2016 Heard Island Expedition Project Description

Definition

TITLE DIVERSITY: 1. SEARCH FOR XANTHOPHYCEAE IN CULTURES
OF SOIL SAMPLES AT HEARD ISLAND

Abstract
Samples of soil will be brought into culture in order to isolate specimens of the
algal class Xanthophyceae. The specimens will be analyzed for critical molecular
markers for distinguishing cryptic species.

Principal Investigator Robert A Anderson Friday Harbor Laboratories, University of Washington

Co-Investigator Thomas Fried| Albrecht-von-Haller-Institut fir Pflanzenwissenschaften

Co-Investigator Nataliya Rybalka Georg-August-Universitaet Goettingen

Co-Investigator Robert van Syoc California Academy of Sciences

Co-Investigator Gordon Hendler Los Angeles County Museum of Natural History

Co-Investigator Jody Martin Los Angeles County Museum of Natural History

Co-Investigator Harold Heatwole North Carolina State University

Co-Investigator William Miller Baker University

Co-Investigator Onsite team members  Cordell Expeditions

Co-Investigators Additional collaborators to be named

Context

NOTE:

Background

Motivation
and goals

This project is one of a group of similar projects, the goal of which is to extend the known
species biodiversity of Heard Island. The group seeks to identify species, whether already
documented or new, to extend the known biodiversity of Heard Island. This and the other
projects in this group require collecting a set of specimens, typically of soil and sediment, that
could contain micro- or macro-fauna, algae, fungi, or similar organisms that cannot be
recognized in the field, but nevertheless comprise a significant part of the ecosystem. All
projects in this group can make use of essentially the same collection of samples, hence it is
not proposed to make separate collections for each specific investigator, but rather to make a
single collection that will be divided among the members of the group.

This document describes one of the investigations in this group, namely the study by Robert A.
Anderson. Other investigations in this group make essentially the same request, namely a
limited number of voucher specimens from which to make laboratory identifications and to
accession the specimens into permanent archival collections for future research.

I am primarily interested in the algal class Xanthophyceae, which has a number of genera that
commonly occur in soils, especially cold soils like Antarctica and the Alps Mountains. | have
collaborated with Prof. Dr. Thomas Friedl and his wife N. Rybalka in studies on xanthophycean
algae (see below). The collaboration began from my earlier work on the Xanthophyceae where
| was able to demonstrate critical molecular markers for distinguishing cryptic species. This is a
significant point for studying soil algae because many of their morphological traits have been
reduced and lost during their adaptation to the harsh soil environment.

My goal would be to isolate the Xanthophyceae into pure culture; once in culture, | would ask
collaborators such as Thomas Friedl to carry out the molecular studies. There are also a
number of other algal taxa that inhabit soils, and | would attempt to isolate those species into
culture as well. Many green algae grow in soils, and in addition groups such as the
Chrysophyceae, cyanobacteria, diatoms, Eustigmatophyceae and unicellular red algae can be
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found growing on or in soils.

Description
Onsite

Equipment Camera, GPS, clean soil sampler and containers

Location(s) Any location with reasonably rich soil. In addition, | would also be willing to
attempt isolating algae from the coastal waters of these islands. It is likely that
many planktonic species will die because of sampling protocols, but | am
unaware of any phytoplankton cultures from the islands. Therefore, even
unlikely survivors may be of interest to the scientific community.

Procedure My requirements would be soil samples that were collected near the air-soil
interface (i.e. collected in the top 1-2 cm of soil). Samples may be placed in a
plastic bag (e.g. Zip-Lock bag; Whirlpac bag) and sent to me without additional
concerns for temperature or handling.

Records

Photo-documentation Each item will be documented by GPS location, photographs of the local
environment, and a close-up image of the item as found.

Logging The samples will be labeled with regard to collection site (latitude-longitude
coordinates), date, and other relevant information.

Nonliving specimens Any object that could be considered a potential threat to any species,
particularly megafauna such as seabirds, will be defined as debris, and
documented and collected.

Live specimens All samples for culturing must be live, i.e., unfixed and protected from extreme

environmental stress.

Post-expedition procedure

Destination(s) of records Principal Investigator, University of Washington. The cultures will be deposited
in public culture collections (e.g. USA and Australian culture collections).

Processing of records Upon receipt of the samples, | will establish enrichment cultures to grow the
algae, and then | will begin the process of isolating the algae into culture. For
example, soil algae grow very well on agar, so streaking enrichment cultures
often leads to single-cell isolations and eventually to axenic cultures.
Alternatively, cells can be isolated by micropipette.

Publication(s) expected Paper in the Heard Island monograph. Journal notes as appropriate.
Definition of success Identification of Xanthophyceae in culture and determination of molecular
markers.
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Supplementary material

Suppl. 1 Introduction to the Xanthophyta: Yellow-green Algae

The Xanthophyta include more than 600 species. Members of this group are photosynthetic
organisms which live primarily in freshwater, though some are found in marine waters, in damp
soil, or on tree trunks. They generally are not abundant when they are found at all, and many
species have only been found once. Despite this, they are the dominant producers in some salt
marshes, and some, like Tribonema, are cosmopolitan in their distribution.

Unlike the other Chromista, Xanthophyta completely lack the brown pigment fucoxanthin. Like
these other chromists however, they lack chlorophyll b, and instead have chlorophyll c. This gives
them a characteristic yellowish-green color, as opposed to the golden color or their relatives,
which may make them difficult to recognize as chromists.

Many xanthophytes produce a cell wall, though it is not composed of cellulose (as in plants) or of
chitin (as in fungi). In fact, the cell wall composition of these protists is still completely unknown,
though it is known that cysts in this group will often contain silica in their walls. The walls are
often, but not always, composed of two overlapping cylindrical halves which fit together, one
slightly inside the other.

Xanthophytes may be sessile or free-living. Most are flagellated unicells, but many are colonial,
living as naked cells in a gelatinous envelope. There are also filamentous forms, which produce
long chains of cells, and there are coenocyticforms, such as the water-felt Vaucheria. These
coenocytes are tubular multinucleated filaments with no internal partitioning into cells. Some
orders may live as an amoeboid stage, living on or within plants; in ways similar to another
chromist group, the slime nets. However, it is currently thought that the Xanthophyta are more
closely related to the brown algae than to any other group.

Sexual reproduction is known only in two genera: Botrydium, in which the sex cells are isogamous,
and Vaucheria, in which the cells are oogamous. Most reproduction is asexual, and this is
accomplished by a wide variety of means, including fragmentation of filaments, but often involving
the production of some kind of spore. Spores may be flagellated and free-swimming (zoospores),
or they may be non-flagellated (aplanospores). Spores are formed internally, being released by
rupture of the old cell wall.

There are no positively known fossils of the Xanthophyta, though spores and rock deposits of the
Miocene and Pleistocene have been attributed to this group. It is likely that the lack of a fossil
record results more from the fact that their cyst morphology is poorly studied, rather than from a
lack of preservation, since the silicified cysts of this group ought to be found.

[Source: http://www.ucmp.berkeley.edu/chromista/xanthophyta.html ]
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Suppl. 2 Images of Xanthophyceae

XANTHOPHY CEAE

Vaucheria

(Above left) Xanthonema sp. [Source:
http://protist.i.hosei.ac.jp/pdb/images/Heterokontophyta/Xanthonema/sp _1c.html]

(Above right) Goniochloris [Source:
http://protist.i.hosei.ac.jp/pdb/images/Heterokontophyta/Bumilleriopsis/sp 3.html]
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Evaluation

HIMI Management Plan

Priority

Specimens

The present project is sanctioned by Items A2, A3, A5, A6, and C3 of Table 2,
Section 5.5 of the HIMI MP:

A2) Surveys of indigenous species to obtain baseline information to copare
against non-native species.

A3) Surveys to determine the presence and extent of possible non-native
species.

A5) Long-term monitoring of climate, glaciers, and fauna and flora colonization
of newly deglaciated areas.

AG6) Surveys to improve understanding of the Reserve’s biodiversity and its
response to climate change.

Section 5.5 of the HIMI Management Plan provides the following:

Research within the Reserve is required for the integrated and
ecologically sustainable management of the broader HIMI region.
... Scientifically robust evidence is needed to make effective
conservation management decisions. ... Research and monitoring
activities must be undertaken in accordance with the research and
monitoring priorities identified in Table 2 and the Australian
Antarctic Science Strategic Plan. ... Research also facilitates the
fulfilment of public reporting requirements.

In combination with the remarks about Table 2 (above), we interpret this
statement to mean that the research described in this document is consistent
with the AAD mission for management of the HIMI.

The HIMI Management Plan further provides

... the policies ... require ... that: any biological resources taken are
not intended to be used for commercial purposes; ... that samples
will not be given to other people ... without permission ... [Parts of
this excerpt are omitted solely for space requirements in this
document, and are not meant to be omitted in the agreement.]

We do affirm that this project has no commercial interest or activity, and that
Cordell Expeditions guarantees conformance with the above statement, both in
words and meaning.

Given the high-quality of this investigation and the high likelihood of yielding
new information, this project has the top priority for the 2016 Expedition. It will
be given priority in time and manpower.

This project is predicated on obtaining viable living samples of soil that can be
cultured into samples viable for molecular typing and determining phylogenetic
relationships within the Class. No Xanthophyceae are known from Heard Island,
according to the species list in Woehler and Green, Southern Ocean Sentinel
(2006).

In addition, the collection of a relatively large number of soil samples is indicated
as the correct strategy for obtaining statistically meaningful data. Conversely, it
would make no sense to collect a very small number of samples and attempt
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analysis onsite. Indeed, individuals of the Class cannot be recognized in the field,
and must be put into culture to observe, identify, and analyze them.

Risks There are no inherent risks in the work of this project, other than the risks

associated with human access to the collection sites, which are covered in the
Risk Management Plan for the expedition.
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Dr. Robert A. Anderson

Contact

raa4d8@uw.edu

906-370-1886

Adjunct Professor, Biological Sciences

Senior Research Scientist, University of Washington

Emeritus Director, Provasoli-Guillard National Center for Marine Algae and
Microbiota (CCMP, now NCMA)

» BS, Botany, North Dakota State University

» MA, Aquatic Biology, St. Cloud State College
» PhD, Botany/Phycology, University of Arkansas

Biography

My primary interest is in the systematic biology (nomenclature, phylogeny, taxonomy) of golden algae (heterokont
and haptophyte algae). | am also interested in growing both freshwater and marine species in culture. | collect algae

from bogs, ponds, lakes and streams in the Keweenaw, including the open regions of Lake Superior.

Research Interests

e  Chrysophyte algae
e Algal Systematics
e Algal Culturing
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Dr. Robert van Syoc

California Academy of Sciences Institute for
Biodiversity Science and Sustainability

Senior Collection Manager of Invertebrates at the California
Academy of Sciences in San Francisco, has been a CAS staff
member since his student days at San Francisco State
University in 1979. During his academic career Bob has studied
various topics in marine ecology and invertebrate zoology, from San
Francisco Bay to the South Pacific. Bob earned his Ph.D. at

the Scripps Institution of Oceanography, where he used DNA
analysis to study genetic relationships and speciation among

barnacles at the molecular level.
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Pineda - Bob Van Syoc, Journal of Experimental Marine
Biology and Ecology 08/2010; 392(s 1-2):1.
DO0I:10.1016/j.jembe.2010.07.009

Pollicipes caboverdensis sp. nov. (Crustacea, Cirripedia,
Scalpelliformes), an intertidal barnacle from the Cape
Verde Islands, J.N. Fernandes - T. Cruz - R. Van Syoc,
Zootaxa 08/2010; - 0.91 Impact Factor,

Pollicipes caboverdensis sp. nov. (Cirripedia,
Lepadomorpha), an intertidal barnacle from the Cape
Verde Islands, J. N. Fernandes - Teresa Cruz - Robert Van
Syoc, Zootaxa 08/2010; 2557:29-38.

Morphology and evolutionary ecology of a sponge-
barnacle symbiosis, Four new genera of barnacles
(Archaeobalanidae, Bryozobiinae), Robert J. Van Syoc -
William A. Newman, Journal of Experimental Marine
Biology and Ecology 08/2010; 392(1):65-88.
DOI:10.1016/j.jembe.2010.04.011

Molecular phylogenetics and biogeography of Pollicipes
(Crustacea, Cirripedia), a Tethyan relict, R.J. Van Syoc - J.N.
Fernandes - D.A. Carrison - R.K. Grosberg, Journal of
Experimental Marine Biology and Ecology 08/2010;
392(1):193-199. DOI:10.1016/j.jembe.2010.04.024

Barnacles, Robert Van Syoc, Marine Biodiversity of Costa
Rica, Central America, Edited by Ingo S. Werhtmann, Jorge
Cortes, 01/2009, Barnacles, pages 219-223, 283-289;
Springer.

Methods of preservation and anesthetization of marine
invertebrates, G. Williams - Robert J. Van Syoc, The Light
and Smith Manual, intertidal invertebrates from central
California to Oregon, 4th edited by James T. Carleton,
01/2007, Methods of preservation and anesthetization of
marine invertebrates, pages 37-41; University of California
Press, Berkeley, CA.
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A new genus and species of high intertidal barnacle
(Cirripedia, Tetraclitidae) from Baja California Sur, México,
Liza Gomez-Daglio - Robert Van Syoc, Zootaxa 01/2006;
1118(1118):57-68.

Sponge-inhabiting barnacles of the Americas, A new
species of Acasta (Cirripedia, Archaeobalanidae), first
record from the eastern Pacific, including discussion of the
evolution of cirral morphology, Robert J. Van Syoc -
Rasmus Winther, Crustaceana 06/1999; 72(5):467-486.
DO0I:10.1163/156854099503528

Barnacles of Rocas Alijos, Robert J. Van Syoc, Rocas Alijos,

Scientific results from the Cordell Expeditions, Edited by R.
Schmieder, 01/1996, Barnacles of Rocas Alijos, pages 299-
304; Kluwer Academic Publishers, Dordrecht.

Barnacle mitochondrial DNA, Determining genetic
relationships among species of Pollicipes, Robert J Van
Syoc, New Frontiers in Barnacle Evolution, Edited by F.
Schram, J. Hoeg, 01/1995, Barnacle mitochondrial DNA,
Determining genetic relationships among species of
Pollicipes, pages 269-296; A.A. Balkema, Rotterdam.

Genetic divergence between subpopulations of the

eastern Pacific goose barnacle Pollicipes elegans,
mitochondrial cytochrome c subunit 1 nucleotide
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sequences. Mol Mar Biol Biotech 3:338-346, R J Van Syoc,
Molecular marine biology and biotechnology 12/1994;
3(6):338-46.

PCR primers for the CO1 gene in barnacle mtDNA, Robert
J. Van Syoc.

Living and Fossil Populations of a Western Atlantic
Barnacle, Balanus subalbidus Henry, 1974, in the Gulf of
California Region, Robert J Van Syoc

Description of Membranobalanus robinae, a new species
of sponge barnacle from Baja California, with a key to the
genus, Robert J. Van Syoc, Proceedings of the Biological
Society of Washington 01/1988; 101(4):832-837. - 0.57
Impact Factor.

The occurrence of Lepas anatifera on Zalophus
californianus and Mirounga angustrirostris, Jan Roletto -
Robert J. Van Syoc, California Fish and Game 01/1986;
72(2):124-126.

Growth rates, prey size preference, handling times and

effects of hunger in brown rockfish, Sebastes auriculatus,
Girard, 1854 /
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Dr. Rich Mooi

California Academy of Sciences, Curator of Invertebrate Zoology
and Geology, Echinoid systematics and evolution

When | was about 8 years old, | sat at the kitchen table and used a
blue ballpoint pen to draw the "blueprints" for the research vessel
| would be using when | became a marine biologist. Things don't
always go the way you plan--even when you start early. But | can
say that my life as a field biologist and phylogeneticist of marine
organisms has never wavered from the exciting endeavor
represented by those childhood sketches. My parents introduced
me to the wonders of the natural world, and | discovered very
soon that there was nothing | would like to do more than devote
my life to uncovering, drawing, and writing about those wonders.

But it was not until my second year at the University of Toronto that | came up against what are arguably some of
the most enigmatic of marine organisms: the echinoderms. This group, which includes the sea urchins, sea stars,
brittlestars, sea cucumbers, and sea lilies, displays some of the most bizarre morphologies of any marine organism.
The origins of certain peculiar evolutionary novelties are poorly known, and the echinoderms are a perfect
laboratory in which to study the far-reaching effects of some of these, especially small changes in rates of
development. In particular, | was drawn to the aesthetically and scientifically pleasing sand dollars. Under the
tutelage of Malcolm Telford, who taught me that there were no satisfying answers to poorly formulated questions,
and Rick Winterbottom, who taught me that the best questions were about the relationships of organisms, |
discovered my calling as a phylogenetic systematist.

Using phylogenetics as a tool, | have studied everything from abyssal sea urchins to linguistics. My most satisfying
systematic works still deal with the sand dollars, which continue to lay the ground work for my ideas on the
relationship between development and phylogeny. Recently, with colleagues in France, | have begun work on
skeletal systems of all echinoderm groups, both fossil and extant. This theory of skeletal homologies provides keys
to determining how these strange animals evolved. In the same way that knowing homologies in vertebrate
skeletons has helped us to understand their evolution, our hope is that this theory of echinoderm homologies
should be helpful in explaining the origins of even the most bizarre echinoderm groups.

Biodiversity Outreach

In 2014, Mooi embarked on an ambitious project a little closer to home. He joined an Academy effort to produce
an extensive digital learning course on the not-so-small topic of biodiversity. The course, simply titled
“Biodiversity,” is available for free via iTunes U and Khan Academy and has garnered over one million views since
its launch. It covers topics as diverse as ocean acidification, invasive species, and gene flow, and for all of these
topics, Mooi acts as scientist, illustrator, and narrator. Using Mooi’s finely honed drawing skills and clever
animation techniques, the course helps make the important topic of biodiversity accessible to the general public.

This sort of scientific outreach—bringing science to a wider and more diverse audience—is near and dear to Mooi.
He's been involved in running the Summer Systematics Institute for 20 years, inviting high school students to work
on research projects with Academy scientists for a summer crash course in natural history museum-based work.

The biodiversity course is easily accessible online, but the outreach doesn’t stop there. During a 2015 expedition to
the Philippines, a place where the Academy is invested in research and collaborating with the local community,
Academy staff brought USB drives loaded with the course translated into the local language of Tagalog. They
shared the course with colleagues in Manila, who brought it to classrooms and peers in the outer provinces of the
Philippines. “Our colleagues are so overwhelmed by the challenges of their day-to-day work that they don’t have
time to think about the bigger picture,” Mooi says.

When coming up with the curriculum for the online course there was never any question as to whether or not
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biodiversity would be the topic. “Biodiversity study and preservation are in our wheelhouse. They're what we can
do, and what we should do,” says Mooi. “The common thread running through the videos is an attempt to inject
the idea that all this biodiversity is not going to be here forever if we don’t do something now.”

Publications

Comparative morphology and phylogenetic significance of
Gregory’s diverticulum in sand dollars (Echinoidea:
Clypeasteroida), Alexander Ziegler - Jennifer Lenihan - Louis G.
Zachos -Cornelius Faber - Rich Mooi, [Show abstract], Organisms
Diversity & Evolution 08/2015; DOI:10.1007/s13127-015-0231-9 -

DNA analysis and morphological comparison of the damselfish
genus Chromis (Labroidei: Pomacentridae) from deep coral reefs
in the Philippines suggest new species, G. Alfaro - C. Rocha - L.
Rocha - R. Mooi - J. Hallas, , Annual Meeting of the Society-for-
Integrative-and-Comparative-Biology; 04/2015

Crinoid ancestry without blastozoans, Tom Guensburg - Dan Blake
- James Sprinkle - Rich Mooi, Acta Palaeontologica Polonica
01/2015; DOI:10.4202/app.00211.2015

Phylogenetic re-evaluation of fossil and extant micro-echinoids
with revision of Tridium, Cyamidia, and Lenicyamidia (Echinoidea:
Clypeasteroida), Rich Mooi - Andreas Kroh - Dinesh K. Srivastava,

Zootaxa 09/2014; 3857(4):501-526.
DOI:10.11646/zo00taxa.3857.4.3

Elucidation de phylogenéses fossiles par des données actuelles, la
preuve par 5, Thomas Saucede - Bertrand Lefebvre - Rich Mooi -
Bruno David, , Biosystema, 19; 08/2014

The strange apical system of the genus Pourtalesia (Holasteroida,
Echinoidea), Thomas Saucéde - David B - Mooi R., 6th European
Conference on Echinoderm Research, Banyuls-sur-mer, 3-7
September 2001; 08/2014

Living and Fossil Genera of the Clypeasteroida (Echinoidea:
Echinodermata): An lllustrated Key and Annotated Checklist, Rich
Mooi, 06/2014; DOI:10.5479/si.00810282.488

How Hox genes can shed light on the place of echinoderms among
the deuterostomes, Bruno David - Rich Mooi, EvoDevo 06/2014;
5(1):22. DOI:10.1186/2041-9139-5-22

Specimen collection: An essential tool, Luiz A Rocha - A. Aleixo - G.
Allen - F. Almeda - C. C. Baldwin - M. V. L. Barclay - J. M. Bates - A.
M. Bauer - F. Benzoni - C. M. Berns - [...] - P. C. Wainwright - T. A.
Wheeler - W. T. White - K. Will - J. T. Williams - G. Williams - E. O.
Wilson - K. Winker - R. Winterbottom- C. C. Witt -Science 05/2014;
344(6186):814-815. DOI:10.1126/science.344.6186.814- 33.61

First record and phylogenetic significance of a Jurassic
diadematacean sea urchin from California, Rich Mooi - Richard P
Hilton, Journal of Paleontology 05/2014; 88(3). DOI:10.1666/13-
130-

Dataset: 1990 pr Bateman et al. Tongues, Ives Goddard - Peter
Cannell - W. John Kress - Richard O'Grady -V. A. Funk - Rich Mooi -
Richard Bateman, Dataset: 2012 global marine species diversity
Appendix Ward Appeltans - Shane T Ahyong - Gary Anderson -
Martin V Angel - Tom Artois - Nicolas Bailly - Roger Bamber -
Anthony Barber - llse Bartsch - Annalisa Berta - [...] - Bart
Vanhoorne -Leen P van Ofwegen - Rob W M van Soest - Jan
Vanaverbeke -Genefor Walker-Smith - T Chad Walter - Alan
Warren - Gary C Williams - Simon P Wilson - Mark J Costello -

Dataset: 1989 pr OGrady etal Genes, R T O'Grady - | Goddard - R M
Bateman - W A DiMichele - V A Funk - W J Kress - R Mooi - P F
Cannell

A new late Cenozoic species of Abertella (Echinoidea:
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Clypeasteroida) from Patagonia, Andreas Kroh - Rich Mooi -
Claudia del Rio - Christian Neumann, Zootaxa 01/2013;
3608(5):369-378. DOI:10.11646/z00taxa.3608.5.5 -

Chapter: WoRMS Echinoidea: World Echinoidea Database (version
2013-06-03), Andreas Kroh - Rich Mooi, Species 2000 & ITIS
Catalogue of Life, 25th June 2013, DVD edited by Roskov Y., Kunze
T., Paglinawan L., Orrell T., Nicolson D., Culham A., Bailly N., Kirk
P., Bourgoin T., Baillargeon G., Hernandez F., De Wever A.,
01/2013: chapter WoRMS Echinoidea: World Echinoidea Database
(version 2013-06-03); Species 2000: Reading, UK.

The Magnitude of Global Marine Species Diversity, Ward
Appeltans - Shane T Ahyong - Gary Anderson - Martin V Angel -
Tom Artois - Nicolas Bailly - Roger Bamber - Anthony Barber - llse
Bartsch - Annalisa Berta - [...] - Bart Vanhoorne :Leen P van
Ofwegen - Rob W M van Soest - Jan Vanaverbeke -Genefor
Walker-Smith - T Chad Walter - Alan Warren - Gary C Williams -
Simon P Wilson - Mark J Costello -, Current biology: CB 11/2012;
22/23:2189-2202. DOI:10.1016/j.cub.2012.09.036

Chapter: WoRMS Echinoidea: World Echinoidea Database (version
Oct 2011), Andreas Kroh - Rich Mooi

Species 2000 & ITIS Catalogue of Life, 2012 Annual Checklist, DVD
edited by Bisby F., Roskov Y., Culham A., Orrell T., Nicolson D.,
Paglinawan L., Bailly N., Appeltans W., Kirk P., Bourgoin T.,
Baillargeon G., Ouvrard D., 01/2012: chapter WoRMS Echinoidea:
World Echinoidea Database (version Oct 2011); Species 2000:
Reading, UK.,

On the spelling of Antrechinus nordenskjoldi (Echinodermata:
Echinoidea), Andreas Kroh - Rich Mooi - Sabine Stéhr,

Not all written in stone: interdisciplinary syntheses in echinoderm
paleontology, Rich Mooi, Canadian Journal of Zoology 02/2011;
79(7):1209-1231.

Origin and evolutionary plasticity of the gastric caecum in sea
urchins (Echinodermata: Echinoidea), Alexander Ziegler - Rich
Mooi - Gauthier Rolet - Chantal De Ridder, BMC Evolutionary
Biology 10/2010; 10:313. DOI:10.1186/1471-2148-10-313 -

Pelmatozoan arms from the mid-Cambrian of Australia: bridging
the gap between brachioles and brachials? Comment: There is no
bridge, THOMAS E. GUENSBURG - RICH MOOI - JAMES SPRINKLE
-BRUNO DAVID - BERTRAND LEFEBVRE, Lethaia 03/2010;
43(3):432 - 440. DOI:10.1111/j.1502-3931.2010.00220.x

Post-Paleozoic crinoid radiation in response to benthic predation
preceded the Mesozoic marine revolution, Tomasz K Baumiller -
Mariusz A Salamon - Przemyslaw Gorzelak- Rich Mooi - Charles G
Messing - Forest J Gahn, Proceedings of the National Academy of
Sciences 03/2010; 107(13):5893-6.
DOI:10.1073/pnas.0914199107

Rich Mooi, Integrative and Comparative Biology 11/2009;
49(6):722-723. DOI:10.1093/icb/icp095

The morphology, ontogeny, and inferred behaviour of the deep-
sea echinoid Calymne relicta (Holasteroida), THOMAS SAUCEDE -
ALEXANDER N. MIRONOV - RICH MOOI -BRUNO DAVID, Zoological
Journal of the Linnean Society 03/2009; 155(3):630 - 648.
DO0I:10.1111/j.1096-3642.2008.00461.x

La radiation des échinodermes au Paléozoique inférieur,
I’'exemple des blastozoaires, Elise Nardin - Bertrand Lefebvre -
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Bruno David - Rich Mooi, Comptes Rendus Palevol 03/2009;
8(2):179-188. DOI:10.1016/j.crpv.2008.09.004 -

Evolution et radiations adaptatives chez les échinides, Bruno
David - Rich Mooi - Didier Néraudeau - Thomas Saucede -Loic
Villier, Comptes Rendus Palevol 03/2009; 8:189-207.
DOI:10.1016/j.crpv.2008.09.001

Brooding and Species Diversity in the Southern Ocean: Selection
for Brooders or Speciation within Brooding Clades?, John S. Pearse
- Richard Mooi - Susanne J. Lockhart - Angelika Brandt,

Prelude to the Mesozoic marine revolution - Triassic
diversification of crinoids, Baumiller - Salamon - Gorzelak - Mooi -
Ch Messing, The 9th North American Paleontological Convention
(University of Cincinnati, USA); 01/2009,

Urchins in the meadow: Paleobiological and evolutionary
implications of cidaroid predation on crinoids, Tomasz K.
Baumiller - Rich Mooi - Charles G. Messing, Paleobiology 12/2008;
34(1):22-34. DOI:10.1666/07031.1

Radial Symmetry, the Anterior/Posterior Axis, and Echinoderm
Hox Genes, Rich Mooi - Bruno David, Annual Review of Ecology
Evolution and Systematics 12/2008; 39(1).
DOI:10.1146/annurev.ecolsys.39.110707.173521

Evolution to the extreme: Origins of the highly modified apical
system in pourtalesiid echinoids, THOMAS SAUCEDE - RICH MOOI -
BRUNO DAVID, Zoological Journal of the Linnean Society 09/2008;
140(1):137 - 155. DOI:10.1111/j.1096-3642.2004.t01-1-00091.x

Phylogeny and origin of Jurassic irregular echinoids
(Echinodermata: Echinoidea), THOMAS SAUCEDE - RICH MOOI -
BRUNO DAVID, Geological Magazine 03/2007; 144(02).
DOI:10.1017/50016756806003001

Catalogus Fossilium Austriae. Band 2. Echinoidea Neogenica :
Book Review, Rich Mooi, Journal of Paleontology 11/2006;
80(6):1230-1230. DOI:10.1666/0022-
3360(2006)80[1230:BR]2.0.CO;2

Reappraisal of ambulacral branching patterns in blastozoans, Elise
Nardin - Bruno DAVID - Bertrand Lefebvre - Rich Mooi

Echinoderm evolution since 1972 and since the Cambrian: Tales
from a dozen IECS, Bruno DAVID - Bertrand Lefebvre - Rich Mooi,

Extinct and extant sand dollars (Clypeasteroida: Echinoidea) from
Uruguay. Rev Biol Trop 53(Suppl 3):1-7, Sergio Martinez - Rich
Mooi, Revista de biologia tropical 01/2006; 53 Suppl 3:1-7.

Biodiversidad de equinoideos: una base de datos amplia e
interactiva, Bruno David - Thérése Choné - Alain Festeau - Rich
Mooi -Chantal De Ridder, Scientia Marina 12/2005; 69(S2).
DOI:10.3989/scimar.2005.69s2201

A new species of Abertella (Echinoidea: Scutellina) from the Gran
Bajo del Gualicho Formation (Late Early Miocene-Early Middle
Miocene), Rio Negro Province, Argentina, SERGIO MARTINEZ -
VALERIA REICHLER - RICH MOOI, Journal of Paleontology 11/2005;
79(6):1229-1233. DOI:10.1666/0022-
3360(2005)079[1229:ANSOAE]2.0.CO;2 - 1.28

Arrays in rays: terminal addition in echinoderms and its
correlation with gene expression, Rich Mooi - Bruno David -
Gregory A Wray, Evolution & Development 11/2005; 7(6):542-55.
DOI:10.1111/j.1525-142X.2005.05058.x

Exceptional crinoid occurrences and associated carbonates of the
Keasey Formation (Early Oligocene) at Mist, Oregon, USA, Casey
Burns - Kathleen A. Campbell - Rich Mooi, Palaeogeography
Palaeoclimatology Palaeoecology 10/2005; 227(1-3-227):210-231.
DOI:10.1016/j.palaeo.2005.04.023 ,

Chapter: Morphology and anatomy, David B. - Chone T. - Mooi R. -
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De Ridder C.. Antarctic echinoidea. Synopses of the Antarctic
benthos, vol. 10, Edited by David B., Chone T., Mooi R., De Ridder
C, 01/2005: chapter Morphology and anatomy: pages 30-48;
Koeltz Scientific Books, K&nigstein.

Chapter: Biology. De Ridder C. - Mooi R. - David B. Antarctic
echinoidea. Synopses of the Antarctic benthos, vol. 10, Edited by
David B., Chone T., Mooi R., De Ridder C, 01/2005:

Chapter Biology: pages 64-69; Koeltz Scientific Books, Kénigstein.,
David B. - Chone T. - Madon-Senez C. - Mooi R. - De Ridder C

Antarctic echinoidea. Synopses of the Antarctic benthos, vol. 10,
Edited by David B., Chone T., Mooi R. & De Ridder C, 01/2005:
chapter Systematics: pages 70-242; Koeltz Scientific Books,
Konigstein.

Biodiversity of Antarctic echinoids: A comprehensive and
interactive database. B. David - T. Choné - A. Festeau - R. Mooi - C.
de Ridder, Scientia Marina 01/2005; 69:201-203. -

Echinothurioid phylogeny and the phylogenetic significance of
Kamptosoma (Echinoidea: Echinodermata), Rich Mooi - Heather
Constable - Susanne Lockhart - John Pearse, Deep Sea Research
Part Il Topical Studies in Oceanography 07/2004; 51(14):1903-
1919. DOI:10.1016/j.dsr2.2004.07.020

Combining embryology and paleontology: Origins of the anterior-
posterior axis in echinoids, Thomas Saucéde - Rich Mooi - Bruno
David, Comptes Rendus Palevol 10/2003; 2(6):399-412.
DOI:10.1016/j.crpv.2003.09.017

Are homalozoans echinoderms? An answer from extraxial-axial
theory, Bruno David - Bertrand Lefebvre - Rich Mooi - Ronald
Parsley, Paleobiology 12/2000; 26(4):529-555. DOI:10.1666/0094-
8373(2000)026<0529:AHEAAF>2.0.CO;2

A new species of Leoida (Clypeasteroida: Echinoidea) from the
neogene of Venezuela and its importance in the phylogeny of
mellitid sand dollars. J Paleontol, RICH MOOI - DAWN PETERSON,
Journal of Paleontology 11/2000; 74(6):1083-1092.
DOI:10.1666/0022-3360(2000)074<1083:ANSOLC>2.0.CO;2

What a New Model of Skeletal Homologies Tells Us About
Asteroid Evolution, R. Mooi, Integrative and Comparative Biology
06/2000; 40(3):326-339. DOI:10.1093/icb/40.3.326

Evolution of Starfishes: Morphology, Molecules, Development,
and Paleobiology. Introduction to the Symposium, Daniel B. Blake
- Daniel A. Janies - Rich Mooi, American Zoologist 06/2000;
40(3):311-315. DOI:10.1093/icb/40.3.311

What a New Model of Skeletal Homologies Tells Us About
Asteroid Evolutionl, Rich Mooi - Bruno David, American Zoologist
06/2000; 40(3):326-339. DOI:10.1668/0003-
1569(2000)040[0326:WANMOS]2.0.CO;2

Phylogenetic systematics of tertiary monophorasterid sand dollars
(Clypeasteroida: Echinoidea) from South America. J Paleontol,
Rich Mooi - Sergio Mart Nez - SARA G. PARMA, Journal of
Paleontology 03/2000; 74(2):263-281. DOI:10.1666/0022-
3360(2000)074<0263:PSOTMS>2.0.CO;2

A new species of subantarctic Plexechinus and its phylogenetic
position within the Holasteroida (Echinodermata: Echinoidea),

Bruno David - Rich Mooi, Polar Biology 02/2000; 23(3):166-172.
DOI:10.1007/s003000050023

Three new species of bathyal cidaroids (echinodermata:
echinoidea) from the antarctic region, R. Mooi - B. David - F. Julian
Fell - T. Choné, Proceedings of the Biological Society of
Washington 01/2000; 113(1):224-237.

Contributions of the extraxial-axial theory to understanding the
echinoderms, B. David - R. Mooi, Bulletin de la Societe Geologique
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de France 01/1999; 170(1):91-101.

Phylogenetic taxonomy and the status of Allonautilus Ward and
Saunders, 1997, A. W. Harvey - R. Mooi - T. M. Gosliner, Book
Review:Shapes of Time: The Evolution of Growth and
Development. Kenneth J. McNamara, Rich Mooi, The Quarterly
Review of Biology 12/1998; 73(4). DOI:10.1086/420455

Evolution Within a Bizarre Phylum: Homologies of the First
Echinoderms, Rich Mooi - Bruno David, Integrative and
Comparative Biology 12/1998; 38(6):965-974.
DOI:10.1093/icb/38.6.965

Xyloplax is an asteroid, Daniel Janies - Rich Mooi, Sand Dollars of
the Genus Dendraster (Echinoidea: Clypeasteroida): Phylogenetic
Systematics, Heterochrony, and Distribution of Extant Species,
Rich Mooi, Bulletin of Marine Science -Miami- 08/1997; 61(2):343-
375.

Book Review: Biology of the Invertebrates. Jan A. Pechenik, Rich
Mooi, The Quarterly Review of Biology 03/1997; 72(1).
DOI:10.1086/419694

Podial Particle Picking in Cassidulus caribaearum (Echinodermata:
Echinoidea) and the Phylogeny of Sea Urchin Feeding
Mechanisms, Malcolm Telford - Rich Mooi, Biological Bulletin
10/1996; 191(2):209. DOI:10.2307/1542924 -

Phylogenetic analysis of extreme morphologies: Deep-sea
holasteroid echinoids, R. Mooi - B. David, Journal of Natural
History 06/1996; 30(6):913-953.
DOI:10.1080/00222939600770501

Embryology supports a new theory of skeletal homologies for the
phylum Echinodermata, B. David - R. Mooi, Weight Belts,
Diverticula, and the Phylogeny of the Sand Dollars, Rich Mooi -
Chang-Po Chen, Bulletin of Marine Science -Miami- 12/1995;
58(1):186-195.

Ontogeny and origin of the brooding system in Antarctic urechinid
sea urchins (Echinodermata, Holasteroida), Rich Mooi - Bruno
David, Zoomorphology 05/1993; 113(2):69-78.
DOI:10.1007/BF00403085 ,

Invertebrates, Rich Mooi, Systematic Biology 06/1991;
DOI:10.1093/sysbio/40.2.245

Invertebrates. by Richard C. Brusca; Gary J. Brusca, Rich Mooi,
Systematic Zoology 01/1991; 40(2):245-247.
DOI:10.2307/2992263

More on Human Phylogeny and Linguistic History, Johanna
Nichols - E. O. Wiley - Anthony Comuzzie - Michael Bamshad -
Richard M. Bateman - lves Goddard - Richard T. O'Grady - V. A.
Funk - Rich Mooi - W. John Kress - Peter F. Cannell, Current
Anthropology 06/1990; 31(3). DOI:10.1086/203844 -

A New “Living Fossil” Echinoid (Echinodermata) and the Ecology
and Paleobiology of Caribbean Cassiduloids, Rich Mooi, Bulletin of
Marine Science -Miami- 04/1990; 46(3):688-700.

On Human Phylogeny and Linguistic History: Reply to Comments,
Richard M. Bateman - lves Goddard - Richard T. O'Grady - V. A.
Funk - Rich Mooi - W. John Kress - Peter F. Cannell, Current
Anthropology 04/1990; 31(2). DOI:10.1086/203821

An echinoid that “gives birth”: Morphology and systematics of a
new Antarctic species, Urechinus mortenseni (Echinodermata,
Holasteroida), Bruno David - Rich Mooi, Zoomorphology 02/1990;
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