odocopnia 

2 unidentified spp. 
F. Cyprididae 

Argilloecin sp. 
Puracypris S]I. 

F. Bairdiiae 
Bairdia hirsutu 

F. Paradoxostomatidae 
Paradoxostoniu .sy 

S.C. COPEPODA 
0 .  Calanoida 

F. Pseudocyclopidae 
Psezrdocylops sp. 

F. Ridgewayiidae 
Ridgewayia gracilis 
Ridgewayiu sp. 

0 .  Harpacticoida 
F. Ambunguipedidae 

Arnbunguipes .sp. 
F. Argestidae 

I unidentified sp. 
(new) 

F. Diosaccidae 
Aniphiascoides s p  

F. Harpacticidae 
Harpuctictrs sp. 

F. Louriniidae 
Lourinia sp. 

F. Thalestridae 
Daclylopusia sp. 

I:. Tisbidae 
Tisbe sp. 

S.C. MALACOSTRACA 
0 .  Mysidacea 

F. Mysidae 
Heleroniysis sp. 

0 .  Tanaidacea 
F. Apseudidae 

2 Apseudes ospp. 
F. Paratanaidae 

Leptochelia dubia 
F. Tat~aidae 

1 unidentified sp. 
(new) 

0 .  Isopoda 
F. Paranthuridae 

Accalalhura selosa 
F. Sphaeromatidae 

I'aracereis caudala 
F. Stenetriidae 

Stenerrium stebhirigi 
F. Janiridae 

Carpias algicola 
0 .  Amphipotla 

F. Lysianassidae 
Shoeniokerella sp. 

F. Gamnaridae 
Cerodocus sheardi 
Muera sp. 
Elasmopus .sp 
Parelasmopus sp. ? 

F. Leucothoidae 
Leucothoe sp. 

F. Anamixidae 
Anmnixis ,sp. 

F. Corophiidae 
Berrilos s p  

F. A~iiphithoidae 
Ar~y~ithoe rm~ioridi 
Cy171adu.sa sp. 

0 .  Decapoda 
F. Alplieidae 

Alpheus non~~aririi 
Sriyulpheus tonmseridi 

F. I-lippolytidae 
Tlior dobkirii 
T h r  anlboinensis 

F. Ncpl~l-upidae 
Erioplon~efopu,s 

occidenfalis * 
F. Diogenidae 

Clibanarius tricolor 
F. Xantllidae 

Lohopi/unilmu,s 
agassizii 

1 unidentified sp. 

PHYLUM 
ECHINODERMATA 
C. STELLEROIDEA 

0. Ophiuricla 
F. Opliiocomidae 

Ol~hiocomu echirmla 
F. Ophiactidae 

Ophiactus sp. 
C. ECHINOIDEA 
0 .  Cidaroida 

F. Cidaroidae 
Eucidaris tribuloides 

0 .  Temnopleuroida 
F. Toxopneustidae 

Lyfechinu.s 
variegufus 

C. HOLOTHURIIDAE 
0. Aspidochiroticta 

F. Molothuriidae 
Hololhzrricrfloridaria 

0 .  Apotlitla 
F. Chiridotidae 

Chiridota rotifem 

PHYLUM CHORDATA 
SUBPHYLUM 
TUNICATA 
C. ASClDlACEA 

I unidentified sp. 

SUBPHYLUM 
VERTEBRATA 
C. OSTEICHTHES 
0 .  Perciformes 

F. Graln~nidae 
Gmrmza loreto 

F. Chaetodontidae 
Holocanthtrs tricolor 

F. Pomacentridae 
Chroniis caeruleus* 
Chiomis irisolata 
A~nphiprion 

percula* 
Parglyphidodoii 

oxydon * 
Clirysiptera cyanea* 

F. Acantliuridae 
Zebrasoma 

Jlavescel1.s * 




