Sponge-dwelling fauna: a review of known species

from the Northwest Tropical Atlantic coral reefs

Antar Mijail Pérez-Botello¥, Nuno SimoesSH

1 Posgrado en Ciencias Bioldgicas, Facultad de Ciencias, Puerto de Abrigo s/n, C.P. 97356, Sisal, Yucatan, Mexico

§ Universidad Nacional Autonoma de México, Merida, Mexico

| Laboratorio Nacional de Resiliencia Costera, Mexico, Mexico

il International Chair for Coastal and Marine Studies, Harte Research Institute for Gulf of Mexico Studies, Corpus Christi,
United States of America

Corresponding author: Nuno Simdes (ns@ciencias.unam.mx)

Academic editor: Dimitris Poursanidis

Abstract

Background

Within tropical shallow-water coral reefs, marine sponges provide microhabitats for a
wide range of fauna. Although there have been numerous studies and reports of
symbiotic relationships amongst sponges and their associated fauna, those pieces of
information are isolated and disconnected. For this reason, based on the available
literature, we compiled a species-interaction dataset of coral reef marine sponge-
associated fauna known to date.

New information

We introduce a dataset that includes 67 literature items that report 101 species of sponge
hosts clustered in 12 Orders having a host/guest interaction with 284 guest species from
six Phyla present in the Northwestern Tropical Atlantic coral reefs. This dataset consists
of two types of information: 1. Machine-readable data and 2. Human-readable data.
These two types of coding improve the scope of the dataset and facilitate the link
between machine platforms and human-friendly displays. We also created an interactive
visualisation of the species-interactions dataset and of a dynamic Chord Diagram of the
host-guest species connections to generate a user-friendly link between the user and the
dataset.
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Introduction

Symbiosis relationships have been recognised as an important speciation mechanism (
Wulff 1997, Watson and Pollack 1999, Hagedorn et al. 2015, Brooker et al. 2019, Bauer
2004). A few years ago, Rossi et al. (2017) introduced the term "Marine Animal Forests" in
a book with the same name. In this book, the authors compare the function of trees in
forests with marine animal communities like corals, sponges and bivalves. These
organisms share one particular characteristic: they can create three-dimensional habitat
heterogeneity and structural complexity, providing shelter and a secure food source for a
wide range of sessile and mobile animals (Tews et al. 2016, Rossi et al. 2017, Brooker et
al. 2019). Sponges tend to be particularly abundant and diverse in coral reef ecosystems.
Their architecture, morphology and capability to synthesise toxic substances can
generate microhabitats where other species may live or have an adaptive advantage to
explore (Bruce and Jones 1976, Duffy 1992, Henkel and Pawlik 2011, Pawlik 2011,
Maldonado et al. 2017, Reyes-Bonilla and Jordan-Dahlgren 2017, Koukouras et al. 1995
, Maldonado and Young 1996, Diaz and Rutzler 2001, Rios and Duffy 2007).

Reef sponges are a well-studied group; however, the available information on marine
sponges' intraspecific relationships is scattered, isolated and, in most cases, is only
focused on a particular taxonomic group or a reduced geographical area. For this reason
and based on published records from the Northwest Tropical Atlantic (NWTA) coral reefs,
we compiled and created a standardised dataset that brings together information on
sponge host/guest interactions in the reagion. Moreover, we also created two dynamic
and interactive web visualisation tools to describe and analyse the information.

General description

Purpose: In a climate change and biological diversity loss scenario, it becomes crucial to
have a high-quality open-access baseline dataset on fundamental aspects, such as
symbiotic interactions. This dataset provides an updated and standardised matrix of
published records on host/guest interaction between tropical coral reef marine sponges
and their associated fauna. Each interaction was codified into a machine- and human-
readable format, according to the Global Biotic Interactions (GloBI) standard language
(for more information, see Poelen et al. 2014; globalbioticinteractions.org). Furthermore,
an independent, dynamic, interactive and user-friendly data-visualisation display of this
information is provided to maximise outputs in terms of data accessibility and usage.
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Additional information: In this work, we screened 65 articles and two university theses
on the NWTA coral reefs published between 1909 and 2019. The presentreview includes
101 sponge species divided into 12 Orders from the Demospongiae Class, interacting
with 284 guest species from six Phyla. The Haplosclerida and Dyctioceratida orders
presented the largestnumber of associated species. Regarding the hostsponges
morphologies, the tube, fan and vasiform shapes common to the genera Agelas, Aplisyna
, Ircinia and Callyspongia, tended to have more guest species. Ircinia strobilina was the
species with the highest number of associated species (dwelling species N = 89)
followed by Callyspongia aculeata (dwelling species N = 63) and Ircinia felix (dwelling
species N = 53). According to the sponges-dwelling fauna records, the phylum
Arthropoda was dominant on species numbers (164 spp.), followed by Annelida (60
spp.), Mollusca (19 spp.), Chordata (20 spp.), Echinodermata (15 spp.) and Cnidaria (6
spp.)-

When we compare the host/guest species richness between the Caribbean and the Gulf
of Mexico, the Caribbean has the greatest sponge diversity with 84 sponge species,
whereas, the Gulf of Mexico has 38 sponge species. Both regions share 22 sponge
species. However, the Gulf of Mexico has 191 guest species against 145 guest
Caribbean species. At the guest species richness part, both regions shared 52 guest
species. If we count the interaction diversity (an integrated binomial of host/guest
species), the current work register 451 host/guest interaction within the Gulf of Mexico,
but only 399 inside the Caribbean coral reefs.

Meanwhile, mutualistic associations are a common interaction type with 86 entries,
followed by the parasitic interaction with 44 entries and commensal interaction with 36
entries. Nonetheless, most of the literature entries do not classify the type of interaction,
remaining at the symbiosis or dwelling-species level.

Sponges, like other bio-constructing species, are ecosystem engineers, shaping the
environmental complexity and maintaining part of the habitat biodiversity (Jones et al.
1994, Rossi et al. 2017). The presentspecies-interactions' dataset highlights the
remarkable diversity of animals that dependon, or take advantage of, the
sponges' presence. Besides, it is possible to have a host/guest distribution, host/guest
species richness quantification and a few more quantitative metrics that will help to better
understand and model the sponge-dwelling fauna.

Sampling methods

Sampling description: In order to perform the literature search and compilation of the
interaction dataset, based on bibliographic records, it was necessary to define our
sampling unit. For this work, we define each article and thesis reviewed as a unit; each of
these elements we name as "literature item" and each item could provide one or several
interaction report entries.



First, we compiled all the articles and theses known to us that report a sponge host/guest
interaction in the NWTAcoral reefs (known literature items). This initial baseline was
complemented with a Web of Science, Pub Med, Crossref, Scopus and Google Scholar
web search (web literature items) using the "Publish or Perish" software application (
Harzing 2007; harzing.com/resources/publish-or-perish). A specific string of keyword
sequences and logic operators was used to simultaneously focus the search without
losing inclusiveness and to improve the exploration yield [(“Sponge”) AND (“dwelling” OR
“interaction” OR “association” OR “mutualism” OR “commensalism” OR “parasitism”) AND
(“Annelida” OR "Arthropoda" OR "Chordata" OR "Cnidaria" OR "Echinodermata" OR
"Mollusca" OR "Molluska") AND (“coral reef’) AND ("Caribbean” OR “Gulf of Mexico” OR
“Northwestern Atlantic”)].

To identify possible duplicate and pseudoreplicate literature items between the web
search and the known literature items, we used the "Check for Duplicates" tool
implemented in Mendeley software ( mendeley.com ). This tool compares the publication
type (Journal Article or Thesis), the literature title, authors, publisher and publication year
for all the literature items within the bibliographic database. With this comparison, it was
possible to discriminate both duplicate and pseudoreplicates literature items.

A literature item would be validated 1. ifit were published in an indexed
journal, according to the Science Citation Index Expanded (SCIE) or in a MSc or PhD
University theses; 2. if the literature item were an indexed journal, necessarily had to
match the geography of interest, contain details of the latitude and longitude information
(or a detailed geographical description) and clearly stated the species involved. If the
literature item were a University thesis, the previous criteria were used, but it was
also indispensable that the species involved were deposited in a scientific collection.
With this protocol, we ensured that all complied literature items has the minimum
essential information to be extracted. Whenever possible, the interaction type presence
(commensalism, parasitism, mutualism), the species taxonomy details and the host body
part where the guest lived, were also extracted. Finally, with the screened literature items,
we compiled the sponge-dwelling fauna dataset. The compiling process
consisted of generating independent entries, based on the sponge host/guest interaction
reports inside a particular item.

Quality control: Data were standardised according to the GloBI standard language. This
guideline consists of categorising each entry into different standardised vocabularies. We
cross-checked the species scientific names with the World Register of Marine Species
webserver (Costello et al. 2013; WoRMS; marinespecies.org/aphia.php?p=mafch),
retrieving the actual classification and the universal identifier, Aphia ID, provided by the
UN-Global Biodiversity Information Facility. The geographic information was integrated
and codified according to the GeoNames ID platform (geonames.org). The interaction
type and host body part name were standardised, according to the OBO Library (obofou
ndry.org). Lastly, for the reference management and citation style, we used Mendeley
software. With this standardisation and quality control process, we ensured a high-
quality integrated human-readable and machine-readable dataset.
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Step description: Step 1: Define the sampling universe; this step was designed to mark
the geographic and environmental limits.

Step 2: Literature search; in this step, we compiled the curated bibliographic database,
without duplicates and pseudoreplicates between the known literature items and the web
search literature items.

Step 3: ltem validation; this step consists of a validation test that we used to select the
literature items with the minimum necessary information.

Step 4: Entry standardisation; in this step, we homogenised all the sponge iteration
entries into the GloBI standard language.

Step 5: Dataset compilation (Fig. 1)

Geographic coverage

Description: According to the large marine ecosystems' classification proposed by
Spalding et al. (2007), the Northwestern Atlantic has five regions with major coral reef
formations: the Gulf of Mexico, the Caribbean Sea formed by the greater and Lesser
Antilles, Central America and the north shores of South America, North America, the
Bahamian Archipelago and Bermuda at the north-eastern boundary of this major region.

Taxonomic coverage

Description: This dataset is composed of the host/guest interaction between coral reef
sponges (Pylum: Porifera) and six other major marine Phyla: Arthropoda, Annelida,
Mollusca, Chordata, Echinodermata and Cnidaria. All the information is at species
resolution.

Taxa included:

Rank Scientific Name Common Name

phylum Porifera Sponges

phylum Arthropoda Shrimps, crabs, lobsters

phylum Annelida Worms, christmas tree worm

phylum Mollusca Clams, mussels, oysters and scallops
phylum Chordata Fish, goby

phylum Echinodermata Sea urchins, sea cucumbers, brittle-stars
phylum Cnidaria Sea anemones, hydroids



Temporal coverage

Data range: 1909-1-01 - 2019-12-31.

Usage licence

Usage licence: Creative Commons Public Domain Waiver (CC-Zero)

Data resources

Data package title: Sponge dwelling-fauna from the North-western Tropical Atlantic
Ocean: a bibliographic records database.

Resource link: https://doi.org/10.5281/zenod0.3333023

Alternative identifiers: https:/github.com/BDMYRepository/Sponge Interactions

Number of data sets: 1

Data set name: Sponge-dwelling fauna from the North-western Tropical Atlantic
Ocean: a bibliographic records database.

Download URL: https://zenodo.org/record/3333023

Data format: .tsv
Data format version: 2.06

Description: The present database compile 65 articles (Baeza et al. 2016, Carrera-
Parra and Vargas-Hernandez 1997, Chace 1972, Chavarro et al. 2004, Bohlke and
Robinson 1969, Chazaro-Olvera and Vazquez-Lépez 2014, Christoffersen 1972,
Coutiere 1909, Coutiere 1910, Crocker and Reiswig 1981, Crowe and Thomas 2002,
D'Aloia et al. 2011, Dardeau 1981, Dardeau 1984, Dauer 1973, Duffy 1992, Duffy
19964, Duffy 1996b, Duffy 1996c, Duffy 1998, Duffy and Macdonald 1999, Erdman
and Blake 1987, Garcia-Hernandez and Hoeksema 2017, Hendler 1984, Henkel and
Pawlik 2005, Henkel and Pawlik 2011, Henkel and Pawlik 2014, Herrick 1981,
Hultgren and Duffy 2010, Huang et al. 2008, Hultgren et al. 2011, Hultgren et al. 2010,
Lattig and Martin 2009, Lattig and Martin 2011, LeCroy 1995, Macdonald and Duffy
2006, Macdonald et al. 2009, Macdonald et al. 2006, Montenegro-Gonzalez and
Acosta 2010, Ortiz et al. 2011, Ortiz et al. 2013, Paerse 1932, Pearse 1950, Pawlik
2011, Pequegnat and Heard 1979, Randall and Lobel 2009, Rebolledo et al. 2014,
Reimer et al. 2018, Richards et al. 2007, Rios and Duffy 1999, Robertson and Tassell
2019, Santana-Moreno et al. 2013, Scott et al. 1988, Swain 2012, Swain and Wulff
2007, Thomas and Klebaa 2007, Thomas and Klebba 2006, Tobb and Manning 1961
, Toth and Bauer 2008, Tyler and Bohlke 1972, Victor and Krasovec 2018, Villamizar
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and Laughlin 2011, Westinga and Hoetjes 1981, Williams 1984, Winfield et al. 2009,
Winfield and Ortiz 2010, Wendt et al. 1985) and two university theses (Ugalde Garcia
2014, Perez-Botello 2019) in a detailed sponge host-guest interaction dataset
distributed in the Northwest Tropical Atlantic coral reefs, including a total of

2992 interactions

between 101 sponge host species and 284 sponge-dwelling

species, over 90 years of publications (Fig. 2). All entries are standardised to the

GloBl language.

Column label
sourceOccurrenceld

sourceTaxonld

sourceTaxonName

sourceBodyPartld

sourceBodyPartName
sourcelifeStageld
sourceLifeStageName
interactionTypeld
interactionTypeName
targetOccurrenceld
targetTaxonld
targetTaxonName

targetBodyPartld

targetBodyPartName
targetLifeStageld
targetLifeStageName
localityld
localityName
decimalLatitude
decimalLongitude
YYYY

MM

DD

Column description
Globally unique id to reference the individual source organism.

Taxon classification id of originating organism in some taxon name authority. WoRMS
AphialD

Scientific name of taxon classification of source organism

Identifier of description of source body part is interacted with. As described by the OBO
Relations Ontology

Human-readable description of source body part

Identifier of description of source life stage. As described by the OBO Relations Ontology
Human-readable description of source life stage

Id of interaction. As described by the OBO Relations Ontology

Human-readable description of interactions

Globally unique id to reference the individual target organism

Taxon classification id of target organism. WoRMS AphialD

Scientific name of taxon classification of target organism of interaction

Identifier of description of target body part is interacted with. As described by the OBO
Relations Ontology

Human-readable description of target body part.

Identifier of description of target life stage. As described by the OBO Relations Ontology
Human-readable description of target life stage.

Identifier of the Geo classification. As described by geonames.org

Human-readable description of locale

Latitude of geographic centre of interaction observation location

Longitude of geographic centre of interaction observation location

Year of the recorded interaction

Month of the recorded interaction

Day of the recorded interaction



HH Hour of the recorded interaction
mm Minute of the recorded interaction
ss Second of the recorded interaction

observationDateTime SO 8601 formatted date time string of the recorded interaction

referenceDoi Digital Object Id used to the papers, datasets or other digital object that validate the
interaction

referenceUrl Some resolvable url that points to information related to species interaction record

referenceCitation Human-readable reference related to species interaction record

Additional information

Interactive display and data visualisation

A virtual environment was generated to visual-analyse the dataset. We created a Tableau
dashboard (public.tableau.com) and a AmCharts Chord Diagram (amcharts.com/demos/
toggleable-chord-diagram). Both the interactive dashboard and the dynamic Chord
Diagram are available at the project official web page: marinespeciesinteractions.org/
projects/visual-database/. The uses of the interactive dashboard are based on different
lists that filter the displayed information according to the users' requests. The dashboard
shows a map of the NWTA where the records of each interaction are plotted (Fig. 3a). In
the middle are 10 filters with host Order, Family and Scientific species name, guest Phyla,
Class, Order, Family and Scientific species name, the recorded locality (country) and the
information source (Fig. 3b). On the right side, two bar graphics show either the sponge
Order vs. guest species richness or the guest Phylum vs. guest Class species richness
counts (Fig. 3c, d). The host/guest matrix is centred in the lower part of the dashboard,
with the host sponges as rows and the sponge dwelling-fauna species as columns (Fig. 3
e). In practice, the interactive dataset aims to be an intuitive step-by-step graphical
interface. It is possible to select the source of information to observe and focus on a
particular region or taxonomic group.

The Chord Diagram gives a general picture of everything in the universe of registered
interactions (Fig. 4a). The thickness of the node represents the number of links that a
species has and the colour represents the taxonomic group to which it belongs. The
information can be filtered by guest Phylum (i.e. Annelida, Arthropoda, Chordata,
Cnidaria, Echinodermata and Mollusca) (Fig. 4b), but not by the sponge Order (Fig. 4c). If
the user wants to return to the original view, they can click on the guest Phylum name or
the back button (Fig. 4d).

Although the complete dataset is fully accessible for downloading as a whole, with these
two interactive visualisation tools, openly available through the internet and hopefully
sufficiently intuitive, the user can interact with the dataset and pose questions filtered
according to their particular interest.
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What’s next?

With this dataset, we provide an updated and clustered report on the symbiotic
relationships in coral reef sponges in the NWTA coral reefs. This information opens the
door to many numerical and statistical analyses. Finally, we encourage you to collaborate
with this project and, if you have any records that are not listed on this dataset, contact us.
We will be glad to talk with you and add this information in the next version of the
Dataset.

Concluding remarks

Compiling the available sponge host/guest interaction data in one place enhances the
scope and shareability of the diffused information. Furthermore, the standardisation of the
dataset into a global language creates a link between this dataset and several
international repositories, such as The Encyclopaedia of Life and communication with
other data languages, such as Darwin Core. Moreover, with this work, a baseline is
generated to compare and structure future works that focused on sponge host/guest
relationships.

In conclusion, the state of knowledge about sponge-associated fauna is on the right path.
However, the main obstacle during the data collection process was the lack of reported
information. For example, the involved species' taxonomic identity and the interaction
type are crucial pieces of information that are missing in several literature items. We
suggest that future works make an effort to clearly identify both taxonomic entities, not
only the guest or host species. Furthermore, it was possible to analyse the interaction
matrix of sponge-dwelling species with a complex network approach identifying
connected and key species with this dataset. To better understand possible changes in
the sponge host/guest interactions, a niche-modelling approach could also be useful,
displaying different future species-interaction scenarios.

Acknowledgements

This work was partially financed by grants to NS by the Harte Institute, the Harte
Charitable Foundation, CONABIO-NEO18 and CONACyTCB-2012-01-177293. AMPB
was supported by CONACyT doctoral fellowship 2019-000037-02NACF through the
Posgrado en Ciencias de la Biologicas, Facultad de Ciencias, Universidad Nacional
Auténoma de México (PCB-FC-UNAM). Jorrit Poelen provided valuable feedback on the
biological interactions dataset standards (GloBl).

References

. Baeza JA, Guéron R, Simpson L, Ambrosio LJ (2016) Population distribution, host-
switching, and chemical sensing in the symbiotic shrimp Lysmata pederseni: implications



for its mating system in a changing reef seascape. Coral Reefs 35 (4): 1213-1224. htips://
doi.org/10.1007/s00338-016-1467-3

Bauer RT (2004) Remarkable shrimps: adaptations and natural history of the Carideans.
Animal Nat. Oklahoma University Press, Oklahoma, EE.UU.

Bohlke JE, Robinson R (1969) Western Atlantic Sponge-Dwelling Gobies of the Genus
Evermannichthys: Their Taxonomy, Habits and Relationships. Proceedings of the
Academy of Natural Sciences of Philadelphia 121: 1-24.

Brooker R, Feeney W, Sih T, Ferrari MO, Chivers D (2019) Comparative diversity of
anemone-associated fishes and decapod crustaceans in a Belizean coral reef and
seagrass system. Marine Biodiversity2609-2620. https://doi.org/10.1007/
$12526-019-00993-5

Bruce AJ, Jones AO (1976) Shrimps and prawns of coral reefs, with special reference to
commensalism. In: Jones O, Endean R (Eds) Biology and geology of coral reefs. New
York: Academic Press, New York, USA, 57 pp._https://doi.org/10.1016/
B978-0-12-395527-2.50009-3

Carrera-Parra LF, Vargas-Hernandez JM (1997) Comunidad criptica de esponjas del
arrecife de Isla de Enmedio, Veracruz, México. Revista de Biologia Tropical 44-45 (1-3):
311-321. https://doi.org/10.15517/rbt.v44i3.22055

Chace FA (1972) The shrimps of the Smithsonian-Bredin Caribbean Expeditions with a
summary of the West Indian shallow-water species (Crustacea: Decapoda: Natantia).
Smithsonian Contributions to Zoology (98)1-179. https://doi.org/10.5479/si.00810282.98
Chavarro SB, Zea S, Diaz JM (2004) Sponges and other ophiuroid microhabitats
(Ophiuroidea: Echinodermata) at reef environments of San Bernardo Archipelago
(Colombian Caribbean). Boletin de Investigaciones Marinas y Costeras.
Chazaro-Olvera S, Vazquez-Lopez H (2014) Asociacion de Synalpheus (Decapoda,
Alpheidea) con esponjas del Parque Marino Nacional Sinstema Arrecifal Veracruzano,
SW del Golfo de México. BIOCYT 7 (25): 465-473.

Christoffersen ML (1972) Campagne de la Calypso au large des cétes Atlantiques de
I'Amerique du Sud (1961-1962). |. Decapod Crustacea: Alpheoida. Annales de I'Institut
Océanographique 55: 297-377.

Costello MJ, Bouchet P, Boxshall G, Fauchald K, Gordon D, Hoeksema BW, Poore GB,
van Soest RM, Stohr S, Walter TC, Vanhoorne B, Decock W, Appeltans W (2013) Global
coordination and standardisation in marine biodiversity through the world register of
marine species (WoRMS) and related databases. PLOS One 8 (1). https://doi.org/
10.1371/journal.pone.0051629

Coutiere H (1909) The American Species of Snapping Shrimps of the Genus Synalpheus.
Proceedings of the United States National Museum 36: 1-93. https://doi.org/10.5479/si.
00963801.36-1659.1

Coutiere H (1910) The snapping shrimps (Alpheidae) of the Dry Tortugas, Florida.
Proceedings of the United States National Museum 37 (1716): 485-487. https://doi.org/
10.5479/si.00963801.37-1716.485

Crocker LA, Reiswig HM (1981) Host specificity in sponge-encrusting Zoanthidea
(Anthozoa: Zoantharia) of Barbados, West Indies. Marine Biology 65 (3): 231-236. https://
doi.org/10.1007/BF00397116

Crowe SE, Thomas JD (2002) Abundance and Distribution of Commensal Amphipods
from Common Marine Sponges of Southeast Florida. In: Escobar-Briones E, Alvarez F

10


https://doi.org/10.1007/s00338-016-1467-3
https://doi.org/10.1007/s00338-016-1467-3
https://doi.org/10.1007/s12526-019-00993-5
https://doi.org/10.1007/s12526-019-00993-5
https://doi.org/10.1016/B978-0-12-395527-2.50009-3
https://doi.org/10.1016/B978-0-12-395527-2.50009-3
https://doi.org/10.15517/rbt.v44i3.22055
https://doi.org/10.5479/si.00810282.98
https://doi.org/10.1371/journal.pone.0051629
https://doi.org/10.1371/journal.pone.0051629
https://doi.org/10.5479/si.00963801.36-1659.1
https://doi.org/10.5479/si.00963801.36-1659.1
https://doi.org/10.5479/si.00963801.37-1716.485
https://doi.org/10.5479/si.00963801.37-1716.485
https://doi.org/10.1007/BF00397116
https://doi.org/10.1007/BF00397116

(Eds) Modern Approaches to the Study of Crustacea. 1, 1. Springer, 5 pp._https://doi.org/
10.1007/978-1-4615-0761-1_17

D'Aloia CC, Majoris JE, Buston PM (2011) Predictors of the distribution and abundance
of a tube sponge and its resident goby. Coral Reefs 30 (3): 777-786. https://doi.org/
10.1007/s00338-011-0755-1

Dardeau MR (1981) Caridea: General collections and observations. In: Rezak R, T.J. B
(Eds) Northern Gulf of Mexico topographic features study. Final Report to the U.S.
Department of Interior, Bureau of Land Management. 18. 29 pp.

Dardeau MR (1984) Synalpheus shrimps (Crustacea: Decapoda: Alpheidae). |. The
gambarelloides group, with a description of a new species. Memoirs of the Hourglass
Cruises 7 (2): 1-125.

Dauer D (1973) Polychaete fauna associated with Gulf of Mexico sponges. Florida
Scientist 36 (2-4): 192-196.

Diaz M, Ritzler K (2001) Sponges: An essential component of Caribbean coral reefs.
Bulletin of Marine Science 69 (2): 535-546.

Duffy JE (1992) Host use patterns and demography in a guild of tropical sponge-dwelling
shrimps. Marine Ecology Progress Series 90 (February): 127-138. https://doi.org/
10.3354/meps 090127

Duffy JE (1996a) Resource-associated population subdivision in a symbiotic coral-reef
shrimp. Evolution.

Duffy JE (1996b) Synalpheus regalis, new species, a sponge-Dwelling shrimp from the
Belize Barrier reef, with comments on host specificity in Synalpheus. Journal of
Crustacean Biology 16 (March 1993): 564-573. https://doi.org/10.2307/1548748

Duffy JE (1996¢) Eusociality in a coral-reef shrimp. Nature 381 (June): 512-514. htips://
doi.org/10.1038/381512a0

Duffy JE (1998) On the frequency of eusociality in snapping shrimps (Decapoda:
Alpheidae), with description of a second eusocial species. Bulletin of Marine Science 63
(2): 387-400.

Duffy JE, Macdonald KS (1999) Colony Structure of the Social Snapping Shrimp
Synalpheus filidigitus in Belize. Journal of Crustacean Biology 19 (2). https://doi.org/
10.2307/1549235

Erdman RB, Blake NJ (1987) Population Dynamics of the Sponge-Dwelling Alpheid
Synalpheus longicarpus, with Observations on S. brooksi and S. pectiniger, in Shallow-
Water Assemblages of the Eastern Gulf of Mexico. Journal of Crustacean Biology 7 (2).
https://doi.org/10.2307/1548613

Garcia-Hernandez JE, Hoeksema BW (2017) Sponges as secondary hosts for Christmas
tree worms at Curagao. Coral Reefs 36 (4). https://doi.org/10.1007/s00338-017-1617-2
Hagedorn M, Carter V, Zuchowicz N, Phillips M, Penfield C, Shamenek B, Vallen Ea,
Kleinhans FW, Peterson K, White M, Yancey PH (2015) Trehalose is a chemical
attractant in the establishment of coral symbiosis. PLOS One 10: 1-18. https://doi.org/
10.1371/journal.pone.0117087

Harzing AW (2007) Publish or Perish, available from https://harzing.com/resources/
publish-or-perish.

Hendler G (1984) The Association of Ophiothrix lineata and Callyspongia vaginalis: A
Brittlestar-Sponge Cleaning Symbiosis? Marine Ecology 5 (1): 9-27. https://doi.org/
10.1111/].1439-0485.1984.tb00304.x

11


https://doi.org/10.1007/978-1-4615-0761-1_17
https://doi.org/10.1007/978-1-4615-0761-1_17
https://doi.org/10.1007/s00338-011-0755-1
https://doi.org/10.1007/s00338-011-0755-1
https://doi.org/10.3354/meps090127
https://doi.org/10.3354/meps090127
https://doi.org/10.2307/1548748
https://doi.org/10.1038/381512a0
https://doi.org/10.1038/381512a0
https://doi.org/10.2307/1549235
https://doi.org/10.2307/1549235
https://doi.org/10.2307/1548613
https://doi.org/10.1007/s00338-017-1617-2
https://doi.org/10.1371/journal.pone.0117087
https://doi.org/10.1371/journal.pone.0117087
https://harzing.com/resources/publish-or-perish
https://harzing.com/resources/publish-or-perish
https://doi.org/10.1111/j.1439-0485.1984.tb00304.x
https://doi.org/10.1111/j.1439-0485.1984.tb00304.x

Henkel T, Pawlik J (2014) Cleaning mutualist or parasite? Classifying the association
between the brittlestar Ophiothrix lineata and the Caribbean reef sponge Callyspongia
vaginalis. Journal of Experimental Marine Biology and Ecology 454: 42-48. https://doi.org/
10.1016/j.jembe.2014.02.005

Henkel TP, Pawlik JR (2005) Habitat use by sponge-dwelling brittlestars. Marine Biology
146 (2): 301-313. https://doi.org/10.1007/s00227-004-1448-x

Henkel TP, Pawlik JR (2011) Host specialization of an obligate sponge-dwelling
brittlestar. Aquatic Biology 12: 37-46. https://doi.org/10.3354/ab00322

Herrick FH (1981) Alpheus: A study in the development of Crustacea. Mem. Natl. Acad.
Sci. 5: 370-463.

Huang JP, McClintock JB, Amsler CD, Huang YM (2008) Mesofauna associated with the
marine sponge Amphimedon viridis. Do its physical or chemical attributes provide a
prospective refuge from fish predation? Journal of Experimental Marine Biology and
Ecology 362 (2): 95-100. https://doi.org/10.1016/].jembe.2008.06.007

Hultgren K, Duffy JE (2010) Sponge host characteristics shape the community structure
of their shrimp associates. Marine Ecology Progress Series 407: 1-12. https://doi.org/
10.3354/meps 08609

Hultgren K, MacDonald K, Duffy JE (2011) Sponge-dwelling snapping shrimps
(Alpheidae: Synalpheus) of Barbados West Indies, with a description of a new eusocial
species. Zootaxa 16 (2834): 1-16.

Hultgren KM, MacDonald KS, Duffy JE (2010) Sponge-dwelling snapping shrimps of
Curagao, with descriptions of three new species. Zootaxa 262 (2372): 221-262. https://
doi.org/10.11646/zootaxa.2372.1.20

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem engineers. Oikos 69
(3): 373-386. https://doi.org/10.2307/3545850

Koukouras A, Russo R, Voultsiadou-Koukoura E, Arvanitidis C, Stefanidou D (1995)
Macrofauna associated whit sponge species of different morphology. Marine Ecology 17
(4): 569-582. https://doi.org/10.1111/j.1439-0485.1996.tb00418.x

Lattig P, Martin D (2009) A taxonomic revision of the genus Haplosyillis langerhans, 1887
(Polychaeta: Syllidae: Syllinae). Zootaxa 40 (2220): 1-40.

Lattig P, Martin D (2011) Sponge-associated Haplosyllis (Polychaeta: Syllidae: Syllinae)
from the Caribbean Sea, with the description of four new species. Scientia Marina 75 (4):
733-758. https://doi.org/10.3989/scimar.2011.75n4733

LeCroy S (1995) Amphipod Crustacea lll. Family Colomastigidae. Memoirs of the
Hourglass Cruises1-139.

Macdonald K, Duffy JE (2006) Two New Species of Sponge-Dwelling Snapping Shrimp
from the Belizean Barrier Reef, with a Synopsis of the Synalpheus brooksi Species
Complex. American Museum Novitates 3543: 1-22. https://doi.org/
10.1206/0003-0082(2006)3543[1:tnsoss]2.0.co;2

Macdonald KS, Rios R, Duffy JE (2006) Biodiversity, host specificity, and dominance by
eusocial species among sponge-dwelling alpheid shrimp on the Belize Barrier Reef.
Diversity and Distributions 12 (2): 165-178. https://doi.org/10.1111/}.
1366-9516.2005.00213.x

Macdonald KS, Hultgren K, Duffy JE (2009) The sponge-dwelling snapping shrimps
(Crustacea, Decapoda, Alpheidae, Synalpheus) of Discovery Bay, Jamaica, with
descriptions of four new species. Zootaxa 57: 1-57.

12


https://doi.org/10.1016/j.jembe.2014.02.005
https://doi.org/10.1016/j.jembe.2014.02.005
https://doi.org/10.1007/s00227-004-1448-x
https://doi.org/10.3354/ab00322
https://doi.org/10.1016/j.jembe.2008.06.007
https://doi.org/10.3354/meps08609
https://doi.org/10.3354/meps08609
https://doi.org/10.11646/zootaxa.2372.1.20
https://doi.org/10.11646/zootaxa.2372.1.20
https://doi.org/10.2307/3545850
https://doi.org/10.1111/j.1439-0485.1996.tb00418.x
https://doi.org/10.3989/scimar.2011.75n4733
https://doi.org/10.1206/0003-0082(2006)3543%5B1:tnsoss%5D2.0.co;2
https://doi.org/10.1206/0003-0082(2006)3543%5B1:tnsoss%5D2.0.co;2
https://doi.org/10.1111/j.1366-9516.2005.00213.x
https://doi.org/10.1111/j.1366-9516.2005.00213.x

Maldonado M, Young C (1996) Effects of physical factors on larval behavior, settlement
and recruitment of four tropical demosponges. Marine Ecology Progress Series 138 (1-3):
169-180. https://doi.org/10.3354/meps 138169

Maldonado M, Aguilar R, Bannister RJ, Bell JJ, Conway KW, Dayton PK, Diaz C, Gutt J,
Kelly M, Kenchington ELR, Leys SP, Pomponi SA, Rapp HT, Ritzler K, Tendal OS,
Vacelet J, Young CM (2017) Sponge grounds as key marine habitats: A synthetic review
of types, structure, functional roles, and conservation concerns. In: Rossi S, Bramanti L,
Gori A, Orejas C (Eds) Marine animal forests the ecology of benthic biodiversity
hotspots. Springer Nature, Cham, Switzerland, 39 pp._https://doi.org/
10.1007/978-3-319-17001-5_24-1

Montenegro-Gonzalez J, Acosta A (2010) Habitat preference of Zoantharia genera
depends on host sponge morphology. Universitas Scientiarum 15 (2): 110-121. https://
doi.org/10.11144/javeriana.sc15-2.hpoz

Ortiz M, Winfield I, Chazaro-Olvera S (2011) A new sponge-inhabiting leptostracan
species of the genus Nebalia (Crustacea: Phyllocarida: Leptostraca) from the veracruz
Coral Reef System, gulf of mexico. Zootaxa (3027)52-62. https://doi.org/10.11646/
zootaxa.3027.1.6

Ortiz M, Winfield I, Barcena-Cisneros M, Chazaro-Olvera S (2013) Species of the genus
Periclimenaeus (Decapoda, Caridea, Palaemonidae) associated with sponges from the
Veracruz Coral Reef System National Park, SW Gulf of Mexico. Crustaceana 86 (6):
641-650. https://doi.org/10.1163/15685403-00003168

Paerse AS (1932) Inhabitants of certain sponges of Dry Tortugas. Carneige Inst. Wash.
28: 119-122.

Pawlik JR (2011) The chemical ecology of sponges on caribbean reefs: natural products
shape natural systems. BioScience 61 (11): 888-898. https://doi.org/10.1525/bio.
2011.61.11.8

Pearse AS (1950) Notes on the Inhabitants of Certain Sponges at Bimini. Ecology 31 (1).
https://doi.org/10.2307/1931369

Pequegnat LH, Heard RW (1979) Synalpheus agelas, new species of snapping shrimp
from the Guf of Mexico and Bahamas Islands (Decapoda: Caridea. Alpheidae). Bulletin of
Marine Science 29 (1): 110-116.

Perez-Botello AM (2019) Cambios de diversidad de fauna asociados a Callyspongia
vaginalis, en arrecifes coralinos del Banco de Campeche. MsC Thesis, Posgrado en
Ciencias Biologicas, UNAM

Poelen J, Simons J, Mungall C (2014) Global biotic interactions: An open infrastructure to
share and analyze species-interaction datasets. Ecological Informatics 24: 148-159.
https://doi.org/10.1016/j.ecoinf.2014.08.005

Randall JE, Lobel PS (2009) A literature review of the sponge-dwelling gobiid fishes of
the genus. Zootaxa 2133 (June 2009): 1-19. https://doi.org/10.11646/zootaxa.2133.1.1
Rebolledo AP, Wehrtmann IS, Felder DL, Mantelatto FL (2014) Embryo production in the
sponge-dwelling snapping shrimp Synalpheus apioceros (Decapoda, Alpheidae) from
Bocas del Toro, Panama. ZooKeys 238 (457): 227-238. https://doi.org/10.3897/zookeys.
457.6403

Reimer JD, Wee HB, Garcia-Hernandez J, Hoeksema B (2018) Zoantharia (Anthozoa:
Hexacorallia) abundance and associations with Porifera and Hydrozoa across a depth
gradient on the west coast of Curagao. Systematics and Biodiversity 16 (8): 820-830.
https://doi.org/10.1080/14772000.2018.1518936

13


https://doi.org/10.3354/meps138169
https://doi.org/10.1007/978-3-319-17001-5_24-1
https://doi.org/10.1007/978-3-319-17001-5_24-1
https://doi.org/10.11144/javeriana.sc15-2.hpoz
https://doi.org/10.11144/javeriana.sc15-2.hpoz
https://doi.org/10.11646/zootaxa.3027.1.6
https://doi.org/10.11646/zootaxa.3027.1.6
https://doi.org/10.1163/15685403-00003168
https://doi.org/10.1525/bio.2011.61.11.8
https://doi.org/10.1525/bio.2011.61.11.8
https://doi.org/10.2307/1931369
https://doi.org/10.1016/j.ecoinf.2014.08.005
https://doi.org/10.11646/zootaxa.2133.1.1
https://doi.org/10.3897/zookeys.457.6403
https://doi.org/10.3897/zookeys.457.6403
https://doi.org/10.1080/14772000.2018.1518936

Reyes-Bonilla H, Jordan-Dahlgren E (2017) Caribbean coral reefs: past, present, an
insights into the future. In: Rossi S, Bramanti L, Gori A, Orejas C (Eds) Marine animal
forests the ecology of benthic biodiversity hotspots. Springer Nature, 41 pp._https://
doi.org/10.1007/978-3-319-17001-5_2-1

Richards VP, Thomas JD, Stanhope MJ, Shivji MS (2007) Genetic connectivity in the
Florida reef system: comparative phylogeography of commensal invertebrates with
contrasting reproductive strategies. Molecular Ecology 16 (1): 139-157. https://doi.org/
10.1111/j.1365-294X.2006.03145.x

Rios R, Duffy JE (1999) Description Of Synalpheus williamsi, A New Species Of
Sponge-Dwelling Shrimp (Crustacea : Decapoda : Alpheidae), With Remarks On Its First
Larval Stage. Proceedings of The Biological Society of Washington 112: 541-552.

Rios R, Duffy JE (2007) A review of the sponge-dwelling snapping shrimp from Carrie
Bow Cay, Belize, with description of Zuzalpheus, new genus, and six new species
(Crustacea: Decapoda: Alpheidae). Zootaxa 1602: 1-89. https://doi.org/10.11646/zootaxa.
1602.1.1

Robertson DR, Tassell JV (2019) Shorefishes of the Greater Caribbean: online
information system.

Rossi S, Bramanti L, Gori A, Orejas C (2017) Marine Animal Forests The Ecology of
Benthic Biodiversity Hotspots. Springer International Publishing, Cham. [ISBN
978-3-319-21011-7] https://doi.org/10.1007/978-3-319-21012-4

Santana-Moreno LD, Grave SD, Simdes N (2013) New records of caridean shrimps
(Decapoda: Caridea) from shallow water along the northern Yucatan peninsula coasts of
México. Nauplius 21 (02): 225-238. https://doi.org/10.1590/S0104-64972013000200009
Scott PJB, Reiswing HM, Marcotte BM (1988) Ecology, functional morphology, behaviour,
and feeding in coral and sponge-boring species of Upogebia (Crustacea: Decapoda:
Thalassinidea). Canadian Journal of Zoology 66(2): 483-495. https://doi.org/10.1139/
288-069

Spalding M, Fox H, Allen G, Davidson N, Ferdafia Z, Finlayson M, Halpern B, Jorge M, A.
L,L, Lourie S, Martin K, McManus E, Molnar J, Recchia C, Robertson J (2007) Marine
ecoregions of the world: a bioregionalization of coastal and shelf areas. BioScience 57
(07): 573-583. https://doi.org/10.1641/B570707

Swain TD, Wulff JL (2007) Diversity and specificity of Caribbean sponge-zoanthid
symbioses: A foundation for understanding the adaptive significance of symbioses and
generating hypotheses about higher-order systematics. Biological Journal of the Linnean
Society 92 (4): 695-711. https://doi.org/10.1111/].1095-8312.2007.00861.x

Swain TD (2012) Context-dependent effects of symbiosis: Zoanthidea colonization
generally improves Demospongiae condition in native habitats. Marine Biology 159 (7):
1429-1438. https://doi.org/10.1007/s00227-012-1919-4

Tews AJ, Brose U, Grimm V, Tielbérger K, Wichmann MC, Schwager M, Jeltsch F (2016)
animal species diversity driven by habitat heterogeneity / diversity: The importance of
keystone structures. Journal of Biogeography 31 (31): 79-92. https://doi.org/10.1046/.
0305-0270.2003.00994.x

Thomas JD, Klebba K (2006) Studies of Commensal Leucothoid Amphipods: Two New
Sponge-Inhabiting Species from South Florida and the Western Caribbean. Journal of
Crustacean Biology 26 (1): 13-22. https://doi.org/10.1651/C-2624.1

14


https://doi.org/10.1007/978-3-319-17001-5_2-1
https://doi.org/10.1007/978-3-319-17001-5_2-1
https://doi.org/10.1111/j.1365-294X.2006.03145.x
https://doi.org/10.1111/j.1365-294X.2006.03145.x
https://doi.org/10.11646/zootaxa.1602.1.1
https://doi.org/10.11646/zootaxa.1602.1.1
https://doi.org/10.1007/978-3-319-21012-4
https://doi.org/10.1590/S0104-64972013000200009
https://doi.org/10.1139/z88-069
https://doi.org/10.1139/z88-069
https://doi.org/10.1641/B570707
https://doi.org/10.1111/j.1095-8312.2007.00861.x
https://doi.org/10.1007/s00227-012-1919-4
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1651/C-2624.1

Thomas JD, Klebaa KN (2007) New species and host associations of commensal
leucothoid amphipods from coral reefs in Florida and Belize (Crustacea:Amphipoda).
Zootaxa 1494 (1): 1-44. https://doi.org/10.11646/zootaxa.1494.1.1

Tobb DC, Manning RB (1961) A checklist of the flora and fauna of nothen Florida Bay and
adjacent brakish waters of the Florida mainland collected during the period July, 1957
through September, 1960. Bull. Mar. Sci. Gulf Caribb. 11 (4): 552-649.

Toth E, Bauer RT (2008) Synalpheus paraneptunus (Crustacea: Decapoda: Caridea)
populations with intersex gonopores: A sexual enigma among sponge-dwelling snapping
shrimps. Invertebrate Reproduction and Development 51 (1): 49-59. https://doi.org/
10.1080/07924259.2008.9652255

Tyler JC, Bohlke JE (1972) Records of Sponge-Dwelling Fishes , Primarily of the
Caribbean. Bulletin of Marine Science 22 (3): 601-642.

Ugalde Garcia DM (2014) Aspectos ecoldgicos de los camarones Carideos asociados a
espojas de la costa sureste del Golfo de México. MsC Thesis, Posgrado en Ciencias del
Mar y Limnologia Biologicas, UNAM

Victor B, Krasovec FH (2018) Facultative cleaning behavior in a western Atlantic sponge
goby, Elacatinus xanthiprora (Teleostei : Gobiidae). Journal of the Ocean Science
Foundation 31 (2018): 1-7.

Villamizar E, Laughlin RA (2011) Fauna Associated with the Sponges Aplysina archeri
and Aplysina lacunosa in a Coral Reef of the Archipiélago de Los Roques, National Park,
Venezuela. Fossil and Recent Sponges522-542. https://doi.org/
10.1007/978-3-642-75656-6_44

Watson RA, Pollack JB (1999) How symbiosis can guide evolution. Advances in Artificial
Life 1674: 29-38. https://doi.org/10.1007/3-540-48304-7 7

Wendt PH, Van Dolah RF, O'Rourke CB (1985) A Comparative Study of the Invertebrate
Macrofauna Associated with Seven Sponge and Coral Species Collected from the South
Atlantic Bight. Journal of the Elisha Mitchell Scientific Society 101
(267_vol_101_pt_003_0003): 187-203.

Westinga E, Hoetjes PC (1981) The Intraponge fauna of Spheciospongia vesparia
(Porifera, Demospongiae) at Curacao and Bonaire. Mar Biol 62: 139-150. https://doi.org/
10.1007/BF00388176

Williams AB (1984) Mud Shrimps, Upogebiidae, from the Western Atlantic (Crustacea:
Decapoda: Thalassinidae). San Diego Soc. Nat. Hist. Mem 14: 1-60.

Winfield I, Ortiz M, Chazaro-Olvera S (2009) A new sponge-inhabiting amphipod species
(Crustacea, Gammaridea, Sebidae) from the Veracruz Coral Reef System, southwestern
Gulf of Mexico. Organisms Diversity and Evolution 9 (1): 1-72. https://doi.org/10.1016/
j.0de.2008.12.001

Winfield I, Ortiz M (2010) Colomastigids (Amphipoda: Gammaridea: Colomastigidae)
from the Veracruz Coral Reef System, SW Gulf of Mexico, with a description of two new
species associated with sponges. Scientia Marina 74 (4): 773-782. https://doi.org/
10.3989/scimar.2010.74n4773

Woulff JL (1997) Mutualism among species of coral reef sponges. Ecological Society of
America 78 (1): 146-159. https://doi.org/10.2307/2265985

15


https://doi.org/10.11646/zootaxa.1494.1.1
https://doi.org/10.1080/07924259.2008.9652255
https://doi.org/10.1080/07924259.2008.9652255
https://doi.org/10.1007/978-3-642-75656-6_44
https://doi.org/10.1007/978-3-642-75656-6_44
https://doi.org/10.1007/3-540-48304-7_7
https://doi.org/10.1007/BF00388176
https://doi.org/10.1007/BF00388176
https://doi.org/10.1016/j.ode.2008.12.001
https://doi.org/10.1016/j.ode.2008.12.001
https://doi.org/10.3989/scimar.2010.74n4773
https://doi.org/10.3989/scimar.2010.74n4773
https://doi.org/10.2307/2265985

o
. GLBI

o

&

Figure 1.

Flow diagram of the steps followed to generate this dataset.
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