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ABSTRACT

Portions of a relational data model developed to manage information relevant to

taxonomic names and concepts are described. The core entities of this model include

Agents, References, and Assertions (along with their associated Protonyms). I also

illustrate how these entities can serve as a foundation for taxonomic names and concepts

as integrated with other datasets, such as specimens, observations, geographic

distributions and character matrices. The primary data content source used to populate

and test the data model is derived from a systematic revision of the reef-fish family

Pomacanthidae. An intuitive, feature-rich software application based on Microsoft™

Access® has also been developed in conjunction with this data model.

Eighty-four species among seven genera (Apolemichthys, Centropyge,

Chaetodontoplus, Genicanthus, Holacanthus, Pomacanthus, and Pygoplites) are regarded

as valid within the Pomacanthidae. Three of these genera are further classified among

nine subgenera (nominotypical Centropyge with Paracentropyge and Xiphypops;

nominotypical Holacanthus with Angelichthys; and nominotypical Pomacanthus with

Acanthochaetodon, Arusetta, and Euxiphipops). The generic names Desmoholacanthus,

Plitops, Pomacanthodes, Pomacanthops, and Sumireyakko are treated as ajunior

synonyms ofApolemichthys, Holacanthus, Pomacanthus, Arusetta, and Paracentropyge,

respectively. The species Holacanthus venusta is regarded as belonging to the subgenus

Paracentropyge. The classification ofpomacanthid genera and subgenera is mostly

consistent with a cladogram produced from a parsimony analysis based on 37 characters

(27 informative characters).
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The genus Centropyge Kaup 1860 contains 51 nominal species, of which 32 are

treated as valid. The species are grouped into three subgenera: the nominotypical C.

(Centropyge) with 23 species, C. (Paracentropyge) with three species, and C.

(Xiphypops) with six species. Paradiretmus is treated as junior synonym of Centropyge,

though its single species (P. circularis) is considered unidentifiable to species. The

nominotypical subgenus C. (Centropyge) is divided into six informal species

"complexes," defined by various morphological character combinations.

Eleven examples of probable hybrids within the Pomacanthidae are reviewed; five in

Centropyge; one in Holacanthus, and four in Pomacanthus. An additional four examples

of possible pomacanthid hybrids are described, two in Centropyge and two in

Chaetodontoplus. The nominal species Apolemichthys armitagei represents hybrid forms

between A. trimaculatus and A. xanthurus.
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ABSTRACT

Taxonomic research, as a field of biological sciences, is fundamentally an exercise in

information management. Modem computer technology offers the potential for both

streamlining the taxonomic process, and increasing its accuracy. Effective use of

computer technology to successfully manage taxonomic information is predicated upon

the implementation of data models that accommodate the diverse forms of information

important to taxonomic researchers. Although sophisticated data models have been

developed to manage some information relevant to taxonomic research (e.g., natural

history specimen information; descriptive data relating to morphological and molecular

characters of specimens), similarly robust models for managing information about

taxonomic names and how they are applied to taxonomic concepts, though they exist,

have not attained widespread use and adoption.

Herein I describe portions of a relational data model developed to manage

information relevant to taxonomic names and concepts. The core entities of the described

portions of this model are Agents, References, and Assertions (along with their associated

Protonyms). Agents (people and organizations) in this context refer primarily to

taxonomic authorities. References are broadly defined as date-stamped information

(usually, but not exclusively, in the form of a publication), as documented by the Agents

who serve as the Reference authors. Assertions consist of basic elemental information

about the treatment of taxonomic names by taxonomic authorities, as documented in a

particular Reference. Protonyms are a special subset (subtype) of Assertions, which

constitute original descriptions oftaxonomic names (serving to unite multiple assertions
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pertaining to the same taxonomic name), and are similar in some respects to botanical

Basionyms.

I also illustrate how these core entities can serve as a foundation for taxonomic

names and concepts as integrated with other datasets, such as biological specimens and

observations (and, by extension, geographic distributions and character matrices). The

broadest data content source used to populate and test the data model is derived from a

systematic revision of the reef-fish family Pomacanthidae (marine angelfishes).

Additional datasets used to test the implementation of the data model include specimen

data from the Department ofNatural Sciences, Bishop Museum; nomenclatural data from

The Catalog ofFishes; and nomenclatural and biogeographic data from two published

taxonomic catalogs (insects and terrestrial mollusks in Hawai'i).

An intuitive, feature-rich software application based on Microsoft™ Access® has

also been developed in conjunction with this data model, and will be the topic of a future

article.
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INTRODUCTION

More so than in many other fields of biological research, taxonomy is ultimately

about managing and organizing information. New species descriptions, systematic

revisions, and biogeographic analyses are based on information associated with and

derived from biological specimens. Such information includes details related to the

circumstances of the specimens as they were found to occur in nature (geographic

location, macro- and micro-habitat details, etc.), as well as morphological and

biochemical characters exhibited by those specimens. It also includes the need to track

and index historical literature relating with taxonomic names and concepts, going back

two and a half centuries (Minelli, 2003). Indeed, unlike many other avenues of biological

research (which are usually based on limited data sets obtained from specific experiments

designed to test certain hypotheses), taxonomic researchers must draw from a much

larger and more diverse pool ofdata from a variety of disparate sources. This need can

present a significant information management challenge.

Throughout history (and continuing to the present), most taxonomists have relied on

"manual" systems and techniques to gather, organize, and synthesize the information

necessary to conduct their research (e.g., Winston 1999). Published and unpublished

references cite information contained in other published and unpublished references;

researchers travel (sometimes over great distances) to museums in order to examine

specimens directly; species descriptions are usually formatted and generated on a case-

by-case basis, synthesizing hand-written notes and data sheets into summarized tables,

diagnoses, and descriptions; and distribution patterns of species are compiled manually

from many and varied sources (often without consistent documentation of such sources).
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Few would dispute the observation that taxonomy, as a field, faces greater perils than

it has throughout much of its history (e.g., Lee, 2000; Godfray, 2002; Mims, 2003). An

ever-increasing demand for high-quality taxonomic information is falling on the

shoulders ofan ever-dwindling supply of taxonomists with enough experience and

training to provide such high-quality information. In response to this situation, there have

been an increasing number ofproponents of using computer technology and the internet

to facilitate the taxonomic process in ways never-before possible (e.g., Bisby, 2002;

Gewin, 2002.; Godfray, 2002; Moretzsohn, 2002). While taxonomy is ultimately limited

by a dearth of taxonomic expertise, information technology can improve the efficiency

and consistency of work that is performed by existing taxonomists.

Among the earliest to adopt computer technology to assist in the taxonomic process

were natural history collections utilizing specimen databases. The database application

MUSE (Humphries, 1994) was one of the earliest to attain widespread use. In the years

that followed, a plethora of similar systems followed suit, such as: BIBMASTER (Pando,

2001), BioLink (Shattuck & Fitzsimmons, 2000), BioOffice (BIOGIS Consulting, 2003);

Biota (Colwell, 2002); Biotica (CONABIO, 2003), BRAHMS (Filer, 2001); Vernon

(Vernon Systems, 2003), Herbar (Pando & Anonymous, 2003); KE EMu (KESoftware,

2003), MANTIS (Naskrecki, 2003); MVZ Collections Information Model (Blum, 1996);

SAMPADA (NCBI, 2002); Specify (lBRC, 2003); TAXIS (Bio-Tools.Net, 2003); and

Tracy (Minnigerode, 1998); among others.

While many of these specimen-centric data management systems include (sometimes

extensive) taxonomic components, other computer databases and applications have

focused specifically on taxonomic information (e.g., Linnaeus II [ETI, 2003]; MacTaxon
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[Dessein & Schols, 2003]; PISCES [Eschmeyer, 1995]; Platypus [ABRS, 2003]; SysTax

[Hoppe et aI., 1996; Hoppe & Ludwig, 2003]; Taxon-Object [Saarenmaa, 1995]; etc.).

However, Pullan et al. (2000) point out that many of these taxonomic databases are

designed to accommodate only a single taxonomic "view" or classification scheme,

which imposes serious limitations on the ability to reflect the true dynamic nature of

taxonomic nomenclature, as used to represent taxonomic concepts.

Geoffroy & Berendsohn (2003) provide an excellent description of the "concept

problem" in taxonomy, and I discuss it from a different perspective herein. In summary,

taxonomic names (text character strings, as established according to codes of

nomenclature) have historically been used to represent taxonomic concepts (sets of

individual organisms collectively representing a particular taxon circumscriptions). The

"problem" stems from the imprecise correlation between names and concepts: the same

taxon concept might be represented by more than one available name; and the same taxon

name is often used by different authorities to represent different sets of organisms (i.e.,

different concepts). This historically pervasive disjunction between names and concepts

represents a barrier to modem taxonomic information management.

In recent years, there have been a number of more or less independent efforts to

address the "concept problem" in the context ofdata models and information

management schemes (Anonymous, 2002; Berendsohn, 1995; 1997; Geoffroy &

Berendsohn, 2003; Gradstein et aI., 2001; Koperski et aI., 2000; Le Renard, 2000; Pullan

et aI., 2000; Raguenaud, 2002; Ytow et aI., 2001; Zhong et aI., 1996). Most ofthese

models attempt to define the scope of taxon concepts using either publications or

specimens. Although these alternative approaches have many similarities, the differences
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between them are usually a reflection ofdifferent operational paradigms (e.g., botanical

taxonomy versus zoological taxonomy) or different information priorities. None has yet

risen above the others as the clear path to taxonomic information management

"salvation," and most emphasize that they are preliminary, in development, and/or

subject to future modification.

•
Taxonomer (noun) - a biologist who specializes in the classification of

organisms into groups on the basis of their structure and origin and behavior

- WordNet (2003)

The data model described herein is the culmination of nearly fifteen years of

development, which began as an effort to manage specimen data for the RP. Bishop

Museum (BPBM) ichthyological collection. The taxonomic component of the model

arose from an attempt to integrate an electronic version of the Catalog ofthe Genera of

Recent Fishes (Eschmeyer, 1990), and later The Catalog ofFishes (Eschmeyer, 1998) as

a taxonomic authority for the BPBM fish specimen database. As the system expanded

over the years, it grew to encompass other specimen collections at BPBM (Botany,

Entomology, Malacology, Vertebrates, Marine Invertebrates) and took on the more

generalized purpose ofmanaging a wide range of information associated with taxonomic

research activities, broadly including "agents" (people and organizations), publications

and other reference citations, taxonomic names and concepts, specimens (and their

associated morphological character data), observations, images, geographic place names

and descriptions, and an assortment ofother related data sets. In addition to the BPBM

specimen databases and The Catalog ofFishes, the model was tested for its ability to
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accommodate historical taxonomic data using three separate data-sets. The first is a broad

and comprehensive (i.e., spanning the full suite of taxonomic information management

needs) set of data concerning the taxonomic revision of the marine fish family

Pomacanthidae. The second is an exhaustive catalog of insect taxonomy for the Hawaiian

Islands, cross-referenced to an extensive bibliography (Nishida, 2002). The third is a

taxonomic catalog of terrestrial and freshwater mollusks of the Hawaiian Islands (Cowie

et aI., 1995). A wide array of other taxonomic and related data from various sources have

been used to test the effectiveness of the model for managing diverse taxonomic data

management needs.

The data model was also influenced by personal communication with Stanley D.

Blum (currently of the California Academy of Sciences), and by the MVZ Collections

Information Model (Blum, 1996). Unless otherwise stated, the structure of the model was

developed independently of other data models with analogous functions, and similarities

to other such models are, in almost all cases, convergences of design. This point is

emphasized only to suggest that when independent data model developers converge on

similar structures, it may reveal fundamentally optimal solutions to common information

management needs.

A feature-rich user-interface application was developed concurrently with the data

model, using Microsoft™ Access® software (versions 1.0-9.0). The complete system

(data model and application) bears the name "Taxonomer," though this article describes

only the taxonomic components of the data model. A full description of the complete

application will be the subject of a future article.

8



The data model presented here (hereinafter referred to as the Taxonomer data model)

is not intended as a proposed standard for broader adoption. Rather, it is a detailed

description ofmy own approach to solving taxonomic data management needs, with the

hope that some of the ideas and perspectives presented herein will be ofuse to others who

are engaged in similar endeavors.

SYSTEM AND METHODS

The IMPLEMENTATION section below is divided into four sections, the first three

of which describe the three major data components (Agents, References and Taxa), and

the fourth section describes how certain other components of the full Taxonomer data

model interface with these three components. Each of the first three sections is further

subdivided into three subsections: an introductory preamble (describing the general

context of the section), individual Table Descriptions (describing each table and fields),

and Limitations (acknowledged limitations or aspects of the data not accommodated by

the described model). Each Table Description section highlights a major table and its

associated dependant tables and relationships. Table names are formatted in bold, with

the "tbl_" prefix included. More general references to the entity represented by the table

are similarly in bold, but lack the "tbe" prefix. Individual attribute (field) names, when

referred to in the text, are shown in italics.

The key to the meaning of elements in various figure diagrams ofphysical data

models is shown in Figure 1.1. The "core" table for each major component (i.e., the table

to which foreign keys of tables in other major components join) are shown in blue, and

supporting tables are shown in white. The top line in each table box is the table name.

Four categories of attributes are distinguished:

9



• Unique Keys. The attributes in the this section of each table box represent the

uniquely-identifying key fields for each table. All tables have a surrogate Primary

Key, which by convention takes the name of the table (minus the "tbl_" prefix), with

the addition of an "ID" suffix (indicated in bold in the diagrams, with a "P"

indicator). In my implementation, these surrogate keys are almost always long

integers, with automatically-assigned random/arbitrary values (i.e., with no inherent

information content). In cases where a table is limited to a relatively small, finite

number «255) of instances of defined values, often with an inherent sort order, the

surrogate primary key is of type "Byte," and values are assigned according to the

appropriate sort sequence (when applicable). This departure was made to allow

improved performance of certain queries, and to simplify coding in the Taxonomer

application. Also, each table is populated with a single special record having a

surrogate key ID value of 0 (zero), that serves as an "Unspecified" indicator. This

place-holder record is provided in each table to allow enforcement of non-null rules

for Foreign Keys (i.e., when a Foreign Key would otherwise be left un-populated, it is

instead populated with a value of zero, serving the equivalent informational content

of "unspecified value"). In addition to the surrogate keys, when "natural"

(information-bearing) keys exist for a table (either as a single attribute, or composite

set of attributes), they are similarly listed in this section. In many cases, individual

attributes that form part of a composite natural key also represent Foreign Keys to

other tables.

• Foreign Keys. This section includes all Foreign Key attributes (except those that

constitute part of a composite natural key, as described above). These serve as the
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linking field to the surrogate Primary Key ofanother table. They are shown in Red

Bold text, and include an "F" indicator.

P byt

F In

P log

Recursive
Relationship

P byt

tbl_SubType2
Unique Keys --------i

SUl'l'OpteKeyID
etc...

tbl_Table2
Unique Keys --------i

urrogateKeyID
Foreign Keys -----I

rei n f ID
etc...

Supporting Data Table

tbl_SupportingTable
- Unique Keys --------i
SOrrog&teKeyID P Ing
etc...

Subtype Relationship
L,-L-~

Ping

Pbyt

DefincdValUCli:
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I-V ueB
2=oValueC
JzaValueD

ExampleVlI1ues: tbl_SuperType
Example1 Unique Keys ------I
lixamplc2 SUl'I'OpteKeyID
EJclllllple3
Example4 Foreign Keys -----I
dc... ForeignKeylD F Ing
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Unique Keys -------1
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etc...
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- Unique~ -------1
SDrropteKeyID P ...
clc .••

Core Data Table

tbl_Tablel
Unique Keys ------I
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Attribute Types

tbl TableName
I-- Unique Keys
SUrroglIteKeylD P Ing
NaturalKeyAttribute1 Ing
NaturalKeyAttribute2 txt

__ Foreign Keys

ForeignKeylID Flog
ForeignKey21D F Ing

- Non-Key Attributes
BooleanAttribute bool
ByteNumericAttribute byt
IntegerAttribute int
LongIntegerAttribute Ing
SinglePrecisionNumber sng
DoublePrecisionNumber dbl
DateAttribute date
FixedTextAttribute txt
UnlimitedTextAttribute mem

I-- Cheat Fields
CheatFieldl txt
CheatField2 lru!:

Relationship Types

+ Exactly One

---f3 Zero or One* One or Afore

~ Zero, One or Afore

Figure 1.1. Key to physical data model diagrams.

• Non-Key Attributes. These are actual data-bearing Attributes, not representing

foreign keys to other tables.

• Cheat Fields. These are "artificial" system fields created solely for the purpose of

enhancing multi-record processing performance. They are non-data-bearing in the

sense that they only contain derived data (i.e., derived from other fields in the

containing table or in linked tables). These can be completely eliminated from the
11



model without resulting in any loss in information content, and are thus not correctly

represented as "attributes." Users never have editing access to these fields - they are

maintained entirely by software code, and are only exposed to users indirectly to

enhance the performance of query/search/sort activities. The fields in this category

are so designated by a "Cheat" prefix in their names. Although they have no bearing

on the information model, they are described herein to illustrate how application

performance costs associated with highly normalized data structures can be mitigated

through their judicious implementation.

The right-hand column in each of the table boxes indicates the data type for each

attribute. The data type codes are listed in Table 1.1 along with their corresponding data

types as they exist in the Microsoft© Access® application. Approximate corresponding

data types for Microsoft™ SQLServer are also shown, along with the size and value

domains for each (based on Microsoft™ Access®).

Table 1.1. Key to data types used in physical model diagrams.
Data Microsoft™ Microsoft™
Type Access® SQLServer® Size Domain (Microsoft™ Access®)

booI Yes/No bit 1 bit oor-1
byt Number (Byte) tinyint 1 byte oto 255
int Number (Integer) smallint 2 bytes -32,768 to 32,767
lng Number (Long Integer) int 4 bytes -2,147,483,648 to 2,147,483,647
sgl Number (Single) real 4 bytes 7-decimal precision
dbl Number (Double) float 8 bytes IS-decimal precision
date Date/Time datetime 8 bytes Year 100 to 9999
txt Text varchar 0-255 bytes <=255 characters

mem Memo text 0-64KB <= 64,000 characters

Whenever possible, lines representing relationships Goins) between tables are drawn

in such a way that they connect directly to the attributes that participate in the

relationship. Two consistent exceptions to this is for recursive (self) relationships and

Supertype-Subtype relations. In cases ofthe former, the connection point for the "many"
12



side of the relationship is generally aligned with the appropriate field, but the "one" side

connects to the top of the table box, with the implication that it joins to the surrogate

Primary Key. Supertype-Subtype relationships are indicated with a half-circle symbol. A

cross inside the half-circle indicates that Subtypes are mutually-exclusive. In most cases,

both sides of Supertype-Subtype relationships connect to the top or bottom ofthe table

box, with the implied connection being between the surrogate Primary Keys of tables on

both sides ofthe join (i.e., "one-to-one"). In other cases where lines could not be aligned

with associated attributes, the attributes involved with the relationships are usually

evident (i.e., to the surrogate Primary Key). In a few cases, the lines connect directly

between the top of one table box and the bottom ofanother (e.g., between tbl_Thesaurus

and tbl_Glossary, and between tbl_Reference and tbl_ReferenceBibliography, as

shown in Figure 1.4.)

Four different symbols are used to indicate the nature of each table join, as shown in

the lower-left comer of Figure 1.1. A simple perpendicular line indicates that exactly one

record in the corresponding table participates in the join. A perpendicular line with a

circle indicates that one or zero records may participate in the join. A perpendicular line

with a "crow's foot" (three angled lines) indicates that one or more records must

participate in the join. Finally, a perpendicular line with both a circle and a "crow's foot"

indicates that zero, one, or many records in the corresponding table may participate in the

join. One example of a "one-to-many" join is included in Figure 1.1, but joins may

include any combination of the four symbols. It is important to note that, in many cases

where the join to a Foreign Key attribute is shown with a circle (i.e., allowing for zero

linked records), an actual value of 0 (zero; equivalent to "Unspecified" as described
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above) is entered into the Foreign Key field when it would otherwise be Null, thus

allowing enforcement of non-null values in Foreign Keys. This practice is implemented

both to enhance output query performance, and to utilize referential integrity rules built

into Microsoft™ Access® application software. Thus, although these joins should

technically be represented without the circle symbol (implying the requirement for at

least one entry, even ifit is the "Unspecified" place-holder zero value) to reflect the

actual implemented procedure and business rules, they are shown with a circle because

conceptually there is no requirement for a joining instance.

For the fields with only a few defined domain values, those values are usually listed

in blue text beneath or adjacent to the corresponding table box, with there numeric

equivalences to text-string values. In other cases, where there may be a limited number of

values within the domain of a field, but where they are not universally known and

defined, a similar list in blue text is provided, except without defined numeric

equivalencies. In most cases, such "example" lists include "etc ... " at the bottom.

Other comments (e.g., business rules) are added to the diagrams for various

relationships, to enhance clarity. The Taxonomer application makes extensive use of

business rules and other data integrity enforcement procedures. Although some of these

are described herein (either in the text, or as annotations on the diagrams), the majority

are not. The emphasis of this article is to describe the individual data elements, the basic

structure of how those elements are arranged in tables, and how tables are joined via

relationships. A complete list of business rules and other referential integrity procedures

will be included in the forthcoming article describing the Taxonomer application.
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IMPLEMENTATION

The descriptions herein focus on those components associated with taxonomic

information management. This restriction was followed because these are the most well-

developed components of the full model; because these components are more in keeping

with the scope of this journal; and, perhaps most of all, because these components

address an area of biological informatics that is just now coming to the forefront of active

development across a broad international community. Nevertheless, to provide a broader

contextual placement of the described components, a highly simplified conceptual

schema of a more complete version of the full model is illustrated in Figure 1.2.

Photo
graphers

Images

Image
Content

Characters

Collectors Authors

Figure 1.2. Conceptual overview ofthe core Taxonomer data model (excludes specimen
transaction management and population assessment components). Areas highlighted
in dark gray constitute the primary focus of this article, and areas shaded in light gray
are discussed in terms of how they interface with the primary components.
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AGENTS

The physical model for Agent data is represented in Figure 1.3. The term "Agent"

(synonymous with "Party," as used by Taswell & Peet, 2000, and others) applies to an

individual human (Person), or an organized group of humans (Organization).

AgentAssociation instances may be established between any combination of a Person,

and/or an Organization, and/or an Address. A minimum oftwo ofthese three values

must be included for any single instance ofAgentAssociation (i.e., no "association" can

be made within only one of these three). For each AgentAssociation, there may be zero

to many EContacts (e.g., telephone and fax numbers, telex, email addresses, websites,

etc.). For convenience, each Agent is indicated by a default AgentAssociation instance,

to select one of potentially several AgentAssociation instances as representing the set of

preferred contact details.

Every Agent instance is assigned a ValidAgentID corresponding to the particular

"alias" ofthe agent that is currently regarded as valid. If ValidAgentID=AgentID for a

particular instance, then that specific instance represents the "most correct" variation of

that Agent. If ValidAgentID:fAgentID, then the current Agent instance is regarded as a

"junior alias" of the record indicated by the value of ValidAgentID. In all cases, the value

in ValidAgentID must be drawn from the set of "valid" Agent instances (i.e., where

ValidAgentID=AgentID). The ValidAgentID field may not contain a Null value. The

ValidAgentID system is primarily intended to map people or organizations who have used

different names over the course oftheir lives (e.g., maiden name and married name,

organization renaming, etc.), however it is also used to record different variations of the
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Figure 1.3. Agent physical data model.
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same name for a single Agent (e.g., when a person serves as the role of

ReferenceAuthor to different publications using different sets of given-name initials, or

different styles ofthe same multi-part last name, or different translations of the same

name in different languages, etc.). It is important to clarify that instances within this table

do not necessarily represent a single "Agent" (Person or Organization), but actually

represent various NAMES that have been applied to individual Agents. Unique Agents

can be quickly identified as those instances where ValidAgentID=AgentID. This logic

cascades to apply to Organization and Person subtypes.

Every instance ofAgent is assigned an AgentTypeID value that corresponds to an

existing instance of the tbl_AgentType table, indicating which Subtype the Agent

represents. This data model currently allows only two AgentType values - Person and

Organization - but additional AgentType values may be defined in the future (e.g.,

"Team," which would represent a set of multiple Agents who do not collectively

constitute an Organization). In addition to the zero-ID "Unspecified" instance in

tbl_Agent, there is also a more specific "Unspecified" instance for each Subtype (i.e.,

"Unspecified Person" and "Unspecified Organization"). Hence, there is at least one

instance oftbl_Agent for each AgentType (as indicated in Figure 1.3).

The DefAgentAssociationID Foreign Key is provided to select one ofpotentially

several different AgentAssociation instances as the "default" instance, from which to

derive primary contact details (see description oftbl_AgentAssociation below).

An Agent is flagged as Ambiguous if the instance does not represent a specific,

identified individual Person or Organization, but rather a generic Person or

Organization (e.g., "local fisherman," "fish market," etc.).
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Each Agent has a BirthDate (or the founding date of an organization), and a

DeathDate (or the tennination date of an organization). These values are useful for

distinguishing different Agents with similar or identical names.

CheatFullAgentName is used store a text string representing a consistently

fonnatted name ofthe Agent, for faster display in output queries. The fonnat for Agent

instances of type Person is: "FamilyName, GivenName, Suffix (Prefix}." The fonnat for

instances oftype Organization is: "[ParentjOrganizationName; OrganizationName" (all

levels ofparent Organization names are included, representing the complete

organizational hierarchy).

tbl_Organization

Organizations represent one ofthe defined subtypes ofAgents. Conceptually, an

Organization is a place-holder for the collection of individual persons who fonn the

Organization (i.e., an "organization of people"). Infonnal sets of multiple individual

persons (e.g., a set of authors for a particular reference, or a set of collectors for a

particular specimen) generally do not constitute an Organization; rather, Organizations

exist as a collection of people independently of who those particular people are at any

given point in time.

Organizations can be nested hierarchically, such that any Organization might be a

subset of a "Parent" Organization, as indicated by ParentOrganizationID. Because in

this implementation of the model, no fonn of systematic "Rank" is applied to individual

Organizations (e.g., "Department," "Division," "Working Group," etc.), code must be

used to enforce the business rule that no organization can be its own parent, and no chain

of multiple Organization-[parent]Organization links can be circular.
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Organizations often have an Abbreviation (sometimes thought ofas an acronym)

and an OrganizationName, which are the text-strings used to represent the organization.

An organization can be semi-objectively classified according to its GeoScope, using pre-

defined values ranging from "Local" to "International" (allowing also for "Unspecified").

CheatFullOrganizationName is used differently from CheatFullAgentName;

whereas the latter provides the full hierarchical-context name of the specific

Organization in a format suitable for direct output; the former contains embedded

OrganizationID values, used for parsing in certain kinds of output queries and drop-down

lists. A semicolon is used as the delimiter (and also as leading and trailing characters),

with alternating values of OrganizationID and OrganizationName for the entire hierarchy:

";ParentOrganizationID;ParentOrganizationName; ... ;OrganizationID;Organization

Name";

tbl Person

The other defined subtype of Agent is Person. As explained earlier, each unique

Person may be represented by multiple instances in this entity - one for each different

"alias" or name variation. However, the unique individual Persons can be easily

identified by filtering on cases where PersonID is equal to the corresponding

ValidAgentID in tbl_Agent (this applies equally to Organizations).

The core fields of this table primarily involve different elements of a Person's name:

Prefix, GivenName, FamilyName, and SuffIX. Prefix and Suffix are straightforward, with

examples given in the diagram. GivenName includes all elements of a person's given

name, with each element separated by a space. FamilyName includes all elements of a

person's family name (i.e., including "de," "van der," etc.). PrimaryGivenName is a byte
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level integer (i.e., "tinyint") representing which sequential name element of a multi-part

GivenName is used as the primary given name. For example, for the name "John Edward

Smith," the GivenName would be entered as "John Edward" (with a space delimiting the

two given names). A PrimaryGivenName value of 1 would indicate that the name is

formatted typically as "John E. Smith," and a value of2 would indicate "J. Edward

Smith." A PrimaryGivenName value of 0 indicates an unspecified primary given name.

Gender indicates whether the person is Female (2), Male (1), or unspecified (0).

tbI_AgentAssociation

The primary function of this table is to track associations between Organizations

and individual Persons. In most cases, this table simply serves to establish a many-to

many relationship between people and organizations; but the function is more complex

than this, because this table also serves the purpose of connecting an Association with an

instance of the tbI_Address table. Consequently, either of the Foreign Key fields

PersonID or OrganizationID (but not both) can contain a zero (~null; see discussion

above) value, but only ifAddressID for that instance is non-zero (::::non-null). Such an

instance would allow for linking an Address directly to either an Organization or a

Person, without the need to establish an Association between an Organization and a

Person (e.g., a Person's home address, or an Organization's general address). Ifboth

PersonID and OrganizationID are non-zero (~non-null) for a given AgentAssociation,

then AddressID may be zero (~null) for that instance (but doesn't have to be).

The AgentRole for each instance of tbI_AgentAssociation is intended to represent

the role played by the Person at the associated Organization. Examples are given in blue

text in the diagram.
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Each AgentAssociation has a StartDate and an EndDate to establish the window of

time in which the AgentAssociation existed.

In principle, no instance should exist in the tbl_Address entity, unless it exists in at

least one instance ofAgentAssociation. Thus, the former is a "dependent" entity of sorts,

even though it serves on the "one" side ofa one-to-many relationship. The individual

attributes oftbl_Address do not need elaboration, except perhaps for FmtAddress, which

contains a fully-formatted mailing address to be entered or modified by the user. Usually,

this field is automatically generated - derived from the other fields in this table - but it is

not treated as a "Cheat" field because the user is allowed to over-ride the auto-formatting,

to meet some particular address formatting situation. This should be regarded as an

optional, application-defined field, rather than a core field.

Whereas only one Address can be linked to any particular AgentAssociation, there

can be many instances of the tbl_EContact table linked to a given AgentAssociation.

The concept ofEContacts represents any sort of electronic contact number or text string,

such as various telephone and fax numbers, email addresses, web URLs, etc. The type of

EContact is indicated by the EContactType field, examples of which are given in blue

text in the diagram.

Limitations

• AgentAssociations cannot be made directly between one Person and another

Person, or between one Organization and another Organization, except for the

special case of "Aliases" (by way ofthe ValidAgentID recursive Foreign Key in tbl-

_Agent), and of an Organization linking directly to a "parent" Organization. Such

associations (e.g., between husband and wife, or between two organizations joined by
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an MOD or other agreement) are considered to be outside the scope ofthis data

model. Additional tables could easily be appended to this model to track such

associations. To accommodate such relationships within the current context, one

could re-define the OrganizationID and PersonID Foreign Keys of

tbl_AgentAssociation to be AgentID and AssociatedAgentID (without restriction of

which Subtype each is drawn from), but it would need to accommodate tracking

directionality of such a relationship (perhaps in place ofAgentRole).

• EContacts can only be linked directly to a Person or Organization (without the

context of the other), if an AddressID has been provided for that Person or

Organization. This limitation stems from the fact that tbl_EContact links to an

instance of tbl_AgentAssociation, and the latter can exist only if a minimum of two

of the three attributes PersonID, OrganizationID, and AddressID have been populated

with non-zero values. Relaxing this requirement ofhaving a minimum two out of

three populated foreign keys in tbl_AgentAssociation, to the more liberal rule of

either PersonID or OrganizationID being populated (regardless ofAddressID), would

remove this limitation.

• Although additional AgentTypes can be defined (e.g., "Team"), they would need to

be established in such a way that links to tbl_AgentAssociation are maintained

logically. For example, if the third AgentType "Team" were established, then the

OrganizationID foreign key oftbl_AgentAssociation might be redefined as

"TeamOrganizationID" , indicating that it may be populated either with an

OrganizationID or a TeamID.
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REFERENCES

The physical model for Reference data is represented in Figure 1.4. Whereas a

"Reference" is most often thought ofprimarily in the context of a publication, the

concept is here defined more broadly, in a way best described as a "Date-stamped

instance of Agent(s)." All References must have as their source one or more Agents

(ReferenceAuthors), and each instance of a Reference represents a statement of

documented information by those Agents at a particular moment in time. Another way of

expressing this is that a Reference may be created whenever any set ofone or more

Agents establishes or asserts some informational content (statement) at a certain point in

time. All publications fall within this definition of "Reference," because all publications

are drafted at the hand of one or more Agents (even if the Agent can only be identified as

"Anonymous" or "Unspecified"), and are published at a particular point in time. Besides

publications, however, there are other ways in which a set of one or more Agents may

assert statements at a certain point in time. Familiar examples of unpublished References

would include correspondence and other forms of personal communications (usually

documented in the form of a letter, memo, or other printed but unpublished

documentation), and specimen determinations (usually documented in the form of

specimen labels or identification tags). All other attributes ofReference deal mainly with

elements of information that identify the documentation and citation details about the

Reference voucher, indexing by ReferenceKeywords, and cross-referencing References

via the ReferenceBibliography.
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Figure 1.4. Reference physical data model.
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tbl Reference

The basic structure oftbl Reference emulates the structure of EndNote® Version 7

bibliographic software (Anonymous, 2003), which has, to some extent, become an

industry standard within academia. This structure was chosen to allow relatively easy

transfer ofReference data between EndNote® 7 application software and the Taxonomer

database application. Several aspects of this model expand upon the basic EndNote® 7

structure, primarily with regard to breaking certain data elements out into separate linked

tables, but also in the form of extended data recording capabilities. These differences are

discussed in their relevant context below.

References may contain other References in a hierarchical fashion. A familiar

example would be a book compiled by one set of Agents (i.e., editors), which contains

chapters authored by different sets of Agents. For the purposes of this data model, a more

abstract and less traditional example is the 'Sub-Reference', which allows for the

designation of less discretely defined portions ofa reference to have different set of

authors, or more precise page numbers or dates than the containing "parent" Reference.

This capability is especially important for distinguishing text constituting original

descriptions of taxonomic names from the containing Reference, in cases where the

authorship of the taxon name is not identical to the authorship of the containing

Reference (see "Taxa" section below for more elaboration). The hierarchy of

References, when it exists, is tracked by the recursive ParentReferenceID linkage. As

with Organizations, no Reference can be its own parent, and no multiple chain of

Reference~[Parent]Referencecan be circular.
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Table 1.2. Reference Types and their use of data fields. Modified from EndNote® 7 template (Anonymous, 2003 :366-371), reprinted with permission from

Thomson lSI ResearchSoft. Shaded rows are not included in EndNote® 7 and are corres ond to the three "unused" es available in EndNote® 7.
m

Generic Year Title Seconda Title Published Publisher Volume Volumes Number Pa es
1 Journal Article Year Title - - - Volume - Issue Pages
2 Book Year Title Series Title City Publisher Volume No. Vols. Number Pages
3 Book Section Year Title Book Title City Publisher Volume No. Vols. Number Pages
4 Manuscript Year Title Collection Title City - - - Number Pages
5 Edited Book Year Title Series Title City Publisher Volume No. Vols. Number Pages
6 Magazine Article Year Title - - - Volume - Issue Pages
7 Newspaper Article Year Title - City - - - - Pages
8 Conference Proceedings Year Title Conf. Name Conf. Loc. Publisher Volume No. Vols. - Pages
9 Thesis Year Title Academic Dept. City University - - - Pages
10 Report Year Title - City Institution - - - Pages
11 Personal Communication Year Title - City Publisher
12 Computer Program Year Title - City Publisher Version

N I 13 Electronic Source Year Title Publisher Access Year......:J - - Extent Acc. Date
14 Audiovisual Material Year Title Collection Title City Publisher - - Number
15 Film or Broadcast Year Title Series Title City Distributor - - - Length
16 Artwork Year Title - City Publisher
17 Map Year Title - City Publisher - - - Scale
18 Patent Year Title Published Source Country Assignee Volume No. Vols. Issue Pages
19 Hearing Year Title Committee City Publisher - - Doc. No. Pages
20 Bill Year Title Code - - Code Volume - Bill No. Pages
21 Statute Year Title Code - - Code Number - Law No. 1st Pg.
22 Case Year Title - - Court Reporter Vol.
23 Figure Year Title Source Program
24 Chart or Table Year Title Source Program
25 Eauation Year Title Source Program



Table 1.2. (Continued) Reference Types and their use of data fields.

In Tertiary Type of Short Alternate ISBN
0 Generic Section Title Edition Date Work Title Title ISSN Figures
1 Journal Article - - - Date - Short Title Alt. Jour. - Figures
2 Book - - Edition Date - Short Title - ISBN Figures
3 Book Section - Ser. Title Edition Date - Short Title - ISBN Figures
4 Manuscript - - Edition Date Type Work Short Title - - Figures
5 Edited Book - - Edition Date - Short Title - ISBN Figures
6 Magazine Article - - - Date - Short Title - - Figures
7 Newspaper Article Section - Edition Date Type Art. Short Title - - Figures
8 Conference Proceedings - Ser. Title Edition Date - Short Title - ISBN Figures
9 Thesis - - - Date Thesis Type Short Title - - Figures
10 Report - - - Date Type Work Short Title - Rpt. No. Figures
11 Personal Communication - - - Date Type Work Short Title
12 Computer Program - - m Date Type Work Short Title

N 113 Electronic Source Edition Date Medium Short Title00 - -
14 Audiovisual Material - - - Date Type Work Short Title
15 Film or Broadcast - - - Date Medium Short Title - ISBN
16 Artwork - - - Date Type Work Short Title
17 Map - - Edition Date Type Work Short Title
18 Patent - - - Date - Short Title - Pat. No. Figures
19 Hearing - Leg. Body Session Date - Short Title
20 Bill Section Leg. Body Session Date - Short Title
21 Statute Section - Session Date - Short Title
22 Case - - - Date - Abb. Case
23 Figure - - - Date
24 Chart or Table - - - Date
25 Eauation - - - Date



Every Reference is classified according to its RejerenceTypeID, which is drawn

from the tbl_ReferenceType table. The existing values ofRejerenceTypeID and their

corresponding text values ofRejerenceType are shown in the first two (bold) columns of

Table 1.2. The first 26 rows of Table 1.2 (corresponding to ID values 0-25) directly

emulate the reference types defined in EndNote® 7. The last three (shaded) rows (which

could potentially correspond to the three "unused" reference types of EndNote® 7) are

defined in the context of the Taxonomer data model as 'Book Series', 'Determination'

and 'Sub-Reference'. The 'Book Series' RejerenceType was added to accommodate

citations of entire series, rather than individual volumes in a series. 'Determination' was

added to accommodate the special group of unpublished References that represent

taxonomic identifications of specimens. The 'Sub-Reference' RejerenceType is intended

to represent a portion of another, encompassing Reference (excluding cases that can be

assigned to the 'Book Section' RejerenceType), primarily to accommodate assigning

appropriate authorship to taxon names (when such authorship differs from the

encompassing Reference - see discussion above, and below in the "Taxa" section).

The top row of Table 1.2 (RejerenceTypeID=O; RejerenceType='Generic')

correspond to the generic fields as used in EndNote® 7 to store reference data (with a few

exceptions, described below). These columns correspond to most ofthe Non-Key

Attributes shown in Figure 1.4 for tbl_Reference and tbl_ReferenceType. Table 1.2

serves as a matrix to indicate how each of these non-key attributes of tbl_Reference are

used to store information, according to the value ofRejerenceTypeID for each instance.

For example, ifRejerenceTypeID=1 ('Journal Article'), then the Year, Title, Volume,

Number, Pages, Date, etc. fields of tbl_Reference for that instance are used for storing
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data as indicated in Table 1.2; and the other fields (i.e., those represented by a '-' in Table

1.2) are not used for that particular tbl_Reference instance. The corresponding attributes

in tbl_ReferenceType are intended to store metadata used by the Taxonomer software

application, and will not be described here, except to explain that they were given the

same attribute names in order to simplify coding of the Taxonomer application. More

information on the specific use and purpose of the various attributes included in Table 1.2

can be obtained from Anonymous, 2003.

The last column in Table 1.2 ('Figures') does not exist in EndNote® 7, and is here

assumed to occupy the 'Custom l' field provided in EndNote® 7. This attribute of

tbl_Reference is intended to allow documentation of figures and plates, which may be

important for taxonomic purposes.

Conversely, several additional fields used by EndNote® 7 are not included in Table

1.2. Four of these ('Author', 'Secondary Author', 'Tertiary Author' and 'Subsidiary

Author') are accommodated by tbl_ReferenceAuthor, as described below. EndNote® 7

allows for 6 'Custom' fields; the first of which is used for Figures as described above,

and two additional 'Custom' fields are used by Taxonomer for the tbl_Reference

attributes EarliestDate and LatestDate. These two date fields are used by Taxonomer to

establish the narrowest possible range in time when the Reference was published

(whereas the Date attribute allows for a text description of when the Reference was

published). The other three 'Custom' fields in EndNote® 7 are as yet unassigned in the

Taxonomer model, but could potentially be used to store values of the Foreign Key

attributes ParentReferenceID, ReferenceSeriesID, and LanguageID, if those values need

to be preserved during a data export to EndNote® 7.
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The 'Accession Number', 'Call Number', and 'Label' fields in EndNote® 7 are

accommodated by the tbl_CodeNumber and tbl_CodeNumberSeries portions of the

Taxonomer data model. Similarly, the 'Abstract' and 'Notes' fields are accommodated by

tbl_Excerpt and tbl_Comment. All four of these tables are described in the "General

Data Management" section later in this article. 'Keywords' of EndNote® 7 are linked to

tbl_Reference from tbl_Glossary via tbl_ReferenceKeyword (as described below).

'Author Address' is accommodated by tbl_AgentAssociation and related tables,

described earlier in the "Agents" section; and "Image" and "Caption" of EndNote® 7 are

dealt with in a different part of the Taxonomer model, not described herein. The 'URL'

field ofEndNote® 7 is directly mapped to the URL attribute oftbl_Reference.1t is not

included in Table 1.2 (and not among the attributes oftbl_ReferenceType) because its

purpose is the same regardless of the value ofReferenceTypeID: to store a standard

internet URL address, when one is available.Two additional boolean attributes of

tbl_ReferenceType - IsPublished and IsParent - are used by the Taxonomer application

to indicate which ReferenceTypes are published, and which can serve as a "parent"

Reference to another Reference (respectively).

Two additional Foreign Key attributes oftbl_Reference remain to be described.

Depending on which RejerenceTypeID is selected for the particular Reference instance,

there may be a link to the tbl_ReferenceSeries via the RejerenceSeriesID Foreign Key.

The reference types that can be linked to a ReferenceSeries include 'Generic', 'Book',

'Book Section', 'Conference Proceedings', 'Edited Book', 'Journal', 'Magazine Article',

and 'Newspaper Article'. Attributes oftbl_ReferenceSeries are indicated in Figure 1.4,

and are not as yet rigidly defined. The use of tbl_ReferenceSeries leads to several of the

31



deviations from standard EndNote® 7 field usage, compared with what is presented in

Table 1.2 (i.e., EndNote® 7 uses the 'Secondary Title' field to store the same information

as the tbl ReferenceSeries link provides in Taxonomer).

Finally, each Reference instance may be associated with the tbl_Language table,

via the LanguageID Foreign Key, to indicate which language the Reference was

primarily written in.

There are three "Cheat" fields within tbl_Reference: CheatAuthors,

CheatFullAuthors, and CheatCitation. CheatAuthors is used to store formatted single-

and dual-author FamilyNames, or first-author FamilyName plus "et. al" for multi-

authored References. CheatFullAuthors is used to store formatted author names as they

generally appear in bibliographies - FamilyName and initials of GivenNames for each

individual author. CheatCitation is a concatenation of CheatAuthors and Year field. All

three of these "Cheat" fields are used to enhance output performance.

tbl ReferenceAuthor

Every Reference instance must be linked to one or more Agent(s) representing the

author(s) of the Reference, via the tbl_ReferenceAuthor table. In cases where the

specific author is not known, a link is established to an ambiguous instance ofAgent

representing 'Anonymous' or 'Unspecified'. The important point here is that a Reference

is defined in the context of its authoring Agent(s); hence the requirement for at least one

instance of tbl ReferenceAuthor for each instance of tbl Reference.

The AuthorTypeID Foreign Key to tbeAuthorType denotes the nature of the

relationship between the Agent and the Reference (defined values displayed in blue text

in Figure 1.4). In most cases, Agents serve the role of'Author' or 'Editor'. Other values
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ofAuthorType are mostly self-evident, but three warrant elaboration. AuthorType 'Ex'

(AuthorTypeID=3) is used to flag those specific authors who are authors of taxon names,

but not authors of the Reference itself. For example, suppose a Reference is linked to

ReferenceAuthors Smith, Jones, and Johnson, with Johnson indicated by

AuthorTypeID=3. Taxon names linked to this Reference (see "Taxa" section) would treat

the authorship of that Protonym as "Smith and Jones (ex Johnson)." Additionally, if this

Reference happens to be of type 'Sub-Reference', which itself is included within a

publication authored by (for example) Jones and Wilder, then the authorship for the taxon

name would be interpreted as "Smith and Jones (ex Johnson) in Jones and Wilder."

AuthorType 'Recipient' (AuthorTypeID=11) is used to denote who the recipient of a

Personal Communication Reference was. Finally, AuthorType 'Subject'

(AuthorTypeID=12) is included for references that include biographical information, to

allow indexing of who the biographical information pertains to. The Sequence attribute is

used to establish the sequence of authors for multi-authored References.

tbl_ReferenceBibliography

The tbl_ReferenceBibliography table is used to record which References

(BibliographyID) cite which other references (ReferenceID) in their bibliography (or

elsewhere). This can be useful in deciphering implied taxonomic concepts, to indicate

whether or not one Reference explicitly had access to another Reference at the time a

taxonomic concept was formulated. The Sequence field is used to establish the sequence

of cited References, as they appear in the citing Reference. This table is useful both for

constructing bibliographies of References, and also for creating a "Citation Index" for

References.
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tbl_Glossary

A generic system of defining words is established via the tbl_Glossary table. Each

Word exists in the context of a Language (linked from tblyanguage via the

LanguageID Foreign Key), and is assigned a WordType (linked from tbl_WordType via

the WordTypeID Foreign Key - examples of WordType shown in blue text in Figure 1.4).

A short Definition is provided for each Word.

Individual words can be cross-referenced to other words via the tbl Thesaurus

table. The nature ofthe relationship between the two words (e.g., 'Synonym', 'Related

Word', etc.) is indicated in the Relationship field. Such relationships are not

automatically treated as symmetrical, so in the case of a symmetrical relationship (e.g.,

'Synonym'), two instances are required in the tbl_Thesaurus table. Future versions of

this data model may define a tbl_RelationshipType table as a separate linked entity,

allowing additional attributes for each relationship type (e.g., IsSymmetrical, etc.).

Individual instances oftbl_Glossary are linked to instances oftbl_Reference via the

tbl_ReferenceKeyword table. If the indicated keyword was designated in the linked

Reference itself, then the Cited field is set to 'True'. Otherwise, it is assumed that

Keyword assignment was created by the database user.

Limitations

• The general limitation of the whole Reference structure stems from its foundation in

the EndNote® 7 model. A somewhat denormalized flat tbl_Reference structure (as

opposed to establishing multiple subtypes of References) is taken as a compromise to

maintain simplicity of import and export capability with EndNote® 7 and other

bibliographic citation data standards.
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TAXA

As summarized in the INTRODUCTION section of this article, there is a well

acknowledged subtle but important distinction between a "Taxon Name" and a "Taxon

Concept." A taxonomic name is an objective entity, and exists (and is defined) in the

form ofprinted text. The name itself is a string of text characters, and is linked to the

biological world only via a properly designated type specimen. Attributes about each

name (publication date, spelling, authorship, etc.) are usually unambiguous, and not open

to subjective interpretation (except in a few very specific cases). New names are created

in accordance with strict and detailed rules of nomenclature; i.e., ICBN (Greuter et. aI,

2000); ICZN (ICZN, 1999); ICNB (Lapage et ai. 1992); LBSN (Euzeby, 2003); ICVCN

(Francki et ai. 1990; Murphy et ai. 1995); ICNCP (Trehane et aI., 1995); and the yet-to

be-implemented ICPN (Cantino & deQueiroz 2000). For the most part, information

pertaining to taxonomic names is objective in nature. Taxon Names can be thought of as

the individual "words" comprising the dictionary of the diversity of life.

A "Taxon Concept," on the other hand, is a purely abstract, subjective construct that

ultimately exist only in the mind of a taxonomist (see Geoffroy & Berendsohn, 2003).

Concepts are much less discretely defined entities, the creation or establishment of which

are not governed by Codes of nomenclature, and whose attributes are considerably more

ambiguous than those of a taxon name. Whereas a Taxon Name is generally anchored to

the biological world via a single specimen, a Taxon Concept is intended to circumscribe a

large (potentially vast) collection of individual organisms, living, dead, and yet-to-be

born, all of which share a level of common ancestry (kinship) and morphologicaVgenetic

similarity so as to be regarded as belonging to the same taxon (e.g., species). Taxon
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Concepts can be thought of as the definitions of those Taxon-Name "words" that

comprise the dictionary of the diversity of life.

Unlike the definitions of most words in a conventional dictionary, however, the

mapping of Taxon Concepts to Taxon Names has been far from consistent among

practitioners of taxonomy. Some taxonomists tend to prefer more generalized concepts

(definitions), which leads to more of the names (words) being synonymous with other

names (words). Others prefer more specific concepts (definitions), thereby maintaining

distinctions between different names (words). The basic problem is that most published

and unpublished documentation about taxa use only the names (words), without

necessarily including explicit details about how those names are circumscribed (defined).

Thus, the task at hand is to find a way to consistently and objectively map Names (words)

to their various respective implied Concepts (definitions).

In order to map the Names to the Concepts, the first step is to apply an unambiguous

"handle" on each Name and Concept, and then build an index to map the Name handles

to the Concept handles. The easiest and most straightforward way to put a handle on a

taxon name, is to attach that handle to the Basionym ofthat name. Although the word

"Basionym" is more frequently used in botanical contexts than in zoological contexts, the

basic concept applies equally to both. The Basionym can be thought of as a pointer to a

name's original description - the moment when a string of text characters becomes

legitimately available for use (in accordance with the various codes ofnomenclature) 

and therefore as the handle to a name. After much contemplation, I decided to substitute

the word "Protonym" in place of "Basionym" for the Taxonomer data model, primarily to

avoid confusion and misconceptions that may arise due to existing preconceptions of
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meaning and interpretation of the word "Basionym" (see further discussion in the

"Limitations" sub-section below). Hence, the use ofProtonym (hereinafter shown in

bold text) in this data model serves as a common linkage between the original

presentation ofa taxonomic name, and subsequent use of that same name in (potentially)

different Concept contexts.

The textual representation of a Protonym takes the form of:

"Name OriginalAuthor(s), OriginalYear"

(although "OriginaIYear" is often excluded for botanical names).

As described in detail within the "References" section of this article, a "Reference"

is generally defined as a documented instance of "date-stamped Author(s)," which can

also be read as "Author(s), Year." Thus, the most convenient handle for a Protonym can

be thought of as:

"Name OriginalReference"

The method for applying a handle to a Taxon Concept is less consistent, and not

often as unambiguous as applying a handle on a Name. However, one common approach

is to cite a name in the context of another Reference, in the form of:

"Name OriginalReference sensu OtherReference"

(Geoffroy & Berendsohn, 2003, use the abbreviation "sec." instead of sensu).

In the case of the Taxon Concept associated with the Protonym itself, the

representation would be:

"Name OriginalReference sensu OriginalReference"

Reducing this one step further, "Name OriginalReference" can be substituted with

"Protonym" (as defined above), and the Concept can then be thought of as:
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"Protonym sensu Reference"

(where "Reference" is either "OriginaIReference" in the case of the Concept attached to

the original name creation, or "OtherReference" in all other cases). Thus, whereas the

handle for a Taxon Name can be thought ofas the Protonym, the handle for a Taxon

Concept can be thought of as the intersection of a Protonym and a Reference.

a.

ro onvm

+
I Assertion h I Reference
I "['-" I

b.

__N_a_m_e__~------.,~ Assertion ~I---_--~ Reference I
P t

Figure 1.5. Conceptual representation ofNames, Assertions, and References. a)
traditional view; b) perspective presented herein.

I have used the tenn Assertion to represent this Protonym-Reference intersection,

which has previously been diagramed (e.g., Taswell & Peet, 2000) as in Figure 1.5a. This

diagram implies a "One to Zero-to-Many" relationship between Names and Assertions.

However, a Name cannot exist without at least one Assertion - the Assertion in which

the Name was first proposed (the original description). Therefore, the relationship

between Names and Assertions should be "One to One-to-Many." Taking this one step

further, a Name in the context of the Reference that provided its original description has

been defined above as the Protonym. Because a Protonym exists in the context of the

Reference that originally established it, a Protonym can itself be represented as an

Assertion (i.e., Name OriginalReference sensu OriginaIReference). Given that a
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Name cannot exist without its Protonym, the relationship between a "Name"

(Protonym) and an Assertion becomes recursive, as shown in Figure 1.5b. Therefore,

the conceptual handle for the name and the handle for the concept are one and the same,

with the former being a special-case subtype of the latter.

Stated another way, all Names initially become available through the Reference

that constitutes its original description (the Protonym). These original descriptions did

themselves assert a Taxon Concept to be applied to the Name as proposed, and therefore

also represent Assertions. As a subset ofthe broader scope ofAssertions (which include

potentially many Reference treatments of names other than the original description),

Protonyms represent the ideal linkage point to joint multiple Assertions based on the

same original name. Thus, whereas all Assertions represent the handle to a Taxon

Concept, the subset of Assertions constituting Protonyms represent dual-purpose

handles to both Taxon Concepts and Taxon Names.

It is worth clarifying at this point that, although the handle to a taxon concept can be

thought of as an instance ofan Assertion; not all Assertions necessarily represent

implied Taxon Concepts. For example, one form of publication is a "Type Catalog,"

wherein all type specimens in a Museum's collection are listed according to the Names

that they typify. In such publications, the authors will list taxon names (generally as

unaltered Protonyms in this case), and hence establish an intersection between a

Reference (the type catalog publication itself) and a Protonym - but without necessarily

implying a Taxon Concept to go along with that name (i.e., literally only the type

specimens are asserted in such cases, without any implications about the scope of non

type individual kin organisms to be included within a Taxon Concept represented by the
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name). In such cases, an instance of an Assertion exists without an implied Taxon

Concept. For this reason, an Assertion should be regarded as representing a "Potential

Taxon [Concept]" (sensu Berendsohn, 1995). In the majority of Name-Reference

intersections (Assertions), however, the author(s) ofthe Reference had a Taxon Concept

circumscription in mind when invoking the Taxon Name, even ifthe scope ofthat

circumscription is not defined (or even alluded to) within the Reference itself. Thus, in

the vast majority of cases, Assertion instances can be used as a direct "handle" to an

implied taxon concept circumscription (which, in many cases, will be precisely identical

to the circumscriptions implied by many other Assertions for a given Taxon Name).

Because definition of a Reference herein is not restricted to publications, it can be said

that all Concepts that map to taxon names can be identified by an Assertion, whether or

not they appear in published form.

Before describing the "Taxa" components of the data model in detail, it is

worthwhile to outline alternative distinct "resolutions" at which circumscription scopes

are often defined:

Name-Resolution Circumscription Definitions

This is the coarsest, and most often-used resolution of circumscription scope

expression in published taxonomic references. Such circumscriptions are defined merely

by treating taxon names as either valid, or as junior synonyms of other taxon names.

Because taxon names are anchored to the biological world via type specimens, this

method ofdefining circumscriptions can be thought of in a sense as Specimen-resolution

circumscription definitions, except limiting it to only those particular specimens that

represent primary types of taxon names. To list Taxon Name 'B' as ajunior synonym of
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Taxon Name 'A', is to assert that "the primary type specimen ofTaxon Name 'A' and the

primary type specimen of Taxon Name 'B' share close enough kinship to each other that

they should be regarded as belonging to the same taxon circumscription" (in this case,

with the relevant Code bestowing the name 'A' with nomenclatural priority over the

name 'B'). Conversely, to list Taxon Name 'B' as valid and distinct from Taxon Name

'A', is to assert that "the primary type specimen of Taxon Name 'A' and the primary type

specimen of Taxon Name 'B' are sufficiently distant in kinship to each other that they

should be regarded as belonging to different taxon circumscriptions." In this way, the full

scope of the implied circumscription is represented by the set ofAssertions within a

Reference that include a Name that is treated as valid, plus all Assertions ofNames that

are treated as junior synonyms of that valid Name (the handle on the Assertion being

maintained as the one represented by the Name treated as valid).

The primary weakness of this form ofcircumscription definition is as follows:

1) When a Reference does not treat all relevant Names that are available at the

time the Reference is established (e.g., when not all potentially valid taxa are

treated, or not all potentially relevant synonyms are assigned to Names that

are treated as valid), then the circumscription definitions within the context of

the Reference are incomplete.

2) Even when a Reference does treat all relevant Names available at the time the

Reference is established, the Reference may be later rendered incomplete by

subsequent descriptions of new relevant Names.

3) Using only Name-level circumscription definitions (i.e., without elaborating

the character-based criteria used to delineate different circumscriptions),
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greatly inhibits the ability to secondarily assign individual non-type specimens

to these circumscriptions.

These weaknesses notwithstanding, Name-resolution circumscription definitions

represent the bulk of documented taxonomic information (inclusive of all References

citing taxonomic names with lists of synonyms), and therefore serve as an ideal "core"

information content base around which the foundation ofa data model should be built.

Specimen-Resolution Circumscription Definitions

The most fundamental (and finest) resolution at which circumscriptions are mapped

is via individual specimens (beyond the limited scope ofprimary type specimens). The

source Reference for corresponding Assertions can either be in the form ofa publication

(as when a published Reference lists museum specimen catalog numbers under a

particular Taxon Name), or in the form ofan unpublished "Determination"-type

Reference (i.e., identification labels on the actual museum specimens themselves).

Other Circumscription Definition Resolutions

It could be argued that "Character-Resolution Circumscription Definitions" represent

a another resolution at which circumscriptions can be defined. For reasons not elaborated

herein, I see this as a fundamentally different approach to mapping the scope of taxon

circumscriptions, because it transcends the individual organism (considered to be the

basic unit ofa taxon). While this question is certainly ripe for discussion, it goes beyond

the intended scope of this article.

Also, circumscriptions are sometimes defined in terms ofpopulations of

organisms. This resolution of circumscription definition represents cases where a
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Reference ascribes specific populations to Taxon Names, thereby extending the

resolution of circumscription boundary delineation beyond the relatively course type-

specimen anchor points, but not as precise as specimen-resolution definitions. This kind

ofcircumscription definition usually takes the form of biogeographic treatments (i.e.,

maping taxon names directly to geographic regions, bypassing the more fundamental

connection between names and locations via specimens).

The core "Taxa" data model represented here, illustrated in Figure 1.6, is intended to

directly document "Name-Resolution" circumscription definitions, while also providing a

tangible "handle" to a circumscription (i.e., an Assertion instance) that can be more

precisely defined at higher resolution (e.g., specimen resolution) via additional "layers"

of data entities (as described in the next section).

tbl Assertion

The central "anchor" entity of the taxon portion of this data model is the Assertion.

As previously stated, an Assertion is defined as the intersection of a Protonym and a

Reference, as indicated by the Foreign Keys, ProtonymID and ReferenceID. Because

Protonyms themselves represent Assertions (sensu the original authors of the

Protonym), it would be possible to represent the relationship ofProtonymID to

AssertionID via a direct recursive link. However, because certain attributes apply only to

Protonyms and not all Assertions (e.g., nomenclatural attributes such as Availability in

the case of names governed by Codes, and "Type Species" and Gender in the case of

generic-level names - described in more detail along with other Protonym attributes

below), and also for reasons of enforcing business rules and improving performance of

certain query operations, the table tbl_Protonym is represented as a subtype of
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Figure 1.6. Taxonomic physical data model.
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tbl Assertion. The recursive linkage between any particular Assertion instance and its

associated Protonym is made via the tbl_Protonym subtype; first from the ProtonymID

Foreign Key field oftbl_Assertion to the ProtonymID Primary Key of the subtype

tbl_Protonym, and then back to tbl_Assertion table via the One-to-One subtype link to

AssertionID. The domain ofAssertion instances that are to be represented by instances in

tbl_Protonym are, by definition, those instances oftbl_Assertion where

AssertionID=ProtonymID.

The ReferenceID Foreign Key oftbl_Assertion is a straightforward linkage back to

the Reference in which the Assertion is made. A fundamental component of the

Taxonomer data model is that Taxon Name authorship is derived directly from the

authorship of the Reference to which the corresponding Protonym is linked. This

straightforward authorship derivation has often been avoided in other similar data

models, because the authorship of a Taxon Name is not necessarily identical to the

authorship of Reference in which the Taxon Name was originally described. Rather than

establish two separate relationships between Protonyms and author Agents (one

indirectly via the link to the original description Reference, and one representing the

taxonomic authors of the Name itself), I have instead established the concept of a "Sub-

Reference."

As described above in the "References" section, the ReferenceType "Sub

Reference" was established and defined to represent a sub-section of another Reference

(other than more traditional cases of Parent-Child References, such as Chapters in a

Book). A Sub-Reference has its own set ofReferenceAuthors, and its own publication

Date, which mayor may not be the same as the corresponding values for the Parent
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Reference. Thus, in cases where the authors (or Date) ofa Taxon Name are not identical

to the authors (or Date) of the Reference in which the Name was originally described,a

"Sub-Reference" is created (linked to the appropriate Parent Reference via

ParentReferenceID) with the appropriate set ofReferenceAuthors and Date, and the

Protonym instance for the Taxon Name is linked to that Sub-Reference. This solution to

the "Taxon Name authorship problem" is logically appropriate, because technically the

authors of a Taxon Name are deemed to be the authors of the portion of the published

work that constitutes the original description of the Name. Hence, the description of the

Taxon Name can be seen to represent a sub-section of a Reference unto itself - a

Reference within a Reference. It should be noted that business rules require that all Sub

References be established as a child ofanother Reference instance (which itself is not a

Sub-Reference), via the ParentReferenceID link.

In the vast majority of cases, the two Foreign Keys ProtonymID and ReferenceID

would (by themselves) uniquely identify every Assertion instance. However, in the

special case of autonyms, representing nominotypical taxa (e.g., the subfamily

Chaetodontinae within the family Chaetodontidae; or the subgenus Chaetodon

(Chaetodon); or the subspecies Chaetodon unimaculatus unimaculatus) represent cases

where a single Protonym can be used within a single Reference as representing two

distinct Taxon Concepts. For this reason, the TaxonRankID Foreign Key, which identifies

the exact taxonomic rank at which the Protonym is used within the Reference, must also

be included among the uniquely-identifying attributes ofa particular Assertion instance.

The TaxonRankID Foreign Key establishes a link to the tbl_TaxonRank table. Each

record of this table represents a taxonomic rank that is in current use, or may have been in
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historical use, in any of the three major taxonomic disciplines (Botanical, Zoological, or

Microbial). The reason for including ranks that are no longer in current use is that the

Assertion table is intended to track all historical uses ofTaxon Names, at whatever rank

they may have been assigned to. Unfortunately, the different ranks, and the names

assigned to each rank, are not universally established for all of biology. For this reason,

three separate attributes (ZoologyRank, BotanyRank, and BacteriaRank) are needed to

record the rank label used within each of the three corresponding major Codes of

nomenclature. The contents oftbl_TaxonRank are shown in Table 1.3. When a value for

ZoologyRank, BotanyRank, or BacteriaRank is empty, the corresponding TaxonRank is

believed to have never been used within the respective branch of nomenclature (further

investigation should allow the additional elimination of certain ranks from certain

branches; particular Bacterial). Additional attributes of this sort could be established for

other rank-based Codes of nomenclature (e.g., LBSN, ICVCN, ICNCP), but as yet have

not been added to the Taxonomer model. For convenience, the corresponding values used

in the "rank_ID" field of the ITIS data model (ITIS, 2003), when they exist, are provided

in the left-most column of Table 1.3.
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Table 1.3. Contents oftbl_TaxonRank, with corresponding ITIS "rank_ID" values.

TaxonRankID Zoolol!:yRank BotanyRank BacteriaRank Abbreviation Prefix Suffix ITIS
0 <Unspecified> <Unspecified> <Unspecified> UNK

05 Domain Domain Domain DOM
08 Superkingdom Superkingdom Superkingdom SPK
10 Kingdom Kingdom Kingdom KGD 10
13 Subkingdom Subkingdom Subkingdom SBK
18 Superphylum Superphylum Superphylum SPP
20 Phylum Division Phylum PRY 30
23 Subphylum Subdivision Subphylum SBP 40
28 Superclass Superclass Superclass SPC 50
29 Grade Grade Grade GRD
30 Class Class Class CLS 60
33 Subclass Subclass Subclass SBC 70
34 Infraclass Infraclass Infraclass INC 80
35 Division DIV
36 Subdivision SBD
37 Infradivision Infradivision Infradivision IND
38 Superorder Superorder Superorder SPO 90
40 Order Order Order ORD 100
43 Suborder Suborder Suborder SBO 110
44 Infraorder Infraorder Infraorder INO 120
47 Section[Order] Section[Order] Section[Order] SEC
48 Superfamily Superfamily Superfamily SPF 130
50 Family Family Family FAM 140
53 Subfamily Subfamily Subfamily SBF 150
55 Tribe Tribe Tribe TRB 160
56 Subtribe Subtribe Subtribe SBT 170
60 Genus Genus Genus GEN 180
61 Nothogenus NOG X
63 Subgenus Subgenus Subgenus SBG ( ) 190
64 Division[Genus] DIG
65 Section[Genus] Section[Genus] Section[Genus] SEG sect.- 200
66 Subdivision[Genus] Subsection[Genus] Subsection[Genus] SUG 210
67 Group[Genus] Group[Genus] Group[Genus] GRG
68 Superspecies Superspecies Superspecies SPS supsp.~

69 Aggregate Aggregate Aggregate AGG aggr._
70 Species Species Species SPE 220
71 Nothospecies NOS X
72 Microspecies Microspecies Microspecies MSP msp._
73 Subspecies Subspecies Subspecies SBS subsp__ 230
74 Variety Variety Variety VAR var.- 240
75 Subvariety Subvariety Subvariety SBV subvar.- 250
76 Form Form Form FRM forma 260
77 Subform Subform Subform SFR subforma 270
80 Infraspecies Infraspecies Infraspecies INF infra.-
81 Natio Natio Natio NAT nation
82 Race Race Race RAC race
83 Group Group Group GRP gruppe_
84 Morph Morph Morph MOR morpha_
85 Type Type Type TYF type_
86 facies facies facies FAC facies
87 Pattern Pattern Pattern PAT ptrn._
88 color color color COL col.-
89 Aberrancy Aberrancy Aberrancy ABR aberr.-
90 Cultivar CUL cv.-
92 MSName MSName MSName MSN " " (MS)
95 Unnamed Unnamed Unnamed UNM " "
100 Hybrid Hybrid Hybrid HYB
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Unlike most surrogate Primary Key fields oftables within the Taxonomer data

model, TaxonRankID does, in fact, contain information. First, its value conveys the

sequence of ranks within the established hierarchy (thereby allowing the enforcement the

business rule that prevents establishing ParentAssertionID links to Assertions of equal or

lower rank). Second, the numbers are assigned within clusters of ten, such that the first

digit ofeach two-digit TaxonRankID represents the major rank grouping (except in the

case of TaxonRankID=O, which is consistent with the use of 0 as "Unspecified"

elsewhere in the data model). For example, values less than 10 are above the rank of

"Kingdom"; values 10-19 are reserved for ranks within the "Kingdom" group; values 20

29 are reserved for ranks within the "Phylum" group; 30-39 for the "Class" group; 40-49

for the "Order" group; 50-59 for the "Family" group; 60-69 for the "Genus" group; and

70-79 for the "Species" group. Within these groups, the first value is used for the over

arching Ranks (lO=Kingdom, 20=Phylum, 30=Class, 40=Order, etc.); the third value is

reserved for "Sub" ranks (13=Subkingdom, 23=Subphylum, 33=Subclass, 43=Suborder,

etc.); and the eighth value is reserved for "Super" ranks for the next group

(08=Superkingdom, 18=Superphylum, 28=Superc1ass, 38=Superorder, etc.). Values 80

89 are reserved for non-traditional infraspecific ranks that are not currently used by any

modem Code of nomenclature (but are needed in this data model in order to track

historical uses of Taxon Names). Ranks of90 and above are reserved for other names not

governed by traditional Codes of scientific nomenclature, but are nevertheless needed for

complete taxonomic data management. The three ranks within this last category that have

so-far been defined include "Cultivar" (used for botanical cultivar names), "MSName"

(used for names intended to eventually become formal scientific names under an
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appropriate Code ofnomenclature, but have not yet been published in accordance with

respective Code requirements), and "Unnamed," which at the moment is used very

generally for informal scientific name designations such as "sp. A," "n.sp. from Maui,"

etc. Additional ranks in this category may yet be defined, as need becomes apparent.

Finally, TaxonRankID value of 100 is used for all hybrids, other than the botanical ranks

of "Nothospecies" and "Nothogenus" (i.e., named hybrid taxa; see further discussion of

hybrids below).

The other attributes of tbl_TaxonRank (in its current form) include Abbreviation,

Prefix, and Suffix. These are not strictly core attributes of each tbl_TaxonRank, but are

used by the Taxonomer application for formatting purposes. Abbreviation is a 3-character

abbreviation of each rank used as a delimiter within the CheatHierarchy field of

tbl_Protonym (see below). Because these values are unique for all ranks, they represent

a natural unique key for tbl_TaxonRank. Prefix and Suffix are used to format the

CheatTaxonName field of tbl_Assertion. They include characters that immediately

precede or follow a particular Epithet (see definition below), and are used mostly for

names at ranks below "Species" (although they are used for a few higher ranks as well).

The underscore character ("_") included at the end of some values ofPrefix denote the

requirement of a space character (" ") to be inserted between the Prefix and the Epithet.

Although TaxonRankID technically serves as a component of the unique identifier

for each Assertion record, it only serves a function in this capacity for those relatively

few cases involving autonyms for nominotypical taxa. In a broader sense, TaxonRankID

is one ofthe five basic elements of an Assertion (see further discussion below). As

emphasized above, an Assertion instance serves as a handle to a Taxon Concept. The
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implication is that the author(s) of the Reference linked to the Assertion instance had in

mind a Taxon Concept, within which they included the primary type specimen of the

Taxon Name represented by the Assertion's linked Protonym. Because details necessary

for ascertaining the full scope of the Taxon Concept circumscription (i.e, beyond the

primary type specimens of the relevant Taxon Names) are not consistently provided in

taxonomic References, Assertions are taken to represent "Name-Resolution

Circumscription" units (described above). As mentioned above, a minimum of five

attributes are needed to establish each Assertion as Name-Resolution Circumscription.

The first three of these five attributes have already been defined: ProtonymID (to indicate

the Name entity), ReferenceID (to indicate the Reference in which the Assertion is

made), and TaxonRankID. The last of these is necessary to define the Name-Resolution

Circumscription because the same Taxon Name may be used to represent different

taxonomic ranks, even outside the context of nominotypical taxa. The other two basic

elements ofan Assertion include "Validity" (i.e., whether or not the name was treated by

the Reference as a valid Taxon Name, or as ajunior synonym of another Taxon Name),

and the taxonomic hierarchical context.

In the Taxonomer model, the "Validity" ofa Taxon Name as used in a Reference is

documented via the ValidAssertionID Foreign Key, which recursively links back to either

the same or a different instance of tbl Assertion. All Assertion instances must indicate a

value for ValidAssertionID. Cases where the Reference treated the name as a valid taxon

are indicated by ValidAssertionID=AssertionID (almost by definition, this includes all

Assertions that are included in the tbl_Protonym subtype). In cases where the

Reference treated the Name as a junior synonym of another Name, ValidAssertionID
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instead points to the (different) Assertion instance that represents the indicated senior

synonym (i.e., ValidAssertionIDtAssertionID). The only other possibility is to set

ValidAssertionID=O. Logic dictates that such instances imply that the Protonym was

treated with "Unspecified" validity by the Reference. By convention, this situation is

applied in those specific cases where a Taxon Name appeared in a Reference, but no

Taxon Concept was implied (i.e., Type Catalogs, etc.). This allows the use of

tbI_Assertion to index the appearance of Taxon Names in References, without forcing

all Assertion instances to imply a Taxon Concept.

In all cases, the ReferenceID value for the Assertion instance indicated by

ValidAssertionID must be the same ReferenceID indicated in the current Assertion.

When ValidAssertionID=AssertionID, this rule is enforced by default. In cases where

ValidAssertionIDtAssertionID, the domain for values of ValidAssertionID is restricted to

Assertion instances linked to the same ReferenceID. Stated another way, inter-Assertion

linkages via ValidAssertionID must be established within a single Reference. While it

may be tempting to establish inter-Reference linkages with this structure (e.g., when a

Reference explicitly bases its concept of a taxon name on that of another Reference), the

most fundamental and explicit Taxon Concept mapping is within a single Reference. For

example, consider the following Assertion instances:

Protonyml sensu ReferenceA

Protonym2 sensu ReferenceB

If "ReferenceA" explicitly states the equivalent of "We regard [Protonyml] to be a

junior synonym of [Protonym2] sensu [ReferenceB]," one could set the ValidAssertionID

value for the Assertion representing "Protonyml sensu ReferenceA" to be the
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AssertionID value for the Assertion instance representing "Protonym2 sensu

ReferenceD." In doing so, however, the linkage would span disjunctions in two separate

component attributes (i.e., ProtonymID and ReferenceID). Given the hypothetical

statement quoted in the first sentence of this paragraph, it is unambiguously implied that

ReferenceA regards "Protonym2" to be valid. Thus, the third assertion, "Protonym2

sensu ReferenceA" can be safely inferred, and assigned to a new Assertion instance.

Fundamentally, this Assertion of "Protonym2" (i.e., within "ReferenceA") is the one

most unambiguously representing what "ReferenceA" regarded "Protonyml" to be a

junior synonym of. For this reason, it should be noted that the domain for

ValidAssertionID is restricted even further to those Assertions linked to the same

ReferenceID where ValidAssertionID=AssertionID.

Of course, intra-Reference concept mapping is an important component to any

robust taxonomic data model. The primary intent of this article is to describe the "core"

components of the Taxonomer model used for managing taxonomic information. Such

intra-Reference concept mapping is accomplished within a different "layer" of the

Taxonomer data model, as described in the next section under "Concept Mapping."

The last of the five basic elements of an Assertion is the hierarchical context. In the

Taxonomer model, this is accomplished via the ParentAssertionID attribute of

tbl Assertion. ParentAssertionID links an Assertion instance to another Assertion

instance that represents the most immediate parent taxon in which the first taxon was

placed as indicated within the Reference. There is no restriction on rank gaps that may

occur between a parent and child Assertion instance, but gaps that exceed one rank-group

cluster (e.g., a Genus Name linked directly to an Order Name, or a Family Name linked
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directly to a Class Name) are treated as cases of"Incertae Sedis" on standardized output

formats. As with ValidAssertionID, the domain for ParentAssertionID is restricted to

other Assertions that share the same ReferenceID, and where

ValidAssertionID=AssertionID (i.e., Names treated as valid). The domain is further

restricted to those Assertion instances with a lower value of TaxonRankID (i.e., higher

taxonomic rank) than the current instance. Therefore, unlike the case with

ValidAssertionID, ParentAssertionID cannot be equal to AssertionID for a given instance

of Assertion (for obvious reasons).

In addition to these restrictions, ParentAssertionID must link to the most direct

parent Assertion within the Reference. For example, if a Reference places species'c'

within the subgenus "B" ofthe genus 'A', then the ParentAssertionID for the Assertion of

species 'c' links to the Assertion of subgenus 'B' (within the same Reference). Like

ValidAssertionID, ParentAssertionID can be set to "0" (the functional equivalent of a

Null value, as described earlier). The first reason for this is that for Taxon Names treated

above the rank of "Species," References often do not specify what parent taxon a given

Taxon Name is asserted to be included with (indeed, very few taxonomic References

explicitly state full hierarchical context all the way up to the rank of"Kingdom," so at

some point most References cite a Taxon Name without placing it within a parent taxon).

Another reason is that, for Assertions made about non-valid taxon names

(ValidAssertionlDi-AssertionID), there technically is no asserted parent taxon (i.e., the

synonymously treated name automatically inherits the ParentAssertionID value ofthe

indicated ValidAssertionID). Thus, another business rule ofthe Taxonomer data model is
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that all cases where ValidAssertionIMAssertionID, the corresponding value of

ParentAssertionID must be set to zero ("Unspecified").

Beyond the five basic elements of Assertions described above, a sixth attribute is

needed to fully define the treatment of a Taxon Name: the Name itself. Although it may

seem that the "Name" should be treated as an attribute oftbl_Protonym, taxonomic

practice allows for variance in the specific string of characters used to represent a name.

As such, a given Protonym may be represented by slightly different strings of characters

in different References. There are several reasons why this may be. Some Names may

have different endings depending on the specific rank at which they were treated (e.g., in

Zoology, family names end with "-idae," whereas subfamily names end with "-inae").

The suffix of species and subspecies epithets may change depending on the gender of the

genus in which they are treated ("-a," "-us," "-urn"). Finally, names may be consistently

misspelled in certain References. Thus, the actual string of characters representing the

name itself is best treated as an attribute oftbl_Assertion, rather than tbl_Protonym.

I have chosen the word Epithet for the attribute that stores the string of characters

representing a taxonomic name as it appears in an Assertion. As emphasized elsewhere

in this article, a Protonym entity is regarded as applying only to the terminal component

ofa multinomial (e.g., a species epithet, rather a genus-species binomial), and therefore

"Epithet" seems appropriate to emphasize this point. The main problem with the using

word "Epithet" for this purpose is that within a biological context, it is usually defined

specifically as "the part of a taxonomic name identifying a subordinate unit within a

genus" (Webster's Ninth New Collegiate Dictionary; Merriam-Webster, 1993). Because

Assertions span all taxonomic ranks (i.e., including those above the rank of Genus), a

55



strict definition ofEpithet in this sense renders it somewhat inappropriate. However, a

more general definition ofEpithet (as it appears in Webster's), is "a characterizing word

or phrase accompanying or occurring in place of the name of a person or a thing." At the

risk of contrasting with broader practice, the term Epithet is herein defined as any

monomial unit of a taxonomic name (at any rank), or as a complete hybrid formula

(including all relevant ranks).

Epithet is populated with the exact character string that the corresponding Reference

used when citing the associated Taxon Name. The main purpose of this field is to

document the exact spelling (including hyphens, numbers, and other symbols, where

applicable) of the name as it appeared within the Reference. Only the "terminal" epithet

is included for binomials, trinomials, and other multinomials (including subgenera). In

the special case of hybrids, the complete hybrid formula (including names ofgenera and

all other applicable ranks) is entered, exactly as spelled, abbreviated, and punctuated in

the Reference. In cases where a non-hybrid Taxon Name is spelled in different ways

within a single Reference, the Epithet can either be taken as the most frequently used

spelling within the Reference (if one spelling is used with much greater consistency than

any other), with the alternative misspelling(s) relegated to a Comment; or, two or more

"Sub-Reference" instances may be defined for the Reference, for each alternate spelling.

When a hybrid formula appears in more than one form in a Reference, the Epithet is

taken to be the most complete version (i.e., fewest abbreviations).

Related to Epithet is the EpithetQualifier attribute. This attribute stores any

additional textual information applied to the Epithet in the Reference (e.g., "c.f.," "sensu
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stricto," "sensu lato," non-Reference, etc.), but that does not strictly constitute part ofthe

Epithet character string itself.

The ReliabilityID Foreign Key links to the look-up table tbl_Reliability. This

attribute is intended to be a semi-objective guide to how reliable an interpretation may be.

Although some degree of subjectivity is inevitable in assigning this value, the domain of

six discrete values is designed to be as objectively-discemable as possible, while still

providing some meaningful function. The values range from 0-5, and are described in

Table 104. A value of 5 represents the highest reliability, and is limited to only those

References constituting the original description of a taxon name, or a first "New

Combination" Assertion. All Assertions representing Protonyms would be assigned this

value. A value of4 corresponds to other taxonomic revisionary work that explicitly treats

the associated Taxon Name within the context of the revision. A value of3 indicates that

the Reference making the Assertion did so within a taxonomic context, but not as a

revisionary work for the particular Taxon Name. A value of2 indicates that the

Reference was scientific in nature, though not specifically a taxonomic work (e.g., an

ethological or ecological publication). A value of 1 is used for popular literature and

other non-scientific References. This same scale can be applied (more or less) to

Assertions that are not published (e.g., specimen determinations), based on the nature of

circumstances and qualifications of the Agent(s) providing the determinations. A value of

o(default) indicates that the nature ofthe Reliability has not been reliably ascertained. It

should be emphasized that the ReliabilityID value, as an attribute of tbl_Assertion,

applies only to a particular Protonym-Reference combination (i.e., not to an entire

Reference). For instance, a single article might describe new species and establish new
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binomial combinations (ReliabilityID=5) as part ofa taxonomic revision that includes

many previously-described species and genera (ReliabilityID=4), and also make reference

to other Taxon Names not included within the scope ofthe revisionary work

(ReliabilityID=3). However, in most cases, ReliabilityID values of 1 and 2 will apply

unilaterally for all Assertions within an entire Reference, as these categories apply more

to the nature of the Reference, rather than the usage of Taxon Name within the

Reference.

Table 1.4. Description ofdefined values ofReliabilityID, as used within tbl Assertion.
lReliabilityID Reliability Description

0 IUncertain Nature of Reliability not known or uncertain.
1 /Non-Scientific Taxon Names within non-scientific References, or

Determinations made by lay persons.
2 Scientific Taxon Names within non-taxonomic References, OJ

Determinations made by a scientists who do not
specialize in taxonomy.

3 ~axonomic Taxon Names within taxonomic References that
are not part of a revisionary work, or
Determinations made by taxonomists who do not
specialize in the particular taxonomic group.

4 lRevision Taxon Names as used within the context ofa
taxonomic revision, or Determinations made by
taxonomists during their revisionary work.

S Original Description! Protonyms and other Assertion instances that
lNew Combination represent new combinations.

Another important attribute of an Assertion is Pages. In the current implementation

of the model, this attribute is a simple text field to allow entering whatever information is

necessary to designate where, within the corresponding Reference, an Assertion can be

located. Future implementations of the model might break this information out into a

separate table.

The IsQuestioned attribute is a simple boolean flag to indicate that the Reference

expressed uncertainty in their specific treatment of a Taxon Name. Information about
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what, exactly, was questioned, and why it was deemed questionable, should be included

in linked Excerpts or Comments (see next section). Future versions ofthe Taxonomer

model may provide more robust mechanisms for characterizing the nature of questionable

Assertions.

The last two data-bearing attributes ofAssertion are provisional, and may be

rendered redundant depending on what additional subtypes ofAssertion are created

(other than Protonym). Both fields (IsNewCombination and IsFirstRevision) are boolean

values with self-evident meaning, intended to flag special-case Assertions which have

important taxonomic or nomenclatural meaning. Either of these could be expanded to full

(non-exclusive) subtypes, if additional attributes relevant to each category are deemed

worthy of documenting.

An earlier version of tbl_Assertion included the attribute Sequence. The purpose of

this field was to record the actual sequence in which a series of Taxon Names were listed

in a Reference, within the context of a single parent taxon. This information is

sometimes useful, because it may represent an effort to provide some sort of interpreted

phylogenetic context of a taxon among related taxa. Because the meaning of such

Sequence information is not standardized and its application within References is

inconsistent, however, it was excluded from inclusion in this version of the model.

CheatTaxonName is formatted as the complete Taxon Name (identical to Epithet for

ranks of genus and higher, or complete binomial, trinomial, or other multinomial for

ranks lower than Genus). The values for Names of infrageneric ranks are derived from

recursive concatenation ofEpithets up to the rank of Genus, and the value for hybrids

represents the complete hybrid formula as derived from the linkages established in the
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tbl_HybridAssertion table (see below), which may differ somewhat from the hybrid

formula as actually written in the Reference (i.e., the contents ofEpithet, in the case of

hybrids). CheatFullTaxonName is simply the value of CheatTaxonName, expanded to

include all appropriately-formatted authorships. CheatNominotypical is simply a boolean

field used to flag those Assertions that represent autonyms (nominotypical taxa; i.e., the

ProtonymID value of an Assertion instance equals the ProtonymID value of the

Assertion indicated by the ParentAssertionID Foreign Key). CheatStatus is a

standardized "natural language" statement representing the combination of the core

Assertion elements (validity, hierarchical placement, rank, and Epithet; e.g., "Valid as

originally described.," "Junior Synonym of {OtherTaxonName}," "Valid {TaxonRank}

within {ParentTaxonName}," etc.)

tbl_Protonym

As has been alluded to previously, a Protonym always represents a monomial

Name. In cases of infrageneric Names (subgenera, binomials, trinomials, and other

multinomials), the Protonym refers only to the terminal unit ofthe Name. Thus, new

Protonym instances are not created for each different combination of binomial,

trinomial, or other multinomial. This point is emphasized to avoid confusion, as the word

"Name" is often used in reference to a full-context multinomial, and within the context of

this data model, the concept of a Protonym is being used to represent a Taxon Name. For

clarity, a Protonym should be thought of as the nomenclatural basis of a monomial (or

only the terminal epithet of a multinomial), in the context of its original creation (i.e.,

Code-compliant original description).
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Also as mentioned earlier, tbl_Protonym represents a subtype oftbl_Assertion,

indicating those special-case Assertion instances that constitute original descriptions of

Taxon Names (i.e., Protonyms). The recursive relationship between this table and

tbl_Assertion has been described above. The other attributes oftbl_Protonym,

described here, are data elements specifically associated with Protonyms (not with non

Protonym Assertions).

The Foreign Key TypeProtonymID is a recursive link, and is used primarily for

names at the genus-group and family-group ranks, to indicate which species-group or

genus-group (respectively) Protonym was designated as the "Type Species" or "Type

Genus" for the genus-group or family-group name. This is an attribute of tbl_Protonym,

rather than tbl_Assertion, because Taxon Names ofall ranks are ultimately typified by

the primary type specimen of the terminal type Protonym, and thus not by a Taxon

Concept. Name-based type designations (e.g., type species of a genus) are interpreted

here as place-holders to establish a complete link between a higher-rank name and a

primary type specimen. Therefore, links to Name-based types are established via a

Protonym instance, rather than an Assertion instance.

The Foreign Key WordTypeID links to the same tbl_WordType that was described

earlier under the tbl_Glossary heading of the "References" section of this document. The

purpose for allowing this link is to specify what word form the Epithet ofa Protonym

takes (e.g., "Noun (apposition)," "Adjective," etc.), which can be useful for determining

proper name spelling (e.g., whether the spelling of a species Epithet changes when treated

in a Genus ofa different gender).
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NomenCodeID establishes a link to an instance oftbl_NomenCode, indicating the

particular Code ofNomenclature under which a particular Protonym is governed. In

cases of names at ranks higher than those governed by the relevant codes, the value

indicates which Code the child taxa fall under. This field is important for determing

specific formatting rules of authorships, etc.

The two non-key attributes oftbCProtonym are Gender and IsFossil. The Gender

field mirrors the field of the same name in tbl_Person of the "Agents" section (with the

addition of "Neuter"), and is used to indicate the gender of genus-group Protonyms.

IsFossil is a boolean flag field set to "True" if the Protonym applies to a Taxon Name

created for a fossil taxon.

CheatFullProtonym is used to store a standardized formatted name, including

authorship. The format is generally as "Epithet, OriginalParent Authorship" (e.g.,

"speciesname, Genusname AuthorName(s)." The reason this field exists separately from

CheatFullTaxonName is that the latter is formatted as it would generally appear in print

(i.e., Genusname speciesname AuthorName[s]), whereas the former is formatted with the

terminal unit of a multinomial (i. e., the Epithet represented by the Protonym instance)

listed first. CheatAcceptedAssertionID indicates which Assertion the user of the database

system has decided to follow as representing the "correct" current status of each

Protonym. The reason this is considered a "Cheat" field for tbl_Protonym is that it will

eventually be derived from a different set of tables that will track multiple "accepted"

Assertions, as designated by different institutional authorities. The final design of these

tables has not yet been determined, and depends to some extent on how various

taxonomic services document their preferred Taxon Name statuses (see further
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elaboration in the "Accepted Status" section of this article). CheatHierarchy is a

specially-formatted long text (memo) string that includes the full-context taxonomic

hierarchy for each Protonym, as determined through a recursive series of values of

CheatAcceptedAssertionID for each name at each rank through the hierarchy.

tbl_HybridAssertion

Hybrid names (hybrid formulae) are treated in many respects the same way that non-

hybrid Taxon Names are treated. As discussed earlier, the Epithet ofan Assertion

representing a hybrid Name is recorded just as the hybrid formula appears in Reference

(unlike non-hybrid Epithets, which are monomial). Protonyms are created for hybrid

names, just as they are for traditional taxon names. Except for the botanical ranks of

"Nothospecies" and "Nothogenus," however, Protonyms representing hybrids do not

have formal "original descriptions" as governed by Codes of nomenclature. By

convention, the Protonyms of such hybrids are taken as the first appearance of the hybrid

cross in any Reference (with the first published Reference citing the hybrid taking

priority over an earlier unpublished Reference). Also hybrids are assumed to be

symmetrical. That is, if one Reference cites a hybrid as "SpeciesA x SpeciesB," and

another cites it as "SpeciesB x SpeciesA," they are taken to represent the same hybrids,

and share a common Protonym. Again, except for the botanical ranks of"Nothospecies"

and "Nothogenus," all Assertions representing hybrids are assigned to

TaxonRankID=100.

All names constituting hybrids (including botanical "Nothotaxa") are represented by

instances in tbl_HybridAssertion. This table represents another subtype of

tbl_Assertion (non-exclusive oftbl_Protonym), that is populated with Assertions that
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constitute hybrid Names. At present, the only purpose of this subtype table is to record

the pair of Assertions that represent the two "parent" taxa of the hybrid. As with

ValidAssertionID and ParentAssertionID Foreign Keys in tbl_Assertion, all three values

in a given instance oftbl_HybridAssertion (HybridAssertionID, HybridParentlID, and

HybridParent2ID) must point to three different Assertion records, all ofwhich share the

same value ofReferenceID. By convention, HybridParentlID links to the alphabetically-

first member ofa hybrid, and HybridParent2ID links to the alphabetically-second

member. In cases of secondary hybrid crosses (e.g., "SpeciesA x [SpeciesB x SpeciesC]"),

HybridParentlID preferentially links to the non-hybrid "parent," and HybridParentlID

links to the Assertion representing the hybrid parent (e.g., the Assertion representing the

cross "SpeciesB x SpeciesC'). If both parents are hybrids (e.g., "[SpeciesA x SpeciesB] x

[SpeciesC x SpeciesD]"), the HybridParentlID and HybridParent2ID are, again,

determined by alphabetical priority. An alternative convention would be to define

HybridParentlID as the male parent, and HybridParent2ID as the female parent.

tbl_ObjectiveStatus

In most cases ofNames treated as synonyms (i.e., ValidAssertionINAssertionID),

the treatment ofName as such is a subjective assertion. However, there are cases of

objective synonymy and other objective nomenclatural status as dictated by the

appropriate Code of nomenclature. Examples include two different Names sharing the

same primary type specimen, cases of Homonymy (and their corresponding replacement

names), and other forms of objective unavailability ofNames. A robust system for

managing such objective nomenclatural status has not yet been developed in the

Taxonomer data model. However, a simple indexing of such is accomplished using
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tbl_ObjectiveStatus, linked to Assertion. This table is linked to tbl_Assertion, rather

than tbl_Protonym, because different References might have different interpretations of

the ObjectiveStatus of a Name. The relationship is one-to-many because a Reference

might acknowledge more than one ObjectiveStatus for any given Name. Each instance

of ObjectiveStatus is classified by type, indicated by the ObjectiveStatusType value of

tbl_ObjectiveStatusType, linked via ObjecfiveSfafusTypeID (examples shown in blue

text in Figure 1.6). A more robust management scheme for this sort of information would

cross-link to tables describing individual Articles as they appear in the respective Codes

ofNomenclature, and would likely include other attributes to qualify the nature of the

ObjectiveStatus in greater detail.

One important point about tbl_ObjectiveStatus that should be clarified is that each

objective status instance applies only to the Taxon Name; not the Taxon Concept. As

mentioned above, the linkages to the Assertion table (rather than the Protonym table)

are established only as a convenient way to inherently embed each ObjectiveStatus

instance in the context of a particular Reference.

Limitations

• The "Taxa" components of the Taxonomer data model described above do not allow

for the mapping of Taxon Concepts to other Concepts. Rather, these components

track nomenclatural information, and provide a basic unit ofName-Resolution

Circumscriptions (Assertions) which in most cases represent "Potential Taxa" (sensu

Berendsohn, 1995). The correlation ofAssertions to other intra-Reference Assertions

is described below, under the "Mapping Concepts" section.
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• Another limitation imposed by the present structure is that typification of taxon

names by other taxon names (e.g., type-species of Genus names) is assumed to be

straightforward and objective. In reality, this relationship is not always so clear. The

process of typification varies among the different Codes of nomenclature, and can

sometimes be quite complex. A more advanced model would break TypeProtonymID

out from tbl_Protonym, and would instead include a more robust structure to

accommodate nomenclatural typification.

• Another limitation of the Taxonomer model in its current implementation is that there

is no direct means to address misapplication ofTaxon Names. Ultimately, a

misapplication of a Taxon Name is defined as a case where a Reference applies a

Name to a Taxon Concept from which the Reference would exclude the Primary

Type specimen of the Name. Stated more simply, the Reference applied a Name

based on a misunderstanding of the correct typification of a name. Such

misidentifications can only be revealed through the context of a subsequent

Reference, and as such can be mapped via a tbl_AssertionRelation instance of

RelationType "excludes." However, a more direct approach to misapplied names

may be more appropriate, and will be considered for future versions of the

Taxonomer data model.

• Although not a 'limitation' per se, it is worth discussing further the connection

between the word "Protonym" and the word "Basionym." "Basonym" (without the

"i") is defined in Merriam-Webster's Third New International Dictionary as:
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"The earliest validly published name of a taxon, being in the

case of a binomial or trinomial the source of the valid specific

or subspecific epithet when the taxon is transferred to a new

combination and in technical usage always accompanied by the

name of the original author. (Crataegus spicata

Lamark:Amelanchier spicata)"

Following this definition, the use herein in place of "Protonym" would seem

appropriate. Although "Basionym" is used primarily in botanical contexts, it could

easily be extended to represent the same meaning in Zoological contexts. However,

"Basionym," strictly defined, includes the genus-species[-subspecific] combination of

names (binomial, trinomial, etc.); but only the terminal epithet is implied by the

"Protonym." Moreover, the term "Basionym" is usually used only in the context of

lower-level taxonomic ranks (genus, species, subspecies, etc.), but "Protonym" is

here extended to apply to all taxonomic ranks. Another problem with the word

"Basionym" is that it implies that a name has achieved legitimacy within the relevant

nomenclatural Code. Strictly speaking, this would appear to restrict its use to include

only "formal" scientific names after they have been published in accordance with the

relevant nomenclatural Code. However, there are many applications that need to cite

a Taxon Concept before it has received a formal Code-compliant Name, and there is

also a need to refer to hybrid formulae, which are not represented by Code-compliant

original descriptions. Finally, whereas the word "Basionym" typically refers to the

actual name only, "Protonym" is here extended to imply the authorship (or more

directly, the Reference association) that was involved with the original establishment
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of the Basionym. In this sense, a Protonym includes components of both a Basionym

and a botanical "Protologue," making the term "Protonym" (which could be

interpreted as an amalgamation of "Protologue" and "Basionym") somewhat

appropriate.

The term "Protonym" is defined by the Oxford English Dictionary as:

"The first person or thing of the name; that from which another

is named"

In this case, the "thing" is the Code-compliant original description ofa taxonomic

name, and subsequent uses of that name in different contexts to represent potentially

different Taxon Concepts constitute examples of how "another is named." Although

this term is still bound by the "nym" suffix to apply strictly to a "Name" (rather than

a Name-Reference intersection, as would be a subtype oftbl_Assertion), it seems to

be a more appropriate term than "Basionym" in this context. Its implied meaning as a

"name" per se is not entirely inappropriate, because even if it represents a subtype of

an Assertion, it is intended to represent the original name component of that

Assertion.

INTERFACE WITH OTHER RELEVANT INFORMATION

The previous three sections ("Agents," "References," and "Taxa") describe what I

consider to be the "core" components to a taxonomic data management model. With only

these components, one can develop a comprehensive index of taxonomic nomenclature

and how individual Names have been used in both published and unpublished form,

throughout the history oftaxonomy. This, by itself, would constitute a very powerful tool

68



for modem taxonomists needing to research the history of Taxon Names. However, the

Taxonomer data model does not stop there. Described below are examples of how these

"core" components of the model can be used and applied in versatile ways to

accommodate broader information management needs. The first five sub-sections

("Accepted Status," "Mapping Concepts," "Specimen Determinations," "Taxon

Excerpts," and "Common Names,") describes ways in which Assertions can serve a

variety of roles for broader data management. The last sub-section ("General Data

Management") describes how certain general data management needs (Code Numbers,

Comments, and the logging ofdata edits) are met within the Taxonomer model. These

components have been lumped together in this section partly because they represent

secondary applications of the data, and in some cases, partly because the associated tables

and their attributes have not yet been robustly developed.

Accepted Status

A common criticism of simple taxonomic data models (e.g., Pullan et aI., 2000;

Raguenaud, 2002) is that many of them accommodate only a single taxonomic "view."

While this may be seen as a limitation of these simpler models in a broader context,

several of these models are specifically intended to represent a single taxonomic view.

For example, the primary objective of the Integrated Taxonomic Information System

(ITIS, 2003) is to provide a single taxonomic view of available nomenclature, to facilitate

conformance of various U.S. federal agencies to a common taxonomic standard. Indeed,

many potential users of taxonomic data do not want or need to be presented with multiple

taxonomic views, but rather would implicitly accept the view as determined by some

taxonomic authority.

69



While a well-populated Assertion table as described above serves a valuable

function to practicing taxonomists in documenting the historical treatment of Taxon

Names, there is nothing within tbl_Assertion itself that identifies the "correct" or

"accepted" status of any particular Name. A simple algorithm could be developed to

assume that the most recent Assertion (according to the Date ofthe linked Reference)

flagged by a minimum Reliability value (e.g., ReliabilityID>=3) automatically represents

the "accepted" status of the associated Protonym. While such an algorithm would be

reasonably objective, it would probably be deemed by most to be inadequate. In most

cases, the designation of an "accepted" status ofa name requires careful assessment by a

qualified taxonomist.

One approach would be to identify certain "meta"-authorities for Taxon Names.

Such meta-authorities could have restricted taxonomic scope (e.g., the online version of

the Catalog ofFishes for fish taxa; the Mammal Networked Information System

[MaNIS] for mammal taxa; etc.); restricted geographic scope (e.g., ITIS for North

America; Hawaii Biological Survey [HBS] for the Hawaiian Archipelago; etc.); or all

encompassing (e.g., Species2000; BIOSIS; etc.). These meta-authorities could serve as

authors to References, to which Assertions are linked for every Protonym that falls

within the taxonomic or geographic scope of each respective meta-authority. Once a

database is populated with such Assertions linked to References authored by established

meta-authorities, the database user could define a priority scale among several of these

meta-authorities. The database application could automatically establish the current status

of each Name based on the most recent Assertion by the meta-authority with the highest

defined priority (among those meta-authorities that provide an Assertion for a given
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Name). In cases where a particular Name has not been treated by any ofthe established

meta-authorities (i.e., Names with no Assertions linked to References authored by meta-

authorities), the database application could resort to some default method ofdetermining

current status (e.g., the most recent Assertion ofa dermed minimum rank, as described

above).

Though this solution would likely be effective, it requires a potentially vast number

ofadditional Assertion instances to be created - at least one for each Name multiplied by

the number ofmeta-authorities that treat them (more ifmeta-authority treatments change

over time). This, in itself, is not necessarily a major problem; however, in most cases it is

not reflective ofthe actual information structure. In most cases, these meta-authorities do

not themselves provide true taxonomic assertions about each name they treat, but instead

generally select one pre-existing status, from among various recent and relevant

publications and other expert opinion, that they chose to follow. Based on this

perspective, one possible data structure is represented in Figure 1.7.

tbl_Agent tbl_AcceptedAssertion
UniqueKeya Unique Keys

AgeDtID Ping AeeeptedAssertionID P1D.g
etc... AssertioDID F Ing

MetaAuthorityID F Ing
Non-Key Attributes

Date date

tbl_MetaAuthority
Unique Keys tbl_Assertion

MetaAutborityID P1D.g
Non-Key Attributes

Priority byt rtionID Plag
etc..•

Figure 1.7. Possible table structure to determine Assertions that represent "accepted"
status, according to dermed "meta-authorities".
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By this structure, rather than create new Assertion instances for each name as treated

by each meta-authority, tbl_AcceptedAssertion allows for meta-authorities to identify

specific pre-existing Assertions (which in most cases would be contained in major

published taxonomic works, with ReliabilityID values of 3 or higher) as representing the

current "accepted" status for the corresponding Protonym. tbl_MetaAuthority would

represent a non-exclusive subtype of tbl_Agent, containing links to those Agents deemed

by the database user to be meta-authorities for determining current status of Protonyms.

The Priority attribute would be a simple priority-ranking value for each MetaAuthority

instance, used in establishing the preferred "accepted" status ofany particular Protonym

treated by more than one MetaAuthority. Each instance oftbl_AcceptedAssertion

would link to one Assertion instance and one MetaAuthority instance (via Foreign Keys

AssertionID and MetaAuthorityID), and would be dated via the Date attribute of

tbl_AcceptedAssertion. Because MetaAuthorityID constitutes an Agent/D, one could

technically be replaced by a Reference instance (i.e., MetaAuthorityID and Date together

comprise a date-stamped Agent). With well-populated sets oftbl_MetaAuthority and

tbl_AcceptedAssertion, a straight-forward algorithm could be implemented within a

database application using the Priority attribute (along with some method of establishing

a default accepted Assertions for Protonyms not treated by any MetaAuthority) to

automatically derive values of CheatAcceptedAssertionID for each Protonym instance.

The method described above for obtaining sets AcceptedAssertion values for each

Protonym would only be practical if some sort of standard were to be adopted by each

designated MetaAuthority to automatically provide and update such values

electronically. Ifno such standard existed (as it does not currently exist), and database
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users were forced to manually assign each instance of tbl_AcceptedAssertion, then the

structure described above would serve little more than the function oflogging how the

database user arrived at each value of CheatAcceptedAssertionID. There are, of course,

other ways to derive some sort of"AcceptedAssertionID" for each Protonym. A final

solution within the context of the Taxonomer data model has yet to be determined;

however, it will almost certainly take the form of a method to identify one specific

Assertion for each Protonym to represent its "accepted" status.

Mapping Concepts

As mentioned earlier, the data model components described in the "Taxa" section

above do not include a mechanism for recording relationships among intra-Reference

Taxon Concepts. Geoffroy and Berendsohn (2003) provide a description of how

taxonomic concepts can potentially relate to each other (summarized in their Table 1.3).

In many cases, two Concepts may be identical to each other (i.e., they are congruent). In

other cases, one Concept may entirely contain another Concept. For instance, suppose

"Protonym1" is created by "Reference1" to represent a broad population of organisms,

and "Reference2" later divides the broad population into two sub-populations, retaining

"Protonyml" for one of the sub-populations (i.e., that which included the Primary Type

specimen of "Protonyml "), and establishing the new "Protonym2" for the other sub-

population. In this case, Protonyml sensu Reference1 includes both Protonyml sensu

Reference2 and Protonym2 sensu Reference2. Conversely, both Protonyml sensu

Reference2 and Protonym2 sensu Reference2 are included in Protonyml sensu

Referencel. Other, less-frequently encountered kinds of relationships that may exist

between two Assertions include cases where one Assertion overlaps with another
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Assertion, and where one Assertion excludes another Assertion. In the latter case, the

assumption is that the respective Protonyms for each Assertion are identical. In all other

cases, relationships may be dermed between Assertions linked to either identical or

different Protonyms.

The table structure used to establish these relationships between inter-Reference

Assertions (i.e., Concept Mapping) is shown in Figure 1.8. The main table,

tbl_AssertionRelation, includes two Foreign Keys to tbl_Assertion (AssertionID, and

RelatedAssertionID), representing the two Assertions for which a relationship is

established. AssertionID links to the more recent of the two Assertions (i.e., the one

whose corresponding Reference was dated most recently), and RelatedAssertionID links

to the older of the two Assertion. This chronology is established by convention because a

more recent Reference can establish relationships between its own Assertions and

Assertions of a previous Reference, but not the other way around.

tbl_Assertion
tbCAssertionRelation Unique Keys

Unique Keys AuertiolllD PIJII
AssertionRelationID P Ing etc.•.

AssertionID F Ing
RelatedAssertionID F Ing tbl_Assertion
SoureeRefereneeID F Ing Unique Keys

Foreign Keys AIIertioaID PbIg
Re tonT pdD F byt etc...

tbl_RelationType
tbl_Reference

Unique Keys
Unique Keys RelationTypeID P byt

RefereneeID P Ing RelationType tyt
etc...

Figure 1.8. Table structure for mapping Assertions to other Assertions (i.e., Taxon
Concept Mapping).
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SourceReferenceID establishes a link to the Reference that detennined the

relationship between the two Assertions. This may be the same value as ReferenceID of

the Assertion instance linked to AssertionID of tbl_AssertionRelation (in the case

where a Reference explicitly states how its Concept of a Protonym relates to a Concept

in another Reference), or it may be an entirely different Reference (either published, or

created as an unpublished Reference specifically for the purpose of establishing a

relationship between two Assertions; but in either case dated more recently than the

more recent of the two related Assertions). Because of the imposed direction of

chronology with respect to the Assertions linked by AssertionID and

RelatedAssertionID, SourceReferenceID cannot be the Reference of the Assertion linked

by RelatedAssertionID.

RelationTypeID links to the surrogate Primary Key oftbl_RelationType, which

includes the five types of relationships defined above ("Congruent," "Included In,"

"Includes," "Overlaps," and "Excludes"; see first paragraph of this section above).

Specimen Determinations

As described in the INTRODUCTION section ofthis article, the Taxonomer data

model began as a way to establish a taxonomic authority for specimen databases. This

purpose has been retained, and is accomplished by way of the tbl_Determination table.

This table establishes links between tbl_Assertion and tbl_Specimen, and is the only

way by which Taxon Names are assigned to Specimens.

A full description of the entire structure for "Specimen" components of the

Taxonomer data model is beyond the scope of this article. In summary, an instance in

tbl_Specimen may be one of three types: "Vouchered" (physical specimens collected
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and preserved in a Natural History collection), "Unvouchered" (specific living organisms

that were only observed or photographed in the environment, but not physically collected

and deposited in any Natural History museum collection), and "Virtual." The latter is a

special-case type, representing an abstract Specimen or Specimens that mayor may not

have actually existed physically. It is used primarily as a place-holder to establish

necessary links between Taxon Names and certain kinds information contained within

References, but not associated directly with specific vouchered or unvouchered

Specimens (e.g., character states and geographic distributions).

Traditionally, databases of Specimens record not only a Taxon Name assigned to the

Specimen, but also the name ofone or more individuals who determined the

Specimen(s) to be identifiable to that Taxon Name, as well as some form of date

indicating when the determination was made. In the vocabulary of this data model, this

relationship could be stated as:

"Specimen determined to be a representative of Protonym by Agents on Date"

This can be further simplified in two additional steps:

"Specimen determined to be a representative of Protonym by Reference"

and

"Specimen determined to be a representative of Assertion"

This reduction in data structure is consistent with the true nature of information

established when a specimen is determined to be identifiable to a Taxon Name. As

emphasized earlier, an Assertion represents a Taxon Concept. The informational content

of a Specimen Determination is that the Specimen is a member ofa taxonomic

circumscription as represented by the determined Taxon Name. More specifically, the
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Specimen has been detennined to belong to the Taxon Concept envisioned by the

determiners themselves, on the date when the Determination was made. Thus, the

determiners can be represented as authors to a Reference, which established an

Assertion about a Protonym, to which the Specimen belongs.

As mentioned earlier, the data model components described in the "Taxa" section

above do not include a mechanism for recording relationships among intra-Reference

Taxon Concepts. Geoffroy and Berendsohn (2003) provide a description of how

taxonomic concepts can potentially relate to each other (summarized in their Table 3). In

many cases, two Concepts may be identical to each other (i.e., they are congruent). In

other cases, one Concept may entirely contain another Concept. For instance, suppose

"ProtonymI" is created by "Reference1" to represent a broad population of organisms,

and "Reference2" later divides the broad population into two sub-populations, retaining

"Protonyml" for one ofthe sub-populations (i.e., that which included the Primary Type

specimen of "Protonym1"), and establishing the new "Protonym2" for the other sub

population. In this case, Protonyml sensu Referencel includes both Protonyml sensu

Reference2 and Protonym2 sensu Reference2. Conversely, both Protonyml sensu

Reference2 and Protonym2 sensu Reference2 are included in Protonyml sensu

Reference1. Other, less-frequently encountered kinds of relationships that may exist

between two Assertions include cases where one Assertion overlaps with another

Assertion, and where one Assertion excludes another Assertion. In the latter case, the

assumption is that the respective Protonyms for each Assertion are identical. In all other
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cases, relationships may be defined between Assertions linked to either identical or

different Protonyms.

The table structure used to establish these relationships between inter-Reference

Assertions (i.e., Concept Mapping) is shown in Figure 1.8. The main table,

tbI_AssertionReIation, includes two Foreign Keys to tbI_Assertion (AssertionID, and

RelatedAssertionID), representing the two Assertions for which a relationship is

established. AssertionID links to the more recent of the two Assertions (i.e., the one

whose corresponding Reference was dated most recently), and RelatedAssertionID links

to the older of the two Assertion. This chronology is established by convention because a

more recent Reference can establish relationships between its own Assertions and

Assertions ofa previous Reference, but not the other way around.

SourceReferenceID establishes a link to the Reference that determined the

relationship between the two Assertions. This may be the same value as ReferenceID of

the Assertion instance linked to AssertionID of tbI_AssertionReIation (in the case

where a Reference explicitly states how its Concept of a Protonym relates to a Concept

in another Reference), or it may be an entirely different Reference (either published, or

created as an unpublished Reference specifically for the purpose ofestablishing a

relationship between two Assertions; but in either case dated more recently than the

more recent of the two related Assertions). Because of the imposed direction of

chronology with respect to the Assertions linked by AssertionID and

RelatedAssertionID, SourceReferenceID cannot be the Reference of the Assertion linked

by RelatedAssertionID.
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RelationTypeID links to the surrogate Primary Key of tbl_RelationType, which

includes the five types of relationships defined above ("Congruent," "Included In,"

"Includes," "Overlaps," and "Excludes"; see first paragraph of this section above).

Specimen Determinations

As described in the INTRODUCTION section of this article, the Taxonomer data

model began as a way to establish a taxonomic authority for specimen databases. This

purpose has been retained, and is accomplished by way ofthe tbl_Determination table.

This table establishes links between tbl_Assertion and tbl_Specimen, and is the only

way by which Taxon Names are assigned to Specimens.

A full description of the entire structure for "Specimen" components of the

Taxonomer data model is beyond the scope of this article. In summary, an instance in

tbl_Specimen may be one of three types: "Vouchered" (physical specimens collected

and preserved in a Natural History collection), "Unvouchered" (specific living organisms

that were only observed or photographed in the environment, but not physically collected

and deposited in any Natural History museum collection), and "Virtual." The latter is a

special-case type, representing an abstract Specimen or Specimens that mayor may not

have actually existed physically. It is used primarily as a place-holder to establish

necessary links between Taxon Names and certain kinds information contained within

References, but not associated directly with specific vouchered or unvouchered

Specimens (e.g., character states and geographic distributions).

Traditionally, databases of Specimens record not only a Taxon Name assigned to the

Specimen, but also the name of one or more individuals who determined the

Specimen(s) to be identifiable to that Taxon Name, as well as some form of date
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indicating when the determination was made. In the vocabulary of this data model, this

relationship could be stated as:

"Specimen determined to be a representative ofProtonym by Agents on Date"

This can be further simplified in two additional steps:

"Specimen determined to be a representative of Protonym by Reference"

and

"Specimen determined to be a representative ofAssertion"

This reduction in data structure is consistent with the true nature of information

established when a specimen is determined to be identifiable to a Taxon Name. As

emphasized earlier, an Assertion represents a Taxon Concept. The informational content

ofa Specimen Determination is that the Specimen is a member of a taxonomic

circumscription as represented by the determined Taxon Name. More specifically, the

Specimen has been determined to belong to the Taxon Concept envisioned by the

determiners themselves, on the date when the Determination was made. Thus, the

determiners can be represented as authors to a Reference, which established an

Assertion about a Protonym, to which the Specimen belongs.

As illustrated in Figure 1.9, tbl_Determination establishes a many-to-many

relationship between Assertions and Specimens, via the Foreign Keys Assertion/D and

Specimen/D. As indicated in the diagram, all Specimens must be qualified by at least one

Determination (even if only to Kingdom). The critical point about this approach to

Specimen Determinations is that it establishes the "determiner(s)" as author(s) of a

Reference, which provided an Assertion with reference to a Protonym. When cited in

publications, specimens are assignable to the corresponding Assertion for the identified
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Taxon Name within the publication. When specimens are determined directly (i.e., not in

the context ofa published Reference), then the Determiner(s) serve as author(s) to a

Reference oftype "Determination" (with a Date value corresponding to the date on

which the Determination was made). By allowing a broad interpretation ofa Reference

as fundamentally an instance ofdate-stamped Agent(s), the Taxonomer data structure

allows citations ofspecimens in publications and direct specimen Determinations to be

handled identically: via Assertions. In both cases, the logic ofthe data model is

consistent with the true informational content: Specimens are determined by Agents to

belong to a Taxon Concept (as represented by a Taxon Name), at a particular point in

time.

tbl_Assertion
tbl Determination Unique Keys

Unique Keys rtioDlD p ....

DeterminationID P Ing etc•.•

AssertionID F Ing TypificatiooJD:
SpecimenID F Ing tbl_Typification O=Unspecified

Foreign Keys Unique Keys I=Typc

TypificationID F Ing TypificationID P Ing
2=Syntype
3~HoIotypc

Typification 4=Lectotype

tbl_Specimen
S=<Neotype
6'=Paratype

Unique Keys etc...

pedmenID P lag tbl_SpecimenType
Foreign Keys Unique Keys

SpecimenTypeID P byt
etc... SpecimenType txt

Figure 1.9. Physical data model for Determinations ofSpecimens.

The Determination data model also includes a very simple way ofrepresenting

Specimens as Types ofTaxon Names, via the TypificationID Foreign Key to

tbl_Typification. This link is established only when the Reference ofthe linked
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Assertion formally established the linked Specimen as a nomenclatural Type of the

Protonym represented by the linked Assertion.

It should be underscored that all linkages between taxa and information content

linked to Specimens (e.g., Character data, geographic distributions, images, etc.) occur

via the tbI Determination relationships (see Figure 1.2).

Taxon Excerpts

One of the components related to both References and Assertions not shown in

Figures 4 or 6 is tbI_Excerpt. The function of this table is to record quoted excerpts from

References. As indicated in Figure 1.10, the table has six attributes in addition to its

surrogate Primary Key. Three of these attributes are Foreign Keys. ReferenceID links to

the Reference in which the Excerpt appeared. LanguageID indicates what Language the

Excerpt was originally written in. TranslatorID links to the Agent who served the role of

translator, if the Excerpt was translated to a different Language from its original. The

three non-key attributes include ExcerptType (a general category of the Excerpt content

or type; examples shown in blue text), Excerpt (the actual quoted text), and Pages (the

specific Page[s] on which the Excerpt occurred within the Reference).

Although tbI_Excerpt is intended for very general application, a specific link to

tbI_Assertion is established via tbI_AssertionExcerpt. There are no other attributes of

this table, other than the respective Foreign Keys AssertionID and ExcerptID. The

purpose ofthis table is to establish a link between any specific Protonym and a free-form

text quote related to the Protonym as appears in the Reference. The domain of

AssertionID within tbI_AssertionExcerpt is only those Assertion instances that link to

the same ReferenceID that the corresponding Excerpt instance links to. This general
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structure is extremely useful for a wide variety oftaxonomic purposes~ such as quoting

entire sections ofa taxon account as it appears within a reference (e.g., Diagnosis,

Etymology, etc.), quotes that describe relationships among several taxa, or other textual

information that appears in a Reference.

tbl_ rtiOD
tbl_AssertionExcerpt

kf~~-_ Unique Keys AaertionID Ping
AssertionEuerptID P Ing etc...$ AssertionID F Ing
ExeerptID F Ing tbl_Reference

+_ Unique Keys

tbl_Excerpt RefereaeeID p ....

+I-- Unique Keys etc...

ExeerptID Ping
tbl_LanguageI-- Foreign Keys

ReferenceID F Ing ~~ f-- Unique KeyshiLanguageID F Ing
~I

LangoageID P Ing
ype: TranslatorID F Ing ~b Language txt

I-- Non-Key Attributes
is ExcerptType txt tbl_Agentplion Excerpt memlogy

Pages txt
~

I-- Unique Keys

ApntID Ping
etc...

ExcerptT
General
Diagnos
Descri
Etyma
etc...

Figure 1.10. Excerpts ofReferences, and their relations to Assertions.

Common Names

Although TaxonRank values within the range of90-99 are reserved for informal

taxon name designations not governed by Codes ofnomenclature, these are not intended

for "Common" or "Vernacular" names oforganisms. It would be technically possible to

treat such common names as yet another subtype ofProtonyms, but this would require

the cumbersome task ofdesignating a single instance ofeach unique common name as

the "original" instance (i.e., Protonym). Moreover, extensive homonymy and a lack ofa

consistent hierarchy structure ofcommon names justifies their treatment in a different

way from more rigid taxonomic nomenclature.
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Although not serving as the basis ofAssertions themselves, the link between

common names and scientific names is established via Assertions. Figure 1.11 illustrates

that tbl_CommonName has two Foreign Keys: Assertion/D, and Language/D. By

linking a CommonName to an Assertion, the Reference in which that CommonName

appeared is automatically included (as linked to the Assertion). LanguageID specifies

what Language the CommonName is representative of. The actual text string is stored

in CommonName, and the Pages attribute is provided to indicate what page(s) the

CommonName appears on within the associated Reference.

P inK

P Ing
txt

tbl_CommonName
Unique Keys -----I

CommonNamelD P Ing
Foreign Keys --------i

AssertionID F Ing
LangoagelD F Ing

Non.Key Attributes ----I
CommonName txt
Pages txt

tbl_Assertion
Unique Keys ------I
rtionID

etc...

tbl_Language
Unique Keys --------i

LanguageID
Language

Figure 1.11. Physical data model for CommonNames.

General Data Management

Several core components ofthe Taxonomer data model apply more or less equally to

the entire model as a whole. These components manage general information that may

have relevance to a wide variety ofdata entities, including those described herein. Three

such general components are described here, and illustrated in Figure 1.12.

One ofgeneral components is tbl_CodeNumber and associated tables. Many core

entities have numbers or other codes associated with them. Vouchered Specimen objects

are assigned to various Catalog Numbers, Collector Numbers, Accession Numbers, and

other codes. References may have Call Numbers, Reprint Numbers, or Accession
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Numbers. Agents are sometimes referred to by some sort ofcode or number (e.g., Social

Security Numbers, Employee Numbers, etc.). Even Taxon Names can have Code

Numbers assigned to them (e.g., the Taxonomic Serial Number [TSN] assigned to Taxon

Names by ITIS). Many ofthese entities have multiple versions ofa number that can

change over time (e.g., vouchered Specimens transferred from one natural history

collection to another). Rather than sprinkle CodeNumber and CodeNumberSeries

attributes across many ofthe core tables in the Taxonomer data model, a generalized

CodeNumber documentation system has been implemented.

Type:

on
Designation
cation

NumberSeriesType:
Protonym

ference
ferenceSeries

pecimen
ransaction

CodeNlIDI.bdrype:
Number

ber
umber
umber

ameCode
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CodeNumberSeriesID Flog ~~ tbl_CodeNumberSeries
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Et
ValidCodeNumberSeriesID F Ing ~
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~
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Figure 1.12. General data management tables.
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As illustrated in Figure 1.12, tbl_CodeNumber is linked to tbl_CodeNumberType

and tbl_CodeNumberSeries via the two Foreign Keys, CodeNumberTypeID and

CodeNumberSeriesID. tbl_CodeNumberType classifies the CodeNumber according to

its general type (as shown in the blue text list). tbl_CodeNumberSeries identifies the

specific series of CodeNumbers (e.g., a particular catalog number series in a Specimen

collection). The CodeNumberSeries attribute is intended for the short, unique identifier of

a number series, such as an institutional acronym for a Specimen collection (e.g.,

"BPBM" for B. P. Bishop Museum; "CAS" for the California Academy of Sciences;

etc.). The recursive Foreign Key ValidCodeNumberSeriesID is used primarily to track the

changes in CodeNumberSeries values for a given number series (e.g., when the British

Museum ofNatural History [BM(NH)] changed to The Natural History Museum

[NHMD. The AgentlD Foreign Key links to the Person or Organization that owns or

created the CodeNumberSeries. CodeNumberSeriesName is the full-text name ofthe

number series. CodeNumberSeriesType categorizes the CodeNumberSeries according to

the core element that it refers to. In some cases, a CodeNumberSeries may apply to

more than one core element (e.g., "Call Numbers" can apply to both References and

ReferenceSeries), in which case both values are entered in the CodeNumberSeriesType

field, separated by a semicolon. The Description attribute allows for a longer text

explanation of what the CodeNumberSeries is used for, and what its constraints and

informational content are (if any).

The first two non-key attributes oftbl_CodeNumber are TableName and PKID.

These generalized attributes are used in this table and in the two tables described below

(tbl_Comment and tbl_EditLog), and serve the function of providing basic context to
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the values in other attributes of the table. TableName is entered as the name of the table

in which the numbered instance appears (but without the "tbl_" prefix). For example, if

the CodeNumber is a catalog number of a specimen, the value of TableName would be

"Specimen." If a Social Security Number, the value would be "Person"; although it could

also be "Agent," in this case, because tbl_Person is a subtype oftbl_Agent with

identical corresponding surrogate Primary Key values. The PKID attribute is used to

record the surrogate Primary Key value of the instance in the table indicated by

TableName to which the CodeNumber applies. Together, TableName and PKID

effectively represent a Foreign Key (of sorts) to any instance of any Table in the

Taxonomer application database.

The final attribute of tbl_CodeNumber is CodeNumber, which stores the actual

value of the CodeNumber itself. This attribute is a text field, rather than a numeric field,

to allow for textual or alphanumeric CodeNumber values.

The second general data management component shown in Figure 1.12 is

tbl_Comment. This table stores any sort of free-form textual comment that can, as with

CodeNumbers, be applied to any instance of any table in the Taxonomer application.

Comments differ from Excerpts in that they are usually created by the database user to

record meta-information regarding the nature of the data as contained in the database

itself, whereas Excerpts generally exist outside the context of the database. As with

CodeNumbers, this generalized approach was taken to consolidate Comments into a

single table, rather than sprinkle various "Comments" and "Remarks" attributes

throughout the various tables. AuthorID is a Foreign Key to tbl_Agent, indicating the

Person or Organization who authored the Comment. TableName and PKID serve the
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same function they do for tbl_CodeNumber. CommentType allows general

categorization of Comments. Although examples are shown in the blue text list in Figure

1.12, values for this field are defined within the context ofthe TableName to which they

apply, and other database user needs. Comment is a long-text field that stores the text of

the Comment itself. The final attribute of tbl_Comment is Date, which records the date

and time at which the Comment was created. Although technically the combined

attributes ofAgentID and Date within tbl_Comment could be treated instead as a

Reference, Comments are taken to be more ad-hoc annotations to the database, not

really acquiring the status ofa Reference. The model could, ofcourse, be modified to

have a single Foreign Key link to tbl_Reference instead of the AgentID and Date

attributes, but this would not only create potentially enormous numbers of additional

References, but would also obscure the distinction between Comments and Excerpts.

The Taxonomer application incorporates a very simple table called tbl_EditLog to

record data edit history for all values of all attributes of all tables (except "Cheat" fields).

It includes the following seven attributes: EditLogID (long-integer surrogate Primary Key

field); EditorID (Foreign Key to tbl_Agent indicating the database user who made the

edit); TableName (same function as in tbl_CodeNumber and tbl_Comment);

FieldName (analogous to TableName, except identifies the field within a table for which

the data were modified); PKID (same function as in tbl CodeNumber and

tbl Comment); PreviousValue (the value of the specified field in the instance indicated

by PKID before it was edited or deleted); and Date (a date and time-stamp for when the

addition, edit, or deletion occurred). Whenever a new record is added to any table, an

instance oftbl_EditLog is created with the appropriate values of TableName, PKID,

88



Editor/D, and Date; an asterisk ("*") is entered in FieldName (indicating all fields in the

table), and the text "ADDED" is entered into PreviousValue. When a record is edited, the

appropriate values of TableName, FieldName, PKID, Editor/D, and Date are entered, and

PreviousValue is set to the value of the edited field as it was before being edited. When a

record is deleted, all non-null field values are recorded as they would be for a data edit,

and an additional instance oftbl_EditLog is created with appropriate values of

TableName, PKID, Editor/D, and Date; an asterisk ("*") in FieldName, and the text

"DELETED" in PreviousValue.

Consolidating all data edit history information into a single table eliminates the need

to sprinkle attributes such as "CreatedBy," "CreateDate," "EditedBy," and "EditDate"

across many different tables. In a sense, tbl_EditLog serves the same function as a the

transaction log incorporated into many more sophisticated relational database

applications.

DISCUSSION

A fundamentally important characteristic ofthe relational data model proposed

herein is that major subsets of the data are "layered" on top of each other, such that

"lower" layers are entirely independent of "higher" layers. For example, the entities

clustered together in Figure 1.3 that accommodate Agent data serve their function of

storing and organizing relational data about Agents independently ofthe "higher-layer"

data subsets that link to Agents in some way (e.g., as authors ofReferences, collectors of

specimens, etc.). References, representing a slightly higher layer, depend on the

existence ofAgents (to represent Authors), but are entirely independent of still higher

layers (e.g., Assertions).
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This article describes in detail the aforementioned three layers (Agents, References,

and Assertions), and provides examples of how Assertions can serve as a handle to a

Taxon Concept, which can be utilized in a variety of ways via additional data layers (e.g.,

AssertionRelations, Determinations, etc.). The main emphasis of this article is to

demonstrate how, with a broad interpretation ofa Reference as any documented

information provided by Agent(s) at a particular point in time (i.e., date-stamped

Agents), the concept of a Protonym as a subtype of Assertion can provide a self

contained and highly generalized approach to representing Taxon Names and Taxon

Concepts.

Indeed, the Assertion is here regarded as a fundamental unit of taxonomy, and the

general "currency" of information management concerning taxonomic entities. Although

Assertions generally represent subjective treatments of Taxon Names in relation to the

scope ofliving organisms circumscribed by those Names, the Assertion instances

themselves are objective entities. While one may disagree with "AuthorX" that

"SpeciesA" should be treated as a junior synonym of "SpeciesB," there is usually no

ambiguity in the fact that "AuthorX" did indeed assert that "SpeciesA" should be treated

as such (within the context of a Reference). An Assertion instance constitutes the

documentation of that fact, and can be seen as a representation of the Taxon Concept

explicitly stated or indirectly implied within the corresponding Reference.

Although many of the ideas and concepts presented here are not new, the basic

approach to modeling information as it applies to Taxon Names and Taxon Concepts

differs from other taxonomic data models. Comparisons with specific data models are

made below.
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COMPARISON WITH THE HICLAS MODEL

The HICLAS (HIerarchical CLAssification System) data model (Zhong et aI., 1996;

1999) was among the earliest efforts to distinguish taxon names from taxon concepts and

provide for multiple taxonomic views. Their definition of "Classification" was somewhat

similar to an Assertion (in that both represent the treatment of a taxon or taxa, as would

be the case for the full set of Assertions linked to a particular Reference). However, they

restricted the scope ofReferences that can provide Classifications to exclude checklists

and certain other scientific or non-scientific citations of Taxon Names, even though such

References likely represent a Taxon Concept (though generally less explicitly defined

within the Reference itself). The Taxonomer model can enforce similar restrictions (and

much more flexibly) by filtering on ReliabilityID oftbl_Assertion.

Closer to the essence ofan Assertion is what Zhong et ai. (1996; 1999) defined as a

"Taxon View." Taxon Views are represented by four elements: Taxon Name, Author or

Authority, Year, and Publication Number. Taxon Name is comparable to a Protonym,

and the other three elements are all attributes of a Reference as linked to an Assertion

(Author in the case where an Assertion is also the Protonym, and Authority in the cases

of subsequent citations of a Protonym). Thus, these four elements are contained within

the combined values ofProtonymID and ReferenceID as attributes of tbl_Assertion. It

should be noted that whereas the "Publication Number" ofHICLAS uniquely identifies

the associated Reference, the "Taxon Name" is somewhat more ambiguous, given both

problems of homonymy and alternate spellings ofwhat otherwise constitutes the same

Name.
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The equivalent of "Taxon-View Groups" ofHICLAS are easily obtained from the

Taxonomer model described here by filtering tbl_Assertion by a single ProtonymID

value. The "Primary" and "Secondary" taxon views ofHICLAS are identifiable by the

conditions ofProtonymID=AssertionID and ProtonymIDtAssertionID (respectively)

within tbl_Assertion. The Parent/Child Taxon View ofHICLAS is represented by the

recursive series ofParentAssertionID within tbl_Assertion, for a given ReferenceID. In

the Taxonomer model, such links are generally only applied in cases of explicit referral.

However, the word "explicit" as used here is somewhat liberal, requiring only the

appearance of both parent and child names within the Reference, and some form of

unambiguous representation of a hierarchical relationship between the two. Absent the

explicit occurrence of a text-string name within a Reference, however, no implied

parent/child relationships can be assumed. For example, if a Reference discusses a

family of fishes, it is generally implied that the author regarded the Family to belong to at

least the Kingdom "Animalia," if not something more specific. However, unless the

Reference explicitly includes "Animalia" in its text, no Assertion instance should be

created for that Reference linked to the Protonym of Animalia (leaving nothing for a

ParentAssertionID to link to).

The HICLAS model defines seven "operations" to establish Lineages among Taxon

Views: "Origination," "More," "Merge," "Partition," "Promotion," "Demotion," and

"Recognition." Origination is represented in the Taxonomer model by a Protonym. The

"Move" operation represents a lateral transfer of a taxon within the same rank, but under

a different parent. Certainly treatments of a given Protonym by different References as

belonging to different "Parent" taxa are adequately accommodated by the structure of
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tbl_Assertion (specifically via ParentAssertionID), and as such the "movement" of a

Protonym among different Parent taxa over time can be easily documented. However,

this notion ofa "Move" operation is not treated as a meaningful informational entity

within the Taxonomer model, for two reasons. First, the "movement" of a taxon concept

from one Parent to another implies that some sort of tangible and universal entity changes

its nature upon the publication ofa new taxonomic treatment. From the perspective of the

Taxonomer model, no real entity "moved"; rather, a common entity (a Protonym) was

represented in a different hierarchical context. Secondly, the circumscription of a taxon

involved with a "Move" operation doesn't actually change: it still is implied to contain

exactly the same scope ofliving organisms that it did before the "Move." As such, this

operation only involves change in perceived taxonomic affinities, not a change in the

scope or definition of the Concept itself. Nevertheless, the Taxonomer model does

accommodate tracking of the directionality of such lateral "Move" operations, through an

instance oftbl_AssertionRelationjoining a later Assertion (with one Parent) to an

earlier Assertion (with a different Parent), via a RelationType of "congruent."

The "Merge" operation is also supported by sets oftbl_AssertionRelation instances.

A single value ofAssertionID in this table may be represented by multiple instances with

different values of RelatedAssertionID, each indicated as being of RelationType

"includes." The same applies for a "Partition" operation, except in that case the

RelationType would be "included in."

The "Promotion" and "Demotion" operations are dealt with in Taxonomer in the

same way that the "Move" operation is; that is, within tbl_Assertion (via different values

if TaxonRankID). As with the other operations, the directionality and scope ofthese
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changes can be represented via tbl_AssertionRelation. Similarly, the "Recognition"

operation is easily accommodated by an instance in tbl_AssertionRelation, established

with a RelationType of"congruent."

Zhong et al. (1999) discussed the differences between hierarchies based on

nomenclature, and hierarchies based on phylogenetic analysis. The revised (1999)

HICLAS model endeavored to accommodate both kinds of hierarchies. Although the

Taxonomer model could likely accommodate phylogenetic representations with relatively

minor modifications, its intended purpose at the present time is focused on nomenclatural

classifications.

COMPARISON WITH THE BERLIN (IOPl) MODEL

Berendsohn (1997) described the "IOPI" (International Organization for Plant

Information) taxonomic data model, and Berendsohn et al. (2002) and Berendsohn et al.

(2003) updated it and referred to it as the "Berlin" model. There are many fundamental

similarities between the Berlin model and the Taxonomer model. Indeed, the virtually

independent convergence on such similar data management solutions suggests that some

level of optimality may be approached, especially when considering that the Berlin model

was developed primarily around the needs of botanical taxonomy, whereas Taxonomer

was driven more directly by zoological taxonomy.

Berendsohn et al. (2003: 15) wrote: "The taxonomic model has to incorporate

nomenclatural rules and the traditional taxonomic relationships (synonymy, taxonomic

hierarchy, etc.). In addition, it has to be capable ofrepresenting different taxonomic

views in order to enable the system to express arbitrary relationships between potential
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taxa." The Taxonomer model achieves the former through tbl_Assertion and its related

tables, and achieves the latter through tbl_AssertionRelation.

Perhaps the biggest difference between the two models is how Taxon Name entities

are treated. As described in detail above, in Taxonomer information concerning original

descriptions of taxon names is embedded within the Assertion and Protonym tables. In

the Berlin model, Name data are stored in an entirely different set of tables, as explained

in Berendsohn et al. (2003), to more strictly separate nomenclatural data from potential

taxon data. This separation is accommodated in the Taxonomer model in that links to

Taxon Concepts (potential taxa) are made to tbl_Assertion, whereas links intended to

only represent the nomenclatural components are made to tbl_Protonym. Although the

specific approach to managing various aspects of Name information (e.g., unnamed taxa,

cultivars, nothotaxa and hybrids formulae, etc.) are quite different in the two models,

both are capable of managing very similar informational content (with the Taxonomer

model being somewhat more normalized, relying instead on various "Cheat" fields to

improve concatenation performance of multinomials, and relying more heavily on

business rules embedded within the application tier to manage different information

elements applied differently to Names of different taxonomic rank). The functions of the

Berlin model's table "RelName" (the relationships among names) are accommodated in

several ways. Relationships between subsequent treatments ofa Name and its basionym

are accommodated by the ProtonymID attribute oftbl_Assertion. Other such

relationships (e.g., 'is later homonym of) can be accommodated in tbl_ObjectiveStatus

(in the context of other relationships included within the corresponding Assertion). Still

others are accommodated by tbl_HybridAssertion and TypeProtonymID of
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tbl_Protonym. The Berlin model also includes the "NomStatusRel" table which serves

essentially the same function as tbl_ObjectiveStatus as described herein. Both tables are

used to categorize the nature of a Code-mandated relationship between Taxon Names, as

asserted by a Reference. Many of the nomenclatural tables in the Berlin model include

" ...RetFK" and " ...RefDetailFK" linkages to "Reference" and "RefDetail" tables. By

using Assertions as the unit of nomenclatural information management, the Taxonomer

model consolidates those linkages into a single link (i.e., via the ReferenceID attribute of

tbl Assertion).

Another difference between the Berlin model and the Taxonomer model is how

nomenclatural authors are tracked. The Berlin model explicitly defines "teams" of

authors, which are linked directly to Name entities. The Taxonomer model derives

authors of Taxon Names via the associated ReferenceID of a Protonym's corresponding

Assertion. This eliminates the need for additional relationships between Agents and

Names, and between References and Names (see earlier discussion under the

"References" section describing the use of the "Ex" AuthorType and the use Sub

References for delineating original descriptions from their containing References, when

necessary). The Taxonomer model does not establish an entity to represent an "Author

Team," but one could easily be derived from the set of Agents linked to any particular

Reference via tbl_ReferenceAuthor. However, the need to establish this somewhat

artificial entity (which seems to be based solely on the desire to establish direct

relationships between each Name and its individual authors) is obviated by the way in

which Taxon Names derive their authorships within the Taxonomer model. Standard

botanical abbreviations for authors are accommodated in the Taxonomer model via the
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CodeNumber components, described earlier (which can accommodate any number of

abbreviations based on any number of defined abbreviation standards). The function of

the "RelAuthor" table in the Berlin model is essentially duplicated by ValidAgentID in

the Taxonomer model.

The bibliographic components of the Berlin model are functionally similar to the

Reference components described herein. The "Reference" table of the Berlin model is

analogous to tbI_Reference described herein; and the "RefCategory" table of the Berlin

model is analogous to tbI_ReferenceType. Most differences between the two approaches

are in detail only, and largely stem from the adherence of the Taxonomer model to the

structure used by EndNote® 7 software. One aspect of the Berlin model that is more

robust that the Taxonomer model is the "RefDetail" table, which pinpoints positions

within References in a more normalized way than the "Pages" attributes of several

Taxonomer tables. As discussed earlier, future versions of Taxonomer may include a

more robust management scheme analogous to "RefDetail."

At the heart of the Berlin model is the "Potential Taxon" (Berendsohn, 1995; 1997;

Geoffroy & Berendsohn, 2003), which is almost identical to the Assertion as defined

herein (more specifically referred to in Berendsohn et aI., 2003, as a "Taxonym"). Both

approaches establish the intersection of a Reference and a Taxon Name as the handle to a

taxon concept. Both approaches also use this intersection instance as the basis through

which other factual information is linked to taxa. The main difference between the two

structures is that the Berlin establishes a unique set of"Status" alternatives for each

name, whereas the Taxonomer embeds this information into the same Assertion instance

(see further discussion below). One apparent limitation of the Taxonomer model is that
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only one "kind" of synonym (i. e., a direct nomenclatural synonym) can be defined within

tbl_Assertion. As pointed out by Berendsohn et al. (2003), other "kinds" of synonyms

('partial synonym" and 'pro parte synonym') " ... are actually cases of concept

synonomy... " (p.37), but explicitly stated within the "taxonym"/Assertion Reference

itself. Such "Assertion mapping" is accommodated by the Taxonomer model via

tbl_AssertionRelation. In such cases where the Reference contributing the Assertion

explicitly states such concept synonyms, the SourceReferenceID attribute of

tbl_AssertionRelation links to the same Reference as indicated by the corresponding

ReferenceID value in the associated Assertion instance. In this way, the Taxonomer

model clearly separates nomenclatural synonymies from concept synonymies. The

"RelPTaxon" table ofthe Berlin model serves three functions, that are accommodated by

the Taxonomer model by (respectively), ValidAssertionID oftbl_Assertion (for

traditional synonymy); ParentAssertionID oftbl_Assertion (for hierarchical

classification), and tbl_AssertionRelation and its associated tbl_RelationType (for

concept synonymy). The reason that the different functions are handled differently in the

Taxonomer model is that the former two are best addressed on an intra-Reference basis;

whereas the latter involves inter-Reference relationships of taxon concepts (note that

intra-Reference linkages via ValidAssertionID and ParentAssetrtionID simultaneously

reflect nomenclatural relationships and concept relationships, as they necessarily are the

same within a single Reference; but even these can be further qualified via an instance in

tbl_AssertionRelation). The main weakness of the Taxonomer model in this regard is

that it does not have a robust structure for accommodating misapplied names. As

discussed in the "Limitations" sub-section of the "Taxa" section of this article, such
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infonnation can be accommodated indirectly, and may be more directly addressed in

future versions via a more robust dedicated table structure.

"Cheat" fields defined herein are somewhat analogous to "Cache fields" of

Berendsohn et al. (2003: 17) in that they enhance perfonnance, but differ in that they can

only be created by the application from the atomized components (i.e., they are strictly

derived fields). By contrast, "Cache fields" in the Berlin model are also used to store

imported concatenated data prior to parsing into more atomized fields. These differences

only affect application-tier issues, and data importing protocol; they have essentially no

bearing on the core data structure.

Finally, Kusber et al. (2003) describe an extension of the Berlin model to robustly

model taxonomic typification. The Taxonomer model, by contrast, includes only

rudimentary typification documentation (via TypeProtonymID of tbl_Protonym, and

TypificationID oftbl_Determination). A more robust approach to managing typification

is planned for a future version of the Taxonomer model, but it is worth noting that such

an enhancement would primarily be in the fonn of additionally "layers," without

substantial modification to the core Taxonomer data structure described herein.

COMPARISON WITH THE PROMETHEUS MODEL

The Prometheus taxonomic data model (Pullan et al., 2000; Raguenaud, 2002) is

intended to provide a mechanism for objectively defining the scope and extent of

taxonomic circumscriptions, by way of Specimens as reference points. Like the previous

two discussed models (HICLAS and the Berlin model), it has botanical origins. Like the

Taxonomer model, the Prometheus model attempts to structure data according to how it

is actually used for taxonomic activities.
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As emphasized by the Prometheus model, specimens are the only objective means to

establish congruency (or lack thereof) between any given pair of Taxon Concepts (see

earlier discussion under "Specimen-Resolution Circumscriptions"). The Taxonomer data

model supports such Specimen-Resolution circumscription definitions by virtue of the

fact that Determinations are linked to Assertions. This linkage allows direct indexing of

specific Specimens as definitive markers to the biological (i.e., real-world) scope ofthe

taxon circumscription represented by the Assertion instance. When more than one

Reference includes Determination instances for the same pool of Specimens, the

respective scope of the corresponding sets ofAssertions for each Reference can be

objectively compared.

Because of the complexity of mapping instances of "Potential Taxa" to the physical

specimens upon which they were based, the "Potential Taxon" is portrayed by

Berendsohn (1997) and Pullan et al. (2000) as a "compromise" method for managing

taxon concepts. In contrast, I do not see Assertions as representing any form of

"compromise" at all, but rather as a different basis of information indexing. That some

References fail to explicitly "anchor" their implied Taxon Concepts to biological reality

in the form of Specimen citations does not negate the fact that the authors of the

Reference had a clear Taxon Concept in mind when they represented it by a Taxon

Name. Assertions of such References should not, therefore, be excluded from the pool

of potential taxonomic concepts, simply because their concepts cannot be objectively

scoped or cross-referenced to other Assertions. Indeed, it could be safely argued that

many (a majority?) of References that do cite specific Specimens, do not draw from a

sufficiently large and overlapping pool of Specimens as cited in other References
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establishing Assertions for the same set ofProtonyms. The Taxonomer model was

intentionally designed to exploit Specimen citations when they exist (via the use of

Assertions as the taxonomic link to Determinations), but not to exclude other

Assertions (that lack extensive specimen citations) from the overall pool of managed

taxonomic information.

Comparisons between the Prometheus model and the Taxonomer model are

necessarily limited, given the difference in fundamental data structure, and to some

extent, the different intended purposes of each. Nevertheless, some comparisons can be

drawn. Like the Berlin model, the Prometheus model goes to great lengths to distinguish

nomenclatural information from 'classification' (circumscription) information. The

Taxonomer model rigorously (but subtly) maintains a distinction between Name entities

and Concept (circumscription) entities, without extensive de-normalization or duplication

of the data structure. This is accomplished simply by the implied rule that links

established via AssertionID values apply to both circumscriptions and nomenclature (the

latter provided automatically and simultaneously), whereas links established via

ProtonymID are exclusively nomenclatural (even though Protonyms are subtypes of

Assertions, which contain an implied circumscription). The Prometheus model defines

the two separate entities of"Nomenclatural Taxa" and "Circumscribed Taxa"; each with

its own set of links to ranks, publications (and associated authors, either by extension or

directly), specimens, and hierarchical recursion. These roughly correspond to the

Protonym and Assertion entities in the Taxonomer model. Separate links to "Rank" and

"Publication" (=Reference) entities in the Prometheus model are consolidated in the

Taxonomer model. The link between Circumscribed Taxa and Specimens in Prometheus
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are comparable to Determination instances of Taxonomer, but the direct link between

Nomenclatural Taxa and Specimens (via typification) in Prometheus does not exist in

Taxonomer (instead, Protonyms are connected to their type Specimens via

Determinations by the corresponding Assertion instance that established the

typification). The Rejection/Conservation Status ofNomenclatural Taxa (and associated

entities) in Prometheus is most closely emulated by ObjectiveStatus components of

Taxonomer. Like the Prometheus model, the Taxonomer model does not treat the

relationship between a Name and its homotypic Basionym (Protonym) by the same

mechanisms that synonyms are established.

Pullan et al. (2000) cautioned against the use specimen determination labels for

delineating circumscriptions, due to the fact that the determination is limited in temporal

scope to the date on which it was applied to the specimen. However, this only potentially

limits the extent to which such determinations can be objectively cross-referenced to

published circumscriptions. By treating Specimen Determinations as a defined

ReferenceType, the Taxonomer model allows such Determinations to stand on their

own as representing Taxon Concepts, independent ofpublished works citing the same

specimens. In most cases, Specimens cited in publications will also have Determination

labels associated with them, by the same or similar authors as the publication. This allows

objective cross-verification of congruency among Determination-based circumscriptions

and their published counterparts. While it is true that Determinations are technically

dated on the day on which the Determination was applied to the Specimen, there are

many cases when clusters ofDeterminations spanning a series of consecutive or near

consecutive dates can be logically consolidated. One example is when a taxonomist visits
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a Museum and establishes a series of Determinations within a span of several days or

weeks. Another example is when a taxonomist borrows a series of Specimens, and

returns them as a batch with new Determinations. Such sets of Assertions can be

reliably cross-referenced as congruent using tbl_AssertionRelation.

The Taxonomer model differs from the Prometheus model in the way that "auxillary

data" or "factual data" are joined to taxonomic components in that Taxonomer establishes

such links via tbl_Assertion, whereas Prometheus links such data to Nomenclatural

Taxa. This distinction is merely a result of the way Taxonomer establishes Assertion

instances associated with the Reference instances that provide the auxiliary data (and

establishes the link between the auxiliary data and the taxonomy via these Assertions).

COMPARISON WITH THE NOMENCURATOR MODEL

The most recent of the published data models for managing multiple taxonomic

views is Nomencurator (Ytow et aI., 2001; 2002). Conceptually, there are many

similarities between the Nomencurator model and the Taxonomer model. The

"Publication" entity ofNomencurator is functionally equivalent (though more restrictive)

to the Reference entity of Taxonomer. Ytow et al. (2001) describe two types oflinks

within Publications: internal and external. These correspond to what are referred to in this

article as "intra-Reference" links, and "inter-Reference" links, respectively. The term

"taxonomic opinion" as used in Ytow et al. (2001) is conceptually identical to the

Assertion described herein (i.e., " ...the term 'taxonomic opinion' will be used to

describe the taxon concept as it existed for an author at the time ofpublication. A

taxonomic opinion can be identified without ambiguity by specifying a pair of tangible

objects; the name as printed and the publication in which it appeared." p.84).
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The Nomencurator model is fundamentally based on a three-layered approach to

defining informational units. The "instance" layer is defined by Ytow et al. (2001 :84-85)

to represent "specimens or lower taxa," the "taxon layer" refers to Taxon Concepts, and

the "name layer" refers to Taxon Names. The "name" layer in Nomencurator is directly

comparable to the Protonym entity of Taxonomer, and the "taxon" layer in

Nomencurator is directly comparable to the Assertion entity of Taxonomer. In

Nomencurator, names are portrayed as "tags" linked to Taxon Concepts within the

context ofa publication. Similarly in Taxonomer, Protonym "tags" are linked to

Assertions (via the ProtonymID Foreign Key oftbl_Assertion), in the context of the

Reference linked to the same Assertion instances.

Of the "instance" layer, Ytow et al. (2001:84) write: " ...an instance is a conceptual

object, not a physical specimen." Ultimately, however, "lower taxa" are merely

abstracted representations of implied sets of specimens, so specimens are the true

conceptual foundation of the "instance" layer, even if abstracted conceptual entities (i.e.,

"lower taxa") are used as surrogate instances for higher taxa. The distinction is important

when examining how the Taxonomer model represents instances. In the case of taxa at

super-specific ranks (and Species that are further divided into infra-specific ranks), the

equivalent "instances" of a given "AssertionX" are the set oflower-rank intra-Reference

(i.e., internally linked) Assertions that themselves link back to "AssertionX" via

ParentAssertionID. This relationship is recursive through all taxonomic ranks down to

(but not including) the terminal infra-generic rank (i.e., species or infra-specific rank). In

such cases of "terminal" species and infra-specific taxa, the "instances" are derived from

links to Specimens via tbl_Determination. The dichotomy between the structural
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treatment of instances for higher-rank Taxon Concepts and lower-rank Taxon Concepts is

justified by virtue of the fact that Specimen entities are fundamentally distinct from

lower-rank Taxon Concept entities. Indeed, when one considers (as described above) that

lower-rank taxa, when treated as instances ofhigher-rank taxa, are merely infra

Reference surrogate abstractions of sets ofphysical Specimens (vouchered or not), the

structure ofthe Taxonomer is logically consistent.

At the physical implementation level, some additional similarities between

Nomencurator and Taxonomer are evident. In particular, the relationships between

"Publications" and "Authors," and between "Authors" and "Affiliations," is nearly

identical to the corresponding relationships in Taxonomer between References, Agents,

and affiliations among agents (via tbl_AgentAssociation). Pursuing the physical

implementation further, however, reveals that the two models diverge. Although the

"NameRecord" entity ofNomencurator roughly corresponds with an Assertion (" .. .in

essence the potential taxon concept...the data structure combination of the name and its

publication..." p.89), the entity relationships are somewhat different. For instance,

NameRecords link to Publications via "Appearances." Thus, Assertions represent a

combination ofNameRecords and Appearances. Annotations in the Nomencurator model

serve functions addressed by tbl_AssertionRelation and tbl_ObjectiveStatus of the

Taxonomer model.

Another difference between the Nomencurator model and the Taxonomer model

worth mentioning is in how each model defines the scope of allowable References. The

Nomencurator model, through its use of the term "Publication" restricts such instances to

published References. Presumably, this would exclude, for example, an unpublished
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manuscript that is "in press," even though such a manuscript contains precisely the same

information as it would after it is actually published. While this example can be

(correctly) seen as "nit-picking," the problem is the existence ofan essentially unbroken

continuum from such a "mature" manuscript, downward through chapters in theses,

rough drafts of manuscripts, correspondence among taxonomists expressing taxonomic

opinions, researchers' notebooks, specimen determination labels, spoken words, and even

(taken to the extreme) undocumented thoughts. Selecting a point along this continuum to

limit the scope of a Reference is somewhat subjective and arbitrary, and does not

necessarily correlate with taxonomic "reliability." One possible point ofdelineation

would be the peer-review process of most scientific publications. However, this criterion

would exclude many valuable forms of taxonomic information that are not subjected to

peer review (e.g., many published books). It would also exclude a wealth ofpotentially

important and insightful unpublished information. Within the context ofthe Taxonomer

model, I have chosen to delineate the scope of a Reference to include any "documented"

instance of information as presented by one or more authors (including, but not limited

to, publications). "Documented" in this context, can be roughly defined as any medium

that can be represented in a broadly interpretable way via a standard digital format (e.g.,

text, digital manuscripts in various formats, databases and spreadsheets, images, and

potentially even audio and video recordings). The reason for using the "digitizable"

standard in this context is that the topic here discussed relates to electronic (digital)

databases, and in its ultimate incarnation would directly interface with digital

representations ofReference sources. In any case, by defining the data model in such a

broad way as to be more inclusive ofdifferent information sources, the user is always left
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with the option of filtering data output according to more restrictive criteria (e.g., only

those Assertions linked to References ofReferenceTypes flagged as IsPublished.)

Conversely, restricting the scope of sources at the data model layer disallows the

electronic capture of potentially useful information. Thus, the broader scope of

Reference defined herein is seen as providing a more generalized approach to taxonomic

data management.
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ABSTRACT

The taxonomic history of species within the Pomacanthidae dates back to the birth of

modem systematic nomenclature, when Linnaeus (1758) included two species within his

Systema Naturae. During the ensuing two and a half centuries, the group has undergone

several rearrangements, starting with most species included in the genus Chaetodon, to

placement with certain genera of the family Chaetodontidae, to treatment as a subfamily,

to its present status at the rank of full family. In the present study, a total of 84 species are

regarded as valid, contained within seven genera (Apolemichthys, Centropyge,

Chaetodontoplus, Genicanthus, Holacanthus, Pomacanthus, and Pygoplites). Three of

these genera (Centropyge, Holacanthus, and Pomacanthus) are further classified among

nine subgenera (respectively: nominotypical Centropyge, Paracentropyge, and

Xiphypops; nominotypical Holacanthus and Angelichthys; and nominotypical

Pomacanthus, Acanthochaetodon, Arusetta, and Euxiphipops). The generic name

Pomacanthodes, frequently listed as a valid generic or subgeneric name for Indo-Pacific

representatives ofPomacanthus, is here treated as ajunior synonym ofnominotypical

Pomacanthus (Pomacanthus) due to the close affinity between its type species (Po

zonipectus) and the type species ofPomacanthus (Po arcuatus), the next available name

for the remaining species is Acanthochaetodon. The generic name Pomacanthops is

treated as a junior synonym of the older name Arusetta, based on the affinity of the type

species ofeach (Pomacanthops filamentosus=Pomacanthus (Arusetta) maculosus, and Po

(A.) asfur, respectively). The species Holacanthus arcuatus Gray is classified in the

genus Apolemichthys, its lack of two diagnostic characters of that genus being regarded

as evidence of its basal placement within the genus, rather than as justification for placing
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it monotypically within Desmoholacanthus (the latter treated as a junior synonym of

Apolemichthys). The species Holacanthus venusta Yasuda and Tominaga is here regarded

as belonging to the subgenus Paracentropyge of the genus Centropyge, in contrast to its

placement within Holacanthus in a recent analysis ofphenetic associations within

Pomacanthidae.

The classification ofpomacanthid genera and subgenera herein is mostly consistent

with a cladogram produced from a parsimony analysis based on 37 characters (27

informative characters).

INTRODUCTION

Species of the family Pomacanthidae, popularly referred to as marine angelfishes, are

among the most widely recognizable of all coral-reef fishes. Most species exhibit rich and

striking color patterns, leading to their frequent inclusion in artwork and their popularity

among underwater photographers and marine aquarists. For instance, Pyle (1993) noted

that nearly one quarter of marine aquarium fishes exported from the insular Pacific were

pomacanthids, representing 46% of the total dollar value of exports. Indeed, the single

species Centropyge loricula provided as much as 70% of the annual income for some

exporters. Moreover, certain very rare species of pomacanthids can command upwards of

twenty thousand dollars each in the Japanese marine aquarium trade - the most valuable

marine aquarium fishes ever sold. They are also long-lived: some species have been

reportedly kept in captivity for as long as 25 years (Conde, 1983).

Linnaeus (1758) included the descriptions of two species now regarded as belonging

to the family Pomacanthidae: Chaetodon arcuatus [=Pomacanthus (Pomacanthus)

arcuatus], and Chaetodon ciliaris [=Holacanthus (Angelichthys) ciliaris]. Boddaert
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(1772) provided a 43-page description and discussion of the third species ofpomacanthid

to be described, Chaetodon diacanthus (=Pygoplites diacanthus), and ForsskaI (1775)

added two more species: Chaetodon asfur (=Pomacanthus (Arusetta) asfur] and

Chaetodon maculosus [=Pomacanthus (Arusetta) maculosus]. Bloch (1787) described

seven new species, two of which, Chaetodon aureus and Chaetodonfasciatus, are now

regarded as junior synonyms [=Pomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)

and Pygoplites diacanthus (Boddaert 1772), respectively]. Ofthe ten additional species

described by various authors during the ensuing 14 years, only one (Chaetodon tricolor

Bloch 1795) is currently regarded as valid [here treated as Holacanthus (Holacanthus)

tricolor].

Lacepede (1802) was the first to remove several pomacanthid species from the genus

Chaetodon, establishing the two new genera Pomacanthus and Holacanthus. He included

seven species in the former genus (two of which - Chaetodon sordidus ForsskaI

1775=Abudefdufsordidus and Chaetodon canescens Linnaeus 1758=Zanclus cornutus 

are not pomacanthids), and thirteen species in the latter (several of which are

chaetodontids, and one - Holacanthus ataja - a holocentrid). Five more pomacanthid

species were described by various authors prior to 1830. All are now regarded as junior

synonyms.

Sixteen more species of pomacanthids were named (by various authors) in Cuvier

and Valenciennes (1831), halfof which are currently regarded as valid. They established

the family Squammipennes, which included what are now regarded as pomacanthids,

chaetodontids, ephippids, drepanids, scatophagids, and Zanclus. They recognized 22

species in Holacanthus, and six species in Pomacanthus.
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Two more species were described in the 1830's [Holacanthus xanthurus Bennett

1833=Apolemichthys xanthurus, and Holacanthus striatus Riippell 1835

38=Pomacanthus (Pomacanthus) maculosus (ForsskaI 1775)], and Swainson (1839)

described the new subgenus Genicanthus within Holacanthus, for H lamarck Lacepede

1802.

In a series of publications in 1853, Bleeker added six more species, four of which are

presently regarded as valid.

Between 1854 and 1899,39 new species ofpomacanthids were described, of which

only ten are currently regarded as valid. Also during this time, five new genus-group

names were established (Centropyge Kaup 1860, Pomacanthodes Gill

1862=Pomacanthus Lacepede 1802, Acanthochaetodon Bleeker 1876, Chaetodontoplus

Bleeker 1876, and Angelichthys Jordan and Evermann 1896). Giinther (1860) established

Chaetodontina (=Chaetodontidae) as a group within the Squammipennes (which Giinther

spelled as "Squamipinnes") that included chaetodontids, pomacanthids, ephippids,

drepanids, and scatophagids; separate from scorpidids and Toxotes. Kaup (1860) treated

the Chaetodontidae as a family, and Bleeker (1877) provided the first revision of what he

referred to as the family "Chaetodontoidei" (=Chaetodontidae). Bleeker established the

subfamily "Holacanthiformes," in which he included three genera (Chaetodontoplus

Bleeker 1876, Holacanthus Lacepede 1802, and Acanthochaetodon Bleeker 1876), and

22 valid species. At the end of this period, Jordan and Rutter in Jordan and Evermann

(1898) defined the subfamily Pomacanthinae, within the Chaetodontidae (elevating

"Squamipinnes" to a suborder), to include the genera Pomacanthus (with subgenera
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Pomacanthus LacepcMe 1802 and Pomacanthodes Gill 1862), Holacanthus Lacepede

1802, and Angelichthys Jordan and Evermann 1896.

During the first three decades of the twentieth century, another 21 species of

pomacanthids were described (fewer than half of which are currently regarded as valid),

and another new genus-group name, Xiphypops Jordan in Jordan and Jordan 1922, was

established as a new monotypic genus, allied to Centropyge Kaup 1860.

Fraser-Brunner (1933) provided the most comprehensive revision of the species now

regarded as belonging to the Pomacanthidae. He, like some previous authors, treated that

group as a subfamily of Chaetodontidae. He erected two as genera and three new

subgenera: Heteropyge, Heteropyge (Arusetta), Holacanthus (Apolemichthys),

Holacanthus (Plitops), and Pygoplites; however, he failed to establish a type species for

the two new subgenera ofHolacanthus [a requirement of the International Comission fro

Zoological Nomenclature (lCZN) Code for all genus-group names established after

1930], and thus are not available from his publication [but are available from Burton

(1934) - see the Remarks section under the genus Apolemichthys below]. Moreover,

Heteropyge was preoccupied in Myriapoda, prompting Fraser-Brunner (1934) to establish

the replacement name Euxiphipops the following year. Fraser-Brunner (1933) also

described three new species-group names, two of which were treated by him as varieties

(both now considered junior synonyms), and the third - Centropyge jlavicauda - is also a

junior synonym [considered in Chapter 3 of this Dissertation to be a synonym of C.

fisheri (Snyder 1904)].

Overall, Fraser-Brunner recognized seven genera [Centropyge Kaup 1860,

Chaetodontoplus Bleeker 1876, Genicanthus Swainson 1839, Heteropyge Fraser-Brunner
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1933=Pomacanthus (Euxiphipops) Fraser-Brunner 1934, Holacanthus Lacepede 1802,

Pomacanthus Lacepede 1802, and Pygoplites Fraser-Brunner 1933], five additional

subgenera [Pomacanthus (Pomacanthodes) Gi111862, Heteropyge (Arusetta) Fraser

Brunner 1933, Holacanthus (Angelichthys) Jordan and Evermann 1896, Holacanthus

(Apolemichthys) Burton 1934, and Holacanthus (Plitops) Burton 1934],42 species, and

seven infraspecific taxa (subspecies and varieties). Fraser-Brunner also provided the first

diagrammatic representation of hypothesized relationships among the genera, in the form

of an un-rooted tree (see Discussion section of this Chapter). Despite its various

nomenclatural shortcomings, this landmark work has served as the general foundation for

pomacanthid systematics during the past 70 years; all the more remarkable given the fact

that the number of valid species has nearly doubled since then.

In addition to the assortment ofpublications by various authors describing new

species during the past seven decades, several more comprehensive treatments are worthy

of note. Whitley (1948) described a new genus and species of fish, that he believed was

allied to the family Diretmidae. So striking were the differences of this taxon, that

Whitley established the new family Paradiretmidae to represent it. Allen et al. (1976),

however, provided compelling evidence that the description was likely based on a larval

pomacanthid, probably of the genus Centropyge. I have examined the holotype, and

regard it as an unidentified species of Centropyge, in accordance with Allen et al. (1976).

Smith (1955) provided a review ofthe pomacanthid species of the western Indian

Ocean, including the description ofa new genus (Pomacanthops) and two new species.

Although none of the three new taxon names described by Smith are currently regarded

as valid, the publication is significant because he was the first to elevate Pomacanthidae
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to the rank of family. Although not all subsequent authors followed him in this treatment,

it was later confirmed by Burgess (1974a) and subsequently followed by most authors.

Randall (1975) provided an excellent revision of the genus Genicanthus, describing

three new species (bringing the total for that genus to nine). Except for the description of

the male form ofG. personatus Randall (Randall and Struhsaker, 1976), and addition ofa

tenth species (G. takeuchii Pyle 1997), the classification of this genus and the species it

contains has remained essentially unchanged.

Shen and Liu (1978) attempted the first modem attempt at a phylogenetic

classification of the Pomacanthidae. Among other taxonomic changes, they proposed two

new subfamilies within Pomacanthidae: Pomacanthinae and Holacanthinae.

Heemstra (1984), in his description of the new species, Apolemichthys kingi,

provided a discussion on the taxonomic status of the genus, including osteological

characters, and also reviewed all the pomacanthids of the western Indian Ocean.

Kishimoto et al. (1996) examined the subgenus Xiphypops, providing definitions of

osteological characters. Chung and Woo (1998) provide the most recent attempt at a

phylogenetic analysis of pomacanthids, based on molecular characters. Schindler (2003)

described an interesting method of body shape analysis within the genus Centropyge.

These five papers, and the findings they present, are discussed in greater detail in relevant

sections later in this chapter.

Pyle (2001) provided a summary ofpomacanthids occurring in the western central

Pacific, which included 42 species in 6 genera. He included a key to each of the genera,

as well as a key to the western central Pacific species of each genus (except the

monotypic Pygoplites).
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Several relatively comprehensive popular books on pomacanthids have been

published in recent years. The first of these was a two-volume set encompassing both

Pomacanthidae and Chaetodontidae, published in several editions over several years,

most recently as Steene (1985) and Allen (1985) [with an Appendix the following year by

Allen, (1986)]. Allen et al. (1998) provided a single volume with updated information,

covering essentially the same scope as the earlier two-volume set. This was followed

closely by two other books focused exclusively on pomacanthids: Schneidewind (1999)

and Debelius et al. (2003). The publication of these last three volumes in such close

chronological sequence serves as testament to the popularity of species of this family

among aquarists and naturalists.

In my treatment of Pomacanthidae, I recognize seven genera, six subgenera, and 84

species. This chapter includes a review of the genera and subgenera, and the following

chapter (Chapter 3) of this Dissertation represents a review ofthe most speciose genus,

Centropyge Kaup 1860, with 32 valid species. At least one additional species in the genus

Chaetodontoplus will soon be described (Allen and Steene, unpublished MS), and two

additional populations of the genus Centropyge (one very similar to C. jlavissimus Cuvier

in Cuvier and Valenciennes 1831 at Christmas and Cocos-Keeling islands, and the other

allied to C. eibli Klausewitz 1963 at Rowley Shoals off Western Australia; both in the

tropical eastern Indian Ocean) are probably worthy of recognition at the species level,

and may be named sometime in the future (Gerald R. Allen, personal communication,

2003). Several individuals of what appears to be an undescribed species in the genus

Apolemichthys have been recorded on videotape from a submersible about 150m deep in

the western Pacific (Patrick L. Colin, personal communication). At least two additional
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apparently undescribed species of Genicanthus have been reported from observations

[one at Johnston Atoll, per Randall et al. (1985); and the other in the Line Islands, via

David Wilder, personal communication, 1984]. Thus, as many as 90 species are currently

known within the family Pomacanthidae. Given recent discoveries ofnew species on

deep-reef habitats (e.g., Kosaki, 1989; Pyle, 1990; Pyle and Randall in Pyle, 1992; Pyle

and Randall, 1993, Pyle, 1997; Patrick L. Colin, personal communication), it is likely that

more remain to be discovered.

MATERIALS AND METHODS

During the course of this study, I personally examined 5,116 pomacanthid

specimens. Ofthese, I was unable to identify 48 specimens (in 28 lots) to the correct

genus, and was unable to identify an additional 5 specimens (in 5 lots) to the correct

species. In most cases, these represented larval or post-larval material, and in other cases

the specimens were too badly deterioirated to enable reliable identification.

Among the identifiable specimens were representatives of at least 83 valid species,

as well as a number of probable hybrids. Two nominal species [Chaetodontoplus

cephalareticulatus Shen and Lim 1975 and C. dimidiatus (Bleeker 1860)] have been

resurrected from synonymy only very recently (Allen and Steene, unpublished MS), and

the characters to distinguish them from their previously regarded senior synonyms [c.

chrysocephalus (Bleeker 1854) and C. melanosoma (Bleeker 1853d) , respectively] are

not well documented. It is likely that certain specimens I examined and have identified as

one of the latter two species will prove to be representatives of the former two species. In

addition to the confirmed 82 known species, I have examined one specimen of the
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undescribed species of Chaetodontoplus (Allen and Steene, unpublished MS) mentioned

above.

I also reviewed data from an additional 3,746 lots of museum-voucher specimens,

primarily in the context of establishing maximum sizes for various species. Because of

the number of apparent errors among the specimens that I did not examine, I have not

listed them here. Except for the genus Centropyge, all catalog numbers (and specimen

counts in parentheses) for each taxonomic group are listed below in the corresponding

"Material Examined" section, clustered by general locality. Similar data pertaining to the

genus Centropyge are included in Chapter 3 of this Dissertation.

Methods of counts and measurements generally follow Randall (1975), as modified

by Pyle (1997). Some earlier measurements were made to the nearest millimeter using

needlepoint dial calipers. More recently, measurements were made using a Fowler®

Ultra-Cal IV water-resistant electronic caliper unit, integrated via a serial cable to a PC,

using custom data capture software that I developed as part of the Taxonomer database

application described in Chapter 1 of this Dissertation. This system allows for rapid

capture of precision measurements, with a high degree of accuracy and consistency. The

software system I developed includes audio feedback, both for prompting the next

measurement to take, and for audible confirmation of the recorded numeric value. Data

were stored in a database developed using MicrosoftTM Access® version 9 ("2000"), as

described in part in Chapter 1 of this Dissertation. All specimens (both examined and

other) without pre-established geo-reference coordinates were geo-referenced according

to the U.S.G.S. Geographic Names Information System (GNIS 

http://geonames.usgs.gov/) for localities within the United States and Trust Territories;
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and according to the NIMA GeoNET Names Server (GNS - http://earth

info.nima.mil/gns/html/index.html) for all other localities. Maps were generated using

ESRlTM ArcGIS/ArcMAP (version 8.3) software, under the Bishop Museum site license.

Radiographs were taken with Litton Profexray "Tubestand" model x-ray machine,

using Kodak Professional Industrex AA400 x-ray film. The radiographs were scanned

into digital format for viewing and analysis on a computer using an Epson 1640XL

tabloid scanner with a transparency adapter.

Original descriptions for most taxa in this family were digitally scanned and

converted to Adobe™ Portable Document Format (PDF), and linked to the Taxonomer

database application described in Chapter I of this Dissertation. This facilitated easy

access to original literature to confirm identities of synonyms, type localities, and

location of primary type specimens.

Most ofthe examined specimens are from four major collections: Australian

Museum, Sydney (AMS); Bernice P. Bishop Museum, Honolulu (BPBM); California

Academy of Sciences, San Francisco (CAS); and the U.S. National Museum ofNatural

History, Washington, D.C. (USNM). Some cleared and stained material was received on

loan from the Royal Ontario Museum, Toronto (ROM). Additional specimen data were

obtained in the form of database records of the complete pomacanthid and chaetodontid

holdings of the following collections: Academy of Natural Sciences ofPhiladelphia

(ANSP); American Museum ofNatural History, New York (AMNH); Field Museum of

Natural History, Chicago (FMNH); Natural History Museum of Los Angeles County

(LACM); Museum National d'Histoire Naturelle, Paris (MNHN); the Natural History
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Museum, London (BMNH); Royal Ontario Museum; and the South African Institute for

Aquatic Biodiversity, Grahamstown (RUSI).

I have adopted several conventions in order to avoid unnecessarily extending the

length of this chapter. For instance, when listing the examined and other material, I

provide only the general locality, catalog number, number of specimens, and type status

(when applicable) for each lot. Additional details about each lot of specimens are

available from the respective museum collections. The Diagnosis section for each genus

and subgenus is restricted to those characters that have proven meaningful in

distinguishing taxa and in establishing hypothesized relationships. Characters that are

highly consistent among all genera are included in the Diagnosis ofthe family, and

characters that are highly variable both between and within species (and therefore of

limited analytical value for evaluation at the level of genus) are omitted. Remarks and

material examined for species of Centropyge and its subgenera are excluded from this

chapter, provided instead in Chapter 3 (although Diagnosis sections for each are included

here for comparison with other genera). Remarks for each group are generally confined to

items of relevance to taxonomic arrangement, and exclude the tremendous wealth of

information available for many of these species regarding their behavior or ecology

(except when such information appears to have taxonomic relevance).

DEFINITION OF CHARACTERS

Many of the characters used in the phylogenetic analysis included in this chapter

have been gleaned from the literature. Characters 1-8 are derived from those used in

Fraser-Brunner's (1933) original analysis of the group. They include:
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Character l-lateralline completeness (binary: completelnot complete); defined by

Fraser-Brunner as "complete" if the lateral line continues to the caudal peduncle, and

"incomplete" if it ends before the caudal peduncle, or is clearly interrupted. This

character is scored as "complete" for the outgroup Chaetodontidae (see below),

because "incomplete" appears to be a derived state in that family.

Character 2-preorbital (=lacrymal) spines (binary: presentlabsent); indicates whether

spines are present on the preorbital bone, in accordance with text-figure 1 ofFraser

Brunner (1933:544).

Character 3-preorbital posterior margin (binary: coveredIfree); following Fraser

Brunner's description on p. 545: the character state is scored as "free" if" ...the hind

margin [of the preorbital] is quite free from the cheek, so that an instrument may be

passed beneath it"; and as "covered" if the posterior edge of the preorbital "is more or

less covered by the skin of the cheek."

Character 4-preorbital anterior margin notch (binary: presentlabsent); this character is

scored as "present" if a clearly discemable notch similar to that illustrated in Fraser

Brunner's text-figure 16 on page 574.

Character 5-interoperculum size (binary: largelsmall); the scoring of this character

follows Fraser-Brunner's definitions of "large" if "the interoperculum is a large

oblong bone ... extending from the isthmus to the suboperculum"; and "small" if it is

"anteriorly placed and not reaching the suboperculum."

Character 6-scale size (binary: smallilarge); Fraser-Brunner placed significant

emphasis on the size of the scales, and loosely defined "small" as fewer than 60 scale
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rows, versus "large" as more than 70 (based on data presented in his species

accounts).

Character 7-auxiliary scales (binary: presentlabsent); according to Fraser-Brunner, the

term "auxiliaries" in this context " .. .is meant small scales occurring on the bases of

larger ones, playing no part in the actual covering ofthe body. They must not be

confused with the small functional scales appearing in conjunction with larger ones

when the squamation is described as 'unequal'. In some species ofPomacanthus the

scales may be unequal and axilliaries also be present." (p. 545)

Character 8--{)heek scale arrangement (binary: regularlirregular); following Fraser

Brunner's definition: "In all the genera with large scales those on the cheek are equal

and regularly arranged, except in Heteropyge, in which they are unequal and

irregular, like those on the body ofPomacanthus." (p. 545)

Several other characters defined by Fraser-Brunner were excluded for practical

reasons. For example, he records pelvic-fin length as an important diagnostic character,

but it is unreliable because the true length of the pelvic fin is often determined by a fine

filamentous extension, which is easily broken and often missing in museum specimens.

Neither Fraser-Brunner's account, nor my own examinations of specimens, yielded

reliable values for this character in all taxa. Similarly, presence or absence of spines on

the interoperculum is highly variable in some species (in some cases with different values

represented on the left and right sides of the same specimen).

Yasuda and Tominaga (1970) questioned several ofthe characters cited by Fraser

Brunner (1933), including the notch on the preorbital bone, as distinguishing
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Genicanthus from other pomacanthid genera, and therefore they retained its species

within Holacanthus. Randall (1975:394), however, wrote:

"I find Fraser-Bronner's separation of Genicanthus from Holacanthus largely

correct. The anteroventral notch on the preorbital is present on the various

species of Genicanthus though not always as deep as illustrated in Fraser

Bronner (1933: text-fig. 16), and it may be partially obscured by spines.

Furthermore, the hind margin of the preorbital is free for about one-third to one

half the distance from the lowermost edge to the eye."

Randall went on to point out, however, that some specimens ofHolacanthus also

exhibit a notch on the preorbital, and also can have an equally free posterior margin. My

findings are consistent with those ofRandall, but I have chosen to maintain both of these

characters as distinct in each of these two genera for the purposes of phylogenetic

analysis, because the distinction applies in most cases.

One other character is derived from Randall (1975):

Character 9-relative tooth length (binary: shortllong); following Randall, this character

is scored as "short" if the teeth are less than one-fourth the diameter of the orbit, and

"long" if they are longer than one-third the diameter of the orbit.

Shen and Liu (1978) defined 22 morphological characters in their study of

pomacanthids, dividing them into three categories: Scale (6 characters); Internal Organs

(4 characters), and Skeletal (12 characters). One ofthese ("spine and spinule on

interopercle") is the same character that was excluded from Fraser-Bronner's characters,

as described above. Another (cteni area in scale length) was excluded because it did not

conform easily to discrete character states. Finally, their character "forward anterior
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expansion of 1st interhaemal bone" was excluded following the comment by Heemstra

(1984:3-4), " ...within one species the first anal fin pterygiophore shows a variety of

shapes from 'conical' to 'quadrate'." Full definitions ofall ofthese characters and the

nature of their states are available in Shen and Liu (1978), and the characters are

presented here with my method of transforming them into discrete states.

Character Io-scale shape ratio (ordered: longitallivery tall); I define "long" as scales

longer than they are wide (i. e., length-in-width values less than 1), "tall" as scales

somewhat wider than they are long (i.e., length-in-width values greater than 1 but less

than 1.5), and ''very tall" as scales significantly wider than they are long (i.e., length

in-width values greater than 1.5). The type "ordered" was designated instead of

"unordered," based on the assumption that merely "tall" scales are transitionally

intermediate between "long" and "very tall" scales.

Character II-scale length in standard length (binary: smallIlarge); this character is

interpreted as a measure of the proportional size of scales compared to the size of the

fish. A value of "small" was scored if the ratio was less than 20, and "large" if greater

than 20 (the complete range spanned from 14.3 to 50.5, with a clear gap among taxa

near 20).

Character I2-eteni pattern (binary: regularlirregular); in accordance with Shen and Liu

(1978).

Character I3-scale radius number (binary: fewlmany); herein "few" is defined as fewer

than 5, whereas "many" is defined as 5 or more (with a total range of 1-10).

Character I4-scale focus (point of convergence of the radii) (binary: exposedlhidden);

in accordance with Shen and Liu (1978).
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Character 15-stomach position (ordered: anteriorlcenterlposterior); in accordance with

Shen and Liu (1978). The type "ordered" was designated instead of"unordered,"

based on the assumption that "center" stomach position is transitionally intermediate

between "anterior" and "posterior" positions.

Character 16-small intestine (binary: long-coilIshort-circle); in accordance with Shen

and Liu (1978).

Character 17-small intestine position (binary: fullipartial); in accordance with Shen and

Liu (1978), with "full" corresponding to "right side," and "partial" corresponding to

"partially in right side."

Character 18-pyloric caeca number (binary: fewJmany); because of the range and

distribution of this character in the different taxa, I selected a value of 14 as the

threshold between "few" and "many" (total range spanned 3 to 22, with no taxa

spanning a value of 14).

The next 10 characters are all in accordance with Shen and Liu (1978); the "ordered"

type of Character 25 ("1 st and 2nd haemal spine") is based on the assumption that

"overlapped" spines are transitionally intermediate between "closed" and "separated"

spines.

Character 19-1eft anterior maxillary arm length (binary: shorterllonger).

Character 2o--upper articular margin (binary: concavelconvex).

Character 21-lachrymal form (binary: embeddedlexposed).

Character 22---dorsal and ventral hypohyal (binary: separatedlconnected).

Character 23-----ceratohyal (binary: openedlclosed).

Character 24-interopercle notch (binary: presentlabsent).
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Character 25-1st and 2nd haemal spine (ordered: closedloverlappedlseparated).

Character 26--predorsal interneural spine [=supraneural bone] (binary: oneltwo)

Character 27-supracleithrum shape (binary: elongateIrounded)

Character 28-posttemporal spine (binary: presentlabsent)

Two additional characters presented by Heemstra (1984) were examined as well.

Character 29-anterior haemal spine shape (binary: expandedlnot expanded); this

character was described by Heemstra (1984:4) as " ...the anterior two to five haemal

spines are expanded in the median plane to form a bony partition between the

posterior compartments of the swimbladder (Fig. lA)."

Character 3O-posterior supracleithrum edge (binary: exposedlcovered); this character

was described by Heemstra (1984:4) as " ...the supracleithrum is ovate or oblong with

its rear edge exposed"; refined here to simply refer to whether or not the posterior

edge is exposed (thereby distinguishing it from Character 27).

In addition to the preceding pre-defined characters, I herein define the following

seven additional characters.

Character 31-dorsoposterior ocellus on juveniles (binary: presentlabsent); juveniles of

Pygoplites and most Apolemichthys have a prominent ocellus on the dorsoposterior

portion ofthe body and soft-dorsal fin. "Desmoholacanthus" was scored as "absent"

because juvenile A. arcuatus lack such an ocellus. Whether or not A. xanthurus and A.

xanthotis have such ocelli cannot be determined, because juveniles of both are

entirely black dorsoposteriorly , potentially obscuring an ocellus. Apolemichthys

griffisi is the only species of the genus (excluding Desmoholacatnhus) lacking an

ocellus. Some species of Centropyge exhibit what might be described as an ocellus
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dorsoposteriorly on the soft portion of dorsal fin when very young, but most do not

(see Cladistic Analysis section below). Centropyge jlavissimus (Cuvier in Cuvier and

Valenciennes 1831), C. nigriocella Woods and Schultz in Schultz et al. 1953 and

Holacanthus (Holacanthus) tricolor Bloch 1795 each have a clear ocellus as

juveniles; but in those cases it is located more centrally on the body, and is assumed

to be non-homologous with the ocellus ofPygoplites and/or Apolemichthys.

Character 32-juvenile color pattern presence (binary: distinctlnon-distinct); this

character is scored as "distinct" only for groups where the juvenile color pattern is

strikingly different from that ofthe adult (i.e., in Pomacanthus, Holacanthus, and

most Chaetodontoplus). The word "striking" in this context means that juvenile color

patterns are so different from adults, that the juveniles of species within a subgenus

are more similar to each other than they are to their corresponding adults. In most

cases, the difference between juvenile and adult colors are so complete than one could

not associate the juvenile color with the adult of a given species without observing a

series of intermediate forms. Presence of a dorsoposterior ocellus (as on Pygoplites

and most Apolemichthys) is not considered a "striking" difference.

Character 33-juvenile color pattern style (unordered: blue-whitelyellowlmulticolor);

this character specifies the type ofjuvenile color pattern that is exhibited, with "blue

white" representing the alternating patterns of blue, white, and black as exhibited by

Indo-Pacific Pomacanthus, "yellow" representing the yellow and black pattern typical

of the three species placed in the subgenus Pomacanthus (Pomacanthus), and

"multicolor" representing the juvenile forms ofAngelichthys and Plitops.

135



Character 34-sexual dichromatism (binary: presentlabsent); this character is scored as

"present" only for Genicanthus, which has striking color differences between males

and females. Although some Centropyge and species in other genera do exhibit subtle

sexual dichromatism (and possibly dimorphism), these are not scored as "present." As

an autapomorphy for Genicanthus, this character is non-informative in terms of

placing Genicanthus among other genera.

Character 35-haremic (binary: yeslno); this character is scored as "yes" for all three

subgenera ofCentropyge (based on careful study and in-situ observations), and for

Genicanthus and Holacanthus (Holacanthus). It is scored as "missing" for

Apolemichthys, because these species show some indication ofharemic behavior, but

it has not yet been confirmed.

Character 36-adult dorsal-fin shape (ordered: smoothlangularlfilamentous); this

character is scored "smooth" if the dorsoposterior margin of the dorsal fin forms a

continuous arc; "angular" if there is a discrete angle or slight protrusion in the dorsal

fin profile; and "filamentous" if there is a filamentous extension of the dorsal fin

(applies only to adults). The type "ordered" was designated instead of "unordered,"

based on the assumption that an "angular" fin profile is transitionally intermediate

between "smooth" and "filamentous" profiles.

Character 37-adult anal-fin shape (ordered: smoothlangularlfilamentous); identical to

previous character (36), except as applied to the ventroposterior margin of the anal

fin.

Despite careful examination of radiographs and cleared and stained material of more

than 260 specimens, I was unable to identify any osteological characters not previously
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reported. Previous authors attempting to revise this family have encountered similar

problems (e.g., Fraser-Brunner, 1933; Smith 1955; Randall, 1975; Shen and Liu, 1978;

Heemstra, 1984) . Characters are often either so homogenous across the entire family, or

so heterogeneous within even a single species, that they are mostly uninformative from a

cladistic perspective. Whenever I encountered an osteological character that seemed to

have diagnostic potential after examining only a few specimens, further examination of

additional specimens revealed it to be variable. Heemstra (1984) underscored the

problems of examining insufficient material when discussing the work of Shen and Liu

(1978), and my observations corroborate those of Heemstra. Nevertheless, there are

certain characters (Characters 31 - 37 above) that I believe to be both diagnostic and

cladistically informative. When combined with previously published character

definitions, the character set is sufficiently robust to yield meaningful results from

parsimony analysis.

Characters were analyzed using PAUP* version 4.0bl0 parsimony analysis software,

using maximum parsimony as the optimality criterion. Characters with ordered states (10,

15,25,36 and 37) were treated as "undirected," and the analysis was run separately with

the states treated both as "ordered," and as "unordered." When character states were not

known for a particular group, they were scored as "missing" and treated accordingly

(Swofford, 1993). In cases where a character met the definition in most members ofthe

group, with only one or two exceptions, the character was scored for the group in

accordance with the majority of members; exceptions are discussed either above in the

character definitions, or below in the "Discussion" section.
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Several characters were omitted from analysis either because they are highly

consistent across the whole family (e.g., vertebral count, pectoral-fin rays, caudal-fin

rays, anal-fin rays, etc.); or highly variable even within a single species (e.g.,

preopercular spine length, presence and number of spinules or other armament on the

posterior margin of the ascending portion of the pre-operculum, presence or absence of

spines on the interoperculum, body width, etc.). Both kinds ofcharacters were deemed to

be uninformative for cladistic analysis.

In an ideal world, the complete phylogenetic analysis of the Pomacanthidae would

include all species and potential species as operational taxon units (OTUs), and their

clustering would be determined by the parsimony analysis of the complete cladogram.

Indeed, all 5,000+ individual specimens might optimally be treated as effective OTUs,

and parsimony analysis be allowed to cluster individual specimens within species groups.

A detailed analysis of this type is well beyond the scope of the present study, which seeks

only to provide a cladistic analysis of genera and subgenera as OTUs. Thus, a-priori

decisions were made as to what genus or subgenus grouping each individual species

belonged when consolidating character states among groups. These decisions were based

on traditional groupings, as well as informal confirmation of those groupings.

Nevertheless, to maximize objectivity, two potentially "disputed" species were treated

individually. One of these is the monotypic Sumireyakko Burgess 1991 (consisting only

ofHolacanthus venustus Yasuda and Tominaga 1969), which is perhaps the most

disputed species in the family; and the other is Desmoholacanthus Fowler 1941

(including only Holacanthus arcuatus Gray 1831), which was treated as a separate unit

from Apolemichthys. Pomacanthus zonipectus was not treated separately from the other
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two members of the subgenus Pomacanthus (Pomacanthus) (even though it has not

traditionally been included within that subgenus) because it conformed to the other two

species in all of the characters for which it was examined (see also the Discussion section

of this Chapter).

To avoid confounding the character states among uncertain group placements, the

genera Desmoholacanthus Fowler 1941 and Plitops Fraser-Brunner 1933 were treated

separately from their respective senior synonyms as regarded herein.

For the purpose of parsimony analysis, nominotypical subgenera [Centropyge

(Centropyge); Holacanthus (Holacanthus); and Pomacanthus (Pomacanthus)] are treated

as their subgeneric components in terms of included species and implications for scoring

various characters.

The primary outgroup for the family was assumed to be the Chaetodontidae. This

long-standing assertion has been supported robustly by most researchers who have

investigated the relationships ofthese two families (e.g., Burgess, 1974a; 1978; Blum,

1988; Smith et aI., 2003). Other outgroups considered included the Ephippidae,

Scatophagidae, and Drepanidae, as per the references cited in the previous sentence, and

per Tyler et ai. (1989).

TAXONOMY

FAMILY POMACANTHIDAE

Diagnosis: Body oblong, ovoid or round, relatively deep, highly compressed; head length

roughly equal to head height; one or more prominent spines at the angle of the

preoperculum; orbit moderately small, located above the longitudinal axis from the tip of
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snout to middle of caudal fin; snout short, not produced; mouth small, terminal,

protractile, the gape not extending to the anterior rim or orbit; teeth bristle-like, usually

tricuspid, arranged in rows or bands across jaws; vomer and palatines without teeth; gill

rakers short, ranging from 9-25 in number; a single dorsal fin, continuous and relatively

smooth; IX-XV (rarely XVI) strong, stout spines, first few to several interspinous

membranes deeply incised; no notch between the spinous and soft portion ofdorsal fin;

soft portion of dorsal fin with 15-33 branched rays, some species with filamentous

extension of one or more soft dorsal rays at the dorsoposterior margin of the fin; anal fin

with III (rarely IV) strong, stout spines, interspinous membranes deeply incised; soft

portion of anal fin with 14-25 branched rays, some species with filamentous extension of

one or more soft dorsal rays at the ventroposterior margin of the fin; caudal fin rounded

to slightly emarginate (except Genicanthus, in which the fin is deeply emarginate and has

long filamentous extensions); pectoral fins transparent with 15-21 soft rays; pelvic fins

with a single stout spine and 5 branched rays; scales coarsely to finely ctenoid, covering

the head, body, and median fins; largest in center of body, smaller on head, chest,

abdomen, caudal peduncle, and median fins; number of lateral-line scales variable,

ranging from 30-140 (depending on genus); vertebrae 10+14; most species very brightly

colored with complex and varied color patterns.

Remarks: Species of Pomacanthidae occur throughout tropical seas, usually in

association with coral reef environments (although some species - particularly in the

genus Chaetodontoplus - are often found in non-reef habitats). As with most coral-reef

fishes, the geographic area with the highest diversity of species is the Indo-Malayan
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region, including the Philippines and Papua New Guinea, where more than 20 species co

occur (Figure 2.1).

No single species ofpomacanthid occurs in both the Indo-Pacific and the tropical

Atlantic Ocean. The most widespread species of the family are Pygoplites diacanthus,

Pomacanthus (Acanthochaetodon) imperator, Centropyge (Centropyge) bispinosa, and

Centropyge (Xiphypops) fisheri (previously treated as two species, C. fisheri and C.

jlavicauda), which occur throughout most of the tropical Indo-Pacific. Several other

species (e.g., Apolemichthys trimaculatus and Pomacanthus (Arusetta) semicirculatus)

occur widely in the Indo-West Pacific, but do not reach eastward on the Pacific Plate

except marginally. Conversely, a number of species have highly restricted distributions.

Pomacanthus (Arusetta) asfur occurs only in the Red Sea. Apolemichthys ldngi is known

only from South Africa, whereas A. guezei and Centropyge (Centropyge) debelius have

been collected only at Reunion and the latter at nearby Mauritius (although C. debelius

has also been reportedly observed in the Seychelles). Even more restricted are the

distributions of Centropyge (Centropyge) nahackyi and Holacanthus (Angelichthys)

limbaughi, endemic to Johnston Atoll and Clipperton Island, respectively (a single

specimen of C. (C.) nahackyi has been taken in the Hawaiian Islands; likely a waif).
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Figure 2.1. Diagrammatic representation ofpomacanthid species diversity.
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Some species with restricted distributions (e.g., Centropyge (Paracentropyge) boylei and

Centropyge (Centropyge) narcosis, both of which are presently known only from

Rarotonga, likely have broader distributions, but have not yet been collected at other

localities because of their deep-dwelling habits. For example, for many years

Chaetodontoplus niger was known only from the holotype, taken from the Macclesfield

Bank (South China Sea); but more recently it has turned up at localities as wide-ranging

as the Ryukyu Islands and Chesterfield Bank (Coral Sea).

The highest rate ofendemism among pomacanthids is in the Hawaiian Islands, where

three of the five naturally occurring (and established) species are found nowhere else

(except occasionally at Johnston Atoll). Interestingly, at least two of the three endemics

(Apolemichthys arcuatus and Genicanthus personatus) appear to represent the basal

species in their respective genera. Species within the genus Centropyge were not

phylogenetically analyzed, but the third Hawaiian endemic pomacanthid, Centropyge

(Centropyge) potteri, has no apparent close relatives, and may also prove to be an

ancestral species within its subgenus.

Much has been written about the behavior, ecology, life-history, and other aspects of

pomacanthid biology, but a thorough review is beyond the scope ofthis study. It is

worthy of note, however, that most species of Centropyge and Genicanthus that have

been investigated, as well as Holacanthus (Holacanthus) tricolor, have been

demonstrated to by protogynous hermaphrodites, changing sex from female to male, with

the larger males maintaining harems of two or more females (Moyer, 1984; Hourigan and

Kelley, 1985; Lutnesky, 1996; see also Chapter 3 ofthis Dissertation). Other genera have

not been investigated as thoroughly, but in most cases they appear to form mated pairs,
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rather than harems. One exception is Apolemichthys, which is often observed on the reef

in groups of 3-5 adults. Whether or not these groups represent harems remains to be

investigated.

Material Examined:

Unidentified Pomacanthidae (mostly larvae or tiny juveniles)

AMERICAN SAMOA: USNM 276085 (1), USNM 276106 (1), USNM 276113 (1).

CARIBBEAN SEA: Puerto Rico, USNM 313666 (5). CAROLINE ISLANDS:

Grey Feather Bank, BPBM 24680 (2); Yap, BPBM 24605 (1). FIJI: USNM 258517

(1), USNM 258518 (1 ). HAWAIIAN ISLANDS: BPBM 23539 (1). INDIAN

OCEAN (PELAGIC): USNM 266899 (3), USNM 313216 (1), USNM 313217 (1),

USNM 313218 (5), USNM 313219 (2), USNM 313220 (6), USNM 313221 (1),

USNM 313404 (3). INDONESIA: Borneo, USNM 182697 (1). MARSHALL

ISLANDS: KwajaleinAtoll, BPBM 19977 (1). NORTH CAROLINA: USNM

313214 (2), USNM 313215 (1). PHILIPPINES: Mindanao, USNM 182693 (1),

USNM 313213 (1); Mindoro, USNM 182695 (2), USNM 182698 (2); Pangasinan,

USNM 313222 (1).

KEy TO THE GENERA AND SUBGENERA OF POMACANTHIDAE

(generic accounts are presented alphabetically)

"The variability of many members of the group has made the construction ofkeys

extremely difficult, and this paper should be considered not so much as a means of

identification as a guide to the morphology of the group."

- Fraser-Brunner (1933:548)
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1a. Lateral-line scales 50 or more; scale focus (convergence ofradii) exposed, not

hidden by cteni area 2

1b. Lateral-line scales fewer than 50; scale focus (convergence ofradii) not

exposed, hidden by cteni area 3

2a. Soft portion ofdorsal fin rounded in all life-stages; juveniles black, with a

single yellow or white bar posterior to the head, no blue and white striations;

scale (taken from center of body) length 1.5-1.7 in scale depth, 35-51 in SL. .

........................................................................................................ Chaetodontoplus

2b. Filamentous extension posteriorly on the dorsal-fin ofadults OR pelvic fins

reaching beyond anus; juveniles with multiple blue and white striations

against a black background; scale (taken from center of body) length 1.0-1.3

in scale depth, 20-33 in SL (genus Pomacanthus) 8

3a. Lower and/or posterior margin ofpreorbital exposed, with or without spines .4

3b. Lower and/or posterior margin of preorbital not exposed, covered by skin .

............................................................................................................Apolemichthys

4a. Lower and/or posterior margin ofpreorbital with spines 5

4b. Lower and/or posterior margin ofpreorbital without spines Pygoplites

5a. Caudal fin lunate, usually with long filamentous extensions on upper and

lower lobes in males; preorbital with a discrete notch ventroanteriorly .

............................................................................................................... Genicanthus

5b. Caudal fin rounded or truncate, without filamentous extensions on upper or

lower lobes; preorbital without a discrete notch 6
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6a. Lower edge ofpreorbital curved, its posterior edge exposed and movable,

with many small spines or spinules, size not exceeding 180 mm SL (genus

Centropyge) 11

6b. Preorbital flat, its posterior edge not exposed and not movable, with few stout

spines, size may exceed 180 mm SL (genus Holacanthus) 7

7a. Predominantly yellow on head and chest, black covering most of body of

adults, juvenile colored as adult or with prominent ocellus located

dorsoposteriorly on the body (not extending on the dorsal fin); no

filamentous extension of anal fin Holacanthus (Holacanthus)

7b. Color variable with size, young with 4-6 vertical pale blue bars in life; adults

either predominantly greenish, bluish, orangish or yellowish brown with (or

without) a prominent white vertical bar on side of body; with (or without)

pointed or filamentous soft dorsal and/or anal fins Holacanthus (Angelichthys)

8a. Posterior margin ofanal fin rounded in adults 9

8b. Posterior margin of anal fin pointed with or without a filamentous extension in

adults 10

9a. Adults with or without a pointed or filamentous extension on soft portion of

dorsal fin, with or without a prominent ring marking above the operculum,

with or without diagonal blue lines across body .

............................................................................ Pomacanthus (Acanthochaetodon)

9b. Adults with smooth posterior margin of the soft portion of dorsal fin, without

a prominent ring marking above the operculum, without diagonal blue lines

across body Pomacanthus (Ewciphipops)

146



lOa. Body depth more than 1.4 in standard length (SL) Pomacanthus (Arusetta)

lOb. Body depth less than 1.5 in SL Pomacanthus (Pomacanthus)

11a. One to three stout spines on the ventral margin of the preorbital (lacrymal),

pointing ventroposteriorly to posteriorly, their length at least one-third to

one-half the diameter of the orbit, with or without a series of smaller spines

or spinules on the exposed preorbital margin; maximum size not exceeding

about 60 mm SL (rarely exceeding 55 mm SL); body depth 1.8-2.3 (usually

more than 2) in SL Centropyge (Xiphypops)

11b. Mayor may not have spines or spinu1es on the ventral or posterior margins of

the preorbital, but when present, none exceed one-thrid diameter of orbit;

maximum size exceeding 60 mm SL; body depth 1.5-2.2 (usually less than

2) in SL 2

12a. Body depth less than 1.9 (usually less than 1.8) in SL; XIII dorsal spines,

body color with alternating dark and pale bars; OR XIV dorsal spines, body

color purplish blue dorsoposteriorly and in a triangular patch from

interorbital to axis ofpectoral fin to origin of dorsal fin, yellow ventrally

and anteriorly on head Centropyge (Paracentropyge)

12b. Body depth 1.6-2.2 (usually 1.8-2.0) in SL; color variable depending on

species, but not as described in 12a Centropyge (Centropyge)

GENUS ApOLEMICHTHYS BURTON

Apolemichthys Burton 1934: 57 [Pisces] (type species, Holacanthus xanthurus

Bennett 1833, by original designation).
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Desmoholacanthus Fowler 1941: 256 (type species, Holacanthus arcuatus Gray

1831, by original designation and monotypy).

Diagnosis: Dorsal rays XIII-XV, 16-17; anal rays III (rarely IV), 17-18; lateral-line

scales 43-52; gill rakers 3-6+12-14; body depth about 1.7-2.0 in SL; head length 3.25-4.0

in SL; orbit 3.25-4.0 in head; body ovoid; posterior edge of supracleithrum exposed in

most species; posterior margins of soft portions of dorsal and anal fins rounded; caudal

fin truncate to slight rounded, with a short, stout filamentous extension on the dorsal lobe

in adults of some species; a single supraneural (predorsal) bone; first two to four haemal

spines flattened and expanded in the median plane in most species; juveniles similar in

general color pattern to adults, except juveniles of most species with a prominent ocellus

on the dorsoposterior portion of the body and soft portion of dorsal fin and with a dark

ocular bar; adult coloration varies with species, but most species with a prominent dark or

yellow spot just above operculum, and several species with a bright yellow or white spot

on each body scale.

Remarks: Apolemichthys was one of five new genus-group names proposed by Fraser

Brunner (1933) in his revision ofPomacanthinae (=Pomacanthidae). Whereas he

specified type species for each of the two new genera that he proposed (Heteropyge and

Pygoplites), he failed to do so for the three new subgeneric names (Arusetta,

Apolemichthys, and Plitops). According to the 4th edition ofthe International Code of

Zoological Nomenclature (IZCN, 1999), Article 13.3 mandates that new genus-group

names proposed after 1930 must be accompanied by the fixation ofa type species in the

original publication. The name Arusetta is available from Fraser-Brunner (1933), because

he included only a single species (type by monotypy); however, both Apolemichthys and
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Plitops included more than one species in each, and therefore these names are unavailable

from Fraser-Brunner (1933). Eschmeyer (1998:2856) wrote:

"Burton (1934), in the Zoological Record for 1933, reported the genera and

subgenera ofFraser-Brunner and listed a type for each. For the two unavailable

names [Apolemichthys and Plitops], this would meet the requirements of Article

l3a(ii) with regard to bibliographic reference to a previously published

description. Since Fraser-Brunner had nothing to do with publication by Burton

'in a way that satisfies the criteria of availability.' (see Article 50), the two

names would be credited to Burton 1934."

Indeed, Burton indicated that Holacanthus xanthurus Bennett 1833 should be

regarded as the type species, which is the first species listed by Fraser-Brunner (1933)

under the account ofApolemichthys. Thus, the correct authorship for this genus (as well

as for Plitops) should be Burton 1934.

Fraser-Brunner (1933) included two additional species in this subgenus: Holacanthus

arcuatus Gray (1831) and H trimaculatus Cuvier (ex Lacepede) in Cuvier and

Valenciennes 1831. In his description ofHolacanthus xanthotis, Fraser-Brunner (1950)

continued to recognize Apolemichthys as a subgenus of Holacanthus, but Smith (1955)

elevated it to genus for the description of his new species Apolemichthys armitagei (=A.

trimaculatus x xanthurus, sensu Pyle and Randall, 1994; see Chapter 4 of this

Dissertation), stating simply that it is "well worthy of full [generic] rank."

The next species to be described in this genus was A. xanthopunctatus Burgess 1973,

who also recognized Apolemichthys as a genus. Over the next two decades, three more
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new species were described within the genus: Holacanthus guezei Randall and Mauge

1978, H (A.) griffisi (Carlson and Taylor 1981), andA. ldngi Heemstra 1984.

Randall and Mauge (1978) felt that the recognition ofApolemichthys by previous

authors as a distinct genus "divided the pomacanthid genera too finely" (p. 298). In the

same sentence, they also commented that the treatment of all Indo-Pacific pomacanthids

by Yasuda and Tominaga (1969) as belonging to only one genus (Holacanthus) was also

"untenable." Citing a preference for retaining most ofFraser-Brunner's generic

treatments until a more comprehensive review could be completed, Randall and Mauge

(1978) opted to include their new species guezei within Holacanthus (though they did not

comment on whether Apolemichthys should be treated as a valid subgenus). Carlson and

Taylor (1981) followed Randall and Mauge (1978) in classifying their new species

griffisi within the genus Holacanthus (although they explicitly treated Apolemichthys as a

valid subgenus ofHolacanthus, and placed griffisi within it).

Fowler (1941) described the new monotypic genus Desmoholacanthus for A.

arcuatus. He noted its similarity to Apolemichthys Fraser-Brunner, but distinguished it

from that genus in having a longer body, denticulated shoulder girdle, the presence of a

few small spines on the lower edge of the preopercle, and its strikingly contrasting color

pattern. This genus was largely ignored by most subsequent workers.

Heemstra (1984) described the new species ldngi within Apolemichthys, which he

treated as a genus. In his remarks of the generic account (p. 2), however, he states bluntly

(p.2), "Whether to recognize Apolemichthys as a genus or as a subgenus is a moot point."

Heemstra identified two characters which he deemed to be apomorphic for

Apolemichthys, and which he defined as diagnostic for the genus. Because these two
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characters were not shared by the one specimen ofA. arcuatus, he excluded that species

from Apolemichthys. Although he mentioned Fowler's Desmoholacanthus, he presented

arcuatus as belonging to the genus Holacanthus. Further discussion of this issue is

included below in the "Discussion" section.

Material Examined:

A. arcuatus (Gray 1831)

HAWAIIAN ISLANDS: AMS 1.16206-001 (1), BPBM 10099 (2), BPBM 25758 (1),

BPBM 4213 (1), BPBM 4214 (1), BPBM 6866 (1), BPBM 6973 (1), BPBM 7360 (1),

BPBM uncat-4 (1), CAS 19871 (1), CAS 88083 (2), CAS 88192 (1), USNM 344882

(1), USNM 345094 (2), USNM 345102 (1), USNM 88268 (5). JOHNSTON

ATOLL: BPBM 33964 (1). UNKNOWN LOCALITY: CAS 11694 (1).

A. griffisi (Carlson & Taylor 1981)

LINE ISLANDS: Kiritimati, BPBM 31890 (2), BPBM 31898 (1), BPBM 33900 (3),

BPBM 37048 (1). MARSHALL ISLANDS: KwajaleinAtoll, BPBM 38923 (1).

NORTHERN TERRITORY: Darwin, AMS 1.6081 (1). PHOENIX ISLANDS:

BPBM 22615 (holotype), BPBM 26446 (paratype), CAS 42002 (5 - paratypes).

UNKNOWN LOCALITY: BPBM 28819 (2).

A. guezei (Randall & Mauge 1978)

MASCARENE ISLANDS: Reunion, BPBM 20030 (holotype), USNM 216845

(paratype).

A. kingi Heemstra 1984

SOUTH AFRICA: KwaZulu-Natal, USNM 265102 (paratype).
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A. trimaculatus (Cuvier (ex Lacepede) in Cuvier & Valenciennes 1831)

AGALEGA ISLANDS: USNM 345064 (1). AMERICAN SAMOA: AMS 1.32739

003 (1). CAROLINE ISLANDS: Ifaluk Atoll, CAS 14938 (1), CAS 88189 (2), CAS

88193 (2), CAS 88194 (1). COMORO ISLANDS: CAS 35218 (1). GREAT

BARRIER REEF: Hayman Island, AMS IA.5656 (1); Jenny Louise Shoal, BPBM

13668 (1); Lizard Island, AMS 1.23702-041 (1). INDONESIA: USNM 169763 (1);

Sumatra, USNM 182644 (1). MALAYSIA: Borneo, USNM 182645 (1). MALDIVE

ISLANDS: BPBM 18944 (1), BPBM 37805 (1). MARIANA ISLANDS: Guam,

BPBM 5843 (1), BPBM 6357 (1), BPBM 8553 (1). MASCARENE ISLANDS:

Cargados Carajos Shoals, USNM 345062 (1); Mauritius, BPBM 20240 (1), BPBM

34643 (1). PAPUA NEW GUINEA: AMS 1.4716 (1). PHILIPPINES: AMS

1.15848-002 (1); Bicol, CAS 125838 (1); Sulu Archipelago, CAS 125839 (1), CAS

129023 (1); Visayas, USNM 345186 (3). QUEENSLAND: AMS 1A.2I07 (1).

SEYCHELLES: USNM 345063 (1); Aldabra Island, USNM 345119 (1), USNM

345133 (3), USNM 345142 (2). SOLOMON ISLANDS: BPBM 16146 (1), BPBM

16187 (1). SOUTH CHINA SEA: Hong Kong, CAS 161267 (2). TAIWAN: CAS

27416 (2), USNM 191217 (1). TIMOR SEA: Western Australia, CAS 55286 (1).

A. trimaculatus x xanthurus

MALDIVE ISLANDS: BPBM 32805 (1). UNKNOWN LOCALITY: BPBM 36307

(1).

A. xanthopunctatus Burgess 1973

CAROLINE ISLANDS: Kapingamarangi Atoll, CAS 38764 (paratype). KIRIBATI

(GILBERT ISLANDS): Nauru, BPBM 33448 (1). LINE ISLANDS: Fanning
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Island, BPBM 19570 (6), BPBM 7587 (1), BPBM 7599 (paratype), BPBM 7623 (2

paratypes), BPBM 7644 (holotype), CAS 47424 (1); Kiritimati, BPBM 31891 (4),

BPBM 31949 (1), BPBM 33887 (1), BPBM 33895 (1), BPBM 33898 (1), BPBM

33901 (2). PHOENIX ISLANDS: CAS 42092 (1).

A. xanthotis (Fraser-Brunner 1950)

PERSIAN GULF: Oman, CAS 73223 (1). RED SEA: Israel, BPBM 13887 (4).

SOMALIA: USNM 285986 (1), USNM 306123 (3), USNM 306133 (1), USNM

306137 (1), USNM 345061 (1).

A. xanthurus (Bennett 1833)

MALDIVE ISLANDS: BPBM 34704 (1). SRI LANKA: BPBM 27206 (3), CAS

130188 (1), USNM 345055 (2), USNM 345073 (3), USNM 345090 (2).

GENUS CENTROPYGE KAup

Centropyge Kaup 1860: 138 (type species, Holacanthus tibicen Cuvier 1831, by

monotypy).

Xiphypops Jordan in Jordan and Jordan 1922: 64 (type species, Holacanthus fisheri

Snyder 1904, by original designation and monotypy).

Xiphipops Weber and de Beaufort 1936: 159 (misspelling ofXiphypops Jordan in

Jordan and Jordan 1922).

Paradiretmus Whitley 1948: 83 (type species, Paradiretmus circularis Whitley 1948,

by original designation and monotypy).

Paracentropyge Burgess 1991: 69 (type species, Holacanthus multifasciatus Smith

and Radcliffe 1911, by original designation and monotypy).
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Sumireyakko Burgess 1991: 70 (type species, Holacanthus venustus Yasuda and

Tominaga 1969, by original designation and monotypy).

Diagnosis: Dorsal rays III-IV, 15-19; anal rays III, 15-19; lateral-line scales 38-49; gill

rakers 4-8+10-19; body depth 1.5-2.5 in SL; head 2.75-4.0 in SL; orbit 2.04-3.75 in head;

body ovoid; posterior margin of soft portions of dorsal and anal fins rounded or angular

in most species, sometimes pointed; caudal fin rounded in most species (truncate in

several) ; a single supraneural bone; color highly variable among different species; color

ofjuveniles similar or identical to that ofadults (except in C. (C.) jlavissimus and C. (X)

nigriocella, juveniles often with a prominent ocellus on side ofbody).

Remarks: This genus and its included species are discussed in detail in Chapter 3 of this

Dissertation.

Material Examined: See Chapter 3.

SUBGENUS CENTROPYGE (CENTROPYGE) KAup

Centropyge Kaup 1860: 138 (Nominate subgenus: type species, Holacanthus tibicen

Cuvier 1831, by monotypy).

?Paradiretmus Whitley 1948: 83 (type species, Paradiretmus circularis Whitley

1948, by original designation and monotypy). Assumed to belong to this

subgenus, but uncertain until a positive identification can be confirmed.

Diagnosis: Dorsal rays IIV-IV (rarely XIII), 15-19; anal rays III, 15-19; lateral-line

scales 28-49; gill rakers 4-8+11-19; body depth 1.6-2.25 in SL; head 3.0-4.0 in SL; orbit

2.3-3.75 in head; body ovoid; median fins and color as described in the diagnosis for the

genus, some species with varying degrees of sexual dichromatism.

154



Remarks: This subgenus and its included species are discussed in detail in Chapter 3 of

this Dissertation.

Material Examined: See Chapter 3 of this Dissertation.

SUBGENUS CENTROPYGE (PARACENTROPYGE) BURGESS

Paracentropyge Burgess 1991: 69 (type species, Holacanthus multifasciatus Smith

and Radcliffe 1911, by original designation and monotypy).

Sumireyakko Burgess 1991: 70 (type species, Holacanthus venustus Yasuda and

Tominaga 1969, by original designation and monotypy).

Diagnosis: Dorsal rays XIII-IV (usually XIII, except in C. (P.) venusta), 16-20; anal rays

III, 15-19; lateral-line scales 33-46; gill rakers 4-6+10-13; body depth about 1.5-1.9 in

SL; head 2.75-3.6 in SL; orbit 2.04-2.39 in head; body round; posterior margins of soft

portions of dorsal and anal fins round; caudal fin round; color ofjuveniles similar or

identical to that of adults; two species with well-defined vertical bars, the third with a

bluish purple and yellow pattern.

Remarks: This subgenus and its included species are discussed in detail in Chapter 3 of

this Dissertation.

Material Examined: See Chapter 3.

SUBGENUS CENTROPYGE (XIPHYPOPS) JORDAN IN JORDAN AND JORDAN

Xiphypops Jordan in Jordan and Jordan 1922: 64 (type species, Holacanthusfisheri

Snyder 1904, by original designation and monotypy).

Xiphipops Weber and de Beaufort 1936: 159 (misspelling ofXiphypops Jordan in

Jordan and Jordan 1922).
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Diagnosis: Dorsal rays XIV-XV, 15-17; anal rays III, 16-18; lateral-line scales 43-46;

gill rakers 6-7+13-17; body depth about 2.0-2.5 in SL; head 3.0-3.6 in SL; orbit 2.25-3.0

in head; body slightly more elongate than other species of genus; posterior margins of

soft portions ofdorsal and anal fins rounded; caudal fin rounded; color ofjuveniles

similar or identical to that of adults; head with varying amounts of yellow or orange,

extending dorsoposteriorly along the length of the dorsal fin in some species; body color

bluish purple to brown.

Remarks: This subgenus and its included species are discussed in detail in Chapter 3 of

this Dissertation.

Material Examined: See Chapter 3.

GENUS CHAETODONTOPLUS BLEEKER

Chaetodontoplus Bleeker 1876: 307 (type species, Holacanthus septentrionalis

Temminck and Schlegel 1844, by original designation and monotypy).

Diagnosis: Dorsal rays XI-XIII, 17-22; anal rays III, 16-21; lateral-line scales 85-140;

body depth about 1.7-2.0 in SL; head 2.5-4.0 in SL; orbit 3.0-4.25 in head; body oblong,

smooth; posterior margins of soft portions of dorsal and anal fins rounded; caudal fin

rounded; juveniles of most species dark brown or black, many with a distinct white or

yellow bar behind the head and on the margins of the median fins, adults black to brown

in most species, often with blue lines or dots and orangish markings on the head; most

species with two supraneural bones.

Remarks: The genus Chaetodontoplus is perhaps the most distinctive ofthe family, due

primarily to the very fine scales. Although most species ofPomacanthus also have small

scales, the appearance of species in that genus is more visibly textured than in
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Chaetodontoplus, which appear smooth or velvety. Species of this genus are also unusual

in that they often inhabit murky lagoonal waters with silty bottoms, close to shore (rather

than the more typical environment of most pomacanthids, on coral reefs). Two exceptions

are C. mesoleucus and C. niger; the former often found in close proximity to thick coral

growths, and the latter found on deep-reef habitats in excess of 50m. Interestingly, in

correspondence between the late Yoshiaki Tominaga and John E. Randall dated early

1987, it was noted that both of these species were unusual for the genus in possessing

only a single pre-dorsal bone, and they tentatively considered both as belonging to

separate genera; they were not considered at the time to be likely congeners. I have

examined radiographs of 20 specimens of C. mesoleucus and two specimens of C. niger

(including the holotype), and can confirm that both specimens of the latter do indeed

possess but a single supraneural bone; however, seven of the 20 specimens of C.

mesoleucus had two supraneural bones, whereas thirteen had only one (see Figure 2.2).

All other examined specimens of Chaetodontoplus of other species clearly possessed two

supraneural bones. This dichotomy of supraneural bone configuration in Chaetodontoplus

is interesting in light of the existence of two distinct color forms of the species, one with

a gray tail with a yellow margin, and the other with a completely yellow tail. The

question of whether these two forms represent distinct species is under investigation by

John E. Randall, but both forms have been observed sympatrically, and appear to form

pair bonds with like-colored individuals. It has not been ascertained whether the character

distinction
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Figure 2.2. Radiographs showing predorsal bones of a) Chaetodontoplus mesoleucus, BPBM 6833 (one predorsal bone); b) C.
mesoleucus, BPBM 32217-3 (two predorsal bones); and c) C. niger, uncataloged specimen from Chesterfield Bank (one
predorsal bone).



of one vs. two supraneural bones correlates to the two distinct color forms, because the

tail color is lost when specimens are preserved in alcohol.

It is also worth noting that several of the 31 specimens of Chaetodontoplus with

radiographs (various species) show what appears to be an expansion of the first two or

three haemal spines on the median plane, as is the case with Apolemichthys.

A species-level revision of this genus is beyond the scope of the current study, but is

nevertheless badly needed. Within the last several months, new interpretations of species

have been proposed by Debelius et al (2003) and Allen and Steene (unpublished MS).

The species are not well defined, differing primarily in color, and there is often a great

deal of color variation, sometimes intergrading from one species form to another. In

Chapter 4 Randall and I discuss potential hybridization within this genus to account for

some of this variation, but clearly the group remains unresolved at the species level. The

most fruitful exploration of species boundaries within this group will likely come via

molecular analysis, rather than continued morphological study.

It is worth noting that Holacanthus bicolor var. oahuensis Borodin 1930 is based on

a specimen of Chaetodontoplus mesoleucus (Bloch 1787), which is reported to have been

collected off Oahu, Hawaiian Islands. Given the known distribution of that species, this is

likely a locality error.

Material Examined:

Unidentified Chaetodontoplus

NEW SOUTH WALES: AMS 1.18614-001 (1). PAPUA NEW GUINEA: BPBM

39031 (2).
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C. ballinae Whitley 1959

LORD HOWE ISLAND: AMS 1.34842-001 (3). NEW SOUTH WALES: AMS

1.22515-001 (1).

C. caeruleopunctatus Yasuda & Tominaga 1976

UNKNOWN LOCALITY: BPBM uncat-6 (1).

C. chrysocephalus (Bleeker 1854)

JAPAN: Sukomo, BPBM 23025 (1).

C. conspicillatus (Waite 1900)

LORD HOWE ISLAND: AMS 1.17359-011 (1). NEW CALEDONIA: AMS

IB.2269 (1), AMS IB.4433 (1), BPBM 28784 (1).

C. duboulayi (Giinther 1867)

EASTERN INDIAN OCEAN: Western Australia, AMS IB.3007 (1). GREAT

BARRIER REEF: Collins Island, AMS 1.34311-008 (1); Decapolis Reef, AMS

1.19460-006 (2); Grassy Island, AMS IA.852 (1). GULF OF CARPENTIA:

Queensland, AMS 1.15557-198 (2). INDONESIA: BPBM 19470 (1). NORTHERN

TERRITORY: Arafura Sea, AMS 1.21848-001 (4); Darwin, AMS A.11121 (1),

AMS 1.6080 (1), AMS IA.3049 (1), AMS IA.6402 (1); Grotte Eylandt, AMS IA.5895

(1); Yirrkala, USNM 173524 (1). PAPUA NEW GUINEA: AMS A.13839 (1).

QUEENSLAND: Cape York, AMS A.8473 (1), AMS A.8474 (1), AMS A.8475 (1),

AMS 1.20769-059 (2), AMS 1.20771-001 (6); Innisfail, AMS 1.15841-001 (1); Sabina

Point, AMS 1.34301-004 (1); Townsville, AMS IB.5884 (1), AMS IB.5902 (1), AMS

IB.5911 (1). SOLOMON ISLANDS: AMS B.1197 (1), AMS B.1199 (1). TIMOR

SEA: Western Australia, AMS IA.4273 (1).
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C. melanosoma (Bleeker 1853)

INDONESIA: Sulawesi, USNM 280029 (1). JAPAN: Sukomo, BPBM 23045 (1).

PAPUA NEW GUINEA: BPBM 13657 (2). PHILIPPINES: Luzon, AMS 1.15851

008 (1); Sulu Archipelago, USNM 182567 (1), USNM 182568 (1), USNM 182569

(1). TAIWAN: BPBM 23136 (1).

C. meredithi Kuiter 1989

GREAT BARRIER REEF: Grassy Island, AMS IA.853 (1); Heron Island, AMS

IB.5397 (1); One Tree Island, AMS 1.15625-021 (paratype). NEW SOUTH

WALES: AMS 1.16531-001 (1), AMS 1.18628-001 (1), AMS 1.18807-006 (2).

QUEENSLAND: Moreton Bay, AMS 1.18657-001 (1); Wide Bay, AMS E.1504 (1),

AMS E.1505 (2).

C. mesoleucus (Bloch 1787)

INDONESIA: Irian Jaya, USNM 245400 (1); Java, USNM 280045 (3), USNM

280046 (5), USNM 280047 (2), USNM 280048 (6); Molucca Islands, USNM 182467

(1), USNM 182487 (1), USNM 182496 (3), USNM 182537 (1); Sulawesi, BPBM

26755 (1), USNM 182500 (1), USNM 182536 (1); Timor, BPBM 32217 (5), BPBM

32218 (1), BPBM 32239 (3), BPBM 32240 (2), BPBM 32371 (2). MALAYSIA:

AMS B.8151 (1); Borneo, USNM 331900 (3), USNM 345093 (1); Malacca, AMS

IA.3301 (1). PALAU: BPBM 6833 (1), BPBM 6834 (2). PAPUA NEW GUINEA:

BPBM 32580 (3), USNM 293729 (1). PHILIPPINES: USNM 182489 (1), USNM

182505 (1); Bicol, USNM 182462 (1), USNM 182472 (1), USNM 182474 (1),

USNM 182475 (1), USNM 182477 (1), USNM 182478 (1), USNM 182484 (1),

USNM 182485 (1), USNM 182486 (1), USNM 182488 (1), USNM 182490 (1),
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USNM 182491 (1), USNM 182493 (1), USNM 182497 (4), USNM 182498 (4),

USNM 182503 (1), USNM 182506 (1), USNM 182507 (1), USNM 182509 (1),

USNM 182513 (2), USNM 182517 (1), USNM 182523 (1), USNM 182525 (1),

USNM 182526 (1), USNM 182527 (1), USNM 182528 (1), USNM 182529 (1),

USNM 182530 (1), USNM 182534 (1); Cagayan, USNM 182520 (1); Luzon, USNM

182469 (1), USNM 182480 (1), USNM 182483 (1), USNM 182499 (2), USNM

182511 (2), USNM 182516 (1), USNM 182518 (1), USNM 182521 (1), USNM

182522 (1), USNM 182524 (1), USNM 182533 (1); Mindanao, USNM 169125 (1),

USNM 182465 (1), USNM 182479 (1), USNM 182494 (5), USNM 182514 (1),

USNM 182515 (1), USNM 182531 (1); Palawan, USNM 182463 (1), USNM 182464

(1), USNM 182468 (1), USNM 182471 (1), USNM 182473 (1), USNM 182476 (1),

USNM 182481 (1), USNM 182492 (1), USNM 182495 (2), USNM 182501 (2),

USNM 182502 (2), USNM 182504 (1), USNM 182508 (1), USNM 182512 (2),

USNM 182519 (1), USNM 260909 (1), USNM 280041 (1), USNM 288171 (1);

Romblon, USNM 182470 (1); Sulu Archipelago, USNM 182535 (1); Visayas, USNM

133102 (4), USNM 182466 (1), USNM 182482 (1), USNM 182510 (1), USNM

182532 (1), USNM 280050 (1). SINGAPORE: AMS B.4978 (1), AMS IB.8211 (2).

SOLOMON ISLANDS: AMS 1.19881-001 (1), USNM 150535 (1), USNM 169785

(2), USNM 169824 (1). UNKNOWN LOCALITY: AMS IB.829 (2), BPBM 10571

(1), BPBM 10922 (4).

C. niger Chan 1966

NEW CALEDONIA: BPBM uncat-3 (1).
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C. personifer (McCulloch 1914)

NORTHERN TERRITORY: Darwin, AMS IA.6407 (1).

C. septentrionalis (Temminck & Schlegel 1844)

JAPAN: USNM 57497 (2), USNM 57530 (1), USNM 6525 (1); Honshu, CAS

107191 (holotype ofH ronin Jordan & Fowler 1902); Sagami, CAS 107160

(paratype ofH ronin Jordan & Fowler 1902), USNM 22582 (1). SOUTH CHINA

SEA: Hong Kong, AMS 1.16164-001 (1 ). TAIWAN: BPBM 18689 (3), BPBM

23050 (1).

GENUSGENICANTHUSSWMNSON

Genicanthus Swainson 1839: 170,212 (type species, Holacanthus lamarck Lacepede

1802, by subsequent designation, Swain, 1883: 273; proposed as a subgenus).

Diagnosis: Dorsal rays XIV-XV, 15-17; anal rays 111,16-19; lateral-line scales 39-50;

gill rakers 3-5+11-13; body depth about 1.8-2.4 in SL; head 3.4-4.4 in SL; orbit 2.4-4.3 in

head; body oblong; posterior margin of soft portions of dorsal and anal fins angular to

sharply pointed, sometimes with filamentous extensions (except in G. personatus, in

which they are rounded); caudal fin distinctively emarginate to lunate, usually with

filamentous extensions on both caudal lobes; sexually dichromatic, with juveniles

resembling females, females without bars or stripes, usually monochrome on the body

(though sometimes distinct markings), males usually (but not always) with bold vertical

bars, horizontal bars, or large dots.

Remarks: Although originally described in 1839, this genus was not treated as valid for

nearly 100 years, until Fraser-Brunner (1933) resurrected it. Injustifying such

recognition at the rank of full genus, Fraser-Brunner wrote (p.574): "The notched
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preorbital with its hind margin free, the large opercular scales, and the peculiar form of

the caudal fin distinguish this genus at a glance." Except for those authors who

conservatively regarded most or all Indo-Pacific pomacanthids as belonging to

Holacanthus (e.g., Kamohara, 1934; 1961; Watanabe, 1949; Herre, 1953; Yasuda and

Tominaga, 1969; 1970), most authors have treated the genus as valid. Randall (1975)

provided an excellent revision of the genus. Since that publication, only one new species

has been added (G. takeuchii Pyle 1997), and the genus has otherwise remained

extremely stable.

Besides the various morphological characters distinguishing species of this genus

from other pomacanthids, species of Genicanthus are unique in being primarily

planktivorous, spending much of their time well above the reef in mid-water, among

other planktivorous fishes. Most other pomacanthid species remain in very close

proximity to the reef, seldom venturing far from the protection of holes, crevices, and

small caves. This lifestyle may contribute to some of the morphological characters that

distinguish the genus, such as the filamentous extensions of the caudal lobes, the

generally elongate body, and the morphology of the preorbital bone (with its

autapomorphous notch). Like Centropyge, they form harems consisting of a single male

and several females, and are protogynous hermaphrodites. Unlike most other

pomacanthids (including most Centropyge), species in this genus show strong sexual

dichromatism. Females are generally more uniform in color than males, or in the case of

G. takeuchii, having a more or less uniform reticulated pattern covering much of the

body. An exception to this is G. bel/us Randall 1975, the female ofwhich is quite striking

in color, with a complex pattern. Males, on the other hand, typically have bold dark bars
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or longitudinal stripes on the sides of the body (or one longitudinal stripe, in the case of

G. bellus males). One exception to this pattern is G. personatus Randall 1975, the male of

which differs from the female in having bright orange margins on the dorsal and anal fin,

and orange on the head in place of black on the female.

Of the broader placement of Genicanthus within Pomacanthidae, Randall (1975:395)

commented:

"In view of the morphological similarity, it is plausible that Genicanthus has

been derived from Holacanthus. The differences between these two genera,

such as a more elongate body, emarginate to lunate caudal fin and smaller teeth

of Genicanthus, may be related to the feeding by the species of Genicanthus on

zooplankton, with the concomitant need for greater mobility as they venture

well above the substratum.

"If the postulated derivation of Genicanthus is true, then G. personatus ofthe

Hawaiian Islands may be the most primitive living representative of the genus.

With its greater body depth, caudal fin of least emargination, and XIV dorsal

spines, it seems closer to Holacanthus than any other species of Genicanthus."

I am inclined to concur with Randall on his interpretation of G. personatus as the

most ancestral (basal) member of the genus. In addition to the characters mentioned by

Randall (1975) above, this species is the only member of the genus with rounded soft

portions of dorsal and anal fins.

Material Examined:

G. bellus Randall 1975

FRENCH POLYNESIA: Society Islands, BPBM 16840 (holotype), BPBM 16841
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(paratype), BPBM 17334 (3), BPBM 22737 (2). MARSHALL ISLANDS: Enewetak

Atoll, BPBM 22875 (2), BPBM 22875 (2); Kwajalein Atoll, BPBM 38839 (1),

BPBM 38928 (1). PALAU: BPBM 37679 (1), BPBM 37761 (1). PHILIPPINES:

Visayas, BPBM 22748 (1).

G. caudovittatus (Giinther 1860)

MASCARENE ISLANDS: Mauritius, BPBM 20268 (2), BPBM 21028 (1), BPBM

22536 (1). RED SEA: Egypt, USNM 345092 (I); Israel, BPBM 13371 (1), BPBM

13389 (2), BPBM 13867 (2), BPBM 13875 (4), BPBM 13878 (3).

G. lamarck (Lacepede 1802)

GREAT BARRIER REEF: Escape Reef, AMS 1.23890-002 (1). INDONESIA:

Bali, BPBM 31579 (1). MALAYSIA: Madras, AMS B.8245 (1). PAPUA NEW

GUINEA: BPBM 13658 (1). PHILIPPINES: USNM 346196 (1); Bicol, CAS

125506 (2 - paratypes ofH chapmani Herre 1933), USNM 182732 (1), USNM

182733 (2); Luzon, BPBM 22461 (5), BPBM 28473 (1), USNM 345086 (2), USNM

346827 (1); Sulu Archipelago, CAS 125505 (paratype of H chapmani Herre 1933);

Visayas, BPBM 18463 (1), CAS 125504 (holotype ofH chapmani Herre 1933),

USNM 285464 (4), USNM 344881 (2), USNM 345091 (1), USNM 345103 (1).

SOLOMON ISLANDS: AMS 1.17485-006 (1), AMS 1.17487-011 (2), BPBM 16014

(1), BPBM 16079 (3).

G. melanospilos (Bleeker 1857)

FIJI: AMS 1.17506-001 (1), BPBM 11397 (1), USNM 256470 (1). GREAT

BARRIER REEF: Escape Reef, AMS 1.22583-014 (2), AMS 1.23890-003 (1);

Escape Reef North, AMS 1.22584-001 (2); Yonge Reef, AMS 1.19476-008 (4). NEW
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CALEDONIA: AMS 1.17513-002 (1). PALAU: AMS 1.16512-001 (4), BPBM

13479 (1), BPBM 9499 (1), BPBM 9605 (2), BPBM 9606 (6). PAPUA NEW

GUINEA: BPBM 15860 (1), BPBM 36943 (1). QUEENSLAND: Cairns, AMS

1.16504-008 (2). SOLOMON ISLANDS: BPBM 15608 (1). SOUTH CHINA SEA:

Macclesfield Bank, USNM 276529 (paratype of 0. macclesfieldiensis Chan 1966).

TIMOR SEA: Ashmore and Cartier Islands, AMS 1.33717-033 (3). TONGA:

USNM 336837 (1), USNM 336838 (1). VANUATU: AMS 1.17474-002 (1), AMS

1.17476-015 (3), AMS 1.17477-008 (2), AMS 1.17516-001 (2), USNM 355160 (1).

G. personatus Randall 1975

HAWAIIAN ISLANDS: BPBM 15493 (1), BPBM 15509 (1), BPBM 19208 (1),

BPBM 19647 (1), USNM 196183 (1), USNM 211814 (paratype of 0.

macclesfieldiensis Chan 1966). NORTHWESTERN HAWAIIAN ISLANDS:

BPBM 19648 (2), BPBM 28837 (2), BPBM 28839 (1), BPBM 29278 (1), BPBM

31971 (4), BPBM 33445 (1), BPBM 34774 (1), BPBM 38950 (1), USNM 308842

(6).

G. semicinctus (Waite 1900)

LORD HOWE ISLAND: AMS 1.17365-005 (5), AMS 1.17366-008 (1), AMS

1.17400-001 (1), AMS 1.17420-003 (2), AMS 1.27152-029 (2), AMS 1.4345

(holotype? of 0. macclesfieldiensis Chan 1966), AMS 1.5351 (1), BPBM 14809 (4),

BPBM 14859 (1).

G. semifasciatus (Kamohara 1934)

RYUKYU ISLANDS: BPBM 17332 (1), BPBM 19148 (4), BPBM 35065 (3).
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G. spinus Randall 1975

COOK ISLANDS: BPBM uncat-5 (2). FRENCH POLYNESIA: Austral Islands,

BPBM 12775 (paratype ofG. macclesfieldiensis Chan 1966). PITCAIRN: BPBM

16450 (ho1otype of G. macclesfieldiensis Chan 1966), BPBM 16452 (2 - paratypes of

G. macclesfieldiensis Chan 1966), BPBM 16754 (paratype ofG. macclesfieldiensis

Chan 1966), CAS 30456 (paratype of G. macclesfieldiensis Chan 1966), USNM

211815 (paratype of G. macclesfieldiensis Chan 1966).

G. takeuchii Pyle 1997

RYUKYU ISLANDS: BPBM 35062 (ho1otype of G. macclesfieldiensis Chan 1966),

BPBM 35247 (paratype ofG. macclesfieldiensis Chan 1966), USNM 342592

(paratype of G. macclesfieldiensis Chan 1966).

G. watanabei (Yasuda & Tominaga 1970)

FRENCH POLYNESIA: Austral Islands, BPBM 12784 (1); Society Islands, BPBM

10803 (3), BPBM 10804 (1), BPBM 14982 (2). GREAT BARRIER REEF: Escape

Reef, AMS 1.23890-001 (2); Escape Reef North, AMS 1.22585-005 (1), AMS

1.22596-001 (1), AMS 1.22603-001 (1); Osprey Reef, AMS 1.16513-001 (3). NEW

CALEDONIA: AMS 1.17511-003 (1), AMS 1.17512-002 (1), BPBM 28675 (2).

PITCAIRN: BPBM 16449 (2), BPBM 16755 (1). RYUKYU ISLANDS: BPBM

35066 (1). TONGA: BPBM 38176 (1). VANUATU: USNM 355161 (1).

GENUS HOLACANTHUS LACEPEDE

Holacanthus Lacepede 1802: 525 (type species, Chaetodon tricolor Bloch 1795, by

subsequent designation, Desmarest, 1856: 227).
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Angelichthys Jordan and Evermann 1896: 420 (type species, Chaetodon ciliaris

Linnaeus 1758, by original designation).

Plitops Burton 1934: 57 (type species, Holacanthus clarionensis Gilbert 1891, by

original designation; proposed as a subgenus).

Diagnosis: Dorsal rays XIII-XIV, 18-21; anal rays III (rarely IV), 17-21; lateral-line

scales 45-50; body depth about 1.6-1.8 in SL; head 3.5-4.0 in SL; orbit 3.5-5.0 in head;

body ovoid, posterior margins of soft portions of dorsal and anal fins rounded in

juveniles, with filamentous extensions in some adults; caudal fin rounded to truncate;

general color themes evident within subgenera, as described below; one supraneural

bone.

Remarks: This genus has served as a "catch-all" repository for species of various genera

(e.g., Yasuda and Tominaga, 1969; 1970). Often split into three subgenera, the genus is

herein split into only two: the monotypic Holacanthus (Holacanthus), and H

(Angelichthys). The genus is restricted to the tropical Atlantic Ocean and eastern Pacific.

Material Examined:

Unidentified Holacanthus

CARIBBEAN SEA: Cuba, USNM 179214 (1); Puerto Rico, USNM 114653 (1).

GEORGIA: USNM 278536 (1). NORTH ATLANTIC OCEAN (PELAGIC):

USNM 39348 (1). UNKNOWN LOCALITY: USNM 345096 (1).

SUBGENUS HOLACANTHUS (ANGELICHTHYS) JORDAN AND EVERMANN

Angelichthys Jordan and Evermann 1896: 420 (type species, Chaetodon ciliaris

Linnaeus 1758, by original designation).
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Plitops Burton 1934: 57 (type species, Holacanthus clarionensis Gilbert 1891, by

original designation; proposed as a subgenus).

Diagnosis: Dorsal rays XIII-XIV, 17-21; anal rays III (rarely IV), 18-21; lateral-line

scales 45-50; body depth about 1.6-1.8 in SL; head 3.5-4.0 in SL; orbit 3.5-5.0 in head;

body ovoid; very small juveniles [and subadults ofH (A.) africanus] with rounded

posterior margins of the soft portions of dorsal and anal fins, becoming sharply angular or

pointed as subadults, and often extending as long filaments as adults (filaments

frequently extending past the posterior edge of the caudal fin); juveniles with strikingly

different color pattern from the adults, usually involving several pale to dark blue vertical

bars, (curved in H ciliaris), and a blue-edged ocular bar; adults with various color

patterns - dark brownish orange for Pacific species (two of which have a distinct white

bar on the sides of the body), western and central Atlantic species bluish green, and the

eastern Atlantic species [H (A.) africanus] brown with a pale brown midsection; adults

often with (sometimes highly pronounced) armature on the posterior edge of the

ascending portion of the preopercular bone, though this character is highly variable.

Remarks: The subgenus Plitops is often recognized as distinct, used to represent the

three eastern Pacific species; however, this genus-group name is here considered

synonymous with Angelichthys based on the overall similarity between eastern Pacific

species and Caribbean species. In particular, the juvenile color patterns on both sides of

the Isthmus ofPanama share the same basic scheme. Moreover, H (A.) passer appears to

represent a geminate species pair with H (A.) ciliaris (both species sharing the same

body and median fin shape, as well as a distinctive blue-spotted "crown" on the nape).

Fraser-Brunner (1933:557) wrote of these species, "Despite their apparent diversity of
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form the members of this genus are all closely related, and it is difficult to divide them

satisfactorily."

Indeed, the eastern Pacific species may prove (with investigation using molecular

characters) to share a more recent common ancestor than the Caribbean species do with

the eastern Atlantic H (A.) africanus. Given such similarities, I find it difficult to justify

maintaining nomenclatural recognition, even at the rank of subgenus, and therefore I

regard Plitops to be a junior synonym ofAngelichthys.

Concerning the preopercular armature, Fraser-Brunner (1933:577) wrote, "The

presence of stout spines on the preoperculum, used to distinguish Angelichthys, is a

character of little significance, occurring also occasionally in Pygoplites."

One nomenclatural problem exists with the species Holacanthus iodocus Jordan and

Rutter in Gilbert 1897. Most previous authors have deemed this name to be ajunior

synonym ofH (A.) ciliaris; however, the type locality for iodocus is stated to be the

Galapagos Islands (whereas H (A.) ciliaris is confined to the Atlantic). I assume that the

type locality is in error, and that the type specimen was actually collected in the Atlantic.

Less obvious, however, is whether the type is H (A.) ciliaris, or H (A.) bermudensis. The

possibility that it represents a hybrid between these two species (see Chapter 4) cannot be

eliminated. I examined the type at the u.s. National Museum (USNM 47747) and cannot

verify its correct species assignment. Interestingly, the California Academy of Sciences

(CAS) collection records the type of H iodocus as CAS 102727 (formerly SU 2727);

however I was unable to locate this purported specimen during the course of several visits

to the CAS ichthyology collection.

Material Examined:
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H (A.) africanus Cadenat 1951

GUINEA: USNM 344879 (1), USNM 345079 (1). GULF OF GUINEA: Angola,

USNM 344875 (1); Ghana, USNM 344876 (1).

H (A.) bermudensis Goode 1876

BERMUDA: CAS 145940 (1), USNM 154852 (3 - cotypes), USNM 164877 (2),

USNM 20952 (1), USNM 337741 (1). CARIBBEAN SEA: Florida Keys, CAS

100363 (holotype), USNM 116841 (3), USNM 167657 (1), USNM 167658 (4),

USNM 3172 (3). GEORGIA: USNM 155647 (1), USNM 316637 (1). NORTH

CAROLINA: USNM 159679 (1), USNM 315459 (1). NORTHERN FLORIDA:

USNM 314703 (1). UNKNOWN LOCALITY: CAS 145941 (1), USNM 47747

(type ofH iodocus Jordan & Rutter in Gilbert 1897).

H (A.) ciliaris (Linnaeus 1758)

BERMUDA: USNM 49217 (1). BRAZIL: USNM 104294 (1), USNM 159253 (1),

USNM 34679 (1), USNM 43381 (1). CARIBBEAN SEA: Antigua and Barbuda,

USNM 120347 (1), USNM 174730 (1); Barbados, USNM 6133 (2); Belize, USNM

327591 (1); Cuba, USNM 19803 (1); Dominica, USNM 29844 (3); Florida, AMS

1.15291 (1), AMS 1.15292 (1), AMS 1.15293 (1); Florida Keys, USNM 154011 (1),

USNM 167618 (1), USNM 174729 (1), USNM 185645 (1), USNM 53291 (1),

USNM 61062 (3), USNM 61063 (4); Haiti, USNM 122619 (1), USNM 88969 (1);

Jamaica, USNM 30023 (1), USNM 94070 (1); Puerto Rico, USNM 162777 (1);

Virgin Islands, USNM 183490 (1), USNM 345108 (1). GEORGIA: USNM 190421

(1), USNM 190422 (1). GULF OF MEXICO: USNM 154004 (2), USNM 159276
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(1), USNM 159672 (1). NORTH CAROLINA: USNM 163709 (1). NORTHERN

FLORIDA: USNM 159673 (1). UNKNOWN LOCALITY: USNM 59995 (1).

H (A.) clarionensis Gilbert 1890[-1891?]

REVILLAGIGEDO IS: CAS 101986 (2 - syntypes ofH iodocus Jordan & Rutter in

Gilbert 1897), CAS 101987 (syntype ofH iodocus Jordan & Rutter in Gilbert 1897),

CAS 106373 (4), CAS 116812 (1), CAS 1530 (1), CAS 1531 (1), CAS 1532 (1),

CAS 1533 (1), CAS 88086 (1), CAS 88087 (3), CAS 88089 (1), USNM 46936 (1),

USNM 47005 (2), USNM 47006 (1), USNM 47117 (1), USNM 47118 (1), USNM

47131 (1), USNM 47132 (1), USNM 47133 (1), USNM 47134 (1), USNM 47135 (1),

USNM 94063 (1).

H (A.) limbaughi Baldwin 1963

CLIPPERTON ISLAND: USNM 178998 (holotype ofH iodocus Jordan & Rutter

in Gilbert 1897), USNM 333906 (3).

H (A.) passer Valenciennes 1846

ACAPULCO: CAS 88088 (1). COCOS ISLAND: CAS 109801 (2). COLOMBIA

(pACIFIC): USNM 263252 (2), USNM 345166 (1), USNM 345172 (4). EASTERN

PACIFIC (UNSPECIFIED): USNM 65536 (1). GALAPAGOS ISLANDS: CAS

88047 (1), CAS 88048 (1), USNM 344939 (1), USNM 345128 (1), USNM 345162

(2), USNM 345173 (1), USNM 345180 (2), USNM 345185 (1), USNM 362094 (1),

USNM 362095 (1), USNM 50044 (1), USNM 50045 (1), USNM 65533 (3). GULF

OF PANAMA: BPBM 9062 (1). MEXICO (PACIFIC): CAS 14008 (1), CAS

88045 (2); Baja California, CAS 147437 (1); Gulf of California, BPBM 7445 (2),

BPBM 7469 (1), BPBM 7470 (1), CAS 119128 (4), CAS 147436 (1), CAS 24573 (2),
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CAS 24597 (3), CAS 30902 (1), CAS 88046 (1), USNM 31008 (1), USNM 321893

(3), USNM 321894 (2), USNM 321895 (3), USNM 3668 (type of H strigatus Gill

1862), USNM 65534 (2). PACIFIC OCEAN (UNSPECIFIED): AMS IB.51 0 (1).

PANAMA (PACIFIC): CAS 106936 (2), CAS 13492 (2), CAS 35557 (2), CAS

6123 (1), USNM 321890 (2), USNM 321891 (2), USNM 321892 (1), USNM 65535

(8), USNM 81410 (1). PERU: USNM 144264 (1). UNKNOWN LOCALITY: AMS

1.4715 (1), AMS IA.7157 (1), CAS 88049 (1).

H (A.) bermudensis x ciliaris

CARIBBEAN SEA: Florida Keys, USNM 116842 (3).

SUBGENUS HOLACANTHUS (HOLACANTHUS) LACEPEDE

Holacanthus Lacepede 1802: 525 (Nominate subgenus: type species, Chaetodon

tricolor Bloch 1795, by subsequent designation, Desmarest, 1856: 227).

Diagnosis: Dorsal rays XIV, 17-18; anal rays III, 17-18; lateral-line scales 50; body

depth about 1.8 in SL; head 3.5-3.75 in SL; orbit 3.5-4.0 in head; body ovoid; posterior

margin of soft portions of dorsal and anal fins rounded in juveniles and young adults,

becoming angular and pointed with age, sometimes with a short filamentous extension on

the dorsal fin; caudal fin rounded; one supraneural bone; color of small juveniles all

yellow with a prominent black ocellus on the dorsoposterior portion of the body (not

extending onto the soft portion of dorsal fin), the ocellus is lost at about 50 mm in length,

having been encompassed by a larger dark patch covering more than half of the body

posteriorly; adults with yellow heads, abdomens, pelvic and caudal fins, and yellow

margins on the dorsal and anal fins; body predominantly black.
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Remarks: The "Rock Beauty," as H (H) tricolor is commonly called, is very popular

with marine aquarists and underwater photographers. Hourigan and Kelly (1985) reported

on the reproductive characteristics of this species, and found it to be a protogynous

hermaphrodite that forms harems of one male and 2 or more females - apparently unique

in the genus.

Material Examined:

H (H) tricolor (Bloch 1795)

BERMUDA: USNM 178058 (1). BRAZIL: USNM 104280 (1), USNM 43363 (1).

CARIBBEAN SEA: USNM 33725 (1); Barbados, ROM 1547CS (1), USNM 174731

(1); Belize, USNM 343868 (1); Cayman Islands, BPBM 17646 (2); Cuba, USNM

154800 (1), USNM 9842 (2); Dominica, USNM 29850 (3), USNM 345080 (1),

USNM 345114 (1), USNM 345168 (1); Guadeloupe, USNM 345161 (2); Haiti,

USNM 132567 (1), USNM 133720 (2), USNM 89677 (3); Jamaica, USNM 160720

(1), USNM 30068 (1), USNM 30105 (1), USNM 94067 (4); Navassa Island, USNM

359571 (2), USNM 359715 (3), USNM 359926 (1), USNM 360362 (3), USNM

360437 (6); Puerto Rico, USNM 126433 (1), USNM 162775 (1); Saint Lucia, ROM

1550CS (1), USNM 178597 (3); Trinidad and Tobago, USNM 318654 (2), USNM

318655 (1), USNM 318666 (3), USNM 318667 (1), USNM 318668 (5), USNM

318762 (1); Virgin Islands, USNM 34941 (1). NORTH CAROLINA: USNM

159680 (1). UNKNOWN LOCALITY: USNM 9850 (3).

GENUS POMACANTHUS LACEPEDE

Pomacanthus Lacepede 1802: 517 (type species, Chaetodon arcuatus Linnaeus 1758,

by subsequent designation, Jordan and Gilbert, 1883: 615).

175



Pomacanthodes Gill 1862: 244 (type species, Pomacanthodes zonipectus Gill 1862,

by monotypy).

Acanthochaetodon Bleeker 1876: 308 (type species, Pomacanthus annularis Bloch

1787, by original designation and monotypy).

Arusetta Fraser-Brunner 1933: 572 (type species, Chaetodon asfur Forsskal1775, by

monotypy; proposed as a subgenus ofHeteropyge Fraser-Brunner = Euxiphipops

Fraser-Brunner).

Heteropyge Fraser-Brunner 1933:569 (Holacanthus xanthometopon Bleeker 1853c,

by original designation; preoccupied by Heteropyge Silvestri 1897 in Myriapoda).

Euxiphipops Fraser-Brunner 1934:192 (replacement name for Heteropyge Fraser

Brunner 1933; type species, Holacanthus xanthometopon Bleeker 1853c, by

objective synonymy).

Pomacanthops Smith 1955: 383 (type species, Pomacanthopsfilamentosus Smith

1955 = Chaetodon maculosus ForsskaI 1775, by original designation).

Diagnosis: Dorsal rays IX-XIV, 16-30; anal rays III, 16-23; lateral-line scales 50-90,

scales on head very small and described as almost velvety; body depth about 1.3-1.83 in

SL; head 3.25-4.25 in SL; orbit 2.75-4.5 in head; body ovoid to round; posterior margins

of soft portions ofdorsal and anal fins rounded or angular in juveniles, becoming angular,

pointed, or greatly extended as filaments when adult, depending on the subgenus; caudal

rounded to truncate; juveniles characteristically colored with alternating thin blue and

white vertical (sometimes curved) stripes against a black background in all subgenera

except Pomacanthus (Pomacanthus), which are black with five or six yellow bars

(usually curved), adult color variable, with some characteristic patterns within subgenera.
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Remarks: Largest of the Indo-Pacific pomacanthids, the species of this genus have been

somewhat confused in the taxonomic literature. Gill (1862) established the generic name

Pomacanthodes to represent the Pacific Pomacanthus, and numerous authors have

followed suit (treating Pomacanthodes variously as a genus or as a subgenus of

Pomacanthus); however, the type species ofPomacanthodes is P. zonipectus Gill 1862,

from the eastern Pacific. This species clearly forms a geminate species pair with the

ancestor of the two Atlantic species ofPomacanthus (P. arcuatus and P. paru; the former

being the type species of the genus Pomacanthus), based on juvenile color pattern,

general body shape, subtle elements of the adult coloration, and behavior (e.g., juveniles

serve as "cleaners" to other fishes). That this close association between P. zonipectus and

the two Atlantic species has not been underscored before is surprising, given the obvious

similarities. Debe1ius et al. (2003) pointed out the similarities, but retained it in the

subgenus Pomacanthodes, along with the other Indo-Pacific species.

In any case, the alignment ofP. (P.) zonipectus with Atlantic species of

Pomacanthus necessitates that the name Pomacanthodes be treated as a junior synonym

ofPomacanthus, in contrast to general usage in most recent publications.

Material Examined:

Unidentified Pomacanthus

CARIBBEAN SEA: Anguilla, USNM 183536 (1); Belize, USNM 353294 (1),

USNM 353527 (1); Virgin Islands, USNM 191388 (1). INDONESIA: Irian Jaya,

CAS 136027 (3). PHILIPPINES: AMS 1.18677-016 (1).
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SUBGENUS POMACANTHUS (ACANTHOCHAETODON) BLEEKER

Acanthochaetodon Bleeker 1876: 308 (type species, Pomacanthus annularis Bloch

1787, by original designation and monotypy).

Diagnosis: Dorsal rays XIII-XIV [XI-XII inP. (A.) rhomboides], 19-21 [22-24 inP. (A.)

rhomboides]; anal rays III, 19 [22 in P. (A.) rhomboides]; lateral-line scales 70-90; body

depth about 1.5-1.7 in SL; head 3.25-4.25 in SL; orbit 2.75-4.25 in head; body ovoid

(round in some juveniles); posterior margin of soft portions of dorsal and anal fins round

in juveniles, soft portion of anal fin rounded in juveniles and adults, soft portion ofdorsal

fin with filamentous extension of various lengths (depending on species) in adults (except

for Indian Ocean populations ofP. imperator, adults ofwhich have a round posterior soft

portion of dorsal fin margin); juveniles characteristically colored for the genus, with thin

blue and white stripes on a black background.

Remarks: The genus Acanthochaetodon is herein resurrected from synonomy to apply as

a subgenus to the set of Indo-Pacific Pomacanthus that include P. (A.) annularis (Bloch

1787; type species), P. (A.) chrysurus (Cuvier in Cuvier and Valenciennes 1831), P. (A.)

imperator (Bloch 1787), and P. (A.) rhomboides (Gilchrist and Thompson, 1908). These

four species share a number of attributes, including a combined rounded soft portion of

the anal fin in adults and stout filamentous extension on the soft portion of dorsal fin of

adults (except P. (A.) rhomboides). Adult P. (A.) annularis and P. (A.) imperator share a

basic pattern of angled blue lines; adult P. (A.) annularis and P. (A.) chrysurus share a

ring above the operculum, and P. (A.) annularis and P. (A.) rhomboides have nearly

identical juvenile forms. Also, Fraser-Brunner (1933:561) noted, that P. rhomboides was

"Apparently closely allied with P. annularis." Among the four species, P. (A.)
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rhomboides is the most distinct, having a dorsal-fin ray formula ofXI-XII, 22-24, instead

ofXIII-XIV, 19-21 in other species of this subgenus. It also has an unusually drab adult

coloration, with some coloration elements slightly reminiscent ofP. (P.) arcuatus from

the Caribbean. The possibility cannot be discounted that P. (A.) rhomboides represents

the basal species of the subgenus, establishing affiliation with the Atlantic subgenus

Pomacanthus (Pomacanthus).

Pacific and Indian Ocean populations ofP. (A.) imperator exhibit consistent

differences in color and morphology (e.g., presence or absence ofthe filamentous

extension on the soft portion of dorsal fin). Another interesting population occurs at

Kiritimati (and perhaps adjacent islands) in the Line Islands. Whereas juveniles of this

species throughout its range almost universally exhibit a complete white ring near the

caudal peduncle (with very rare exceptions), not a single individual of several hundred

juveniles that I observed at Kiritimati possessed such a ring. Moreover, the transition

from juvenile coloration to nearly full adult coloration happens at a much smaller size at

that locality (with fully adult colored fishes as small as 80 mm SL), and the adults have

an orangish caudal fin and soft portion ofthe dorsal fin (rather than yellow as in

populations elsewhere). This group should receive scrutiny by molecular investigations,

which may reveal justification for recognizing more than one species (or perhaps separate

subspecies).

Material Examined:

P. (A.) annularis (Bloch 1787)

ANDAMAN SEA: Penang, AMS IA.3293 (1). INDIA: Kerala State, BPBM 27651

(1); Tuticorin, BPBM 20602 (1). INDONESIA: Java, USNM 72698 (1).
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MALAYSIA: Malacca, USNM 345044 (1). SRI LANKA: BPBM 19028 (1).

UNKNOWN LOCALITY: AMS 1.4718 (1).

P. (A.) chrysurus (Cuvier in Cuvier & Valenciennes 1831)

KENYA: BPBM 27246 (1), USNM 344951 (2). RED SEA: Eritrea, USNM 344957

(3). SEYCHELLES: Aldabra Island, USNM 345038 (1). SOLOMON ISLANDS:

USNM 182314 (1).

P. (A.) imperator (Bloch 1787)

AGALEGA ISLANDS: USNM 345122 (1). AMERICAN SAMOA: BPBM 27956

(1), USNM 115057 (1), USNM 115058 (1), USNM 115059 (1), USNM 52247 (1).

COOK ISLANDS: AMS IA.5249 (1). FIJI: AMS 1.15570-008 (1). FRENCH

POLYNESIA: Society Islands, BPBM 10797 (1), BPBM 1453 (1), BPBM 6844 (1);

Tuamotu Archipelago, BPBM 10227 (1). INDONESIA: USNM 169762 (1).

KENYA: USNM 345145 (1). LINE ISLANDS: Fanning Island, BPBM 7574 (1);

Kiritimati, BPBM 31938 (2), BPBM 33897 (3). MALAYSIA: AMS B.8328 (1).

MARIANA ISLANDS: Guam, BPBM 192 (holotype ofH marianas Seale 1901),

BPBM 194 (holotype of H bishopi Seale 1901), USNM 123901 (1), USNM 124266

(1), USNM 139763 (6), USNM 143360 (1); Northern Mariana Islands, USNM

154411 (1). MARSHALL ISLANDS: Bikini Atoll, USNM 140118 (2), USNM

140119 (1); Enewetak Atoll, BPBM 6289 (1), BPBM 6295 (1). MASCARENE

ISLANDS: Cargados Carajos Shoals, USNM 345137 (1); Mauritius, AMS 1.28188

005 (1), BPBM 20111 (1), BPBM 34645 (1), USNM 349498 (1), USNM 349499 (1),

USNM 43943 (1). NORTHERN TERRITORY: Darwin, AMS 1.5307 (1). PALAU:

BPBM 6835 (1). PAPUA NEW GUINEA: AMS 1.228 (1). PHILIPPINES:
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Batanes, USNM 292801 (1), USNM 293675 (1); Luzon, AMS 1.15572-001 (1);

Mindanao, USNM 273861 (1); Visayas, USNM 345111 (1). PHOENIX ISLANDS:

BPBM 22774 (1). PITCAIRN: BPBM 16803 (1), BPBM 17294 (1). RED SEA:

Egypt, USNM 166955 (3), USNM 345115 (1), USNM 345134 (1), USNM 345139

(1). RYUKYU ISLANDS: BPBM 6832 (1). SEYCHELLES: USNM 344955 (1),

USNM 345138 (1); Aldabra Island, USNM 216763 (2), USNM 344941 (2), USNM

345110 (1), USNM 345120 (1), USNM 345127 (1), USNM 345129 (1). SRI

LANKA: AMS 1.18639-001 (1). TAIWAN: USNM 344942 (1). TONGA: USNM

334049 (1), USNM 336529 (2), USNM 339168 (2), USNM 91887 (1). VANUATU:

AMS 1.2412 (1), AMS 1.258 (1), AMS 1.6560 (1). UNKNOWN LOCALITY: AMS

IA.5145 (1), BPBM 10905 (2).

P. (A.) rhomboides (Gilchrist & Thompson 1908)

SOUTH AFRICA: KwaZulu-Natal, BPBM 22991 (1), CAS 131547 (1); Natal, AMS

IA.5251 (1); Sodwana Bay, BPBM 21746 (1).

SUBGENUS POMACANTHUS (ARUSETTA) FRASER-BRUNNER

Arusetta Fraser-Brunner 1933: 572 (type species, Chaetodon asfur Forsskal1775, by

monotypy; proposed as a subgenus ofHeteropyge Fraser-Brunner = Euxiphipops

Fraser-Brunner).

Pomacanthops Smith 1955: 383 (type species, Pomacanthopsfilamentosus Smith

1955 = Chaetodon maculosus ForsskaI 1775, by original designation).

Diagnosis: Dorsal rays XII-XIII, 20-22; anal rays III, 19-20; lateral-line scales 75; body

depth about 1.5-1.8 in SL; head 3.3-4.0 in SL; orbit 3.25-4.0 in head; body ovoid to

nearly round; posterior margins of soft portions of dorsal and anal fins round to angular
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in juveniles, progressing to pointed and with filamentous extensions by the subadult

stage; large adults with long filamentous extensions on both dorsal and anal fins

(especially in P. (A.) asfur); caudal fin rounded to truncate; color ofjuveniles very similar

to that of species ofPomacanthus (Acanthochaetodon), with a prominent yellow

vertically-oriented blotch appearing just posterior to center of body in two species [Po

(A.) asfur and P. (A.) maculosus], yellow blotch persisting on large adults of those two

species.

Remarks: Fraser-Brunner (1933) distinguished P. (A.) maculosus from P. (A.) asfur on

the basis ofposition ofthe yellow bar (Fraser-Brunner referred to it as "white"), size of

scales, and incorrect belief that "The anal fin is not produced even in large specimens of

P. maculosus, whereas in H asfur it is much produced at an early age." (p. 573). On

these grounds he treated asfur as the monotypic species ofhis new subgenus Arusetta,

within his genus Heteropyge (=Euxiphipops), retaining maculosus in Pomacanthus.

Considering his error about the shape of the anal fin ofP. maculosus (it is pointed in

large adults, often with a filamentous extension), and considering the extremely similar

color pattern of both adults and juveniles (indeed, juveniles of the two species are very

difficult to distinguish), surely these two species are congeners, and are herein treated as

consubgeners.

Smith (1955:383) named the new genus Pomacanthops, based on his new species P.

filamentosus [=P. (A.) maculosus], and noted that his new genus was "Distinguished from

Pomacanthus Lac., 1803, and from Pomacanthodes Gill, 1862, by having the anal as well

as the dorsal greatly produced in adults, 13 dorsal spines and some scales enlarged." He

also included P. (A.) semicirculatus within the new genus. Again, given the similarities
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betweenfilamentosus (=maculosus) and P. (A.) asfur, these two species should not be

separated even at the subgeneric level, and hence Pomacanthus (Arusetta) is retained as a

senior synonym ofPomacanthops. P. (A.) semicirculatus is included in this subgenus

because of its similarity to P. (A.) maculosus in terms of both morphology (shape of

dorsal and anal fins), and in detailed elements ofcolor in both juveniles and adults. The

close affinity between these two species is further supported by the existence of hybrids

between them (see Chapter 4). Given that P. (A.) asfur is currently known only from the

Red Sea, and P. (A.) maculosus from throughout the western Indian Ocean (including the

Red Sea), it may be speculated that these two species represent a geminate species pair

created during the time when the Red Sea was isolated from the Indian Ocean [with

subsequent recolonization ofthe Red Sea by P. (A.) maculosus]; and perhaps P. (A.)

semicirculatus diverged from the ancestral stock through Pacific isolation during a glacial

period, with subsequent recolonization of the Indian Ocean. A genetic analysis ofthese

three species in the context of other Pomacanthus could prove highly informative.

Material Examined:

P. (A.) asfur (Forsskal 1775)

RED SEA: Egypt, USNM 344953 (1), USNM 345075 (1); Eritrea, BPBM 7819 (3),

USNM 276506 (1), USNM 344877 (6), USNM 344878 (5), USNM 344880 (2),

USNM 344937 (1), USNM 49301 (1); Sudan, BPBM 20363 (2), BPBM 20394 (2).

P. (A.) maculosus (Forsskal 1775)

PERSIAN GULF: Bahrain, BPBM 21248 (2), BPBM 21251 (3), BPBM 29433 (4),

USNM 266731 (2), USNM 267104 (2); Qatar, BPBM 21225 (1), BPBM 21490 (2);

Saudi Arabia, USNM 147894 (19), USNM 147895 (2), USNM 196493 (3). RED

183



SEA: BPBM 10780 (9); Egypt, BPBM 18168 (1), USNM 343838 (1), USNM 344949

(3); Eritrea, USNM 344938 (1), USNM 344952 (3), USNM 344963 (2), USNM

345126 (1); Sudan, BPBM 20393 (2), BPBM 20704 (1).

P. (A.) semicirculatus (Cuvier in Cuvier & Valenciennes 1831)

EASTERN INDIAN OCEAN: Western Australia, BPBM 17395 (1). FIJI: AMS

IB.6498 (1). GREAT BARRIER REEF: Eagle Island, AMS 1.19444-007 (1); Heron

Island, AMS IB.6969 (1); Lizard Island, AMS 1.19473-092 (1); One Tree Island,

AMS 1.15681-040 (1), AMS 1.17445-101 (4), AMS 1.21377-004 (1), BPBM 14463

(2). INDONESIA: Molucca Islands, USNM 227465 (1), USNM 345105 (1).

JAPAN: Honshu, USNM 70751 (2). KENYA: BPBM 27240 (1). MADAGASCAR:

AMS 1.28107-010 (2), AMS 1.28113-003 (1). MALAYSIA: AMS B.8307 (1).

MASCARENE ISLANDS: Cargados Carajos Shoals, USNM 339906 (2), USNM

343827 (4), USNM 343828 (1), USNM 343834 (2), USNM 344936 (1), USNM

344979 (1), USNM 345028 (1), USNM 345132 (3), USNM 345135 (1), USNM

345144 (1), USNM 345177 (1); Mauritius, USNM 43942 (1). NEW SOUTH

WALES: AMS 1.17117-001 (1), AMS 1.18681-002 (1). NORTHERN

TERRITORY: Melville Bay, AMS IB.412 (1). PAPUA NEW GUINEA: AMS

A.12347 (1), AMS 1.17099-020 (1), AMS 1.253 (1), BPBM 15699 (1), BPBM 15874

(1), USNM 289929 (3). PHILIPPINES: AMS 1.15848-001 (1), AMS 1.18677-003

(1), USNM 170540 (2), USNM 182570 (1); Batanes, USNM 182642 (1), USNM

293668 (1), USNM 295452 (1), USNM 318051 (2), USNM 331856 (1), USNM

331857 (1), USNM 331858 (2), USNM 331859 (3), USNM 331860 (1), USNM

331861 (4), USNM 331862 (4); Bicol, USNM 169488 (1), USNM 182572 (1),
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USNM 182702 (1); Luzon, USNM 182690 (1), USNM 345178 (1); Pa1awan, USNM

182573 (1), USNM 182643 (2), USNM 343837 (1); Su1u Archipelago, USNM

182703 (1); Visayas, USNM 344950 (1). QUEENSLAND: Cape Tribulation, AMS

1.21260-013 (1); Wide Bay, AMS I.10961 (1). RYUKYU ISLANDS: BPBM 19205

(3), BPBM 8540 (1), USNM 203566 (1), USNM 75506 (4). SOLOMON ISLANDS:

USNM 344959 (1). SOUTH AFRICA: Boteler Point, BPBM 21771 (1); Natal, AMS

1.34541-002 (2). SRI LANKA: USNM 345131 (1), USNM 345179 (3). TAIWAN:

BPBM 23264 (2), BPBM 8668 (1), USNM 170543 (1), USNM 295451 (2), USNM

343755 (3), USNM 343756 (8), USNM 343826 (1), USNM 343829 (1), USNM

343835 (1), USNM 343836 (1), USNM 345123 (1), USNM 345130 (2).

TANZANIA: BPBM 17599 (1). VANUATU: USNM 169832 (1), USNM 348354

(1), USNM 361889 (1), USNM 362205 (1). UNKNOWN LOCALITY: BPBM

10911 (3).

SUBGENUS POMACANTHUS (EUXIPHIPOPS) FRASER-BRUNNER

Heteropyge Fraser-Brunner 1933:569 (type species, Holacanthus xanthometopon

Bleeker 1853c, by original designation; preoccupied by Heteropyge Silvestri 1897

in Myriapoda).

Euxiphipops Fraser-Brunner 1934: 192 (replacement name for Heteropyge Fraser-

Brunner 1933; type species, Holacanthus xanthometopon Bleeker 1853c, by

objective synonymy).

Diagnosis: Dorsal rays XIII-XIV, 16-20; anal rays III, 16-18; lateral-line scales 50; body

depth about 1.75-1.83 in SL; head 3.3-4.0 in SL; orbit 3.5-4.5 in head; body ovoid;

posterior margin of soft portions of dorsal and anal fins rounded in both juveniles and
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adults, with no filamentous extensions; caudal fin rounded; pelvic fins with extremely

long filamentous extensions, usually extending well past anus; color ofjuveniles similar

to the pattern of the previous two subgenera, adult color patterns unique to each species,

but sharing certain common elements (e.g., blue scales on body, fine blue spots on anal

fin).

Remarks: These three species are essentially identical in all respects except for adult

coloration. They clearly represent a set of sibling species, and are known to form intra

subgeneric hybrids. They are readily distinguished from the subgenus Pomacanthus

(Pomacanthus) by their more elongated body and juvenile coloration, and from the other

two subgenera ofPomacanthus in having both the soft portions of the dorsal and anal fins

rounded as adults. Their largely sympatric distribution confined to the Indo-Malayan

region and adjacent localities suggests an origin related to significant hydrographical

changes associated with glacial cycles.

Material Examined:

P. (E.) navarchus (Cuvier in Cuvier & Valenciennes 1831)

INDONESIA: USNM 169756 (1); Borneo, USNM 182460 (3); Molucca Islands,

USNM 182459 (1); Sulawesi, BPBM 26756 (1), USNM 182461 (1). MALAYSIA:

Borneo, USNM 182457 (1). NEW CALEDONIA: AMS IB.4432 (1), USNM

345100 (1). PAPUA NEW GUINEA: USNM 259276 (1). PHILIPPINES: USNM

182456 (1); Luzon, USNM 182454 (1); Visayas, USNM 182453 (1), USNM 182455

(1), USNM 182458 (1). SOLOMON ISLANDS: AMS B.1206 (1), AMS B.1207 (1),

AMS 1.17498-023 (1), BPBM 16093 (2), BPBM 16215 (2), USNM 169779 (2),

USNM 169783 (1), USNM 169795 (2), USNM 169805 (1), USNM 345085 (1),
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USNM 345088 (1), USNM 345089 (1), USNM 345095 (3), USNM 345097 (1),

USNM 345098 (1). UNKNOWN LOCALITY: AMS 1.4717 (1).

P. (E.) sexstriatus (Cuvier (ex Kuhl & van Hasselt) in Cuvier & Valenciennes 1831)

GREAT BARRIER REEF: Lizard Island, AMS 1.18739-002 (1), AMS 1.19443-006

(1), AMS 1.21422-073 (1). NEW CALEDONIA: BPBM 11469 (1). PALAU: BPBM

13484 (1), BPBM 6864 (1), BPBM 9053 (1). PAPUA NEW GUINEA: AMS 1.254

(1), AMS 1.9142 (1). PHILIPPINES: Bicol, USNM 182574 (4), USNM 182576 (1),

USNM 195263 (1); Mindanao, USNM 182571 (1), USNM 182577 (1); Palawan,

USNM 182575 (1), USNM 195259 (1), USNM 345167 (1); Visayas, USNM 182578

(1), USNM 182579 (1). QUEENSLAND: AMS IA.2108 (1). SOLOMON

ISLANDS: USNM 169846 (1). VANUATU: AMS 1.13533 (1).

P. (E.) xanthometopon (Bleeker 1853)

CAROLINE ISLANDS: Pohnpei, BPBM 9708 (1). NEW SOUTH WALES: AMS

1.19261-001 (1). PALAU: BPBM 8547 (3), CAS 87260 (1). PAPUA NEW

GUINEA: AMS A. 13838 (1). PHILIPPINES: AMS 1.18677-004 (1); Luzon, AMS

1.16519-001 (1); Mindanao, USNM 195251 (1).

SUBGENUS POMACANTHUS (POMACANTHUS) LACEPEDE

Pomacanthus Lacepede 1802: 517 (Nominate subgenus: type species, Chaetodon

arcuatus Linnaeus 1758, by subsequent designation, Jordan and Gilbert, 1883:

615).

Pomacanthodes Gill 1862: 244 (type species, Pomacanthodes zonipectus Gill 1862,

by monotypy).
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Diagnosis: Dorsal rays IX-XI, 25-30; anal rays III, 20-23; lateral-line scales 50-70; body

depth about 1.3 in SL; head 3.3-4.0 in SL; orbit 3.5-4.0 in head; body nearly round;

posterior margin of soft portions of dorsal and anal fins pointed in all but the smallest of

juveniles, and with filamentous extensions in adults; caudal fin rounded to truncate,

depending on species; color ofjuveniles black with five to six thin yellow bars that arch

posteriorly, some blue on soft portions ofdorsal and anal fins [and thin blue lines on

juveniles ofP. (P.) zonipectus], adults differing in color by species, but sharing some

basic elements of color (such as a colored spot on each body scale).

Remarks: The inclusion ofP. zonipectus within this subgenus is discussed in the

Remarks section for the genus Pomacanthus. Juveniles of all three species are known to

exhibit cleaning behavior, removing parasites from complicit "hosts" of various species.

Material Examined:

P. (P.) arcuatus (Linnaeus 1758)

BAHAMAS: USNM 53165 (1), USNM 53166 (1). BRAZIL: USNM 159254 (1),

USNM 345033 (1), USNM 43269 (1), USNM 43287 (1), USNM 43362 (1).

CARIBBEAN SEA: Antigua and Barbuda, USNM 120350 (2); Colombia (Atlantic),

USNM 289419 (2), USNM 344960 (1), USNM 344977 (1); Cuba, USNM 24939 (1),

USNM 4719 (2); Dominica, USNM 344958 (1); Florida Keys, USNM 116843 (1),

USNM 116846 (1), USNM 155789 (1), USNM 155797 (1), USNM 167656 (1),

USNM 343853 (2), USNM 38340 (1), USNM 62742 (2), USNM 9278 (1);

Guadeloupe, USNM 25280 (2); Haiti, USNM 132115 (1), USNM 132568 (1), USNM

133718 (6); Puerto Rico, USNM 162778 (1), USNM 162779 (1), USNM 344940 (1);
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Virgin Islands, USNM 34934 (1), USNM 34955 (1). GULF OF MEXICO: USNM

159414 (1). UNKNOWN LOCALITY: USNM 34547 (1), USNM 34636 (1).

P. (P.) paru (Bloch 1787)

BAHAMAS: USNM 53167 (1). BRAZIL: USNM 104289 (1), USNM 343833 (1),

USNM 344943 (2), USNM 344961 (1), USNM 34678 (1). CARIBBEAN SEA:

USNM 289418 (1); Barbados, ROM 1542CS (1); Colombia (Atlantic), USNM

344978 (1); Cozumel, USNM 192305 (2), USNM 68005 (1); Cuba, USNM 107436

(1), USNM 192199 (1), USNM 24938 (1), USNM 33103 (1), USNM 4718 (1),

USNM 82460 (2), USNM 82461 (1); Dominica, USNM 344956 (2); Florida Keys,

USNM 116847 (2), USNM 127155 (1); Haiti, USNM 131205 (1), USNM 132569

(1); Puerto Rico, USNM 263253 (6), USNM 344962 (1); Trinidad and Tobago,

USNM 318644 (I), USNM 318671 (1), USNM 320545 (1), USNM 345125 (1).

GEORGIA: USNM 190423 (1). GULF OF MEXICO: USNM 159676 (2).

MEXICO (ATLANTIC): Yucatan, USNM 192306 (1). PANAMA (ATLANTIC):

USNM 81375 (1). UNKNOWN LOCALITY: USNM 21026 (1), USNM 343464 (1),

USNM 82401 (1).

P. (P.) zonipectus (Gill 1862)

COLOMBIA (PACIFIC): USNM 345121 (5). EL SALVADOR: USNM 368259

(1), USNM 5922 (type). NICARAGUA: USNM 29979 (1). PANAMA (PACIFIC):

USNM 111494 (3), USNM 343754 (2), USNM 343830 (2), USNM 343831 (10),

USNM 65623 (1), USNM 76825 (1), USNM 80893 (1), USNM 80894 (1), USNM

80896 (1), USNM 80908 (1), USNM 81376 (1), USNM 81377 (1). UNKNOWN

LOCALITY: USNM 31482 (1), USNM 50597 (1).
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GENUS PYGOPLITES FRASER-BRUNNER

Pygoplites Fraser-Brunner 1933: 587 (type species, Chaetodon diacanthus Boddaert

1772, by original designation and monotypy).

Diagnosis: Dorsal rays XIV, 17-18; analrays III, 17-18; lateral-line scales 50; body

depth about 1.75-2.1 in SL; head 3.1-3.8 in SL; orbit 4.0-4.25 in head; body ovoid to

elliptical; posterior margins of soft portions of dorsal and anal fins rounded in both

juveniles and adults; caudal fin rounded; color ofjuveniles and adults similar, except

juveniles with an ocellus near dorsoposterior portion of body and dorsal fin; brilliantly

colored with seven to nine prominent white bars, edged in black, against a yellow

background; soft portion ofdorsal fin black with densely-packed blue dots, anal fin with

alternating orange and blue stripes paralleling the outer margin, caudal fin yellow.

Remarks: Two color varieties are know, one from the Red Sea and western Indian

Ocean (with a yellow face and chest), and the other from the western Indian Ocean

eastward through the Indo-Malayan region and across the Pacific (with a bluish gray face

and chest). The name Chaetodon dux Gmelin 1789, currently treated as a synonym of this

species, has a type locality of "India." Depending on which color variety this name

represents, it may be available for the western Indian Ocean and Red Sea populations, if

deemed a separate species or subspecies. All other junior synonyms are from type

localities consistent with that of Chaetodon diacanthus Boddaert 1772, and are therefore

not available for the yellow-face form.

Material Examined:

P. diacanthus (Boddaert 1772)

AMERICAN SAMOA: AMS 1.7762 (1), BPBM 17517 (1), USNM 115064 (1),
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USNM 126240 (1), USNM 174712 (1), USNM 52493 (4), USNM 56998 (2).

CAROLINE ISLANDS: Pohnpei, BPBM 9693 (1), USNM 223888 (1); Ulithi Atoll,

BPBM 9325 (3), USNM 154421 (1). COMORO ISLANDS: USNM 343747 (1).

COOK ISLANDS: Puka Puka Atoll, BPBM 10110 (2). FIn: AMS 1.18354-087 (2),

AMS 1.18438-014 (1), AMS 1.18743-010 (1), BPBM 28650 (1), USNM 256524 (1),

USNM 256525 (1), USNM 256526 (1), USNM 256527 (1), USNM 256528 (1);

Rotuma, USNM 285965 (1), USNM 287638 (1). FRENCH POLYNESIA: Society

Islands, BPBM 1561 (1), BPBM 6183 (2). GREAT BARRIER REEF: Escape Reef,

AMS 1.22578-018 (1); Escape ReefNorth, AMS 1.22582-006 (1), AMS 1.22586-034

(1), AMS 1.22612-012 (2), AMS 1.22640-007 (1); Lizard Island, AMS 1.19464-011

(2), AMS 1.21343-026 (1); Osprey Reef, AMS 1.25112-081 (I); Raine Island, AMS

1.20775-037 (2); Rapid Hom, BPBM 31760 (1); Yonge Reef, AMS 1.19445-010 (1),

AMS 1.19455-021 (1), AMS 1.19462-007 (1), AMS 1.19471-005 (1), AMS 1.19472

005 (1), AMS 1.20784-120 (1). INDONESIA: USNM 169761 (2); Banda Sea,

USNM 245398 (2), USNM 343743 (1), USNM 343751 (1); Borneo, USNM 182651

(1); Molucca Islands, USNM 182658 (1), USNM 182666 (1), USNM 182676 (1),

USNM 210063 (1), USNM 210301 (1), USNM 343752 (1); Sulawesi, USNM 182669

(1), USNM 182670 (2); Sumatra, USNM 343745 (2). KIRIBATI (GILBERT

ISLANDS): AMS 1.18036-001 (1), AMS 1.18044-033 (1), AMS IB.5612 (1), USNM

167302 (1). MALAYSIA: Borneo, USNM 182675 (1), USNM 343748 (1).

MALDIVE ISLANDS: BPBM 33069 (1). MARSHALL ISLANDS: USNM 343746

(1); Amo Atoll, USNM 166646 (1); Bikini Atoll, USNM 140109 (1), USNM 140110

(1); Enewetak Atoll, BPBM 10788 (1), BPBM 10789 (1), BPBM 10790 (1), BPBM
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10928 (1), BPBM 21162 (1), BPBM 6868 (2), BPBM 7331 (1), BPBM 9010 (1).

NEW CALEDONIA: ROM 1549CS (1). NEW SOUTH WALES: AMS 1.19174

001 (1). PALAU: BPBM 31422 (1), BPBM 8827 (1), BPBM 9469 (1), BPBM 9590

(3). PAPUA NEW GUINEA: AMS A. 13810 (1), AMS 1.17088-009 (3), AMS

1.17096-034 (2), AMS 1.20547-026 (2), AMS 1.33751-010 (1), AMS 1.9100 (1),

BPBM 13652 (1), ROM 1543CS (1), USNM 259195 (1), USNM 259196 (1), USNM

259197 (1), USNM 259198 (1), USNM 259199 (1), USNM 343753 (1).

PHILIPPINES: Batanes, USNM 293679 (1); Bico1, USNM 182648 (1), USNM

182650 (1), USNM 182672 (3); Luzon, USNM 182647 (1), USNM 182649 (1),

USNM 182653 (1), USNM 182655 (1), USNM 182656 (1), USNM 182664 (1),

USNM 182665 (1), USNM 182667 (2), USNM 182668 (1), USNM 346828 (1);

Mindanao, USNM 182652 (1), USNM 182663 (1), USNM 182671 (1), USNM

182673 (1); Mindoro, USNM 182674 (2); Pa1awan, USNM 182657 (1), USNM

259200 (1), USNM 343750 (1); Su1u Archipelago, USNM 182646 (1), USNM

182660 (1), USNM 182661 (1); Visayas, USNM 182654 (1), USNM 182659 (1),

USNM 182662 (2), USNM 261763 (2), USNM 273862 (1), USNM 343749 (4).

QUEENSLAND: Brisbane, AMS 1.7739 (1). RED SEA: Egypt, AMS 1.36141-001

(2), USNM 166956 (1), USNM 343832 (6); Israel, USNM 343744 (1).

SEYCHELLES: USNM 343742 (1). SOLOMON ISLANDS: AMS A.9745 (1),

AMS A.9746 (1), AMS B.1l95 (1), AMS B.1196 (1), AMS B.1198 (1), AMS B.8176

(1), AMS 1.15360-093 (4), AMS 1.17488-008 (2), AMS 1.17494-015 (2), AMS

1.17496-015 (2), AMS 1.39005-011 (1), USNM 150530 (1), USNM 169789 (1),

USNM 182315 (1), USNM 365069 (1), USNM 365075 (2). TAIWAN: BPBM 23398
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(1). TIMOR SEA: Ashmore and Cartier Islands, AMS 1.26740-008 (1), AMS

1.26742-031 (1), AMS 1.33731-057 (1), AMS 1.33736-003 (1). TONGA: USNM

334411 (1), USNM 336859 (1). VANUATU: AMS 1.17474-011 (1), AMS 1.17477

013 (1), AMS 1.20792-008 (1), AMS 1.37335-001 (1), AMS 1.37929-008 (1), AMS

1.37936-047 (1), USNM 169829 (1), USNM 347510 (1), USNM 348190 (3), USNM

348484 (1), USNM 350578 (2), USNM 352329 (1), USNM 355186 (1), USNM

358313 (1), USNM 358470 (1), USNM 361079 (1), USNM 361575 (1), USNM

363682 (1), USNM 363885 (1), USNM 364170 (1). VICTORIA: AMS 1.9008 (1).

WALLIS AND FUTUNA: USNM 371352 (3). UNKNOWN LOCALITY: AMS

1.16773-001 (1).

CLADISTIC ANALYSIS

When subjected to PAUP* maximum parsimony analysis, 10 of the 37 characters in

the character matrix (defined above) were deemed uninformative, resulting in 27

informative characters. When set for treating multistate characters (10, 15,25,36 and 37)

as "ordered," a heuristic search using a random addition sequence compared 95,159 trees

yielding a single most parsimonious tree (consistency index [CI]=0.5676; homoplasy

index [HI]=0.4324; retention index [RI]=0.7480) with a tree length of 74, as shown in

Figure 2.3a. When the same analysis was run specifying "unordered" character states for

the multistate characters, the heuristic search (again with random addition sequence)

compared 177,890 trees yielding the one illustrated in Figure 2.3b as the most

parsimonious (tree length=68; CI=0.6029; HI=0.4655; RI=0.7712). (see Siebert, 1995 for

an explanation of tree length, CI, and HI).
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Both cladograms are identical in many respects, such as the arrangement of

Pomacanthus and its subgenera as the basal pomacanthids (and the specific arrangement

of those subgenera within the genus Pomacanthus), the placement ofPygoplites as a

basal group to the remaining pomacanthids, the specific arrangement of Genicanthus with

respect to Centropyge and its subgenera, and the general placement of Chaetodontoplus

with Holacanthus and its subgenera. They differ in only two respects: the affiliation of

Apolemichthys with Desmoholacanthus (i.e., Apolemichthys arcuatus), and the sister

group ofthe subgenus Holacanthus (Holacanthus).

When treating multistate characters as ordered (Figure 2.3a) Desmoholacanthus is

grouped closely with Apolemichthys, whereas the unordered treatment placed

Desmoholacanthus as separate lineage paraphyletic with Apolemichthys. An "ordered"

state is one in which there is a perceived sequence of character states, without specifying

directionality. That is, state "B" is intermediate to states "A" and "C" such that one can

assume that the character would most likely pass through state "B" when transitioning

from state "A" to "C," or vice versa. If the multistate characters (10, 15,25,36 and 37)

are justifiably treated as ordered characters (see discussion in the "Definition of

Characters" section above), the cladogram illustrated in Figure 2.3a is more likely to

represent the phylogenetic affinities.
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Arusetta "' Arusetta

Figure 2.3. Most parsimonious cladograms treating multistate characters as a) ordered, and b) unordered. Generic names with
included subgenera (Centropyge, Holacanthus, and Pomacanthus) represent only their nominotypical subgeneric components.
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The other difference between the two cladograms concerns only the relative

placement of either Holacanthus (Plitops) or Holacanthus (Angelichthys) as the sister

group to H (Holacanthus). As I stated earlier, I feel there is ample justification for

treating Plitops as a junior synonym of Holacanthus (Angelichthys) [e.g., similaritiyof

juvenile coloration; shared color characteristics between H (A.) passer and H (A.)

ciliaris]. I find these similarities (which are not easily defined and coded for cladistically)

sufficient to over-ride the relationships inferred from the cladistic analysis. Considering

Plitops as a junior synonym of Holacanthus (Angelichthys) renders the distinction

between the two cladograms moot [i. e., there would be only a single non-nominotypical

subgenus of Holacanthus, which would end up as the sister group to H (Holacanthus)].

Some species of Centropyge exhibit Character 31 (ocellus dorsoposteriorly on the

soft portion of dorsal fin) when very young (i.e., post-larval and very early juvenile

stages). The parsimony analyses were repeated with Centropyge scored both "present"

and "absent" for this character, and there was no effect on the resulting cladograms. In

general, color characters are somewhat difficult to use with confidence in cladistic

analyses, because of the difficulty in establishing homomology. Mabee (1995) describes

a more reliable way of establishing homology among color pattern characters by

examining their development from larval through adult individuals. Such an analysis was

not possible within the context of this study, but perhaps in the future it will be possible

(especially given the success in captive rearing of some species of pomacanthids; i. e.,

Baensch, 2002; 2003a; 2003b).
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DISCUSSION

Before discussing the specific results of this study, I shall establish the philosophical

premise from which I have approached taxonomic problems in general, and this effort in

particular. Modem systematics has become increasingly oriented around cladistic

methodology since the publication ofHennig (1966). Cladistic methodology allows

asserted relationships to be presented as testable hypotheses, in terms of verifying the

consistency of the characters and their states as they occur within relevant Operational

Taxonomic Units (OTUs), and in terms of discovering new characters and determining

whether such new characters strengthen or weaken an hypothesized phylogeny. However,

hypotheses about about inferred phylogenies based on cladistical analysis are dynamic by

their nature. By contrast, the fundamental purpose of the Codes ofNomenclature (the

International Code of Zoological Nomenclature, in this case) is to maximize the stability

of scientific names. Therefore, an inherent conflict arises when Linnaean nomenclature is

altered to reflect hypothetical phylogenies based on cladistical analyses, when such

analyses are poorly supported, or when analyses of different data sets yield different

phylogenetic hypotheses of the same set of taxa. In other words, proposing frequent

changes of names to represent the latest permutation of a phylogenetic hypothesis tends

to run counter to the axiom ofnomenclatural stability. Thus, I have adopted a style of

nomenclatural interpretation that capitalizes on the results ofphylogenetic analyses as

exceedingly powerful and useful information, but not to the extreme extent that it

excludes more traditional approaches to assigning names to groups of organisms.

In light of that philosophical premise, I will now rationalize my nomenclatural

treatment of the Pomacanthidae in the context of the cladistic analysis represented in

197



Figure 2.3, as well as discuss the specific areas where the nomenclature - and

hypothesized phylogeny - depart somewhat from earlier proclamations.

The four subgenera ofPomacanthus cluster together on a single branch rooted at the

base of the cladogram. The three groups ofHolacanthus (herein treated as two) also came

Cenlrop'yge

Genican!hl;..$
Pomacanlhus

Holacanlhus

Py oplites
~-----~

Figure 2.4. Reproduced from Fraser-Brunner (1933:547, text-fig. 4). Original caption
reads: "Diagram illustrating probable affinities of the genera ofPomacanthinae."
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together well, with the somewhat unexpected affiliation to Chaetodontoplus. Genicanthus

fell as the sister group to the Centropyge complex (Centropyge, Paracentropyge, and

Xiphypops), as has been long suggested by previous workers based on the morphological

similarity between the two genera (Genicanthus and Centropyge).

Apolemichthys+Desmoholacanthus fell out as predicted as a basal group to

Centropyge+Genicanthus, and Holacanthus+Chaetodontoplus, and Pygoplites stood

alone, as the sister group to those four genera.

Comparing to other proposed relationships within the Pomacanthidae, I shall start

with Fraser-Bronner's 1933 unrooted phenogram reproduced as Figure 2.4. There are

three major differences between Fraser-Bronner's arrangement and the one shown in

Figure 2.3a: I) Fraser-Bronner's is unrooted; 2) the placement ofChaetodontoplus is

different; and 3) Fraser-Bronner's relationship includes two polytomies that are more

fully resolved in Figure 2.3a. If Chaetodontoplus were moved on Fraser-Bronner's

diagram to a point along the branch that now joins Holacanthus with the rest of the tree,

and if his tree were to be rooted on the branch joining Pomacanthus+Heteropyge to the

rest of the tree, then the two trees (Fraser-Bronner's and that shown in Figure 2.3a) would

be functionally similar, with the latter being slightly more resolved.

Figure 2.5 shows the relationships proposed by Shen and Liu (1978). This reveals

more substantive differences between their arrangement and that proposed herein, again

with the placement of Chaetodontoplus (near Pomacanthus in Figure 2.5; near

Holacanthus in Figure 2.3a). Another difference is with respect to the relative placement

ofApolemichthys, Pygoplites, and Holacanthus. The connection between Apolemichthys

and Holacanthus is plausible in the context of the current study, because the third most

199



tvoo

IPHIPOP
i

CENTROPYGE

~MACANTHINA~

1::jOLACAtfiHINAE

Figure 2.5. Reproduced from Shen and Liu (1978:74, figure 16). Original caption reads: "Proposed generic phylogeny of the
family Pomacanthidae."



parsimonious tree of my analysis is characterized by the Holacanthus group being

derived from the branch that includes Apolemichthys and Holacanthus (instead of the

more direct connection to the Genicantus+Centropyge group, as shown in the most

parsimonious tree ofthis analysis). However, the arrangement of Chaetodontoplus with

Pomacanthus is more difficult to establish from my analysis. I must go back to the

twelfth-most parsimonious tree just to reposition Chaetodontoplus away from the

Holacanthus group; and even then it is positioned basally (as the second offshoot from

the root branch, after Pygoplites). It requires backing up to the fifteenth-most

parsimonious tree before Chaetodontoplus groups with Pomacanthus.

The relationship diagram of Allen (1985), reproduced here as Figure 2.6, is

essentially identical to that of Shen and Liu (1978), except without representing

Xiphipops as a distinct genus, and thus the comparison with the cladogram produced by

this study is functionally the same as that described above for Shen and Liu.

Many differences can be seen between the cladograms in Figure 2.3, and those

reproduced here as Figure 2.7 from Chung and Woo (1998). In that scheme, Genicanthus

is shown as the basal outgroup to the rest ofPomacanthidae (instead ofPomacanthus);

Chaetodontoplus is either a secondary basal group or clusters with Apolemichthys

(instead of clustering with Holacanthus); and several specific placements with respect to

Pygoplites diacanthus, Pomacanthus (P.) zonipectus and Centropyge (Paracentropyge)

venusta are substantively different. The latter discrepancy will be discussed in more

detail in Chapter 3 of this Dissertation. As for the other discrepancies, there is no easy

resolution. Clearly the allozyme data used by Chung and Woo present a different picture

of relationships among the family than do the morphological data (as well as holistic,
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Figure 2.6. Reproduced from Allen (1985:252). Original caption reads: "Phylogenetic Tree of the Family Pomacanthidae (based
mainly on Shen and Liu, 1979)."
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Figure 2.7. Reproduced from Chung and Woo (1998:227-228, figures 1 and 2). a) Original caption reads: "Phenetic dendrogram
of the 31 pomacanthid species based on FITCH and KITSCH analysis of genetic distance data corrected for small sample
size."; b) Original caption reads: "Phenetic dendrogram of the 31 pomacanthid species based upon UPGMA analysis of genetic
distance data corrected for small sample size." Both captions include the following: "* Centropyge bispinosa (colour variant
from Indonesia), ** Holacanthus tricolor (colour variant from Brazil)." Reproduced with permission from The Zoological
Society ofLondon.



subjective impressions). Although my confidence of the clustering of genera and

subgenera as presented herein is high, my confidence in the more basal relationships

among these clusters is less so. Clearly another approach to resolving (with confidence)

phylogenetic relationships among pomacanthids will be needed; perhaps in the form of

DNA sequencing techniques. Perhaps then a clearer picture of the true relationships will

emerge.

In light of this uncertainty, I am reluctant to jeorpardize nomenclatural stability any

more than is necessary. For this reason, I have decided to treat Paracentropyge as a

subgenus of Centropyge (rather than as a full genus, as has been done by some authors),

and do the same with respect to Xiphypops (although see Chapter 3 for a redefinition of

the scope of that group). I will retain Apolemichthys arcuatus as such, based on the

decision that the two apomorphic characters used by Heemstra to define the genus

Apolemichthys are insufficient to warrant recognition ofarcuatus as a monotypic species

within Desmoholacanthus, especially given the difficult-to-quantify characteristics of that

species that clearly ally it with other species ofApolemichthys. Perhaps the most

potentially destabilizing aspect of my proposed nomenclatural scheme is the treatment of

P. (P.) zonipectus as the geminate species pair with the ancestor of the Caribbean

Pomacanthus, thereby rendering Pomacanthodes as a junior synonym, and elevating

Acanthochaetodon to take its place. The close and consistent clustering of the four

subgroups (one nominotypical) ofPomacanthus as such gives me confidence in retaining

Pomacanthus sensu lato at the generic level, and invoking the liberal use of subgenera

(Pomacanthus, Acanthochaetodon, Arusetta, Euxiphipops) to represent hypothesized

clusters within the genus, without disrupting standard binomial nomenclature. I also have
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confidence in ascribing a close affinity between Holacanthus (Angelichthys) passer and

its two Caribbean counterparts, as well as to the other two eastern Pacific members of

that genus, such that Plitops is effectively rendered a junior synonym ofHolacanthus

(Angelichthys).

In summary, I have invoked the rank of subgenus to propose hypothesized

phylogenetic affinities among groups of species, without significantly disrupting

nomenclature in such a way that it affects binomial usage. Thus, hypotheses are

communicated with minimal impact on nomenclatural stability, opening the door for

elevation of some or all of these subgenera to full generic status if and when sufficient

data become available such that phylogenetic relationships among the pomacanthids can

be stated with greater confidence.
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ApPENDIX.

CHECKLIST OF THE GENUS- AND SPECIES-GROUP NAMES WITHIN POMACANTHIDAE, AND THEIR CURRENT STATUS.

Proposed Name Current Status
Genus-group Names
Acanthochaetodon Bleeker 1876: 308 Valid as Pomacanthus (Acanthochaetodon) Bleeker 1876
Angelichthys Jordan & Evermann 1896: 420 Valid as Holacanthus (Angelichthys) Jordan & Evermann 1896
Apolemichthys, Holacanthus Burton 1934: Pisces p. 57 Valid as Apolemichthys Burton 1934
Arusetta, Heteropyge Fraser-Brunner 1933: 572 Valid as Pomacanthus (Arusetta) Fraser-Brunner 1933
Centropyge Kaup 1860: 138 Valid as Centropyge Kaup 1860
Chaetodontoplus Bleeker 1876: 307 Valid as Chaetodontoplus Bleeker 1876
Desmoholacanthus Fowler 1941: 256 Synonym ofApolemichthys Burton (ex Fraser-Brunner) 1934
Euxiphipops Fraser-Brunner 1934: 192 Valid as Pomacanthus (Euxiphipops) Fraser-Brunner 1934
Genicanthus, Holacanthus Swainson 1839: 170, 212 Valid as Genicanthus Swainson 1839

N Heteropyge Fraser-Brunner 1933: 569 Not Available (l°Homonym); referable to Pomacanthus (Euxiphipops) Fraser-
~ Brunner 1934

Holacanthus Lacepede 1802: 525 Valid as Holacanthus Lacepede 1802
Paracentropyge Burgess 1991: 69 Valid as Centropyge (Paracentropyge) Burgess 1991
Paradiretmus Whitley 1948: 83 Synonym ofCentropyge Kaup 1860
Plitops, Holacanthus Burton 1934: Pisces p. 57 Synonym ofHolacanthus (Holacanthus) Lacepede 1802
Pomacanthodes Gill 1862: 244 Synonym ofPomacanthus (Pomacanthus) Lacepede 1802
Pomacanthops Smith 1955: 383 Synonym ofPomacanthus (Arusetta) Fraser-Brunner 1933
Pomacanthus Lacepede 1802: 517 Valid as Pomacanthus Lacepede 1802
Pygoplites Fraser-Brunner 1933: 587 Valid as Pygoplites Fraser-Brunner 1933
Sumireyakko Burgess 1991: 70 Synonym ofCentropyge (Paracentropyge) Burgess 1991
Xiphypops Jordan in Jordan & Jordan 1922: 64 Valid as Centropyge (Xiphypops) Jordan in Jordan & Jordan 1922

Species-group Names
acanthops, Holacanthus Norman 1922: 318 Valid as Centropyge (Xiphypops) acanthops (Norman 1922)
aculeatus, Chaetodon Gronow in Gray 1854: 72 Synonym ofHolacanthus (Angelichthys) ciliaris (Linnaeus 1758)
africanus, Holacanthus Cadenat 1951: 239, fig. 175 Valid as Holacanthus (Angelichthys) africanus Cadenat 1951
albofasciatus, Holacanthus Tanaka 1909: 16 Synonym of Chaetodontoplus septentrionalis (Temminck & Schlegel 1844)
alternans, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 193 Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)



ApPENDIX (CONTINUED).

CHECKLIST OF THE GENUS- AND SPECIES-GROUP NAMES WITHIN POMACANTHIDAE, AND THEIR CURRENT STATUS.

Proposed Name Current Status
amarus, Chaetodon asfur Bloch & Schneider 1801: 220 Not Available; referable to Pomacanthus (Arusetta) asfur (Forsskall775)
amboinensis, Genicanthus lamarck Fraser-Brunner 1933: 576, fig. 18C Synonym of Genicanthus lamarck (Lacepede 1802)
amiralis, Holacanthus Cuvier 1829: 192 Synonym ofPomacanthus (Euxiphipops) navarchus (Cuvier in Cuvier &

Valenciennes 1831)
annularis, Chaetodon Bloch 1787: 114, PI. 215 Valid as Pomacanthus (Acanthochaetodon) annularis (Bloch 1787)
arcuatus, Chaetodon Linnaeus 1758: 273 Valid as Pomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
arcuatus, Holacanthus Gray 1831: 33 Valid as Apolemichthys arcuatus (Gray 1831)
argi, Centropyge Woods & Kanazawa 1951: 636, fig. 135 Valid as Centropyge (Xiphypops) argi Woods & Kanazawa 1951
armitagei, Apolemichthys Smith 1955: 380, PI. 4 (fig. B) Not Available (Hybrid); referable to Apolemichthys trimaculatus x xanthurus

(Pyle & Randall 1994)
arusa, Chaetodon ForsskAl1775: 62 Not Available; referable to Pomacanthus (Arusetta) maculosus (Forsskall775)

tv aruset, Holacanthus Lacepede 1802: 528,535 Synonym ofPomacanthus (Arusetta) asfur (Forsskall775)
:::i asfur, Chaetodon Forsskall775: 61, xii Valid as Pomacanthus (Arusetta) asfur (ForsskaI1775)

atratus, Chaetodon Gronow in Gray 1854: 72 Synonym of Chaetodontoplus mesoleucus (Bloch 1787)
aurantius, Centropyge Randall & Wass 1974: 140, fig. 2 Valid as Centropyge (Centropyge) aurantia Randall & Wass 1974
aurantonotus, Centropyge Burgess 1974: 90, fig Valid as Centropyge (Xiphypops) aurantonota Burgess 1974
aureus, Chaetodon Bloch 1787: 49, PI. 193 (fig. 1) Not Available (l°Homonym); referable to Pomacanthus (Pomacanthus)

arcuatus (Linnaeus 1758)
ballinae, Chaetodontoplus Whitley 1959: 21, fig. 8 Valid as Chaetodontoplus ballinae Whitley 1959
balteatus, Pomacanthus Cuvier in Cuvier & Valenciennes 1831: 208 Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
bellus, Genicanthus Randall 1975: 402, PI. 1 Valid as Genicanthus bellus Randall 1975
bermudensis, Holacanthus ciliaris Goode 1876: 43 Valid as Holacanthus (Angelichthys) bermudensis Goode 1876
bicolor, Chaetodon Bloch 1787: 94, PI. 206 (fig. 1) Valid as Centropyge (Centropyge) bicolor (Bloch 1787)
bishopi, Holacanthus Seale 1901: 106 Synonym ofPomacanthus (Acanthochaetodon) imperator (Bloch 1787)
bispinosus, Holacanthus GUnther 1860: 48, 516 Valid as Centropyge (Centropyge) bispinosa (Gunther 1860)
boddaerti, Chaetodon Gme1in 1789: 1243 Synonym ofPygoplites diacanthus (Boddaert 1772)
boylei, Centropyge Pyle & Randall in Pyle 1992: 17, figs Valid as Centropyge (Paracentropyge) boylei Pyle & Randall in Pyle 1992
caeruleopunctatus, Chaetodontoplus Yasuda & Tominaga 1976: 130, fig. 1 ..Valid as Chaetodontoplus caeruleopunctatus Yasuda & Tominaga 1976
caerulescens, Holacanthus RtlppellI828-30: 133 Synonym ofPomacanthus (Arusetta) maculosus (ForsskAl 1775)
caudibicolor, Holacanthus Sauvage (ex Lienard) 1891: 267, PIs. 29 (fig. 6),

33 Synonym of Genicanthus caudovittatus (GUnther 1860)



ApPENDIX (CONTINUED).

CHECKLIST OF THE GENUS- AND SPECIES-GROUP NAMES WITHIN POMACANTHIDAE, AND THEIR CURRENT STATUS.

Proposed Narne Current Status
caudovittatus, Holacanthus GUnther 1860: 44 Valid as Genicanthus caudovittatus (GUnther 1860)
caudoxanthorus, Centropyge Shen 1973: 70, figs. 75-76 Synonym ofCentropyge (Xiphypops)jlsheri (Snyder 1904)
cephalareticulatus, Chaetodontoplus Shen & Lim 1975: 97, fig. 16 Synonym of Chaetodontoplus chrysocephalus (Bleeker 1854)
chapmani, Holacanthus Herre 1933: 19 Synonym of Genicanthus lamarck (Lacepede 1802)
chrysocephalus, Holacanthus Bleeker 1854: 428 Valid as Chaetodontoplus chrysocephalus (Bleeker 1854)
chrysurus, Chaetodon Bloch & Schneider 1801: 228 Synonym of Centropyge (Centropyge) bicolor (Bloch 1787)
chrysurus, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 188 Valid as Pomacanthus (Acanthochaetodon) chrysurus (Cuvier in Cuvier &

Valenciennes 1831)
ciliaris, Chaetodon Linnaeus 1758: 276 Valid as Holacanthus (Angelichthys) ciliaris (Linnaeus 1758)
cingulatus, Pomacanthus Cuvier in Cuvier & Valenciennes 1831: 209, PI.

185 Synonym of Pomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
tv circularis, Paradiretmus Whitley 1948: 83, fig. 6 Available, but currently Unidentifiable.
~ clarionensis, Holacanthus Gilbert 1890[-18917]: 72 Valid as Holacanthus (Angelichthys) clarionensis Gilbert 1890[-1891?]

coeruleus, Holacanthus Cuvier (ex Ehrenberg) in Cuvier & Valenciennes
1831: 194 Synonym of Pomacanthus (Arusetta) asfur (Forsskall775)

colini, Centropyge Smith-Vaniz & Randa111974: 110, figs. 2, 4-6 Valid as Centropyge (Centropyge) colini Smith-Vaniz & Randall 1974
conspicillatus, Holacanthus Waite 1900: 203, PI. 35 Valid as Chaetodontoplus conspicillatus (Waite 1900)
coronatus, Holacanthus Desmarest 1823: [44], PI. 3 (fig. 3) Synonym ofHolacanthus (Angelichthys) ciliaris (Linnaeus 1758)
crescentalis, Pomacanthus Jordan & Gilbert 1882: 358 Synonym of Pomacanthus (Pomacanthus) zonipectus (Gilll862)
cyanotis, Holacanthus GUnther 1860: 517 Synonym of Centropyge (Centropyge) jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
darwiniensis, Holacanthus Saville-Kent 1889: 235 Synonym of Chaetodontoplus duboulayi (GUnther 1867)
debelius, Centropyge Pyle 1990: 47, figs. 1-4 Valid as Centropyge (Centropyge) debelius Pyle 1990
diacanthus, Chaetodon Boddaert 1772: PI. 9 Valid as Pygoplites diacanthus (Boddaert 1772)
diacanthus, Chaetodon Walbaum 1792: 420 Synonym ofPygoplites diacanthus (Boddaert 1772)
diacanthus, Holacanthus Bleeker 1857: 57 Permanently invalid (2°Homonym replaced before 1961); synonym of

Centropyge (Centropyge) bispinosa (GUnther 1860)
dimidiatus, Holacanthus Bleeker 1860: 11 Synonym of Chaetodontoplus melanosoma (Bleeker 1853d)
duboulayi, Holacanthus GUnther 1867: 67 Valid as Chaetodontoplus duboulayi (GUnther 1867)
dux, Chaetodon Gmelin 1789: 1255 Synonym ofPygoplites diacanthus (Boddaert 1772)
eibli, Centropyge Klausewitz 1963: 177, fig. 1-2 Valid as Centropyge (Centropyge) eibli Klausewitz 1963
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[asciatus, Chaetodon Bloch 1787: 53, PI. 195 Synonym ofPygoplites diacanthus (Boddaert 1772)
[errugatus, Centropyge Randall & Burgess in Burgess & Axelrod 1972: 21, Valid as Centropyge (Centropyge)!errugata Randall & Burgess in Burgess

figs.30-31.................................................................................................. & Axelrod 1972
filamentosus, Pomacanthops Smith 1955: 383, PI. 4 (fig. A) Synonym ofPomacanthus (Arusetta) maculosus (Forsskall775)
fisheri, Holacanthus Snyder 1904: 532, PI. 11 (fig. 21) Valid as Centropyge (Xiphypops)flSheri (Snyder 1904)
flammeus, Centropyge Woods & Schultz in Schultz et aI. 1953: 598, 604,

fig. 88 Synonym of Centropyge (Centropyge) loricula (GUnther 1874)
flavicauda, Centropyge Fraser-Brunner 1933: 597, fig. 29 Synonym of Centropyge (Xiphypops)jisheri (Snyder 1904)
flavipectoralis, Centropyge Randall & Klausewitz 1977: 236, figs. 1-2 Valid as Centropyge (Centropyge)jlavipectoralis Randall & Klausewitz 1977
flavissimus, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 197 Valid as Centropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
N [ormosus, Holacanthus Castelnau 1855: 19, PI. 11 (fig. 2) Synonym of Holacanthus (Angelichthys) ciliaris (Linnaeus 1758)
o [orsteni, Holacanthus Bleeker 1877: 139 Not Available; referable to Pygoplites diacanthus (Boddaert 1772)
\D [orsteri, Holacanthus GUnther 1860: 48 Not Available; referable to Pygoplites diacanthus (Boddaert 1772)

[ucosus, Holacanthus Yasuda & Tominaga 1970: 141, figs. 1,2, 13 Synonym of Genicanthus semifasciatus (Kamohara 1934)
geometricus, Holacanthus Lacepede 1802: 528, 535, PI. 13 (fig. 1) Synonym of Pomacanthus (Acanthochaetodon) imperator (Bloch 1787)
griffisi, Holacanthus (Apolemichthys) Carlson & Taylor 1981: 8, figs. 1-2 Valid as Apolemichthys grifflsi (Carlson & Taylor 1981)
guezei, Holacanthus Randall & Mauge 1978: 298, fig. 1 Valid as Apolemichthys guezei (Randall & Mauge 1978)
haddaja, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 175 Synonym of Pomacanthus (Arusetta) maculosus (Forsskall775)
heraldi, Centropyge Woods & Schultz in Schultz et aI. 1953: 598,602-603, Valid as Centropyge (Centropyge) heraldi Woods & Schultz in Schultz et al.

PI. 59 (fig. a) 1953
hotumatua, Centropyge Randall & Caldwell 1973: 6, figs. 3-4 Valid as Centropyge (Centropyge) hotumatua Randall & Caldwell 1973
iburu, Holacanthus Montrouzier 1857: 447 [169] Not Available; referable to Pomacanthus (Arusetta) semicirculatus (Cuvier in

Cuvier & Valenciennes 1831)
ignatius, Holacanthus Playfair 1868: 852, PI. 41 Synonym of Pomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)
imperator, Chaetodon Bloch 1787: 51, PI. 194 Valid as Pomacanthus (Acanthochaetodon) imperator (Bloch 1787)
imperialis, Chaetodon Shaw 1803: 324, PI. 46 Synonym ofPomacanthus (Acanthochaetodon) imperator (Bloch 1787)
interruptus, Angelichthys Tanaka 1918: 224 Valid as Centropyge (Centropyge) interrupta (Tanaka 1918)
iodocus, Holacanthus Jordan & Rutter in Gilbert 1897: 445 Synonym ofHolacanthus (Angelichthys) bermudensis Goode 1876
isabelita, Angelichthys Jordan & Rutter in Jordan & Evermann 1898: 1685 Synonym ofHolacanthus (Angelichthys) bermudensis Goode 1876
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japonicus, Holacanthus lamarcki Schmidt 1931: 99, PI. 5 (fig. 2) Synonym of Genicanthus lamarck (Lacepede 1802)
joculator, Centropyge Smith-Vaniz & Randall 1974: 106, figs. 1-4 Valid as Centropyge (Centropyge)joculator Smith-Vaniz & Randall 1974
kingi, Apolemichthys Heemstra 1984: 6, figs. 1-4 Valid as Apolemichthys kingiHeemstra 1984
lamarck, Holacanthus LacepCde 1802: 526, 530 Valid as Genicanthus lamarck (Lacepede 1802)
lasti, Holacanthus von Bonde 1934: 449, PI. 23 (fig. 2) Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)
leach ii, Chaetodon Bowdich 1825: 124 Synonym ofPomacanthus (Pomacanthus) paru (Bloch 1787)
lepidolepis, Holacanthus Bleeker 1853b: 468 Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 183 1)
leucopleura, Holacanthus Bleeker 1853d: 79 Synonym ofCentropyge (Centropyge) tibicen (Cuvier in Cuvier &

Valenciennes 1831)
tv limbaughi, Holacanthus Baldwin 1963: 3, figs. 1-2 Valid as Holacanthus (Angelichthys) limbaughi Baldwin 1963
;:; lineatus, Holacanthus Riippell1828-30: 133 Synonym of Pomacanthus (Arusetta) maculosus (Forsskall775)

littoricola, Chaetodon Poey 1868: 351 Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
longitudinaliter_striata, Holacanthus douboulayi Klunzinger 1880: 362

[38]. Synonym of Chaetodontoplus duboulayi (Giinther 1867)
loriculus, Holacanthus Giinther 1874: 53, PI. 40 (fig. C) Valid as Centropyge (Centropyge) loricula (Giinther 1874)
lunatus, Holocanthus Blosser 1909: 299, PI. 12 (fig. 1) Synonym ofHolacanthus (Angelichthys) ciliaris (Linnaeus 1758)
luteolus, Holacanthus Cuvier (ex Parkinson) in Cuvier & Valenciennes Synonym ofCentropyge (Centropyge)jlavissima (Cuvier in Cuvier &

1831: 198.................................................................................................. Valenciennes 1831)
lutescens, Chetodon Bonnaterre 1788: 82 Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
luteus, Chetodon Bonnaterre 1788: 88, PI. 92 (fig. 38l) Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
macclesfieldiensis, Genicanthus Chan 1966: 330, figs. 4-5 Synonym of Genicanthus melanospilos (Bleeker 1857)
maculosus, Chaetodon Forsskall775: 62, xiii Valid as Pomacanthus (Arusetta) maculosus (ForssloU 1775)
marianas, Holacanthus Seale 1901: 104 Synonym ofPomacanthus (Acanthochaetodon) imperator (Bloch 1787)
melanosoma, Holacanthus Bleeker 1853d: 78 Valid as Chaetodontoplus melanosoma (Bleeker 1853d)
melanospilos, Holacanthus Bleeker 1857: 56 Valid as Genicanthus melanospilos (Bleeker 1857)
meleagris, Holacanthus alternans Alcock 1896: 303 [3] Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)
meredithi, Chaetodontoplus Kuiter 1989: 114, figs. 1-5 Valid as Chaetodontoplus meredithi Kuiter 1989
mesoleucus, Chaetodon Bloch 1787: 117, PI. 216 (fig. 2) Valid as Chaetodontoplus mesoleucus (Bloch 1787)
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mesomelas, Chaetodon Gmelin 1789: 1263 Synonym of Chaetodontoplus mesoleucus (Bloch 1787)
mokhella, Holacanthus Cuvier (ex Ehrenberg) in Cuvier & Valenciennes

1831: 177 Synonym of Pomacanthus (Arusetta) maculosus (ForsskaI 1775)
monophthalmus, Holacanthus Kner 1867: 714 [6] Synonym of Centropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
multicolor, Centropyge Randall & Wass 1974: 138, fig. 1 Valid as Centropyge (Centropyge) multicolor Randall & Wass 1974
multifasciatus, Holacanthus Smith & Radcliffe 1911: 324, fig. 3 Valid as Centropyge (Paracentropyge) multijasciata (Smith & Radcliffe

1911)
multispinis, Holacanthus P1ayfair in P1ayfair & GUnther 1867: 37, PI. 6 (fig. Valid as Centropyge (Centropyge) multispinis (playfair in Playfair &

4)............................................................................................................... Gunther 1867)
nahackyi, Centropyge Kosaki 1989: 881, fig. l Valid as Centropyge (Centropyge) nahackyi Kosaki 1989
narcosis, Centropyge Pyle & Randall 1993: 116, figs. 1-2 Valid as Centropyge (Centropyge) narcosis Pyle & Randall 1993

~ navarchus, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 171 Valid asPomacanthus (Euxiphipops) navarchus (Cuvier in Cuvier &
- Valenciennes 1831)

nicobariensis, Chaetodon Bloch & Schneider 1801: 219 (574), PI. 50 Synonym ofPomacanthus (Acanthochaetodon) imperator (Bloch 1787)
niger, Chaetodontoplus Chan 1966: 326, figs. 2-3 Valid as Chaetodontoplus niger Chan 1966
nigriocellus, Centropyge Woods & Schultz in Schultz et aI. 1953: 598, 607- Valid as Centropyge (Xiphypops) nigriocella Woods & Schultz in Schultz et

608, fig. 89 al. 1953
nigrolunatus, Acanthochaetodon Tanaka 1918: 223 Synonym of Pomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)
nox, Holacanthus Bleeker 1853a: 338 Valid as Centropyge (Centropyge) nox (Bleeker 1853a)
oahuensis, Holacanthus bicolor Borodin 1930: 56 Synonym of Chaetodontoplus mesoleucus (Bloch 1787)
ocularis, Holacanthus Peters 1868: 147 Synonym of Centropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
parrae, Chaetodon Bloch & Schneider 1801: 235 Synonym ofHolacanthus (Angelichthys) ciliaris (Linnaeus 1758)
paru, Chaetodon Bloch 1787: 57, PI. 197 Valid as Pomacanthus (Pomacanthus)paru (Bloch 1787)
passer, Holacanthus Valenciennes 1846: no p., PI. 6 Valid as Holacanthus (Angelichthys) passer Valenciennes 1846
personatus, Genicanthus Randall 1975: 418, PI. 1 Valid as Genicanthus personatus Randall 1975
personifer, Holacanthus (Chaetodontoplus) McCulloch 1914: 221, PI. 31 Valid as Chaetodontoplus personijer (McCulloch 1914)
poecilus, Holacanthus Peters 1868: 454 Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 1831)
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potteri, Holacanthus Jordan & Metz 1912: 525, PI. 71 (fig. 1) Valid as Centropyge (Centropyge)potteri (Jordan & Metz 1912)
pseudannularis, Holacanthus Bleeker 1858: 170 Synonym ofPomacanthus (Acanthochaetodon) annularis (Bloch 1787)
quinquecinctus, Pomacanthus Cuvier in Cuvier & Valenciennes 1831: 210,

PI. 185 Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
rathbuni, Pomacanthus Miranda-Ribeiro 1913-15: Chaetodontidae p. 7, PI.

opposite p. 6 Synonym ofPomacanthus (Pomacanthus) arcuatus (Linnaeus 1758)
reginae, Holacanthus Sauvage (ex Lienard) 1891: 268, PI. 34 (fig. 2) Synonym ofPomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

Valenciennes 183 1)
resimus, Chaetodon Gronow in Gray 1854: 71.. Synonym ofPomacanthus (Euxiphipops) sexstriatus (Cuvier (ex Kuhl & van

Hasselt) in Cuvier & Valenciennes 1831)
resplendens, Centropyge Lubbock & Sankey 1975: 227, fig. 1; PI. 1 Valid as Centropyge (Xiphypops) resplendens Lubbock & Sankey 1975
rhomboides, Holacanthus Gilchrist & Thompson 1908: 161 Valid as Pomacanthus (Acanthochaetodon) rhomboides (Gilchrist &

N Thompson 1908)
N rodriquesi, Holacanthus von Bonde 1934: 448, PI. 23 (fig. 1) Synonym ofPomacanthus (Acanthochaetodon) chrysurus (Cuvier in Cuvier &

Valenciennes 1831)
ronin, Holacanthus Jordan & Fowler 1902: 546, fig. 6 .. · · · Synonym of Chaetodontoplus septentrionalis (Temminck & Schlegel 1844)

semicinctus, Holacanthus Waite 1900: 204, PI. 36· · · · Valid as Genicanthus semicinctus (Waite 1900)
semicirculatus, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 191, Valid as Pomacanthus (Arusetta) semicirculatus (Cuvier in Cuvier &

PI. 183 Valenciennes 1831)
semifasciatus, Holacanthus Kamohara 1934: 459, fig. 2 · Valid as Genicanthus semi/asciatus (Kamohara 1934)

septentrionalis, Holacanthus Temminck & Schlegel 1844: 82, PI. 44 (fig. 2) Valid as Chaetodontoplus septentrionalis (Temminck & Schlegel 1844)
sexstriatus, Holacanthus Cuvier (ex Kuhl & van Hasselt) in Cuvier & Valid as Pomacanthus (Euxiphipops) sexstriatus (Cuvier (ex Kuhl & van

Valenciennes 1831: 194............................................................................ Hasselt) in Cuvier & Valenciennes 1831)
shepardi, Centropyge Randall & Yasuda 1979: 56, figs. 1-3 · ·Valid as Centropyge (Centropyge) shepardi Randall & Yasuda 1979
somervillii, Holacanthus Regan 1908: 228, PI. 24 (fig. 6) Synonym of Centropyge (Centropyge) multispinis (Playfair in Playfair &

G1inther 1867)
sphynx, Holacanthus De Vis 1884: 457 Synonym of Centropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
spinus, Genicanthus Randall 1975: 415, figs. 16-17 Valid as Genicanthus spinus Randall 1975
squamulosus, Chaetodon Shaw in Shaw & Nodder 1791: PI. 275 Synonym ofHolacanthus (Angelichthys) ciliaris (Linnaeus 1758)
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striatus, Holacanthus Riippe111835-38: 32, PI. 10 (fig. 2) Synonym ofPomacanthus (Arusetta) maculosus (Forsskall775)
strigatus, Holacanthus Gil11862: 243 Synonym ofHolacanthus (Angelichthys) passer Valenciennes 1846
takeuchii, Genicanthus Pyle 1997 Valid as Genicanthus takeuchii Pyle 1997
tenigab, Holacanthus Montrouzier 1857: 447 [169] Not Available (Unidentifiable)
tibicen, Holacanthus Cuvier in Cuvier & Valenciennes 1831: 173 Valid as Centropyge (Centropyge) tibicen (Cuvier in Cuvier & Valenciennes

1831)
townsendi, Angelichthys Nichols & Mowbray 1914: 581 Not Available (Hybrid); referable to Holacanthus (Angelichthys) bermudensis x

ciliaris (Pyle & Randa111994)
tricolor, Chaetodon Bloch 1795: 103, PI. 425 Valid as Holacanthus (Holacanthus) tricolor (Bloch 1795)
trilineatus, Genicanthus lamarck Fraser-Brunner 1933: 576, fig. 18B Synonym of Genicanthus lamarck (Lacepede 1802)
trimaculatus, Holacanthus Cuvier (ex Lacepede) in Cuvier & Valenciennes Valid as Apolemichthys trimaculatus (Cuvier (ex Lacepede) in Cuvier &

1831: 196, PI. 182..................................................................................... Valenciennes 1831)
t:: tutuilae, Centropyge Jordan & Jordan 1922: 62, PI. 3 (fig. 2) Synonym of Centropyge (Centropyge) bispinosa (Giinther 1860)
W uniocellatus, Holacanthus Borodin 1932: 86, PI. 1 (fig. 2) Synonym ofCentropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
uniocellatus, Holacanthus Kner 1867: PI. 4 (fig. 1) Synonym of Centropyge (Centropyge)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)
venustus, Holacanthus Yasuda & Tominaga 1969: 143, figs. 1,3 Valid as Centropyge (Paracentropyge) venusta (Yasuda & Tominaga 1969)
vermiculatus, Genicanthus Shen & Lim 1975: 86, fig. 7 Synonym of Genicanthus watanabei (Yasuda & Tominaga 1970)
vorticosus, Chaetodon Gronow in Gray 1854: 74 Synonym ofPomacanthus (Acanthochaetodon) annularis (Bloch 1787)
vrolikii, Holacanthus Bleeker 1853a: 339 Valid as Centropyge (Centropyge) vrolikii (Bleeker 1853a)
watanabei, Holacanthus Yasuda & Tominaga 1970: 144, figs. 3-7, 11, 12 Valid as Genicanthus watanabei (Yasuda & Tominaga 1970)
woodheadi, Centropyge Kuiter 1998 Synonym of Centropyge (Centropyge) heraldi Woods & Schultz in Schultz et

ai. 1953
xanthometopon, Holacanthus Bleeker 1853c: 258 Valid as Pomacanthus (Euxiphipops) xanthometopon (Bleeker 1853c)
xanthopunctatus, Apolemichthys Burgess 1973: 56, fig Valid as Apolemichthys xanthopunctatus Burgess 1973
xanthotis, Holacanthus (Apolemichthys) Fraser-Brunner 1950: 43, PI. 1 (fig.

1) Valid as Apolemichthys xanthotis (Fraser-Brunner 1950)
xanthurus, Holacanthus Bennett 1833: 183 Valid as Apolemichthys xanthurus (Bennett 1833)
zebra, Holacanthus Sauvage (ex Lienard) 1891: 263, PI. 32 (fig. 2) Synonym of Genicanthus caudovittatus (Giinther 1860)
zonipectus, Pomacanthodes Gil11862: 244 Valid as Pomacanthus (Pomacanthus) zonipectus (Gill 1862)
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ABSTRACT

The genus Centropyge Kaup 1860 contains 51 nominal species, of which 32 are

herein treated as valid. They are small in size, usually brightly colored, and adopt well to

life in captivity, which is why they are highly prized by marine aquarists. The species are

grouped into three recognized subgenera: the nominotypical C. (Centropyge) with 23

species, C. (Paracentropyge) Burgess 1991 with three species, and C. (Xiphypops) Jordan

in Jordan & Jordan 1922 with six species. Sumireyakko Burgess 1991 is here regarded as

a junior synonym of C. (Paracentropyge). The monotypic genus Paradiretmus Whitley

1948 appears to be based on a larval-stage pomacanthid, and is treated as junior synonym

ofCentropyge. Although its type species (P. circularis Whitley 1948) has not been

identified to species, it is likely a junior synonym of a previously-named species.

The nominotypical subgenus Centropyge (Centropyge) is divided into six informal

species "complexes": the "aurantia" complex (two species), "bicolor" complex (five

species), "bispinosa" complex (five species), "colini" complex (two species),

''jlavissima'' complex (three species), and "multicolor" complex (six species). These

complexes are defined by various morphological character combinations, certain

elements or themes of color pattern, aspects of their life-history (behavior, ecology, etc.),

or (in most cases) some combination thereof. These complexes are not here considered

well-supported enough as monophyletic groups to warrant the introduction of new

subgeneric designations, but rather are intended as hypothesized clusters to serve as a

foundation for future research. Affinities between some of these complexes with the

subgenus C. (Paracentropyge), and others with C. (Xiphypops), suggests that C.

(Centropyge) may not represent a monophyletic grouping.
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In general, the phylogenetic arrangement of species within Centropyge are difficult

to discern, as the broad overlap and variability ofmorphological character states renders

cladistic analysis difficult or (at best) tenuous. The species of this genus would represent

ideal candidates for a comprehensive analysis using molecular characters (e.g., DNA

sequencing), which would more likely reveal phylogenetic affinities than would an

analysis based only on morphological characters.

INTRODUCTION

Species ofthe genus Centropyge, often referred to in the vernacular as "Pygmy

Angelfishes," are collectively the smallest of the Pomacanthidae. Figure 3.1 shows a

histogram ofthe maximum known size of all 32 species of Centropyge, along with the

maximum sizes of the largest species of other pomacanthid genera. Although some

species in other genera have a maximum known size that is smaller than the largest

Centropyge, these represent unusual exceptions; 23 of the 32 species of Centropyge are

smaller than all other pomacanthid species, and an additional six are smaller than all but

three other pomacanthids.

The first species that is now regarded as belonging to the genus Centropyge to be

described was Chaetodon bieolor Bloch 1787. This species received its second name,

Chaetodon ehrysurus Bloch & Schneider 1801 [=Centropyge (C.) bieolor (Bloch 1787)],

14 years later. Another thirty years passed before the next three species were named, two

of which are now regarded as valid: Holaeanthus jlavissimus Cuvier in Cuvier &

Valenciennes 1831, H tibieen Cuvier in Cuvier & Valenciennes 1831, and H luteolus

Cuvier (ex Parkinson) in Cuvier & Valenciennes 1831 [=Centropyge (C.) jlavissima

(Cuvier in Cuvier & Valenciennes 1831)].
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Bleeker added four names in the 1850's, two of which are currently regarded as

valid: (Holacanthus nox Bleeker 1853a, H leucopleura Bleeker 1853b [=Centropyge

tibicen (Cuvier in Cuvier & Valenciennes 1831)], H vrolikii Bleeker 1853a, and H

diacanthus Bleeker 1857 (non Boddaert 1772). At the time the last of these was

described, Chaetodon diacanthus Boddaert 1772 was regarded as belonging to the genus

Holacanthus, thus rendering H diacanthus Bleeker 1857 a secondary homonym. GUnther

(1860) recognized this, and provided the replacement name H bispinosus. When Fraser

Brunner (1933) established the monotypic genus Pygoplites for Chaetodon diacanthus

Boddaert 1772, and further placed GUnther's bispinosus in Centropyge, the secondary

homonymy was removed; but he nevertheless retained GUnther's name in place of

Bleeker's older diacanthus. Fricke (1999), in accordance with recommendation 60A of

the ICZN Code ofNomenclature (p. 63), established the same specimen (BMNH

1858.4.21.461) as lectotype for both H diacanthus Bleeker 1857 and H bispinosa

GUnther 1860, in an effort to establish objective synonymy between the two names.

Fricke also treated H bispinosus GUnther 1860 as a junior synonym ofthe older H

diacanthus Bleeker 1857, which he included in the genus Centropyge. This action

violates Article 59.3 of the ICZN Code ofNomenclature, which states (p. 62): "Ajunior

secondary homonym replaced before 1961 is permanently invalid unless the substitute

name is not in use and the relevant taxa are no longer considered congeneric, in which

case the junior homonym is not to be rejected on grounds of that replacement." Clearly

the substitute name bispinosus of GUnther is in widespread use; and therefore Bleeker's

diacanthus is to be treated as permanently invalid. Even absent Article 59.3, bispinosus

would likely be retained as the senior synonym of diacanthus in accordance with Article
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23.9 of the Code, which deals with the reversal of precedence in cases where an older

name has not been used as valid after 1899, and the younger name has been treated as

valid in at least 25 works by at least 10 authors during the preceding 50 years. These

conditions have certainly been met in the case of these two names. In any case

Holaeanthus diaeanthus Bleeker 1857 is correctly regarded as a junior synonym of

Centropyge bispinosa (Giinther 1860), as is done herein.

Also in 1857, Montrouzier described the new species Holaeanthus tenigab. Although

many authors have regarded this to be a junior synonym of Centropyge (C) bieolor

(Bloch 1787), careful evaluation of the original description reveals that it is likely not that

species, and lacking a type specimen, will likely remain unidentifiable (see discussion in

the section below entitled, "Unidentifiable Species of Centropyge").

In addition to providing the replacement name for Holaeanthus diaeanthus Bleeker

1857, Giinther (1860) described Holaeanthus eyanotis, which is now regarded as ajunior

synonym ofCentropyge (C)jlavissima (Cuvier in Cuvier & Valenciennes 1831). In that

same year, Kaup (1860) established the monotypic genus Centropyge for Holaeanthus

tibieen (Cuvier in Cuvier & Valenciennes 1831); based on the erroneous grounds that it

had IV anal spines. Because ofthis error, this genus was not widely recognized as valid

by other authors for the next 62 years. During this time, eleven more names now

considered belonging to Centropyge (six of which are now regarded as valid) were

established, all but one ofwhich were placed in the genus Holaeanthus (the exception

being Angeliehthys interruptus Tanaka 1918). These include: Holaeanthus

monophthalmus Kner 1867 [=Centropyge (C)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)]; H unioeellatus Kner 1867 [=Centropyge (C)jlavissima (Cuvier in
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Cuvier & Valenciennes 1831), likely an inadvertent use of an apparent manuscript name

for monophthalmus, in the caption to the figure]; H multispinis P1ayfair in P1ayfair &

GUnther 1867, H ocularis Peters 1868 [=Centropyge (C)jlavissima (Cuvier in Cuvier &

Valenciennes 1831)]; H loriculus GUnther 1874; H sphynx De Vis 1884 [=Centropyge

(C)jlavissima (Cuvier in Cuvier & Valenciennes 1831)]; Hfisheri Snyder 1904; H

somervillii Regan 1908 [=Centropyge (C) multispinis (P1ayfair in Playfair & GUnther

1867)]; H multifasciatus Smith & Radcliffe 1911; H potteri Jordan & Metz 1912; and,

as already mentioned, Angelichthys interruptus Tanaka 1918. As late as 1919, the genus

Centropyge was still regarded as ajunior synonym ofHolacanthus (e.g., Jordan, 1919).

The description ofCentropyge tutuilae Jordan & Jordan 1922 [=Centropyge (C)

bispinosa (GUnther 1860)] seems to be the first resurrection of Centropyge as a valid

genus, although Jordan & Jordan (1922) make no special remark in this regard

(suggesting that perhaps another author or authors had treated it as valid between 1919

and 1922. I have been unable to locate such. Although their new species is not regarded

as valid, their treatment ofCentropyge as a valid genus was significant. In the same

publication, Jordan & Jordan (1922) proposed the new genus nameXiphypops, with H

fisheri Snyder 1904 as the type species, and noted (p. 64): "Distinguished by the presence

of two strong spines besides smaller serrae on the suborbital bone. The preopercle is also

strongly armed. Scales large, those above the lateral line scarcely reduced; caudal

rounded; profile convex; fourteen dorsal spines." They did not indicate what other

species besides fisheri should be included within this genus; but at the time, no other

species now regarded as belonging to this subgenus had been described.
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In the same year, however, Norman (1922) described the new species Holaeanthus

aeanthops based on a single specimen taken in South Africa, stating: "It appears to be

related to H fisheri, Snyder, 1902, [sic] from the Hawaiian Islands, which has three

prominent spines on each suborbital." (p. 319).

Two more species-group names were proposed prior to Fraser-Brunner's 1933

revision of the Pomacanthinae, both by Borodin: Holaeanthus bieolor var. oahuensis

Borodin 1930, and Holaeanthus unioeellatus Borodin 1932. The former, based on a

specimen of Chaetodontoplus mesouleueus (Bloch 1787) purportedly from the Hawaiian

islands (where the species is not otherwise known to occur), is not a species of

Centropyge. The latter is a primary homonym of the (apparently unintentionally named)

H unioeellatus Kner 1867, and is ajuvenile stage ofCentropyge (C)jlavissima (Cuvier

in Cuvier & Valenciennes 1831). Interestingly, Borodin wrote of his H unioeellatus (p.

87): "This pretty small chaetodontid fish is surely juvenis ofa species not yet described in

adult age.," noting that a prominent ocellus is characteristic of other juvenile

chaetodontids. Why he did not consider it to be a juvenile of the previously named and

generally well-known Centropyge (C) jlavissima, which, except for the ocellus, is

essentially identical in color, is not clear.

Fraser-Brunner, in his revision ofPomacanthinae, recognized Centropyge as a valid

genus, and included 11 valid species (one of which, Cjlavieauda [=C (X)fisheri

(Snyder 1904)], he described as new). Ofthe status of the genus, Fraser-Brunner wrote

(p. 588), "This genus was proposed by Kaup for Holaeanthus tibieen, which was

incorrectly said to have four anal spines. Apart from this, C tibieen and its relatives form

a well-defined and easily recognizable genus distinguished by the characters above [as
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included in his diagnosis of the genus]. The species differ little from another except in

colour pattern." Fraser-Brunner additionally recognized Holacanthus somervillii Regan

1908 as a distinct variety ofhis C multispinis (Playfair in Playfair & GUnther 1867).

Among the species that Fraser-Brunner regarded as junior synonyms of C bispinosus,

two [C (C)potteri (Jordan & Metz 1912) and C (C) loricula (GUnther 1874)] are

currently treated as valid species (both herein included within the "bispinosa" complex).

He also erroneously included Holacanthus zebra Sauvage (ex Lienard) 1891

[=Genicanthus caudovittatus (GUnther 1860)] as a synonym of bispinosus. A discussion

ofthe status of Centropyge jlavicauda Fraser-Brunner 1933 is included in the "Remarks"

section of C (X)fisheri below.

Whitley (1948) described the new genus and species Paradiretmus circularis, which

is probably a species of Centropyge (see discussion below under the section on

"Unidentifiable Species of Centropyge"). Four additional new species were described in

the 1950's: Centropyge argi Woods & Kanazawa 1951, Cjlammeus Woods & Schultz in

Schultz et al. 1953, C heraldi Woods & Schultz in Schultz et al. 1953, and C

nigriocellus Woods & Schultz in Schultz et al. 1953. All but Cjlammeus (see "Remarks"

section under C loricula) are currently regarded as valid, the first and last of which are

here included within the subgenusXiphypops.

Smith (1955) recognized three species in the genus Centropyge, and an additional

two species (jisheri andjlavicauda) in the genusXiphypops, which he recognized as

"Closely related to Centropyge Kaup, 1860, but distinguished by the presence of at least

one marked recurved spine on the preorbital." He apparently had misidentified specimens

of C (X) acanthops Norman 1922 as beingfisheri, and therefore understandably
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regarded acanthops as a junior synonym ofjisheri. He did, however, recognize C (X)

jlavicauda [=C (X)jisheri (Snyder 1904)] as distinct from C (X)jisheri, because he

was actually comparing it to misidentified specimens of C (X) acanthops (see also

discussion under C (X)jisheri below).

Two more species were described in the 1960's: Centropyge eibli Klausewitz 1963

and Holacanthus venustus Yasuda and Tominaga 1969. The placement ofthe latter

species has been highly confused in recent years, as explained in the "Remarks" section

of its species account below; however, Yasuda and Tominaga (1969) recognized only one

genus - Holacanthus - for all species ofIndo-Pacific pomacanthids. The only two

species they compared their H venustus to are both now regarded as belonging to the

genus Centropyge [i.e., nigriocella and tutuilae (=bispinosus)].

No-doubt influenced by the widespread availability of SCUBA gear in the hands ofa

new generation of ichthyologists, an astonishing eleven more new species (ten of which

are still regarded as valid) were described in Centropyge during the 1970's. These

included C ftrrugatus Randall & Burgess in Burgess & Axelrod 1972; C

caudoxanthorus Shen 1973 [=C (C)jisheri (Snyder 1904)]; C hotumatua Randall &

Caldwell 1973; C colini Smith-Vaniz & Randall 1974; Cjoculator Smith-Vaniz &

Randall 1974; C aurantius Randall & Wass 1974; C multicolor Randall & Wass 1974;

C aurantonotus Burgess 1974; C resplendens Lubbock & Sankey 1975; C

jlavipectoralis Randall & Klausewitz 1977; and C shepardi Randall & Yasuda 1979.

Indeed, the type material for all of these were collected by SCUBA divers. That so many

new species of this genus were not discovered without the aid of SCUBA gear is

understandable: they are relatively cryptic in their habits, and cannot be collected with
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hook and line equipment. They are too small to be edible (unlike some species in other

pomacanthid genera, such as Pomacanthus), and therefore less likely to be made

available in fish markets. Some species can be collected with the aid of trawls, but many

species of Centropyge live in close association with rocky habitats such as coral reefs,

where trawls are of limited effectiveness.

Between 1979 and 1989, no more new species were described; however, during the

four-year span from 1989-1993, four more new species were discovered and described:

Centropyge nahackyi Kosaki 1989; C debelius Pyle 1990b; C boylei Pyle & Randall in

Pyle 1992b; and C narcosis Pyle & Randall 1993. All four of these species generally

inhabit deep coral-reef environments, well in excess of that which can be reached using

conventional SCUBA. Also during this period, Burgess (1991) provided brief

descriptions for two new monotypic genera: Paracentropyge (type species: Holacanthus

multifasciatus Smith & Radcliffe 1911), and Sumireyakko (=Paracentropyge Burgess

1991; type species: Holacanthus venustus). The status of these two genera is discussed in

the "Remarks" section of Centropyge (Paracentropyge) below. Finally, the last and most

recently described species in the genus, Centropyge woodheadi Kuiter 1998, was later

relegated to ajunior synonym ofC (C) heraldi (Woods & Schultz in Schultz et al. 1953)

by Randall and Carlson (2000).

A summary of the history of described species now regarded as belonging to the

genus Centropyge is presented in Figure 3.2. More than half ofthe species described

from 1787 through 1948 (17 out of 30) are now regarded as junior synonyms. The past

five decades, on the other hand, saw the description of an additional 23 species, all but

three of which are still regarded as valid (Figure 3.2a). Many recent authors (e.g., Smith-
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Vaniz and Randall, 1974; Randall and Klausewitz, 1977; Kosaki, 1989; Krupp and

Debelius, 1990; Pyle, 1990b; Burgess 1991; Pyle and Randall, 1993; Allen et al. 1998;

Debelius et al., 2003; Schindler, 2003) have cited this dramatic increase in the number of

new discoveries when underscoring the need for a comprehensive revision of this group

of fishes.

The historical trend in new species discoveries shown in Figure 3.2b is suggestive

that the task ofdescribing all species of Centropyge is not yet complete. At present, none

of the known but as-yet undescribed species ofpomacanthids belong to this genus;

however, it is possible that the explosion ofnew species discoveries made with the aid of

conventional SCUBA gear may yet be mirrored with the recent advent of advanced

mixed-gas diving techniques, which allow unprecedented access to hitherto unexplored

deep-reef environments. At least two of the most recently-described species in this genus

[C (P.) boylei and C (C) narcosis] dwell only at depths (>70 meters) well in excess of

that which can be safely reached using conventional SCUBA gear, and the other two [C

(C) nahackyi and C (C) debelius] inhabit the deepest reaches safely accessible using

such equipment. Because the former two species were discovered at the same locality

(Rarotonga, which lies in a region of the Pacific that is otherwise relatively depauperate

for reef fishes), prompts speculation that other undiscovered species may inhabit such

depths elsewhere throughout the Indo-Pacific. Besides Rarotonga, initial surveys using

advanced, mixed-gas diving equipment have so far been conducted in the Hawaiian

Islands, the Milne Bay region ofPapua New Guinea, Palau, and Fiji (with a single dive

also conducted in Fagatele Bay, American Samoa). Although no new species of

Centropyge (or other pomacanthids) have been encountered during these surveys, it is
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noteworthy that a new pomacanthid (probably in the genus Apolemichthys)was

discovered on the deep reefs ofPalau by Patrick L. Colin using a submersible soon after

the mixed-gas diving survey, in almost the same location (but 100 feet deeper) as the

most heavily explored reef during the that survey. As more extensive exploration of deep

reefhabitat is conducted throughout the tropical Indo-Pacific in the years to come, it

would be surprising ifno additional new species of Centropyge are discovered.

The possibility also exists that future research (especially involving molecular

techniques) will reveal the presence of "cryptic" species among the populations of

currently-known Centropyge. The highly variable C. bispinosus may ultimately prove to

represent an assemblage of several distinct forms, perhaps justifying recognition at the

species level. As discussed below in the "Remarks" section under Centropyge (c.)

loricula, that species may also consist of several closely-related but distinct forms. Still

other examples of unrecognized distinct populations may be revealed as new data from

more modem investigative techniques are employed for the elucidation of relationships

among species of Centropyge.

The small size and bright colors of the species of Centropyge make them especially

valuable to marine aquarists. One-fourth of the marine aquarium fishes exported from the

insular Pacific are pomacanthids, the majority of which are species of Centropyge (Pyle,

1993). Centropyge loricula is one ofthe most important species in the marine aquarium

fish trade, representing as much as 70% of the annual income of for some exporters.

Certain very rare species of Centropyge can command thousands of dollars each in the

Japanese marine aquarium trade - among the most valuable marine aquarium fishes ever

sold.
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Species of this genus have also been studied extensively in tenns of their

reproductive biology, life-history in a captive environment, behavior, social structure, and

other aspects of their ecology and biology. A complete review of these research efforts is

beyond the scope of the present study, but noteworthy examples of such research are

included in the "Remarks" section of the relevant species accounts below.

MATERIALS AND METHODS

During the course of this study, I personally examined 3,602 specimens of species

herein treated as belonging to the genus Cenfropyge, including representatives of all 32

valid species, as well as a number of probable hybrids. All catalog numbers (and

specimen counts in parentheses) for are listed in the corresponding "Material Examined"

section, clustered by general locality. I also reviewed data from an additional 1,284 lots

of museum specimens, not listed herein.

Methods of counts and measurements generally follow Randall (1975) and Pyle and

Randall (1993), except vertebral counts include the tenninal vertebra. Some earlier

measurements were made to the nearest millimeter using needlepoint dial calipers. More

recently, measurements were made using a Fowler® Ultra-Cal IV water-resistant

electronic caliper unit, integrated via a serial cable to a PC, using custom data capture

software that I developed as part of the Taxonomer database application described in

Chapter I of this Dissertation. See further details in the "Materials and Methods" section

of Chapter 2 of this Dissertation. Data were stored in a database developed using

Microsoft™ Access® version 9 ("2000"), as described in part in Chapter 1 of this

Dissertation. All specimens (both examined and other) without pre-established geo-

reference coordinates were geo-referenced according to the U.S.G.S. Geographic Names
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Information System (GNIS - http://geonames.usgs.govD for localities within the United

States and Trust Territories; and according to the NIMA GeoNET Names Server (GNS 

http://earth-info.nima.mil/gns/html/index.html) for all other localities. Maps were

generated using ESRITM ArcGIS/ArcMAP (version 8.3) software, under the Bishop

Museum site license.

Radiographs were taken with Litton Profexray "Tubestand" model x-ray machine,

using Kodak Professional Industrex AA400 x-ray film. The radiographs were scanned

into digital format for viewing and analysis on a computer using an Epson 1640XL

tabloid scanner with a transparency adapter.

Original descriptions for most species in this genus were digitally scanned and

converted to Adobe™ Portable Document Format (PDF), and linked to the Taxonomer

database application described in Chapter 1 of this dissertation. This facilitated easy

access to original literature to confirm identities of synonyms, type localities, and

location ofprimary type specimens.

Most of the examined specimens are from the following four major collections:

Australian Museum, Sydney (AMS); Bernice P. Bishop Museum, Honolulu (BPBM);

California Academy of Sciences, San Francisco (CAS); and the U.S. National Museum of

Natural History, Washington, D.C. (USNM). Some cleared and stained material was

received on loan from the Royal Ontario Museum, Toronto (ROM). Additional specimen

data were obtained in the form of database records of the complete pomacanthid and

chaetodontid holdings of the following other collections: Academy ofNatural Sciences of

Philadelphia (ANSP); American Museum ofNatural History, New York (AMNH); Field

Museum ofNatural History, Chicago (FMNH); Natural History Museum ofLos Angeles
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County (LACM); Museum National d'Histoire Naturelle, Paris (MNHN); the Natural

History Museum, London (BMNH); Royal Ontario Museum; Senckenberg Museum,

Frankfurt (SMF); and the South African Institute for Aquatic Biodiversity (RUSI).

Additional institutional acronyms used to cite type specimens of species below include

the National Taiwan University, Taipei (NTU); Queensland Museum, Brisbane (QM);

Nationaal Natuurhistorisch Museum, Leiden (RMNH); Vanderbilt Marine Museum,

Centerport, New York (VMM); Universitat Humboldt, Museum fur Naturkunde, Berlin

(ZMB); and the Department ofZoology, University Museum, University of Tokyo,

Tokyo (ZUMT).

Distribution maps included with this Chapter (i.e., 3.3-3.10) include only material

examined as part of this study, and do not necessarily represent complete distributions of

indicated species.

The same conventions described in Chapter 2 of this Dissertation are followed herein

to avoid unnecessarily extending the length of this chapter. Characters that are highly

consistent among all species are included in the Diagnosis of the genus and subgenera,

and characters that are highly variable both between and within species (and therefore of

limited analytical value) are omitted. The Diagnosis section for each species includes

dorsal- and anal-fin spine and ray counts; pectoral-fin ray counts; gill rakers; proportional

sizes of body depth (in SL), head length (in SL), orbit diameter (in head length), and

bony interorbital width (in head length). Most of the meristic and morphometric

characters are of limited diagnostic value due to high intraspecific variation relative to

interspecific variation; however, these selected characters are included in the Diagnosis

for each species either because they have some diagnostic value, or because they are
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considered to be a conventionally-cited morphological character (e.g., anal-fin spine

count).

As described below, species of the subgenus Centropyge (Centropyge) are herein

categorized among six unnamed species complexes. These complexes are used to cluster

the presentation of morphological data in Table 1, as well as of species in the distribution

maps and color figures; however, the species accounts within this subgenus are presented

below in alphabetical order by species epithet, without regard to placement within

complexes.

Unless otherwise indicated, all color photos in Figures 3.11-3.20 were taken by J.

Randall.

TAXONOMY

GENUS CENTROPYGE KAUP

Centropyge Kaup 1860: 138 (type species, Holacanthus tibicen Cuvier 1831, by

monotypy).

Xiphypops Jordan in Jordan and Jordan 1922: 64 (type species, Holacanthusfisheri

Snyder 1904, by original designation and monotypy).

Xiphipops Weber and de Beaufort 1936: 159 (misspelling ofXiphypops Jordan in

Jordan and Jordan 1922).

Paradiretmus Whitley 1948: 83 (type species, Paradiretmus circularis Whitley 1948,

by original designation and monotypy).

Paracentropyge Burgess 1991: 69 (type species, Holacanthus multifasciatus Smith

and Radcliffe 1911, by original designation and monotypy).
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Sumireyakko Burgess 1991: 70 (type species, Holacanthus venustus Yasuda and

Tominaga 1969, by original designation and monotypy).

Diagnosis: Dorsal-fin rays XIII-XIV (usually XIII or XIV, rarely XVI),15-19; anal-fin

rays 111,15-19; lateral-line scales 38-49; gill rakers 4-8+10-19; body depth about 1.5-2.5

in SL; head 2.75-4.0 in SL; orbit 2.04-3.75 in head; body ovoid to circular; posterior

margin of soft portions of dorsal and anal fins rounded or angular in most species,

sometimes pointed; caudal fin rounded in most species (truncate in several); color highly

variable among different species; color ofjuveniles similar or identical to that ofadults

[except in C. (c.) jlavissimus, juveniles of which often have a prominent ocellus on the

side of the body]; a single supraneural (=predorsal) bone.

Remarks: The species of this genus have, at various times and by various authors, been

split into as many as four separate genera; three of which are treated as valid subgenera

herein. Conversely, this genus has also been treated as a subgenus or junior synonym of

Holacanthus Lacepede 1802 (e.g., Herre, 1953; Yasuda and Tominaga, 1969; Tominaga

and Yasuda, 1973). The majority of recent authors (i.e., within the past several decades)

have treated the group as a single genus or, occasionally, as two genera (either elevating

Xiphypops Jordan in Jordan and Jordan 1922 to full genus status, or recognizing

Paracentropyge Burgess 1991 as a distinct genus). The present treatment as a single

genus with three distinct subgenera is explained in the various relevant sections below.

For years, many authors retained the masculine endings of the species epithets

that were originally described in Holacanthus (e.g., multifasciatus,jlavissimus, loriculus,

etc.). However, as pointed out by Eschmeyer (1998), the genus name takes the feminine
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form. Consequently, species names that are adjectives should take the feminine gender

form (e.g., multifasciata,flavissima, loricula, etc.), as most recent authors have done.

Many authors have underscored the basic morphological similarity among species of

this genus, and this study is no exception. The species are distinguished primarily on the

basis ofcolor. Some authors have attempted to use the number oflateral-line scales or

vertical scale rows as a diagnostic character, but I have found this character to be largely

unreliable, due in part to its dependence on the size of the specimen and the difficulty in

counting scales consistently. For example, most adult specimens of C. (P.) boylei have

either 34 or 35 pored lateral-line scales, but the juvenile paratype (BPBM 35042, 21.9

mm SL) has only 20. Such differences are evident in a number of species, and the

relationship between size and number oflateral-line scales is not always consistent. There

are some morphological characters unusual or unique among certain subgenera, groups of

species, or single species, but none remove ambiguity of identification of species in the

absence of color characters, due to variability. Because of this circumstance, establishing

clear phylogenetic relationships among the species included in this genus is difficult, if

not impossible, based on morphological characters alone. Subgenera and complexes of

species defined herein should be regarded as best approximations based on a holistic

understanding of the collective species, including attributes of color, morphology,

behavior, and ecology. A true phylogenetic synthesis ofthe genus must await a thorough

examination of molecular characters, currently in its initial organizational stages,

coordinated by myself and Brian W. Bowen of the Hawaii Institute of Marine Biology,

University ofHawaii.
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Recently Frank Baensch has achieved virtually unprecedented success in rearing

several species of Centropyge through the complete larval cycle, from eggs to settled

juveniles. In a series of publications (Baensch, 2002; 2003a; 2003b), he chronicled the

successful rearing of five species [C (X)fisheri, C (C) loricula, C (C)jlavissima, C

(C) multicolor, and C (C) interrupta]. Among the most significant breakthroughs in

achieving this goal was a better understanding of the dietary needs of the larvae. He

provided an excellent series of color images of different stages of development (ranging

from twelve hours post fertilization to over 90 days as a new recruit), and reported that

the development cycle among the different species was generally similar, which offers

promise of similar success in rearing other species. The potential benefits of being able to

complete the life-cycle of these species are not only enormous for the marine aquarium

industry, but for science as well. Experiments to determine population cross

compatibility is only the beginning. This tool potentially opens new doors for

experimental research involving hybrids. Indeed, hybridization has been reported in a

number of species of Centropyge (see Chapter 4 of this Dissertation). Among other

things, the existence of such hybrids in nature may confound the use of the dichotomous

keys presented herein.

Many species of Centropyge are known to change sex from female to male, and it is

likely that all species in the genus do likewise. Hioki and Suzuki (1996) also noted that

several species are capable of changing sex back to female, after achieving a functional

male state.

Material Examined: (Unidentified Centropyge) CAROLINE ISLANDS: Pohnpei,

USNM 223321 (1). FIJI: USNM 259445 (1). FRENCH POLYNESIA: Society
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Islands, BPBM 6852 (1), BPBM 8388 (1). GREAT BARRIER REEF: Yonge Reef,

AMS 1.18740-044 (1). GULF OF MEXICO: USNM 331151 (1). HAWAIIAN

ISLANDS: BPBM 26262 (1). INDONESIA: Molucca Islands, USNM 147743 (1),

USNM 209956 (1). NEW SOUTH WALES: AMS 1.17792-033 (1), AMS IBA071

(1), AMS IBA083 (1). PAPUA NEW GUINEA: AMS 1.16671-031 (1).

PHILIPPINES: Batanes, USNM 293918 (1); Pangasinan, AMS 1.21900-031 (1).

KEy TO THE SUBGENERA OF CENTROPYGE

(subgenus accounts are presented alphabetically)

la. One to three stout spines on ventral margin of preorbital (lacrymal), pointing

ventroposteriorly to posteriorly, their length at least one-third to one-half the

diameter of the orbit, with or without an additional series of smaller spines

or spinules on the exposed preorbital margin; maximum size not exceeding

60 mm SL (rarely exceeding 55 mm SL); body depth 1.8-2.3 (usually more

than 2) in SL. Centropyge (Xiphypops)

1b. Spines or spinules on the ventral or posterior margins of the preorbital present

or absent, but when present, none exceed one-third diameter of orbit;

maximum size exceeding 60 mm SL; body depth 1.5-2.2 (usually less than

2) in SL 2

2a. Body depth less than 1.9 (usually less than 1.8) in SL; XIII dorsal spines,

body with alternating dark and pale bars; OR XIV dorsal spines, body color

purplish blue dorsoposteriorly and with a purplish blue triangular patch from

interorbital to axis of pectoral fin to origin of dorsal fin, yellow ventrally

and anteriorly on head Centropyge (Paracentropyge)
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2b. Body depth 1.6-2.2 (usually 1.8-2.0) in SL; XIII-XVI (usually XIV-XV)

dorsal spines; color variable depending on species, but not as described in 2a .

...................................................... .....................................Centropyge (Centropyge)

SUBGENUS CENTROPYGE (CENTROPYGE) KAUP

Centropyge Kaup 1860: 138 (Nominate subgenus: type species, Holacanthus tibicen

Cuvier 1831, bymonotypy).

?Paradiretmus Whitley 1948: 83 (type species, Paradiretmus circularis Whitley

1948, by original designation and monotypy).

Diagnosis: Dorsal-fin rays XIV-XV (rarely XIII or XVI),15-19; anal-fin rays 111,15-19;

lateral-line scales 28-49 (variable with lifestage); gill rakers 4-8+11-19; body depth about

1.6-2.25 in SL; head 3.0-4.0 in SL; orbit 2.3-3.75 in head; body ovoid; median fins and

color as described in the diagnosis for the genus, some species with varying degrees of

sexual dichromatism.

Remarks: The largest of the subgenera of Centropyge (with 23 species), this grouping is

defined primarily on the basis of exclusion from the other two subgenera, and may not

represent a strictly monophyletic lineage. Within the context of this study, the species of

this subgenus were clustered into six species "complexes." These complexes are not so

discretely defined (as yet) as to warrant nomenclatural distinction; however, the

consilience of morphological, color, ecological, behavioral, and other characters among

these groups is nevertheless compelling. They are as follows:

1) "aurantia" complex (two species: aurantia and nox); share a reduced number

of gill rakers (17-20), somewhat deep body (depth 1.59-1.85 in SL), steep and

relatively straight head profile (dorsoanteriorly between the upper lip and the
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origin of the dorsal fin), angular posterior dorsal and anal-fin shape (with the

outer edge of the dorsal, caudal, and anal fins forming a more or less

continuous arc), and certain ecological and behavioral similarities (cryptic

habits, "twitchy" swimming behavior, frequently erect median fins);

2) "bieolor" complex (five species: bieolor,jlavipeetoralis, heraldi, multispinis,

and tibieen); share an average of XV dorsal spines in most species, reduced

number of gill rakers (17-21), somewhat elongated body (depth 1.73-2.17 in

SL), typically convex and moderately shallow head profile, pointed posterior

dorsal and anal-fin shape (sometimes with slight to moderate filamentous

extensions), and a faint but consistently visible trace ofa moderate to large

pale-rimmed ocellus dorsal to the pectoral-fin base and dorsal or posterior to

the upper margin of the operculum (except in C. heraldi);

3) "bispinosa" complex (five species: bispinosa,jerrugata, lorieula, potteri, and

shepardi); share relatively numerous gill rakers (22-27), somewhat elongate

body (depth 1.68-2.04 in SL), somewhat complex head profile that is most

convex between upper lip and the dorsal edge of interorbital space, then less

convex, flat, or slightly concave dorsal to interorbital space (depending on

size, with larger specimens tending towards more concavity on the dorsal half

of the head profile), angular to pointed posterior dorsal and anal-fin shape (but

without filamentous extensions), regularly spaced, alternating blue and black

horizontal markings on posterior margins of soft portions of dorsal and anal

fins (also on posterior edge ofcaudal fin in some species), and a general

pattern of dark spots, bars, or irregular lines located to a varying degree

258



centrally on the body, with an orange to red background color over much or

all of the remainder of the body and in some cases the median fins;

4) "colin;" complex (two species: colini and narcosis); similar in some respects

to the "aurantia" complex [e.g., relatively deep body (depth 1.66-1.84 in SL),

reduced number of gill rakers (14-18), steep and relatively straight head

profile, and some aspects of behavior and ecology], but differing in general

body color (pale yellow with a bright yellow spot on each scale, thin blue

margin around eye) and more rounded shape ofposterior soft: portions of

dorsal and anal fins (caudal fin extending posteriorly without forming a more

or less continuous arc with the soft: portions of dorsal and anal fins);

5) ''jlavissima'' complex (three species: eibli,jlavissima, and vrolikii); share a

reduced number of gill rakers (16-21), smoothly convex head profile, rounded

shape ofposterior soft: portions ofdorsal and anal fins, generally rounded

caudal fin, blue or orange ring around eye and like-colored margin on

posterior edge of operculum; freely form hybrids wherever two species are

sYmpatric;

6) "multicolor" complex (six species: debelius, hotumatua, interrupta,

joculator, multicolor, and nahackyi), share relatively numerous gill rakers (20

26), somewhat elongate body (depth 1.79-2.15 in SL), head profile similar to

that of the "bispinosa" complex (increasing extent ofconcavity dorsal to the

interorbital space with increasing body size), and an apparent hypersensitivity

to copper sulfate medication treatments in captivity [I have noted this last

characteristic in all species ofthis complex except C. (C.) debelius, which I
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have not had the opportunity to test in this regard; I have kept most other

species of the genus in captivity and have subjected them to similar doses of

copper sulfate treatments, and no other species has shown a similar

sensitivity]. This complex can be further divided into two subgroups:

debelius+multicolor+nahackyi, which are very clearly defined on the basis of

color elements and aspects of their ecology; and

hotumatua+interrupta+joculator, which share some attributes with each other

and with the other three species, but are otherwise much more ambiguously

defined.

These six species complexes tend to fall into two broader groups: those with an

increased number of gill rakers ("bispinosa" complex and "multicolor" complex with 20

27 total gill rakers), and those with fewer gill rakers (the other four complexes, with 14

21 total gill rakers, all specimens of most species, and most specimens of all species with

fewer than twenty). This single character generally associates the former two complexes

with the subgenus Centropyge (Xiphypops) (21-24 gill rakers, excepting the anomalous

C. (X) nigriocella). These two species complexes also share withXiphypops a somewhat

more robust armature of the preorbital (though not nearly as robust as the species here

treated within Xiphypops) , and the "bispinosa" complex further shares withXiphypops a

pattern ofregularly spaced, alternating blue and black markings on the posterior edge of

the dorsal and anal fins. Indeed, previous authors (e.g., Shen and Liu, 1978; Allen et aI.,

1998) have expanded the definition ofXiphypops to include all of these species within it.

As described later in this chapter, I prefer to regard Xiphypops sensu stricto, in part
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because of the findings of Schindler (2003), and also in consideration ofa broader

perspective of the groups.

The other four complexes tend to share more attributes with the species of the

subgenus Centropyge (Paracentropyge), which has a reduced number of gill rakers (16

18). Ofthe four complexes, the "aurantia" complex and the "colini" complex share with

Paracentropyge a deeper body (depth 1.46-1.90 in SL for Paracentropyge, compared

with 1.63-1.85 for the combined two complexes). They also share with Paracentropyge a

tendency for more cryptic dwelling habits.

If these gross associations of different species complexes with the two respective

subgenera reflect true phylogeny, then this subgenus is likely paraphyletic with respect to

Centropyge (Paracentropyge) and C. (Xiphypops).

Further discussion on the placement of certain species within their respective

complexes as defined above are included in the "Remarks" section of those species.
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Max. Pectoral
Species n Size Dorsal Spines Dorsal Rays Anal Rays Rays Gill Rakers Body Depth Complex

e. (Xiphypops) acanthops 19 57 XIV 16 [-17] 16-18 [15-] 16 21-23 1.79-2.21
e. (Xiphypops) argi 6 28 XIV [-XV] [15-] 16 17 15-16 22-24 1.81-2.30
e. (Xiphypops) aurantonota 2 43 XIV 16 17 15 22 2.10-2.20
e. (Xiphypops)jisheri 66 60 XIV 16 [-17] 16-17 16-17 21-24 1.99-2.19

Xiphypops

e. (Xiphypops) nigriocella 16 45 XIII [-XIV] 15 [-16] 15-16 [16-] 17 17-18 1.86-2.15
e. (Xiphypops) resplendens 3 35 XIV 16 17 16 22 2.11-2.32
C. (e.) bispinosa 264 85 XIV [-XV] 17-18 17-19 15-17 22-26 1.72-1.96
C. (C) ferrugata 7 76 XIV [-XV] 17 17-18 16-18 22-26 1.68-2.03
e. (e.) loricula 74 85 XIV 16-18 17-18 16-18 22-25 1.79-2.04 "bispinosa"

e. (e.) potteri 18 102 XIV 16-18 17-18 17 [-18] 23-26 1.76-1.98
complex

e. (e.) shepardi 20 70 XIV 16-18 17-18 16-17 25-27 1.82-1.98

e. (e.) debelius 6 85 XIV 16-17 17 17 22 1.90-2.15
e. (e.) hotumatua 24 67 XIV 17-18 18 16-17 23 1.80-1.88
e. (e.) interrupta 11 141 XIV [-XV] 14-17 16-18 16-17 20-26 1.79-1.99 "multicolor"
e. (e.)joculator 18 80 XIV 16-17 17 17 23-26 1.83-2.04 complex
e. (e.) multicolor 15 83 XIV 16-17 17 16-17 22-23 1.89-1.99
e. (e.) nahackvi 12 75 XIV f-XVl 16 17 16-17 21-23 1.97-2.15
e. (e.) bicolor 121 118 [XVI-] XV 15-16 17-18 16-17 17-19 1.89-2.17
e. (e.) jlavipectoralis 16 80 [XIV-] XV [-XVI] 14-16 16-18 16-17 18-19 1.78-2.11

" bicolor"e. (e.) heraldi 57 95 [XVI-] XV 15 16 15-17 18-21 1.86-2.08 complexe. (e.) multispinis 108 107 [XIII-] XIV [-XV] 15-17 17-18 15-17 17-20 1.73-2.01
e. (e.) tibicen 75 123 XIV 15-16 17 [-181 16-17 18-19 1.80-2.00
e. (e.) eibli 9 78 XIV 14-16 15-17 16-17 16-18 1.77-1.88
e. (e.) jlavissima 186 98 XIV 14-16 15-16 16-17 18-21 1.79-1.85

''jlavissima''

e. (e.) vrolikii 150 95 [XIII-] XIV 14-15 15-16 15-17 17-19 1.73-1.78
complex

e. (e.) aurantia 10 80 XIV 16-17 17-18 16-17 17 1.59-1.74 "aurantia"
e. (e.) nox 29 81 XV 15-16 16-18 16-17 18-20 1.63-1.85 complex
e. (e.) colin; 9 70 XIV 16-17 17 15-16 16-18 1.66-1.76 "colini"
e. (e.) narcosis 5 55 XIV 17-18 17-18 16 14-17 1.75-1.84 complex
C. (Paracentropyge) boylei 7 56 XIII 19-20 18-19 15 16-18 1.66-1.90
e. (Paracentropyge) 37 90 XIII 16-18 16-17 [15-] 16 16-18 1.46-1.67

Para-

e. (ParacentroPYf(e) venusta 5 85 XIV 16-17 16-17 16-17 16-17 1.55-1.78
centropyge
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KEy TO THE SPECIES OF THE SUBGENUS CENTROPYGE (CENTROPYGE)

"All of the species of Centropyge are very similar in body form and counts, but they are

distinctive in color pattern."

- Randall and Caldwell (1973:11)

(species accounts are presented alphabetically)

1a. Gill rakers 20-27 (usually more than 20); large adults with slight to moderate

concavity ofthe head profile dorsal to the interorbital space 2

lb. Gill rakers 14-21 (usually fewer than 20); adults with smootWy convex or

nearly flat head profile, without any apparent concavity 12

2a. Caudal fin opaque (including posterior margin) and somewhat rounded 3

2b. Caudal fin transparent or translucent (especially towards the posterior margin)

and slightly rounded or truncate 4

3a. Entire body covered with a pattern of alternating vertical and irregular orange

and gray, blue and gray, or black and gray lines, extending onto the median

fins; body color generally darker centrally and posteriorly, and paler

(orange) peripherally and anteriorly; pectoral rays 15-17 (Hawaiian Islands;

Fig. 3.14c-d) potteri

3b. Body color higWy variable, but generally pale or orange centrally, usually

with thin dark vertical lines and scattered spots, peripherally dark blue or

black (including anterior dorsal fin); head usually darker than body ground

color; pectoral rays 17-18 (western Indian Ocean to French Polynesia; Fig.

3.13a-c, Fig. 3.18c) bispinosa

4a. Body with a series of dark bars or thin vertical lines located centrally 5
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4b. Body with scattered blue or black spots centrally and peripherally, or no spots

on body 6

5a. Ground color bright red, especially peripherally, with a series of from zero to

seven relatively broad black bars on side of body; anal fin primarily bright

red or reddish-orange; gill rakers 22-25 (Great Barrier Reef and Mariana

Islands to Hawaiian Islands and French Polynesia; Fig. 3.13d-f) loricula

5b. Ground color dusky orangish to orange or reddish orange, zero to many thin

and irregular dark lines and scattered spots; anal fin primarily dusky orange

to brownish black; gill rakers 25-27 (Mariana, Ogasawara and Ryukyu

Islands; Fig. 3.14b) shepardi

6a. Body with dark blue or black spots scattered over most of body and median

fins 7

6b. Body without obvious spots over most of body and median fins 8

7a. Spots on body dark brown or black; ground color of head and dorsoanterior

portion of body gray; ground color ofventroposterior portion of body

orange to dusky orange; caudal fin truncate and transparent dusky gray

withes black spots on peduncle; dorsal soft rays 17 (Ryukyu and Ogasawara

Islands and northern Philippines; Fig. 3.14a) ferrugata

7b. Spots on body bright blue; ground color of head and dorsoanterior portion of

body orange; ground color ofventroposterior portion of body dark blue to

purplish; caudal fin orange with no spots on peduncle; dorsal soft rays 14-17

(Japan and northwestern Hawaiian Islands; Fig. 3.16c) interrupta
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8a. Head above and behind eye and nape with pattern ofbright blue reticulate

lines or spots over a black ground color 9

8b. Head above and behind eye orange or yellow, except for blue around the eye ll

9a. Dorsal portion of body and proximal halfof dorsal fin mostly white or

generally white overlaid with some dusky brown pigment; body depth 1.89-

1.99 in SL (Micronesia to Society Islands; Fig. 3.16e) multicolor

9b. Dorsal portion of body and dorsal fin dark brown, dark blue or black; body

depth 1.9-2.1 in SL 10

lOa. Pattern of blue and black above and behind eye fundamentally linear, with

alternating blue and black irregular lines (Johnston Atoll; Fig. 3.16t) nahackyi

lOb. Pattern of blue and black above and behind eye punctated, consisting ofblack

spots and blotches against a blue background (Western Indian Ocean; Fig.

3.16a) debelius

11a. Anterior portion of body bright yellow; caudal fin bright yellow;

dorsoposterior portion of soft portion of dorsal fin more or less uniformly

dark except for margin; shape ofposterior dorsal and anal fins sharply

angular to pointed in adults; anal soft rays 17; dorsal soft rays 16-17 (Cocos-

Keeling and Christmas Islands; Fig. 3.16d) joculator

11b. Anterior portion of body orange; caudal fin transparent gray except for dorsal

and ventral margins, which are orange; dorsoposterior portion of soft portion

of dorsal fin with a pattern of bright blue dashes against a black background,

extending well on to the soft portion of the dorsal fin away from the margin;

shape ofposterior dorsal and anal fins broadly rounded, without sharp
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angles or points; anal soft rays 18; dorsal soft rays 17-18 (Austral Islands to

Easter Island; Fig. 3.16b) hotumatua

12a. Body generally elongate, the depth 1.73-2.17 (usually more than 1.85) in SL;

often XIV-XV (usually XV) dorsal spines; shape ofposterior edge of soft

portions of dorsal and anal fins sharply angular or pointed, sometimes with

filamentous extensions; a faint but usually evident ocellate marking dorsal

or posterior to the upper edge of the operculum 13

12b. Body deeper, the depth 1.59-1.85 (usually less than 1.80) in SL; XIII-XV

dorsal spines [usually XIV, XV only in C (C) nox]; shape ofposterior edge

of soft portions of dorsal and anal fins bluntly angular or rounded [pointed

only in C (C) nox], never with filamentous extensions; no ocellate

markings dorsal or posterior to upper edge of operculum 17

13a. Head and anterior portion of body predominantly dark blue, black, or dusky

olive 14

13b. Head and anterior portion of body (or entire body) bright yellow 16

14a. A prominent white spot just dorsal to center of body; margin of anal fin bright

yellow with a blue submarginal line; body without thin black vertical lines

(Christmas Island and Western Pacific, east to Caroline Islands and Tonga;

Fig. 3.12f) tibicen

14b. No white spot on side of body; no yellow margin or blue submarginal line on

anal fin; body with thin black vertical bars 15

15a. Pectoral fins yellow; dorsal rays usually XV, 14-15; ground color of body black

or very dark bluish (Sri Lanka and Maldive Islands; Fig. 3.12b) flavipectoralis
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lSb. Pectoral fins transparent gray; dorsal rays usually XIV, 16-17; ground color of

body dark gray, olive, or dusky orangish (Red Sea and east coast ofAfrica

to Chagos Archipelago and Sri Lanka; Fig. 3.12e) multispinis

16a. Posterior two-thirds ofbody and dorsal and anal fms dark blue to black; head

with a prominent blue marking dorsal to the eye and across the nape; anal

soft rays17-18 (east coast ofAfrica to western Pacific, east to Marshall

Islands and American Samoa; Fig. 3.12a) bicolor

16b. Body and median fins entirely yellow, except for a pattern of irregular dusky

lines on head dorsal to eye in large adults, and a prominent black blotch

dorsoposteriorly on soft portion ofdorsal fin in some populations; anal soft

rays 16 (southern Japan to Great Barrier Reef, east to Marshall Islands and

Tuamotu Archipelago; Fig. 3.12c, d) heraldi

17a. Posterior edges of dorsal and anal fins angular to pointed; posterior edges of

median fins collectively forming a more or less continuous arc 18

17b. Posterior edges of dorsal and anal fins bluntly angular or rounded; substantial

gap between posterior margins of median fins 19

18a. Body entirely uniform black or very dark purplish blue (except for small

yellow spot dorsal to pectoral fin base); dorsal-fin spines XV (southern

Japan to Great Barrier Reef, east to Caroline Islands and Fiji; Fig. 3.11b) nox

18b. Body bright orange or brownish orange with many thin, vertical, irregular

lines covering sides of body and median fins; dorsal-fin spines XIV

(Philippines and Indonesia to American Samoa; Fig. 3.11a) aurantia
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19a. Body color primarily bright yellow, with blue around eye and with or without

various blue or bluish purple markings and/or a dark spot located centrally

on body; caudal fin yellow 20

19b. Body color primarily drab gray, with no blue around eye; caudal fin black 22

20a. Anterior two-thirds ofdorsal fin and adjacent portion ofbody bluish purple

(Cocos-Keeling Islands and Indonesia to Marshall Islands; Fig. 3.11c) colini

20b. Dorsal fin and adjacent part of body yellow 21

21 a. Dorsal soft rays 14-16; anal soft rays 15-16; blue or black posterior margin of

the operculum; narrow blue margin and thin black submarginal line on

median fins; blue-edged black ocellate spot on side ofbody present only in

juveniles (Cocos-Keeling and Christmas Islands, Great Barrier Reef and

islands of Oceania except Hawaii and Easter Island; Fig. 3. 15a-c) jlavissima

21b. Dorsal soft rays 17-18; anal soft rays 15-16; no dark coloring on the posterior

margin of the operculum; no blue or black margin on median fins; black

spot on side of body present in both juveniles and adults, and not bordered

in blue (Cook Islands; Fig. 3.11d) narcosis

22a. Body with orange vertical lines; black posteriorly confined to caudal

peduncle, adjacent posteriormost part of body, posterior portion of soft

portion ofdorsal fin, and only portion of anal fin closest to caudal fin; orbit

diameter 2.73-2.77 in head length; gill rakers 16-18 (Sri Lanka to Western

Australia and Indonesia; Fig. 3.15d-e) eibli

22b. Body without orange lines (except on the posterior margin ofoperculum);

posterior third of body and dorsal fin, and most or all ofanal fin black; orbit
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diameter 2.86-3.28 in head length; gill rakers 18-21 (southern Japan to New

South Wales, east to islands of Micronesia; Fig. 3.15f) vrolikii

CENTROPYGE (CENTROPYGE) AURANTlA RANDALL AND W ASS

Centropyge aurantius Randall and Wass 1974: 140 (Holotype: BPBM 17000, Pago

Pago, Tutuila, American Samoa).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,17-18; pectoral-fin rays 16-17;

gill rakers 5+12 (17 total); body depth 1.59-1.74 in SL; head length 3.34-3.43 in SL; orbit

diameter 2.40-2.65 in head length; bony interorbital width 3.58-3.71 in head length;

caudal fin rounded; posterior margins of soft portions of dorsal and anal fins angular but

not pointed.

Body bright orange to dusky orangish brown with numerous pale yellowish-golden

vertical irregular lines on sides of body, beginning just posterior to head and continuing

to base ofcaudal fin; head orange or brown, sometimes with orange markings, especially

encircling eye; median fins with alternating orange and dusky bands paralleling the

margins of fins; pectoral fins and margin of caudal fin transparent; pelvic spine orange,

and pelvic fins transparent orange.

Remarks: Randall and Wass (1974), in their original description ofthis species, noted

the similarity between it and C. (C.) nox (Bleeker 1853a), based mainly on the depth of

the body and configuration of the dorsal and anal fins. The two species also share a

relatively flat head profile, and certain aspects of their behavior and ecology (e.g., cryptic

nature and "twitchy" swimming behavior, whereby they tend to make short bursts of

movement, alternating the angle of the body abruptly via movement of the pectoral fins).

For these reasons, the two species are here treated together in the "aurantia" species
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complex; however, there are substantial differences between the two species, such as the

number ofdorsal-fin spines (XIV in aurantia; XV in nox) and the filamentous extension

of the pelvic fins (present in aurantia; absent in nox). Thus, this association between

these two species is tenuous.

Centropyge (C.) aurantia is an extremely cryptic species, almost never seen by

divers. I observed one individual in its natural habitat in the Solomon Islands, but only

after very patiently waiting motionless, and only to catch a fleeting glimpse (Pyle, 1993).

This species is often dark brown in color, but when placed in an aquarium will usually

revert to the normal bright orange.

Originally described from specimens collected in American Samoa, the species is

now known from Vanuatu, Solomon Islands, Papua New Guinea, Indonesia, and the

Philippines (Figure 3.3).

Material Examined: AMERICAN SAMOA: BPBM 17000 (holotype), CAS 30691

(paratype), USNM 212153 (paratype). GREAT BARRIER REEF: Yonge Reef,

AMS 1.19445-006 (1). INDONESIA: Molucca Islands, USNM 182595 (1), USNM

343839 (1). MALAYSIA: Borneo, USNM 343840 (1). PAPUA NEW GUINEA:

AMS 1.17087-005 (1), AMS 1.17088-051 (1), AMS 1.17088-081 (2), USNM 258916

(1), USNM 258917 (1), USNM 258918 (1), USNM 345066 (2). PHILIPPINES:

Sulu Archipelago, USNM 182589 (1). SOLOMON ISLANDS: AMS B.6645 (1).

VANUATU: AMS 1.37926-008 (1), USNM 363680 (1).

CENTROPYGE (CENTROPYGE) BICOLOR (BLOCH)

Chaetodon bie%r Bloch 1787: 94 [Lectotype: 2MB 1308, Brazil (apparently in

error)].
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Chaetodon chrysurus Bloch and Schneider 1801: 228 (No types known, No type

locality).

Diagnosis: Dorsal-fin rays XV (rarely XVI),15-16; anal-fin rays 111,17-18; pectoral-fin

rays 16-17; gill rakers 5+12-14 (17-19 total); body depth 1.89-2.17 in SL; head length

3.25-3.45 in SL; orbit diameter 2.89-3.15 in head length; bony interorbital width 3.51

3.77 in head length; caudal fin rounded; posterior margins of soft portions of dorsal and

anal fins ofadults sharply pointed and higWy extended posteriorly (but not quite forming

filamentous extensions).

Head and body anterior to a vertical from the fifth or sixth dorsal spine to the

abdomen posterior to pelvic fins entirely yellow, except for a dark blue patch on nape

above eye (giving the appearance in juveniles of the dorsal halfof an ocular bar), and a

faint pale-edged orange spot just dorsal to the gill opening; body, caudal peduncle, and

dorsal and anal fins posterior to the same vertical dark blue, juveniles with a series of

narrow black bars in the dark blue region; dorsal fin with a narrow yellow margin

dorsoposteriorly in adults; anal fin with a thin light blue margin; caudal fin yellow.

Remarks: Giinther (1874) reported this species from the Hawaiian Islands, and Jordan

and Evermann (1905) cited Giinther for the presence of the species in Hawaii, though

noted that they had not recorded any specimens themselves. Fowler (1928) questioned

the record. Borodin's (1930) description ofHolacanthus bicolor var. oahuensis is based

on a specimen of Chaetodontoplus mesoleucus (Bloch 1787) (which is more likely to be a

locality error). The locality record of this species from the Line Islands is based on a

single juvenile specimen from Kiritimati. Extensive exploration of the reefs and routine

aquarium fish collecting activity have failed to document any more specimens from that
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region. The specimen cataloged as USNM 41307, correctly identified as this species, is

recorded as having been collected at S1. Lucia Island in the Caribbean - a likely locality

error. One of the most abundant species ofpomacanthid throughout its range (western

Pacific; Figure 4), C. (C.) bie%r is popular in the marine aquarium trade.

Material Examined: AMERICAN SAMOA: BPBM 11326 (1), USNM 152267 (1),

USNM 52301 (4), USNM 56995 (11). CAROLINE ISLANDS: Chuuk, BPBM 7498

(1); Pohnpei, BPBM 9656 (1), USNM 223431 (2), USNM 223891 (1). EASTERN

INDIAN OCEAN: Christmas Island, ROM 1540CS (1). FIJI: AMS 1.15570-004 (2),

AMS 1.17463-015 (1), AMS 1.18356-018 (5), AMS IB.6496 (1), AMS IB.6497 (1),

BPBM 11609 (1), ROM 1519CS (1), USNM 243352 (1), USNM 256473 (1), USNM

256474 (1), USNM 256475 (3), USNM 256476 (2), USNM 256477 (1), USNM

256478 (1), USNM 256479 (1). GREAT BARRIER REEF: AMS 1.33710-004 (1),

AMS 1.33711-003 (3); Bramble Reef, AMS IB.7706 (1); Escape Reef North, AMS

1.22611-001 (5), AMS 1.22634-002 (1); Heron Island, USNM 345087 (1); Lizard

Island, AMS 1.17186-001 (1), AMS 1.18740-002 (3), AMS 1.18805-023 (3), AMS

1.19108-002 (2), AMS 1.19443-001 (6), AMS 1.19464-021 (3), AMS 1.19482-001 (3),

AMS 1.19607-076 (3), AMS 1.19607-093 (1), AMS 1.21422-050 (1), AMS 1.21527

044 (3); One Tree Island, AMS 1.15685-021 (2); Osprey Reef, AMS 1.25113-008 (2);

Tijou Reef, AMS 1.26265-007 (1); Wistari Reef, BPBM 14519 (1); Yonge Reef,

AMS 1.19445-007 (5), AMS 1.19453-001 (1), AMS 1.19455-001 (3), AMS 1.19476

001 (2). INDONESIA: USNM 169759 (2); Molucca Islands, USNM 182438 (1),

USNM 345067 (1); Sulawesi, BPBM 26753 (5), USNM 182440 (1), USNM 182449

(1), USNM 182451 (1). KIRIBATI (GILBERT ISLANDS): AMS 1.18043-010 (4),
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AMS 1.18050-021 (2). LINE ISLANDS: Kiritimati, BPBM 33889 (1). MALAYSIA:

Borneo, USNM 182450 (2). MARSHALL ISLANDS: Kwajalein Atoll, BPBM

17977 (1). NEW CALEDONIA: AMS IB.2811 (1), USNM 324129 (2), USNM

324130 (2), USNM 324131 (2), USNM 324132 (1). NEW SOUTH WALES: AMS

1.18618-001 (1). PALAU: BPBM 13483 (3), BPBM 13843 (1), BPBM 6356 (2),

BPBM 8088 (1), BPBM 9620 (1). PAPUA NEW GillNEA: AMS B (1), AMS

1.17262-018 (2), AMS 1.33750-015 (1), AMS 1.33751-028 (1), AMS IB.6748 (1),

BPBM 32651 (2), USNM 245399 (2), USNM 259189 (1), USNM 259190 (1),

USNM 259191 (2), USNM 293712 (1), USNM 293718 (1), USNM 293851 (1),

USNM 293856 (2), USNM 345068 (3), USNM 47827 (2), USNM 47893 (1).

PHILIPPINES: USNM 182439 (1); Bicol, USNM 182435 (1), USNM 182445 (1);

Cagayan, USNM 182441 (1), USNM 182446 (1); Luzon, USNM 182437 (1), USNM

182444 (1), USNM 182448 (1), USNM 345071 (1), USNM 345076 (1), USNM

83066 (1); Mindanao, USNM 182442 (1), USNM 273953 (8); Palawan, USNM

345065 (1); Sulu Archipelago, USNM 182434 (1), USNM 182436 (1), USNM

182443 (1), USNM 182447 (1); Visayas, USNM 182433 (1), USNM 345070 (2).

RYUKYU ISLANDS: BPBM 11993 (1). SOLOMON ISLANDS: AMS 1.17489

011 (2), AMS 1.17493-007 (3), AMS 1.17495-004 (1), AMS 1.39010-129 (1), AMS

1.39026-010 (1), AMS 1.39031-046 (2), AMS 1.39036-011 (1), BPBM 39289 (1).

TIMOR SEA: Ashmore and Cartier Islands, AMS 1.33715-002 (1), AMS 1.33736

002 (1). TONGA: BPBM 37921 (1), USNM 333907 (1), USNM 334351 (4), USNM

334352 (3), USNM 336473 (2). VANUATU: AMS 1.17516-005 (1), AMS 1.37331

018 (1), AMS 1.37336-022 (1), AMS 1.37340-023 (2), AMS 1.37925-006 (1), USNM
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182316 (1), USNM 197221 (1), USNM 347558 (1), USNM 347567 (2), USNM

352327 (1), USNM 358453 (1), USNM 359955 (1), USNM 360880 (1), USNM

363465 (1), USNM 364171 (1). WESTERN SAMOA: USNM 126239 (1), USNM

345163 (1). UNKNOWN LOCALITY: AMS A (1), AMS 1.22639-002 (2), BPBM

10916 (6), USNM 182452 (3), USNM 41307 (1), USNM 83966 (1).

CENTROPYGE (CENTROPYGE) BISPINOSA (GUNTHER)

Holacanthus diacanthus (non Boddaert) Bleeker 1857: 57 (Lectotype: BMNH

1858.4.21.461, Ambon, Indonesia).

Holacanthus bispinosus Giinther 1860: 48, 516 (Lectotype: BMNH 1858.4.21.461,

Ambon, Indonesia).

Centropyge tutuilae Jordan and Jordan 1922: 62 (Holotype: FMNH 55206, Pago

Pago, Tutuila, American Samoa).

Diagnosis: Dorsal-fin rays XIV-XV (usually XIV),17-18; anal-fin rays 111,17-19;

pectoral-fin rays 15-17; gill rakers 6-8+16-19 (22-26 total); body depth 1.72-1.96 in SL;

head length 3.34-3.65 in SL; orbit diameter 2.63-3.27 in head length; bony interorbital

width 2.83-3.50 in head length; caudal fin rounded; posterior margins of soft portions of

dorsal and anal fins angular to pointed.

Color highly variable, ranging from almost entirely dark purplish blue, to dusky

yellow, to orange, to white; typical color with head, median fins and adjacent portions of

body purplish blue; center of body and abdomen orange with thin blue vertical irregular

lines; median fins with narrow light blue margins; pectoral fins transparent yellow with

purplish blue base; pelvic fins orange, often with a blue spine; some forms with a dark

patch (often manifested as short, thick black lines) dorsal to the pectoral-fin base.
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Remarks: The nomenclatural history of this species is somewhat confused, as discussed

in the "Introduction" section of this Chapter. It is highly variable in color, as aptly

illustrated on pp. 186-187 ofDebelius et al. (2003). Three examples are shown herein in

Figures 13a-c. With such tremendous variation, there has been reason to suspect that this

may represent a "meta-species"; however, attempts to delineate species boundaries from

among populations of C (C) bispinosa have been unsuccessful, due in part to the wide

range of variation that is often encountered at any single locality.

Moyer (1981) reported on interspecific spawning between this species and C (C)

shepardi, and Chapter 4 of this dissertation discusses a possible hybrid individual

between these two species.

The species is broadly distributed from the western Indian Ocean through the Indo

Malayan region, and continuing across the Pacific Ocean as far as French Polynesia

(Figure 5).

Material Examined: AMERICAN SAMOA: AMS 1.30867-032 (6), CAS 108750

(paratype ofC tutuilae Jordan & Jordan 1922), USNM 126608 (1). CAROLINE

ISLANDS: Pohnpei, USNM 223032 (1), USNM 223889 (3), USNM 231643 (1).

COMORO ISLANDS: ROM 1546CS (1), USNM 344973 (5). FIJI: AMS 1.15570

003 (1), AMS 1.15849-001 (1), AMS 1.18354-078 (1), AMS 1.18419-009 (4), AMS

1.18743-009 (1), BPBM 14574 (4), USNM 244007 (4), USNM 256482 (17), USNM

256483 (8), USNM 256484 (1), USNM 256485 (2), USNM 256486 (1), USNM

256487 (2), USNM 256488 (2), USNM 256489 (7), USNM 256490 (3), USNM

256491 (4), USNM 259437 (2), USNM 259696 (11), USNM 285907 (2), USNM

285914 (1), USNM 345036 (2); Rotuma, USNM 285908 (3), USNM 288060 (3).
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FRENCH POLYNESIA: Society Islands, AMS 1.21646-041 (3), AMS 1.21651-002

(1), AMS 1.28950-047 (1), BPBM 11534 (5), BPBM 12011 (3), BPBM 6058 (3),

BPBM 6068 (4), BPBM 6069 (2), BPBM 6197 (4), BPBM 6853 (1), BPBM 6854 (7),

BPBM 6855 (2), BPBM 6856 (3), BPBM 6857 (7), BPBM 6858 (2), BPBM 6859 (1).

GREAT BARRIER REEF: AMS 1.33708-015 (8), AMS 1.33710-015 (1); Boot

Reef, AMS 1.33744-004 (2), AMS 1.33747-003 (3); Escape Reef, AMS 1.22575-023

(1), AMS 1.22579-025 (1), AMS 1.22583-003 (7); Fairfax Reef, AMS 1.21490-024

(1); Frederick Reef, AMS IB.4832 (1); Great Detached Reef, AMS 1.20756-022 (2),

AMS 1.20756-097 (2), AMS 1.33693-002 (1), AMS 1.33693-005 (1), AMS 1.33695

005 (2); Kenn Reef, AMS IB.4882 (1), AMS IB.4883 (1); Lihou Atoll, AMS 1.25110

042 (2), AMS IB.7723 (1); Lizard Island, AMS 1.19482-002 (1); One Tree Island,

AMS 1.15647-037 (4), AMS 1.15681-034 (3), AMS 1.15682-027 (1), AMS 1.15684

022 (7), AMS 1.15685-022 (1), USNM 345031 (1); Osprey Reef, AMS 1.25107-025

(8), AMS 1.25112-006 (6), AMS 1.25113-009 (6), AMS IB.4930 (1); Raine Island,

AMS 1.20757-036 (2), AMS 1.20775-035 (2); Rapid Hom, BPBM 31759 (1); Tijou

Reef, AMS 1.26265-009 (3); Yonge Reef, AMS 1.19445-001 (17), AMS 1.19453-002

(8), AMS 1.19455-006 (25), AMS 1.19462-009 (16), AMS 1.19471-001 (3), AMS

1.19476-026 (4), AMS 1.20784-109 (1), AMS 1.20784-147 (2), AMS 1.20784-180 (3),

AMS IB.4931 (1), AMS IB.4932 (6), USNM 218076 (3), USNM 218161 (4).

INDONESIA: Banda Sea, USNM 344972 (4); Borneo, USNM 182580 (2); Molucca

Islands, USNM 182583 (1), USNM 182587 (1), USNM 345046 (1); Sulawesi,

USNM 182594 (2); Sumatra, USNM 182582 (1). LORD HOWE ISLAND: AMS

1.27139-011 (3), AMS 1.27152-009 (1), AMS 1.27891-015 (1), BPBM 14926 (1).
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MALAYSIA: USNM 182584 (1); Borneo, USNM 182593 (1); Sipadan Island,

USNM 182585 (1). MARIANA ISLANDS: Guam, BPBM 22400 (1). MARSHALL

ISLANDS: Bikini Atoll, USNM 140097 (1); Enewetak Atoll, BPBM 10929 (1),

BPBM 12898 (2), BPBM 17746 (2), BPBM 6260 (7), BPBM 6997 (1); Majuro Atoll,

BPBM 26389 (1). MASCARENE ISLANDS: Mauritius, BPBM 20147 (1), USNM

349495 (1), USNM 349497 (1); Reunion, BPBM 20023 (1). NEW CALEDONIA:

AMS 1.17469-011 (1), AMS IB.2283 (1), BPBM 33662 (2), ROM 1518CS (1),

USNM 324133 (3), USNM 324134 (2), USNM 324135 (5), USNM 324136 (4),

USNM 324137 (4), USNM 324138 (3), USNM 324139 (4), USNM 324140 (3),

USNM 324147 (1). NEW SOUTH WALES: AMS 1.18808-002 (1). PALAU:

BPBM 9225 (1), BPBM 9820 (1). PAPUA NEW GillNEA: AMS 1.17088-052 (5),

AMS 1.17090-044 (2), BPBM 32457 (1), USNM 258912 (4), USNM 293819 (1),

USNM 293847 (1). PHILIPPINES: AMS 1.18677-009 (1), AMS 1.26934-001 (2),

BPBM 17735 (1); Luzon, AMS 1.16520-001 (1), USNM 182588 (1), USNM 182590

(1), USNM 182592 (1); Mindanao, USNM 273860 (2); Palawan, USNM 182586 (1),

USNM 345072 (1); Sulu Archipelago, USNM 182591 (1); Visayas, BPBM 18468

(2), USNM 182581 (1), USNM 273952 (2), USNM 344965 (1), USNM 345034 (3),

USNM 345041 (1), USNM 345042 (7), USNM 345069 (3), USNM 345077 (3).

QUEENSLAND: Cairns, AMS 1.16504-001 (1); Cape Melville, AMS 1.20774-042

(1). RYUKYU ISLANDS: BPBM 19090 (2), BPBM 35235 (1). SOLOMON

ISLANDS: AMS 1.17494-007 (2), AMS 1.39002-092 (1), AMS 1.39011-003 (1),

AMS 1.39017-002 (2), AMS 1.39029-020 (1), AMS 1.39040-025 (1). TAIWAN:

BPBM 23451 (1). TIMOR SEA: Ashmore and Cartier Islands, AMS 1.33717-028
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(1), AMS 1.33728-007 (1), AMS 1.33731-032 (4), AMS 1.33738-036 (4). TONGA:

BPBM 37922 (1), BPBM 38159 (2), USNM 333853 (2), USNM 333908 (2), USNM

333909 (3), USNM 334100 (11), USNM 334101 (4), USNM 334353 (5), USNM

334354 (6), USNM 334355 (5), USNM 334356 (16), USNM 336474 (3), USNM

336475 (3), USNM 336476 (7), USNM 336477 (19), USNM 337468 (1), USNM

337469 (4), USNM 337470 (20), USNM 337527 (5), USNM 338143 (4), USNM

338567 (4), USNM 338568 (1), USNM 338569 (1), USNM 338570 (1), USNM

339103 (10), USNM 345057 (1). VANUATU: AMS 1.17142-011 (1), AMS 1.17472

033 (1), AMS 1.17473-017 (3), AMS 1.17476-003 (1), AMS 1.37331-010 (2), AMS

1.37336-025 (1), AMS 1.37340-022 (3), USNM 347508 (1), USNM 348191 (1),

USNM 348486 (1), USNM 352328 (1), USNM 353325 (1), USNM 354470 (1),

USNM 356148 (1), USNM 356573 (1), USNM 358454 (1), USNM 358471 (1),

USNM 359956 (3), USNM 363271 (1), USNM 363681 (1), USNM 364172 (1).

WALLIS AND FUTUNA: USNM 367447 (2), USNM 370568 (9), USNM 371350

(4).

CENTROPYGE (CENTROPYGE) COLINI SMITH-VANIZ AND RANDALL

Centropyge colini Smith-Vaniz and Randall 1974: 110 (Holotype: ANSP 128306,

Cocos-Keeling Islands).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,17; pectoral-fin rays 15-16; gill

rakers 5-6+11-12 (16-18 total); body depth 1.66-1.76 in SL; head length 3.01-3.28 in SL;

orbit diameter 2.55-2.74 in head length; bony interorbital width 3.45-4.32 in head length;

caudal fin rounded; posterior margins of soft portions of dorsal and anal fins smooth and

rounded.
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Body yellow, purple dorsally including the entire spinous portion of the dorsal fin

and anterior half of soft portion; fins, head, lips, and eye yellow; chest sometimes pale

yellow to white; a prominent purplish blue region dorsal to eye, with a thin purplish line

along its ventroposterior margin.

Remarks: First described from Cocos-Keeling Island in the eastern Indian Ocean, this

species was later re-discovered in Guam (Myers, 1980) and Palau (Pyle, 1988). It has

since been encountered at scattered localities throughout the western Pacific, including

the Marshall Islands, Fiji, Papua New Guinea, and parts ofIndonesia (Figure 3; not all

locality records vouchered).

This species is grouped with C (C) narcosis on the basis of color, meristic data,

head profile, body depth, and habitat (holes and small caves along steep vertical drop-

offs). It was named in honor ofPatrick L. Colin, a pioneer in exploring the deep-reef

habitats where this species is typically found.

Material Examined: EASTERN INDIAN OCEAN: Cocos-Keeling Islands, AMS

1.17918-001 (paratype), BPBM 17577 (paratype). INDONESIA: Banda Sea, BPBM

34195 (1). MARSHALL ISLANDS: Kwajalein Atoll, BPBM 38837 (2), BPBM

38910 (1). PALAU: BPBM 29196 (1), BPBM 29279 (1). UNKNOWN

LOCALITY: BPBM uncat-2 (1).

CENTROPYGE (CENTROPYGE) DEBEL/US PYLE

Centropyge debelius Pyle 1990b: 47 (Holotype: BPBM 33941, Grand Baie,

Mauritius).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,17; pectoral-fin rays 17; gill

rakers 6-7+15-16 (22 total); body depth 1.90-2.15 in SL; head length 3.42-3.91 in SL;
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orbit diameter 2.43-2.83 in head length; bony interorbital width 2.88-3.21 in head length;

caudal fin truncate to slightly rounded; posterior margins of soft portions of dorsal and

anal fins smooth and rounded.

Body and dorsal and anal fins dark blue to black; the snout, chest, paired fins and

caudal fin yellow; nape and opercular region purplish blue, punctuated with black spots

and blotches dorsally; soft portions of dorsal and anal fins with black spots and yellow

submarginal line, some individuals with a faint yellow submarginal line anteriorly.

Remarks: The first specimens of this species were collected from Reunion in the western

Indian Ocean. They were initially misidentified as Centropyge interrupta (Tanaka 1918),

due to a general similarity in color of preserved specimens of this species, then known

only from Japan. In his review of species of fishes with anti-tropical distributions,

Randall (1981) noted the disjunct distribution pattern of western Indian Ocean and Japan

at the time presumed for the species at the time presumed to be interrupta. Helmut

Debelius photographed the species in its natural habitat in Mauritius, revealing the life

color as strikingly distinct from that of C interrupta. Indeed, it appeared very similar in

color to the then recently described C (C) nahackyi Kosaki 1989, from Johnston Atoll.

Such a disjunct distribution is even more unusual than it would have been had the species

turned out to be C (C) interrupta. Though clearly a distinct species, the similarities with

C (C) nahackyi are obvious, and a study of their relationships using molecular

characters would be interesting. If, indeed, they are sister species, then their present-day

distribution pattern could possibly be explained as examples of relic populations of

species once widely distributed. There is also the possibility that additional deep diving

exploration will reveal the presence of this species elsewhere. At present, it is known
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only from Mauritius and nearby Reunion (Figure 6), but several persons have reported

observing it in the Seychelles.

The species epithet was proposed as a noun in apposition (as a patronym), which is

why it retains its apparently masculine suffix in spite of the feminine gender of the genus

Centropyge.

Material Examined: MASCARENE ISLANDS: Mauritius, BPBM 22916 (paratype),

BPBM 33941 (holotype), BPBM 35772 (1), USNM 308844 (paratype), USNM

342085 (2); Reunion, MNHN 1979-0569 (2 - paratypes).

CENTROPYGE (CENTROPYGE) EIBLI KLAUSEWITZ

Centropyge eibli Klausewitz 1963: 177 (Holotype: SMF 5960, Tillanchong, Nicobar

Islands).

Diagnosis: Dorsal-fin rays XIV,14-16; anal-fin rays III,15-17; pectoral-fin rays 16-17;

gill rakers 4-5+12-13 (16-18 total); body depth 1.77-1.88 in SL; head length 3.13-3.55 in

SL; orbit diameter 2.73-2.77 in head length; bony interorbital width 2.86-3.56 in head

length; caudal fin rounded; posterior margin ofdorsal and anal fins rounded.

Head and body primarily gray, a series of thin vertical irregular blackish orange lines

along sides of body and on head dorsal to operculum; lips, nostrils, and pelvic fins

yellow; posterior margin ofanal fin dusky yellow; ventral portion of body and anal fin

with a yellowish cast in juveniles; chest, base ofpectoral fin, pelvic spine and margin of

eye orange; anal fin with broken orange lines and blotches; caudal peduncle, caudal fin,

and posterior portion of dorsal fin black; median fins with a thin light blue margin

(submarginal on caudal fin); caudal fin very thinly edged in black; pectoral fins

transparent.
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Remarks: This species is abundant throughout its range, which in addition to the

indicated localities on Figure 7 includes the Maldives and northwest coast ofAustralia to

Nngaloo Reef. It is known to form hybrids with both of the other species in the

''jlavissima'' complex, with which this species seems very closely allied.

A population similar to this species at Rowley Shoals has broad blackish bars in

addition to some broader orange bars, and somewhat more blackish posteriorly [as in C

(C) vrolikii] (Figure 15e), as reported by Rudie H. Kuiter (personal communication) and

in Debelius et al. (2003). This population does not exhibit coloration typical ofputative

hybrids between C (C) eibli and C (C) vrolikii, and it may represent a distinct species.

More careful examination using molecular characters may be informative.

This species is the model for a remarkable case of mimicry by the young of

Acanthurus tristis Randall 1993. See further discussion under the account of C (C)

jlavissima below.

Material Examined: INDONESIA: Java, AMS 1.18654-001 (1), BPBM 17567 (1),

USNM 345027 (1), USNM 345078 (1); Molucca Islands, BPBM 19236 (1); Sumatra,

USNM 345040 (2), USNM 345059 (1); Timor, CAS 62465 (1). MALAYSIA:

Malacca, USNM 345026 (1); Malacca Strait, USNM 345082 (1). SRI LANKA:

AMS 1.33776-002 (4).

CENTROPYGE (CENTROPYGE) FERRUGATA RANDALL AND BURGESS IN BURGESS AND AXELROD

Centropyge ferrugatus Randall and Burgess in Burgess and Axelrod 1972: 21

(Holotype: BPBM 6831, Ishigaki, Ryukyu Islands).

Diagnosis: Dorsal-fin rays XIV-XV (usually XIV),17; anal-fin rays 111,17-18; pectoral-

fin rays 16-18; gill rakers 7-8+15-18 (22-26 total); body depth 1.68-2.03 in SL; head
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length 3.28-3.79 in SL; orbit diameter 2.77-3.27 in head length; bony interorbital width

2.73-3.14 in head length; caudal fin truncate or slightly rounded; dorsal fin with a smooth

but slightly angular posterior margin; posterior margin of anal fin more sharply angular.

Ground color ofhead, chest, anteriodorsal portion of body, and scaled portion of

dorsal fin gray; ground color of ventral and posterior portions ofbody, scaled dorsal and

anal fins and caudal peduncle yellowish orange to dark orange; a prominent black spot on

most body scales, giving an overall freckled appearance; unsealed portions of dorsal and

anal fins dark gray to black, with bright blue margins; posterior margin ofdorsal and anal

fins with alternating blue and black bands; caudal fin translucent and dusky.

Remarks: This species was briefly described on a single page in the book, Pacific

Marine Fishes, Volume 1, published by T.F.H. Publications, Inc. (Randall and Burgess in

Burgess and Axelrod, 1971). They did not compare it directly with any named species,

but Moyer (1989) suggested a close affinity with C. (C.) shepardi Randall and Yasuda

1979.

Hioki et al. (1990) reported on the eggs and larvae of this species based on captive

reproduction experiments.

Centropyge (C.) ferrugata is known to occur in the Ryukyu and Ogasawara Islands,

southern Japan, and the northern Philippines (Figure 5).

Material Examined: JAPAN: Ishigaki, BPBM 35802 (paratype), BPBM 6831

(holotype). PHILIPPINES: Batanes, USNM 293827 (1), USNM 293829 (3), USNM

293839 (1), USNM 293853 (1), USNM 293855 (5). RYUKYU ISLANDS: BPBM

19109 (5).
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CENTROPYGE (CENTROPYGE) FLA VIPECTORALIS RANDALL AND KLAUSEWITZ

Centropygejlavipectoralis Randall and Klausewitz 1977: 236 (Holotype: BPBM

18772, Trincomalee, Sri Lanka).

Diagnosis: Dorsal-fin rays XIV-XV (usually XV, rarely XVI),14-15 (usually 15, rarely

16); anal-fin rays 111,16-17 (rarely 18); pectoral-fin rays 16-17; gill rakers 5-6+13 (18-19

total); body depth 1.78-2.11 in SL; head length 1.94-3.48 in SL; orbit diameter 2.97:-4.96

in head length; bony interorbital width 3.31-3.36 in head length; caudal fin rounded;

posterior margin of dorsal and anal fins ofadults sharply pointed and highly extended

posteriorly (forming a filamentous extension on the anal fin of some large adults).

Head, nape, chest and pelvic fins black; body and median fins dark purplish blue

with a series of thin black bars; posterior margins ofmedian fins black; a faint bluish

black ocellus dorsal to operculum; pectoral fins bright yellow.

Remarks: This species is very similar to C (C) multispinis (Playfair in Playfair and

GUnther 1867), but differs primarily in having bright yellow pectoral fins and a dark

purplish body. It also differs in having modally one more dorsal-fin spines and one fewer

dorsal soft rays. It was originally described from specimens from Sri Lanka, but was later

reported from the Maldives by Randall (1992), where it is sympatric and apparently not

interbreeding with C (C) multispinis (Figure 4).

Material Examined: MALDIVE ISLANDS: BPBM 33101 (1), BPBM 34706 (2). SRI

LANKA: AMS 1.33775-002 (3), AMS 1.33777-002 (4), BPBM 18087 (paratype),

BPBM 18772 (holotype), BPBM 20468 (paratype), SMF 11394 (1), SMF 11881 (1),

SMF 3746 (1), USNM 216615 (paratype).
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CENTROPYGE (CENTROPYGE) FLA VISSlMA (CUVIER IN CUVIER AND VALENCIENNES)

Holacanthus jlavissimus Cuvier in Cuvier and Valenciennes 1831: 197 (Type: Based

on a drawing by Mertens, Ulea, Caroline Islands).

Holacanthus luteolus Cuvier (ex Parkinson) in Cuvier and Valenciennes 1831: 198

(No types known, Tahiti, Society Islands).

Holacanthus cyanotis Giinther 1860: 517 [Holotype: BMNH 1876.5.19.63(?),

Vanuatu (New Hebrides)].

Holacanthus monophthalmus Kner 1867: 714 [6] (Whereabouts oftype unknown,

Society Islands or west coast of South America).

Holacanthus uniocellatus Kner 1867: (Illustration only, No type locality).

Holacanthus ocularis Peters 1868: 147 (Syntypes: 2MB 6572 (1), 'South Seas').

Holacanthus sphynx De Vis 1884: 457 (Holotype: QM 1.106, Queensland coast of

Australia).

Holacanthus uniocellatus (non Kner) Borodin 1932: 86 [Holotype: VMM 1111 (now

AMNH 222145]), Pago Pago, Tutuila, American Samoa].

Diagnosis: Dorsal-fin rays XIV,14-16; anal-fin rays 111,15-16; pectoral-fin rays 16-17;

gill rakers 5-7+13-14 (18-21 total); body depth 1.79-1.85 in SL; head length 3.19-3.46 in

SL; orbit diameter 2.67-3.30 in head length; bony interorbital width 3.27-3.75 in head

length; caudal fin rounded; posterior margin of dorsal and anal fins rounded.

Head, body, and fins entirely bright yellow, except for a blue posterior margin on

operculum and a thin blue margin with very thin submarginal black line on soft portions

of median fins; some individuals with blue on preopercle on or adjacent to preopercular

spine; Pacific populations with blue encircling the eye, Indian Ocean populations with
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blue on iris (but not encircling the eye) and with a short black margin posteriorly on the

operculum; juveniles with a prominent blue-ringed, black spot centrally on side of body.

Remarks: This is the most over-described species of the genus, with 7 junior synonyms.

Among the pomacanthids, only Pomacanthus (Arusetta) semicirculatus Cuvier in Cuvier

& Valenciennes 1831 (with nine junior synonyms) and P. (P.) arcuatus (Linnaeus 1758)

(with eight junior synonyms) have been described more times. Several of the superfluous

names refer to the distinctive juvenile coloration, with a prominent blue-ringed black spot

on either side of the body. It is therefore not surprising that the epithet "uniocellatus" was

twice selected independently as the name of the juvenile form. Kner (1867) almost

certainly did not intend to establish two separate names for this form in the same

publication (i.e., Holacanthus monophthalmus on p. 714, and H uniocellatus in the

caption to Figure 1 ofPlate IV). More likely, he decided to change the name from

uniocellatus to monophthalmus prior to publication, but neglected to update the figure

caption accordingly.

In addition to the various hybrids formed with this species (discussed in Chapter 4 of

this Dissertation), there are two distinct color variants. One is represented by the isolated

population at Christmas and Cocos-Keeling Islands in the eastern Indian Ocean. It differs

from the Pacific population in lacking the blue ring around the eye (having blue color

only on the iris itself), and in having a distinct black bar on the posterior margin of the

operculum (Figure 15b). The distribution of this species is unusually disjunct, occurring

throughout much of the insular Pacific, and at Christmas and Cocos-Keeling islands, but

almost entirely absent from Australia and the Indo-Malayan region (the record from

Indonesia shown in Figure 7 is based on USNM 169760, and may represent a locality
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error - original locality recorded as "Netherlands Indies"). One could speculate that the

Indian Ocean populations are a relic of earlier times, when the species was more widely

distributed. Another, somewhat more radical hypothesis is that the Indian Ocean

populations represent a xanthic convergence with the Pacific populations. Xanthism

(analogous to albinism in some fishes and in other vertebrates) is well-documented in

reef fishes, including several species ofCentropyge (see Kosaki and Toyama, 1987). It is

plausible that C (C) jlavissima arose as a xanthic morph of an ancestor more similar to

C (C) vrolikii. If it happened once, it is not inconceivable that it may have happened

twice. Though not likely, this scenario would mean that apparent similarities between the

populations of C (C) jlavissima in the two Oceans would be convergence, and therefore

a new name would be needed for the Indian Ocean population (the type localities for

jlavissima and all junior synonyms being from the Pacific, ifknown).

The second morph is less geographically discrete, and likely represents an aberrancy,

rather than a population difference. Occasional individuals of C (C) jlavissima

throughout the Pacific exhibit bright blue dots over the body and median fins; particularly

near head and the caudal area. The individual shown in Figure l5c shows only a few blue

spots; other individuals can have numerous blue spots allover the body. This blue

spotted variety has sometimes been associated with regions where hybrids with C (C)

vrolikii are reported, but the connection with hybridization events is not clear.

All three species of the ''j/avissima'' species complex are involved in a remarkable

case of mimicry by young surgeonfishes [the two Pacific species being mimicked by

Acanthurus pyroftrus Kittlitz 1834, and C (C) eibli by A. tristis Randall 1993]. ThatA.

tristis andA. pyroferus are closely related species (assumed to be conspecific until only
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recently) supports the contention that this represents a case of parallel evolution, with the

young Acanthurus presumably tracking the evolutionary color changes in the three

species of Centropyge. This case ofmimicry was first reported by Randall and Randall

(1960), and elaborated on by Pyle (1992a) and Randall (2001).

Baensch (2002) and Baensch (2003b) described the larval development of this

speCIes.

Clearly, many aspects ofthis species complex would benefit tremendously by

research involving molecular sequencing techniques.

Material Examined: AMERICAN SAMOA: AMS 1.30867-031 (3), AMS 1.4249 (1),

AMS 1.4250 (1), AMS 1.7341 (1), USNM 115063 (1), USNM 126313 (2), USNM

174725 (1), USNM 52472 (5). CAROLINE ISLANDS: Pohnpei, USNM 224349

(1). COOK ISLANDS: AMS IA.5250 (1), BPBM 10831 (1), BPBM 5634 (3); reva

Atoll, USNM 343694 (3), USNM 343740 (1). EASTERN INDIAN OCEAN:

Christmas Island, AMS 1.20385-007 (1), AMS 1.20441-002 (1), AMS 1.20445-017

(1); Cocos-Keeling Islands, AMS 1.28993-012 (2). FIJI: AMS 1.15570-005 (1), AMS

1.17463-019 (1), AMS 1.18352-020 (1), AMS 1.18354-075 (1), AMS 1.18448-001 (3),

USNM 243351 (1), USNM 256530 (5), USNM 256531 (4), USNM 256532 (2),

USNM 256533 (1), USNM 256534 (2), USNM 343736 (3); Rotuma, USNM 285897

(3), USNM 285898 (2), USNM 285900 (4), USNM 285901 (1), USNM 285905 (6).

FRENCH POLYNESIA: Austral Islands, BPBM 12982 (1), BPBM 13710 (1);

Marquesas Islands, AMS 1.22015-021 (2), AMS 1.22017-019 (1), AMS 1.22176-023

(2), AMS 1.22176-025 (1), BPBM 10318 (1), BPBM 11690 (2), BPBM 12150 (7),

BPBM 12316 (1); Society Islands, AMS 1.21646-027 (2), AMS 1.21647-012 (2),
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AMS 1.21651-013 (7), AMS 1.28947-046 (3), AMS 1.28948-002 (5), AMS 1.28950

050 (1), BPBM 10278 (2), BPBM 10947 (2), BPBM 11279 (2), BPBM 15154 (10),

BPBM 6044 (3), BPBM 6048 (4), BPBM 8356 (2), ROM 1544CS (1), USNM

171455 (5), USNM 171456 (3), USNM 171457 (2), USNM 343670 (3), USNM

344970 (1); Tuamotu Archipelago, AMS 1.22133-002 (1), BPBM 13082 (3), BPBM

13568 (1), BPBM 15158 (2), USNM 343735 (1). GREAT BARRIER REEF: One

Tree Island, AMS 1.17110-001 (1). HAWAIIAN ISLANDS: BPBM 4220 (1-dubious

locality). INDONESI~: USNM 169760 (1). KIRIBATI (GILBERT ISLANDS):

AMS 1.18034-003 (1), AMS 1.18052-031 (1), USNM 167410 (2). LINE ISLANDS:

Fanning Island, BPBM 14069 (1), BPBM 7535 (4), BPBM 7562 (1); Kiritimati,

BPBM 37482 (1), USNM 344968 (2); Palmyra Atoll, BPBM 14119 (2). MARIANA

ISLANDS: Guam, BPBM 190 (1), BPBM 9198 (1). MARSHALL ISLANDS:

USNM 345043 (2); Amo Atoll, AMS 1.20594-002 (1), USNM 166644 (1), USNM

166649 (1); Bikar Island, USNM 343739 (4); Bikini Atoll, USNM 140098 (6),

USNM 140099 (6), USNM 140100 (7), USNM 140108 (13), USNM 140520 (2);

Enewetak Atoll, BPBM 10784 (2), BPBM 17749 (2), BPBM 27804 (1), BPBM

29118 (1), BPBM 29225 (2), BPBM 6392 (2), BPBM 8027 (1), BPBM 8218 (2),

BPBM 8855 (5), BPBM 8880 (1), USNM 140105 (8), USNM 140107 (5); Kwajalein

Atoll, USNM 140101 (5), USNM 140499 (1), USNM 343741 (2); Majuro Atoll,

BPBM 26831 (2); Rongelap Atoll, USNM 140102 (15), USNM 140103 (17), USNM

140104 (3), USNM 140106 (3); Taka Atoll, USNM 343737 (1), USNM 343738 (5).

NEW CALEDONIA: AMS 1.17466-017 (1), AMS IB.8249 (1), BPBM 33663 (2),

USNM 324141 (1), USNM 324142 (2), USNM 324143 (2), USNM 324144 (2).
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OGASAWARA ISLANDS: BPBM 7095 (1), BPBM 7096 (3). PHOENIX

ISLANDS: USNM 115065 (3). PITCAIRN: BPBM 12240 (1), BPBM 13241 (5),

BPBM 16940 (2), BPBM 30201 (2). SOUTH PACIFIC (UNSPECIFIED): AMS

IA.7865 (1). TOKELAU: USNM 344969 (2), USNM 345037 (4). TONGA: BPBM

38124 (2), USNM 333238 (5), USNM 333854 (2), USNM 333910 (1), USNM

334102 (1), USNM 334357 (1), USNM 334358 (1), USNM 336478 (1), USNM

336817 (1), USNM 336818 (1), USNM 338117 (2), USNM 338571 (1), USNM

338572 (1), USNM 338573 (1), USNM 338574 (4), USNM 338575 (3), USNM

339167 (4), USNM 339170 (1). TUVALU: AMS IA.4685 (1). VANUATU: AMS

1.17473-012 (4), AMS 1.20792-012 (1), AMS 1.37337-033 (1), AMS 1.37339-049 (2),

AMS 1.37905-029 (1), AMS 1.37928-003 (1), AMS 1.37934-034 (1), BPBM 1074 (1),

USNM 169828 (1), USNM 169830 (1), USNM 347509 (1), USNM 350506 (3),

USNM 355380 (1), USNM 359957 (1), USNM 360934 (2), USNM 361363 (2),

USNM 361731 (1), USNM 362670 (2). WAKE ISLAND: BPBM 15344 (1), BPBM

4221 (1). WESTERN SAMOA: AMS 1.7930 (1), BPBM 5182 (1). UNKNOWN

LOCALITY: BPBM 11090 (1), USNM 140420 (2).

CENTROPYGE (CENTROPYGE) HERALD/WOODS AND SCHULTZ IN SCHULTZ ET AL.

Centropyge heraldi Woods and Schultz in Schultz et al. 1953: 598, 602-603

(Holotype: USNM 140093, Bikini Atoll, Marshall Islands).

Centropyge woodheadi Kuiter 1998: (Holotype: AMS 1.18578-009, Maloa Island

(Lau Group), Fiji).

Diagnosis: Dorsal-fin rays XV (rarely XVI),15; anal-fin rays 111,16; pectoral-fin rays 15-

17; gill rakers 5-8+13-14 (18-21 total); body depth 1.86-2.08 in SL; head length 3.24
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3.79 in SL; orbit diameter 2.40-2.95 in head length; bony interorbital width 2.87-3.51 in

head length; cauda1 fin rounded; posterior margin ofdorsa1 and anal fins of adults

pointed, more so in dorsal fin than anal fin.

Head, body, and fins entirely bright yellow, except for dusky irregular markings on

the head (especially around the eye) of large individuals; faint orange lines and spots on

the soft portion of the anal fin (and, to a lesser extent, on caudal fin and soft portion of

dorsal fin); lower lip blue or dusky in large adults; some populations with a black blotch

and thin blue margin dorsoposteriorly on soft portion ofdorsal fin (see Remarks section).

Remarks: Carlson (1985) described a color variant ofthis species from Fiji, exhibiting a

black patch on the dorsoposterior portion of the soft portion of dorsal fin. Kuiter (1998)

described it as the new species, Centropyge woodheadi, on the bases of an underwater

photograph from the Coral Sea and a single specimen from the Australian Museum.

Although some authors have recognized the species as distinct from C (C) heraldi,

Randall and Carlson (2000) provided a convincing argument that the "woodheadi" form

should be regarded as a variant of heraldi. My own observations and interpretation of the

available evidence are consistent with this conclusion.

As shown in Figure 4, C (C) heraldi is widespread throughout the western and

southern Pacific Ocean, and as reported by Randall and Carlson (2000), the "woodheadi"

form is known to occur throughout most of this range, in varying degrees of abundance

relative to the form without the black blotch.

Large individuals of this species show a pattern of gray irregular lines on the head

above and behind the eye. This may represent the male coloration in a case of sexua1

dichromatism, but this remains to be further researched.
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One form ofthe young ofAcanthurus pyroferus is all yellow, lacking the blue

markings consistent with a mimic of C. (c. )jlavissima. Whether this all-yellow variety of

the young A. pyroferus is truly a mimic of C. (C.) heraldi, or the resemblance is purely

coincidence (many young acanthurids are all yellow), is not clear. Whether or not there is

a meaningful distinction between these two alternatives is also not clear.

This species is host to an isopod ectoparasite, as described by Williams and Williams

(1987).

Material Examined: AMERICAN SAMOA: BPBM 11315 (1), BPBM 15015 (1),

BPBM 17511 (1). CAROLINE ISLANDS: Ifaluk Atoll, CAS 88154 (1), CAS 88155

(1); Ulithi Atoll, BPBM 10972 (1). FIJI: BPBM 38589 (5), USNM 287044 (4),

USNM 345029 (1). FRENCH POLYNESIA: Society Islands, BPBM 11529 (7),

BPBM 12000 (2), BPBM 6043 (1), BPBM 6860 (1), BPBM 6861 (1), BPBM 8353

(1), CAS 88150 (1), CAS 88151 (1), CAS 88152 (2), CAS 88158 (1), ROM 1541CS

(1); Tuamotu Archipelago, BPBM 13514 (1), BPBM 14279 (1). GREAT BARRIER

REEF: Escape ReefNorth, AMS 1.22638-002 (1); Frederick Reef, AMS IB.4833 (1);

Yonge Reef, AMS 1.19476-003 (1). MARSHALL ISLANDS: USNM 140093 (type),

USNM 140094 (13 - paratypes); Enewetak Atoll, BPBM 17747 (2), BPBM 19552

(2), BPBM 29258 (2), BPBM 6253 (6), CAS 88156 (1), CAS 88159 (2); Kwajalein

Atoll, BPBM 19976 (1); Rongelap Atoll, USNM 140095 (paratype), USNM 140096

(paratype). NEW CALEDONIA: AMS 1.17470-009 (1), BPBM 28674 (3), BPBM

33790 (1). NIUE: CAS 56516 (1). PALAU: BPBM 13490 (1), CAS 88153 (1).

PHILIPPINES: Batanes, USNM 293811 (1); Luzon, USNM 259318 (1);

Pangasinan, USNM 345035 (1); Visayas, CAS 55633 (1). PITCAIRN: BPBM 13262
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(2), BPBM 16518 (3). QUEENSLAND: Cairns, AMS 1.16504-003 (1). RYUKYU

ISLANDS: BPBM 19139 (1), BPBM 19201 (1), CAS 14226 (1), USNM 276531 (1),

USNM 352625 (1). SOUTH CHINA SEA: Macclesfield Bank, USNM 344976 (1),

USNM 345051 (1). TONGA: BPBM 38084 (3), CAS 56529 (1), USNM 329709 (1),

USNM 334774 (1), USNM 337471 (1). VANUATU: AMS 1.37925-005 (1), USNM

363270 (1). UNKNOWN LOCALITY: BPBM 11091 (1).

CENTROPYGE (CENTROPYGE) HOTUMATUA RANDALL AND CALDWELL

Centropyge hotumatua Randall and Caldwell 1973: 6 (Holotype: BPBM 6665, Easter

Island).

Diagnosis: Dorsal-fin rays XIV,17-18; anal-fin rays III,18; pectoral-fin rays 16-17; gill

rakers 6+16-17 (22-23 total); body depth 1.80-1.88 in SL; head length 3.06-3.36 in SL;

orbit diameter 2.56-3.10 in head length; bony interorbital width 3.16-3.65 in head length;

caudal fin truncate to slightly rounded; posterior margin of dorsal and anal fins smooth

and rounded to slightly angular.

Head, nape, chest, pelvic fins and abdomen bright orange; most of body dark

orangish brown to black, fading to orange posteriorly on body and dorsal fin; anal fin

black; dorsal and anal fins with blue horizontal lines and dots on the posterior margins;

pectoral and caudal fins transparent dusky orange.

Remarks: The species is endemic to the southeastern Pacific Ocean (Figure 6). It is

abundant at Easter Island, but less so at Pitcairn and the Austral Islands. The placement

of this species within the "multicolor" complex is tentative, based on the superficial

resemblance to C. (C.)joculator (also tentatively included in the "multicolor" complex),

and the apparent hypersensitivity to copper sulfate medicinal treatments in captivity. As
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with the other species currently included in this complex, a prescribed dose ofcopper

sulfate according to the manufacturer's recommendations, which is harmless to most

marine aquarium species (including all species of Centropyge not included within this

complex, for which the sensitivity is known), will often kill members of this species

complex. This species commands a high price in the marine aquarium trade.

This entire complex represents yet another opportune study subject for molecular

investigations.

Material Examined: EASTER ISLAND: BPBM 10439 (paratype), BPBM 39226 (7),

BPBM 6665 (holotype), CAS 13390 (paratype), USNM 205521 (paratype).

FRENCH POLYNESIA: Austral Islands, BPBM 12793 (paratype), BPBM 13012

(paratype). PITCAIRN: BPBM 12275 (3 - paratypes), BPBM 13312 (5 - paratypes),

BPBM 13313 (1), BPBM 13314 (2 - paratypes), BPBM 13315 (3 - paratypes), BPBM

16930 (7).

CENTROPYGE (CENTROPYGE) INTERRUPTA (TANAKA)

Angelichthys interruptus Tanaka 1918: 224 (Holotype: ZUMT 8343, Tanabe,

Wakayama Prefecture, Japan).

Diagnosis: Dorsal-fin rays XIV (rarely XV),14-17; anal-fin rays 111,16-18; pectoral-fin

rays 16-17; gill rakers 6-8+14-18 (20-26 total); body depth 1.79-1.99 in SL; head length

3.38-3.64 in SL; orbit diameter 2.84-3.71 in head length; bony interorbital width 2.78-

3.11 in head length; caudal fin truncate to slightly rounded; posterior margin of dorsal

and anal fins smooth and rounded to slightly angular.

Head and anterior portion of body of smaller individuals orange with scattered small

blue spots, the spots increasing in proportional coverage with larger body size; central
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and posterior portions of body purplish blue with orange and thin black submarginal lines

on soft portions of dorsal and anal fins; pectoral fins transparent yellow; pelvic fins

yellow to dusky orange; caudal fin yellow; posterior margins of dorsal and anal fins of

adults with alternating blue and black horizontal lines; juveniles with a small black

ocellus posteriorly on soft portion ofdorsal fin.

Remarks: Randall and Wass (1974) and Randall and Klausewitz (1977) mistakenly

stated that Fraser-Brunner (1933) had "overlooked" this species in his revisionary

publication. In fact, Fraser-Brunner mentioned it a footnote on page 584, in association

with his account ofAngelichthys (the genus in which interruptus was originally placed),

which states: "Angelichthys interruptus (Tanaka, Dobuts-Zasshi [Zool. Mag. Tokyo]

xxx.) is described entirely in Japanese and no figure is given. It is unlikely that a species

from Japan belongs to this genus, and it may prove to be a Pomacanthus." Tanaka

himself (1931) mistakenly treated this species as a junior synonym ofHolacanthus fisheri

Snyder 1904, and most subsequent authors followed suit. Tominaga and Yasuda (1973)

provided an English translation ofTanaka's original 1918 description of the species, and

upon examining the holotype clarified the true identity of interruptus as distinct from

fisheri.

The species is common in parts of Japan and in the Ogasawara Islands. Ralston

(1981) first reported it from the Northwestern Hawaiian Islands at Kure Atoll, and

Toyama (1988) and Pyle (1990b) confirmed the presence ofreproductive populations at

nearby Midway Atoll.
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This species was the subject of a landmark publication on social structure and

reproductive behavior in pomacanthids (Moyer and Nakazono, 1978). Since then, it has

been studied in great detail in captivity (Hioki and Suzuki, 1987; Baensch 2003a).

As with C. (C.) hotumatua and C. (C.) joculator, this species is only tentatively

placed in the "multicolor" species complex.

Material Examined: JAPAN: Miyake-jima, BPBM 18960 (5), BPBM 23005 (1),

BPBM 39288 (1). NORTHWESTERN HAWAIIAN ISLANDS: BPBM 22726 (1),

BPBM 31970 (1), BPBM 34859 (1), BPBM uncat-7 (2). RYUKYU ISLANDS:

BPBM 35074 (1).

CENTROPYGE (CENTROPYGE) JOCULATOR SMITH-VANIZ AND RANDALL

Centropygejoculator Smith-Vaniz and Randall 1974: 106 (Holotype: ANSP 128449,

Cocos-Keeling Islands).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,17; pectoral-fin rays 17; gill

rakers 6-8+17-18 (23-26 total); body depth 1.83-2.04 in SL; head length 3.04-3.66 in SL;

orbit diameter 2.31-2.90 in head length; bony interorbital width 3.20-3.91 in head length;

caudal fin truncate to slightly rounded; posterior margin of dorsal and anal fins angular,

the anal fin sometimes pointed.

Head and body anterior to a vertical from about fourth dorsal-fin spine to abdomen

just posterior to pelvic fins entirely yellow, except for a dark blue ring around the eye

(sometimes with small black spots), a blue iris, and blue tint to the preopercular spine and

adjacent preopercle margin; body, caudal peduncle, and dorsal and anal fins posterior to

the same vertical dark blue; dorsal and anal fins with a blue margin; pectoral fins

transparent yellow; pelvic fins and caudal fin yellow.
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Remarks: As mentioned previously, this species is only tentatively included within the

"multicolor" species complex. It is restricted to Christmas and Cocos-Keeling Islands in

the eastern Indian Ocean (Figure 6). Although it bears a superficial resemblance to C

(C) hicolor, Smith-Vaniz and Randall (1974) discounted a close relationship between the

two species, and instead asserted its affInities with C (C) hotumatua, on the basis of

certain morphological characteristics (particularly gill-raker counts, as illustrated in Table

1 herein). As with other members of the "multicolor" species complex, C (C)joculator

is both higWy valued in the marine aquarium trade, and hypersensitive to copper sulfate

medicinal treatments in captivity.

Material Examined: EASTERN INDIAN OCEAN: Christmas Island, AMS 1.20441

003 (2), AMS 1.20443-007 (2); Cocos-Keeling Islands, AMS 1.17919-001 (paratype),

AMS 1.28993-003 (4), BPBM 17576 (paratype), BPBM 33881 (1).

CENTROPYGE (CENTROPYGE) LORICULA (GUNTHER)

Holacanthus loriculus Giinther 1874: 53 (Whereabouts of type unknown, Society

Islands).

Centropygeflammeus Woods and Schultz in Schultz et al. 1953: 598,604 (Holotype:

USNM 140521, Johnston Atoll).

Diagnosis: Dorsal-fIn rays XIV,16-18; anal-fIn rays 111,17-18; pectoral-fIn rays 16-18;

gill rakers 6-8+16-17 (22-25 total); body depth 1.79-2.04 in SL; head length 3.15-3.52 in

SL; orbit diameter 2.62-3.41 in head length; bony interorbital width 3.12-3.92 in head

length; caudal fIn rounded; posterior margins of soft portions of dorsal and anal fIns

angular to pointed.
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Ground color of head, body and fins orangish red to bright red; central part of body

more orangish than distal portions in some populations; a prominent black blotch dorsal

and slightly posterior to pectoral-fin base; a varying number (ranging from zero to seven)

of black bars on side of body; some populations with scattered small black spots on

dorsal and anal fins and adjacent portions of body; anal fin and distal halfof dorsal fin

black with a blue margin; the posterior margin of both with alternating blue and black

markings; caudal and pectoral fins translucent orange.

Remarks: Though not very similar to other members of the "bispinosa" species

complex, this species is nevertheless included in that complex on the basis ofmorphology

(gill-raker counts and head profile) and color (general pattern of black vertical bars on

side of body, and alternating blue and black markings on the posterior margin of the

dorsal and anal fins). Moreover, Fraser-Brunner (1933:593) wrote in his account of

Centropyge bispinosa: "Holacanthusloriculus GUnther is evidently a variety of this

species, having the transverse bands reduced in number and rather broad."

There are several color varieties of this species throughout its range, which spans

most of Oceania (Figure 5). Aquarists have long recognized that individuals collected in

Hawaii have brighter red coloration in the center of the body and reduced black markings

on the body and dorsal and anal fins (Figure 13d), when compared to conspecifics from

more southern and western locations (Figure 13e). One seemingly consistent character is

a black margin on the posterior edge of the operculum and on the dorsal edge ofthe

pectoral-fin base in the "typical" form ofthis species; this dark pigment is reduced or

lacking in the Hawaiian form.
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Like most people who recognized the distinction between Hawaiian and other

populations of C (C) loricula, I had assumed the difference to be sufficiently minor that

nomenclatural recognition of the two forms was unwarranted; however, during a trip to

Johnston Atoll in 1989 with Randall K. Kosaki, we noticed that both forms were present

at that locality. Interestingly, we did not recognize any individuals intermediate to the

two forms. Unfortunately, the color distinction between the two forms is not as evident

on preserved material. I have been unable to identify any morphological characters to

support the dichotomy, leaving only the life color as a clue.

A similar problem exists with the unusual form of this species inhabiting the

Marquesas Islands. Figure 13f illustrates one example from this locality, clearly lacking

most of the black barred pattern ofpopulations elsewhere. Were the Marquesas

population consistently of this color form, there would be reasonable grounds for a

nomenclatural distinction; however, the populations in the Marquesas are highly variable,

with a spectrum of individuals ranging in appearance from that of Figure 13fto

individuals more closely resembling Figures 13d and 13e.

As with C (C) bispinosa, this species as currently defined may represent a "meta

species" assemblage of several closely related but reproductively isolated subpopulations.

This problem will be the first one examined during a planned analysis of the phylogeny

and population structure of Centropyge with Brian W. Bowen, using primarily molecular

characters. As this is one of the species that has been successfully reared in captivity

(Baensch, 2002; 2003a), there is also potential for captive propagation experimentation.

Material Examined: AMERICAN SAMOA: CAS 34956 (1). CAROLINE ISLANDS:

Kapingamarangi Atoll, CAS 88144 (1), CAS 88145 (1), CAS 88146 (1); Pohnpei,
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USNM 223890 (1), USNM 224350 (1). COOK ISLANDS: BPBM 13975 (1).

FRENCH POLYNESIA: Austral Islands, BPBM 12783 (1), BPBM 13675 (1),

BPBM 13713 (2); Marquesas Islands, BPBM 11685 (2), BPBM 11689 (1), BPBM

11772 (6), BPBM 12753 (1); Society Islands, AMS 1.21646-023 (2), BPBM 6849 (2),

BPBM 6850 (10), BPBM 8111 (1), CAS 88148 (1), CAS 88149 (1), ROM 1551CS

(1); Tuamotu Archipelago, BPBM 13502 (2), BPBM 13535 (1), BPBM 13570 (2),

CAS 88147 (1). GREAT BARRIER REEF: Escape Reef, AMS 1.23893-001 (1).

HAWAIIAN ISLANDS: AMS 1.18555-001 (1), BPBM 10944 (1), BPBM 6001 (2),

BPBM 6988 (1), BPBM 8898 (1). JOHNSTON ATOLL: AMS 1.20652-001 (1),

BPBM 29635 (1), BPBM 33993 (5), BPBM 3408 (1), BPBM 8950 (3), BPBM 8952

(2), USNM 140521 (holotype of C. jlammeus Woods & Schultz in Schultz et al.

1953), USNM 140522 (5 - paratypes ofC.jlammeus Woods & Schultz in Schultz et

al. 1953). KIRIBATI (GILBERT ISLANDS): AMS 1.18050-052 (1), AMS 1.19880

001 (1), AMS 1.25441-001 (1). LINE ISLANDS: Egum Atoll, AMS 1.16509-002 (1);

Fanning Island, BPBM 28089 (2); Kiritimati, BPBM 31929 (1), BPBM 33892 (1).

MARIANA ISLANDS: Guam, BPBM 17336 (1). MARSHALL ISLANDS:

Enewetak Atoll, BPBM 18421 (1); Kwajalein Atoll, BPBM 17982 (1); Majuro Atoll,

BPBM 15524 (1). PAPUA NEW GUINEA: USNM 258915 (1). PHOENIX

ISLANDS: CAS 40512 (1), CAS 40513 (7). PITCAIRN: BPBM 16520 (16), BPBM

16843 (2), BPBM 16878 (1), BPBM 17171 (1). SOLOMON ISLANDS: USNM

365086 (1), USNM 366780 (1). VANUATU: AMS 1.17475-027 (1). WALLIS AND

FUTUNA: USNM 370569 (1).
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CENTROPYGE (CENTROPYGE) MULTICOLOR RANDALL AND WASS

Centropyge multicolor Randall and Wass 1974: 138 (Holotype: BPBM 10058,

Enewetak Atoll, Marshall Islands).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,17; pectoral-fin rays 16-17; gill

rakers 6-7+16 (22-23 total); body depth 1.89-1.99 in SL; head length 3.28-3.48 in SL;

orbit diameter 2.38-2.57 in head length; bony interorbital width 3.62-3.76 in head length;

caudal fin truncate to slightly rounded; posterior margin ofdorsal and anal fins smooth

and rounded to slightly angular.

Doral part of body and proximal portion of dorsal fin white, body blackish brown

ventrally; snout, interorbital space, ventral head, chest, paired fins, and caudal fin yellow;

nape and dorsoanterior portion ofhead and body with alternating blue and black irregular

lines; transition between yellow chest and black ventroposterior body orangish brown;

anal fin and distal half of dorsal fin black with a blue margin, the posterior margin of both

with alternating blue and black markings.

Remarks: This is the most widespread species of the "multicolor" complex (hence the

selection of the moniker of this complex), ranging from Palau and Guam in the western

Pacific, southeastward to the Society Islands and doubtless many localities in-between.

The deep-dwelling habit of this species explains its patchy known distribution. The

records from Johnston Atoll and the Hawaiian Islands both appear to be isolated

individuals, as no reproducing populations of this species are known either locality (the

specimen from Johnston was collected among a group ofC (C) nahackyi).

Ofthe species in this complex, this is the one most frequently exported through the

aquarium trade. Nevertheless, it commands a high price. this is one of the species
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successfully reared in captivity (Baensch, 2003a; 2003b). Because of this, there is

significant financial incentive to supplement wild-caught stock with captive-reared

individuals. If the same captive rearing-techniques can be applied to the sister species C.

(C.) debelius and C. (C.) nahackyi, the financial incentive is even higher, as these two

species are exceedingly difficult to obtain from the wild, and command prices of several

thousand dollars each in the Japanese aquarium fish market.

Material Examined: CAROLINE ISLANDS: Pohnpei, BPBM 33905 (1), USNM

223002 (3), USNM 223341 (1). FIJI: USNM 287075 (1). FRENCH POLYNESIA:

Society Islands, BPBM 17243 (paratype), BPBM 17337 (1 ). HAWAIIAN

ISLANDS: BPBM 21059 (1). JOHNSTON ATOLL: BPBM 33963 (1).

MARSHALL ISLANDS: Enewetak Atoll, BPBM 10057 (1), BPBM 10058

(holotype), BPBM 12182 (1), BPBM 19551 (1), BPBM 19621 (1); Majuro Atoll,

BPBM 19677 (1), BPBM 9664 (paratype), CAS 30690 (paratype), USNM 212152

(paratype).

CENTROPYGE (CENTROPYGE) MULTISPINIS (PLAYFAIR IN PLAYFAIR AND GUNTHER)

Holacanthus multispinis Playfair in Playfair and GUnther 1867: 37 [Syntypes: BMNH

1865.2.27.49 (1), 1867.3.9.106 (1, skin), Zanzibar].

Holacanthus somervillii Regan 1908: 228 (Holotype: BMNH 1908.3.23.97, Coetivy

Island, Seychelles).

Diagnosis: Dorsal-fin rays XIII-XIV (usually XIV, rarely XV),16-17 (usually 16, rarely

15); anal-fin rays III,17-18; pectoral-fin rays 15-17; gill rakers 4-6+13-14 (17-20 total);

body depth 1.73-2.01 in SL; head length 3.01-3.72 in SL; orbit diameter 2.66-3.42 in

head length; bony interorbital width 3.28-3.89 in head length; caudal fin rounded;
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posterior margins of soft portions of dorsal and anal fins of adults pointed and somewhat

filamentous posteriorly.

Head and body dark olive to black; head with faint orangish brown markings on the

snout and posterior margin of the operculum; a faint purplish gray tint to the cheeks and

operculum; a prominent blue-ringed black ocellus dorsal to the operculum; body with a

series of thin black striations; pelvic spine blue, pelvic fins black; pectoral fins

transparent and dusky; dorsal and anal fins dark olive-green with black lines paralleling

fin margins; anal fm with a thin blue margin; caudal fin black with a transparent posterior

margm.

Remarks: This species is distributed from Sri Lanka westward to the east coast of

Africa, as far south as South Africa (and also from Thailand, according to Allen et aI.,

1998). It is the only species of the subgenus reported from the Red Sea (Figure 4). Krupp

and Debelius (1990) described an aberrant color form ofthis species.

Material Examined: AGALEGA ISLANDS: USNM 343471 (1), USNM 343475 (2),

USNM 343479 (9), USNM 344971 (11). CHAGOS ARCHIPELAGO: AMS

1.23346-001 (4), ROM 1520CS (1), USNM 247298 (3), USNM 343657 (14), USNM

343668 (3), USNM 343698 (5), USNM 343727 (4), USNM 343729 (1), USNM

343730 (4), USNM 343732 (6). COMORO ISLANDS: CAS 34496 (2), CAS 35047

(1), USNM 343468 (5), USNM 343473 (2), USNM 343477 (15), USNM 343478

(16), USNM 343480 (8), USNM 343654 (3), USNM 343665 (3). KENYA: BPBM

27274 (2). MADAGASCAR: USNM 343656 (2). MALDIVE ISLANDS: BPBM

18887 (2), BPBM 32870 (4), SMF 5944 (1). MASCARENE ISLANDS: Mauritius,

BPBM 21812 (1), USNM 349496 (1); Reunion, BPBM 20024 (1). MOZAMBIQUE:
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BPBM 17644 (2). PHILIPPINES: Luzon, AMS 1.21914-036 (1). RED SEA: Egypt,

USNM 343466 (2), USNM 343467 (4), USNM 343666 (1), USNM 343667 (5),

USNM 343693 (8), USNM 343734 (14); Israel, BPBM 13391 (3), BPBM 18249 (1);

Sudan, BPBM 20431 (2). SEYCHELLES: CAS 35401 (1), USNM 343470 (2),

USNM 343658 (3), USNM 343659 (20); Aldabra Island, USNM 343474 (1), USNM

343476 (2), USNM 343651 (8), USNM 343652 (7), USNM 343655 (6), USNM

343669 (1), USNM 343695 (5), USNM 343696 (3), USNM 343697 (4), USNM

343728 (10), USNM 343731 (2), USNM 343733 (1). SOUTH AFRICA: KwaZulu

Natal, BPBM 27339 (3), USNM 329384 (4); Sodwana Bay, BPBM 21721 (1). SRI

LANKA: AMS 1.33776-001 (3), AMS 1.33777-001 (3), AMS 1.33778-001 (1),

BPBM 27197 (2), SMF 5835 (1), USNM 343465 (6), USNM 343472 (1), USNM

343653 (4), USNM 343664 (4). TANZANIA: BPBM 17613 (1). YEMEN: USNM

343469 (1).

CENTROPYGE (CENTROPYGE) NAHACKYIKoSAKI

Centropyge nahackyi Kosaki 1989: 881 (Holotype: BPBM 32702, Johnston Atoll).

Diagnosis: Dorsal-fin rays XIV (rarely XV),16; anal-fin rays 111,17; pectoral-fin rays 16-

17; gill rakers 6-7+15-16 (21-23 total); body depth 1.97-2.15 in SL; head length 3.20-

4.03 in SL; orbit diameter 2.50-2.93 in head length; bony interorbital width 2.85-3.45 in

head length; caudal fin truncate to slightly rounded; posterior margin ofdorsal and anal

fins smooth and rounded to slightly angular.

Body and dorsal and anal fins black to very dark blue; snout, interorbital space,

ventral head, chest, paired fins, and caudal fin yellow; nape and dorsoanterior portion of

head and body (varying amounts of cover) with alternating blue and black irregular lines;
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transition between yellow chest and black body orangish brown; posterior margin of

dorsal and anal fins with alternating blue and black markings in large adults; a thin red

submarginal line on spinous portion of dorsal fin in adults; soft portion of anal fin with a

blue margin.

Remarks: When first discovered at Johnston Atoll, this species was believed to be a

geographic variant ofC (C) multicolor. Upon closer examination, however, it became

clear that it is a distinct species, worthy ofnomenclatural recognition. The subsequent

discovery of C (C) multicolor at Johnston Atoll helped confirm that the differences were

not due merely to environmental factors. One specimen of C (C) nahackyi that was

collected off the Kona coast of the island ofHawai'i by Anthony Nahacky appears to be a

waif, as no other individuals have been reported from the Hawaiian Islands, despite

extensive diving activity. Except for this specimen taken off Kona, the species is known

only from Johnston Atoll, making it the only confirmed Johnston endemic. The

implications of such a limited distribution raises some potential concern. The species is

relatively common at Johnston Atoll within its preferred habitat, which includes

limestone rubble and small ledges on the outer reef slope at depths of40-60 meters.

Further exploration may reveal the presence of this species elsewhere in the Pacific, but

the candidate locations are few.

Material Examined: HAWAIIAN ISLANDS: BPBM 32753 (1). JOHNSTON

ATOLL: BPBM 32699 (paratype), BPBM 32700 (1), BPBM 32701 (2), BPBM

32702 (holotype), BPBM 32703 (1), BPBM 34004 (17), CAS 62808 (paratype),

USNM 296179 (paratype).
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CENTROPYGE (CENTROPYGE) NARCOSIS PYLE AND RANDALL

Centropyge narcosis Pyle and Randall 1993: 116 (Holotype: BPBM 35039,

Rarotonga, Cook Islands).

Diagnosis: Dorsal-fin rays XIV,17-18; anal-fin rays 111,17-18; pectoral-fin rays 16; gill

rakers 4-5+10-12 (14-17 total); body depth 1.75-1.84 in SL; head length 3.08-3.39 in SL;

orbit diameter 2.35-2.56 in head length; bony interorbital width 3.27-4.03 in head length;

caudal fin rounded; posterior margin ofdorsal and anal fins smooth and rounded.

Body yellow with a single large black spot located centrally just above lateral line;

fins, head, lips, and eye yellow; base ofpectoral fin and ventralmost portion ofabdomen

and chest pale yellow to white; a thin blue line along the ventroposterior margin ofeye.

Remarks: This species is restricted to greater depths than any other known species of the

genus. The minimum depth at which it has been observed is nearly 90 meters. Its

existence at such a depth is suggestive of the possibility of other, as yet undiscovered

species, occurring in similar habitat at other locations.

When threatened, this species tends to immediately orient itself in a head-down

position, facing its dorsal spines toward the perceived threat. Although most Centropyge

characteristically orient their erect dorsal fins toward potential threats, none of which I

am aware do so as consistently in a head-down position. Upon observing this behavior

from the perspective of a potential predator, the function of the spot on each side of the

body of C. (C.) narcosis may be suggested. When viewed from this angle, the spots

appear as eyes and the body as the anterior part of a substantially larger fish. Therefore,

these possible "false eye spots" may confer an advantage to this species in terms of

avoiding predation (Pyle and Randall, 1993).
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It is so far known only from Rarotonga (Figure 3), but additional collecting activity

on deep reefs in nearby localities will likely expand its known range.

This species gets its name from the term nitrogen narcosis, an effect ofmental

impairment experienced by divers breathing air at depths in excess of40-50 meters. It is

in reference to the state ofmind of the collectors of the type specimens, who were using

conventional air SCUBA to capture these specimens at depths in excess of 100 meters.

Material Examined: COOK ISLANDS: BPBM 35039 (holotype), BPBM 35040

(paratype), CAS 77412 (paratype), MNHN 1992-0941 (paratype), USNM 323406

(paratype).

CENTROPYGE (CENTROPYGE) NOX (BLEEKER)

Holacanthus nox Bleeker 1853a: 338 (Holotype: RMNH 5821 (80-mm TL specimen

of 3), Ambon, Indonesia).

Diagnosis: Dorsal-fin rays XV,15-16; anal-fm rays III-IV (usually 111),16-18; pectoral-

fin rays 16-17; gill rakers 5-7+12-13 (18-20 total); body depth 1.63-1.85 in SL; head

length 2.80-3.61 in SL; orbit diameter 2.35-3.05 in head length; bony interorbital width

3.38-3.97 in head length; caudal fin rounded; posterior margin of dorsal and anal fins

angular to pointed.

Head, body, and fins entirely black; some populations with a small yellow patch at

the base ofpectoral fins; the population in Fiji very dark purple over most of body and

fins, with a series of vertical black lines.

Remarks: Centropyge (C.) nox, naed for the latin word for night, is the least colorful

species of the genus. There may prove to be more than one species. One color form fro

the Western Pacific exhibits a small but prominent yellow bar dorsal to the pectoral fin
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and posterior to the operculum. Though no morphological characters have been found to

support a distinction between the two forms, molecular studies may reveal population

differences.

The unusual color form entioned above at Fiji was first discovered and photographed

by a team of divers from the Waikiki Aquarium in 2000, and I was able to personally

observe a number of individuals during a trip to Fiji in 2001. It is extremely cryptic in its

habits, and therefore difficult to photograph underwater. Bruce A. Carlson (personal

communication, 2000) noted that when a male courts a female, it assumes a generally

blanched appearance, at which time dark bars on the sides of the body are evident.

I was unable to examine collected specimens during the course of this study;

however, David W. Greenfield (personal communication, 2003) informs me that he has

collected a number of specimens (as yet not curated) as part ofhis large-scale effort to

survey the fishes ofFiji. Moreover, tissue samples have been taken from some of these

specimens, allowing for future study using molecular techniques.

Material Examined: CAROLINE ISLANDS: Kapingamarangi Atoll, CAS 38766 (1).

FIJI: USNM 256529 (1). GREAT BARRIER REEF: Decapolis Reef, AMS

1.19461-005 (1). INDONESIA: Banda Sea, USNM 345143 (1); Molucca Islands,

USNM 168557 (1); Sulawesi, BPBM 26687 (1), USNM 168564 (1), USNM 168565

(1); Timor, AMS 1.34504-016 (1). PALAU: BPBM 13485 (1), BPBM 9361 (2),

BPBM 9437 (1). PAPUA NEW GUINEA: AMS 1.17090-045 (1), BPBM 36906 (1),

CAS 65220 (1), CAS 65221 (1), USNM 259215 (6), USNM 259216 (1), USNM

259217 (3), USNM 259218 (1), USNM 259219 (3), USNM 293807 (1), USNM

293849 (1), USNM 345140 (1), USNM 345169 (2). PHILIPPINES: USNM 168563
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(1), USNM 346195 (1); Bicol, USNM 168551 (2), USNM 168553 (1), USNM

168555 (1), USNM 168559 (1), USNM 168562 (1); Cagayan, USNM 168558 (1);

Mindanao, USNM 168552 (2), USNM 168554 (1); Palawan, BPBM 31181 (6),

USNM 226657 (1), USNM 259220 (3); Romblon, USNM 168556 (1), USNM

168560 (1); Sulu Archipelago, USNM 168561 (1); Visayas, BPBM 28529 (2), CAS

88143 (2), USNM 273863 (3), USNM 273864 (3), USNM 331891 (4), USNM

331899 (1), USNM 345109 (4). SOLOMON ISLANDS: AMS 1.17496-009 (1),

AMS 1.17500-010 (2), AMS 1.39032-004 (1), BPBM 16069 (1), BPBM 16245 (4),

USNM 169854 (1), USNM 197066 (1), USNM 331896 (1). VANUATU: AMS

1.17474-008 (1), AMS 1.17476-007 (1), USNM 358472 (1).

CENTROPYGE (CENTROPYGE) POTTERI (JORDAN AND METZ)

Holacanthus potteri Jordan and Metz 1912: 525 (Holotype: USNM 73911, Oahu,

Hawaiian Islands).

Diagnosis: Dorsal-fin rays XIV,16-18; anal-fin rays III,17-18; pectoral-fin rays 17 (rarely

18); gill rakers 6-8+16-18 (23-26 total); body depth 1.76-1.98 in SL; head length 3.00-

3.79 in SL; orbit diameter 2.50-3.58 in head length; bony interorbital width 2.71-4.03 in

head length; caudal fin truncate to slightly rounded; posterior margin of dorsal and anal

fins smooth and rounded, or slightly angular in large individuals.

Head, dorsal portion of body, dorsal fin, chest, abdomen, and anterior portion of anal

fin orange with numerous thin vertical bluish gray irregular lines; central and posterior

portions of body and posterior portion of anal fin black, also with numerous thin vertical

bluish gray irregular lines; pectoral fins transparent yellow; pelvic fins yellow; posterior

margins of median fins with alternating short blue and black horizontal stripes; caudal fin
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dark blue with black spots and blotches; males with substantially more dark coloration on

center of body.

Remarks: Although Jordan and Jordan (1922) regarded Centropyge potteri as a valid

species, Fraser-Brunner (1933) treated it as a variety of Centropyge bispinosa. It is

clearly distinct in color and has 17 (rarely 18) pectoral rays, compared to 15-17 for

bispinosa.

Centropyge potteri has been the subject of a number ofbehavioral and ecological

investigations, most significantly Lobel (1978) and Lutnesky (1992a; 1992b; 1994;

1996). It is a protogynous hermaphrodite, changing sex from female to male and haremic.

There is sexual dichromatism in this species, with males having substantially more dark

coloration on the center of the body (Figures 14c and 14d). Males maintain and defend

territories of from two to seven females. When a male is removed, the "alpha" female

changes sex to become the new male ofthe harem. Spawning follows lunar periodicity,

and the pattern of successive female spawnings with the harem's male served as an

important inspiration for the development of the "temporal polygyny threshold model"

(Lutnesky, 1992a; 1992b).

This species is known only from the Hawaiian Islands and Johnston Atoll (Figure 5).

Material Examined: HAWAIIAN ISLANDS: AMS 1.20655-001 (8), AMS 1.37224

001 (1), BPBM 15181 (1), BPBM 22389 (1), BPBM 3472 (1), BPBM 4215 (1),

BPBM 4216 (1), BPBM 4218 (1), BPBM 6007 (1), BPBM 6458 (3), BPBM 6989 (1),

BPBM 7948 (8), BPBM 9337 (1), CAS 123245 (2), CAS 123590 (1), CAS 77447 (1),

CAS 78917 (1), CAS 78991 (3), CAS 79805 (9), CAS 80434 (2), CAS 86608 (3),

CAS 86609 (1), USNM 151574 (1), USNM 160681 (2), USNM 280237 (1), USNM

310



331890 (1), USNM 331892 (1), USNM 331898 (2), USNM 344975 (2), USNM

345153 (1), USNM 345159 (6), USNM 345160 (1), USNM 73911 (type).

JOHNSTON ATOLL: BPBM 29606 (1). NORTHWESTERN HAWAIIAN

ISLANDS: BPBM 34837 (1), BPBM 4219 (1). UNKNOWN LOCALITY: CAS

88031 (1), USNM 273564 (1).

CENTROPYGE (CENTROPYGE) SHEPARD] RANDALL AND YASUDA

Centropyge shepardi Randall and Yasuda 1979: 56 (Holotype: BPBM 8450, Guam,

Mariana Islands).

Diagnosis: Dorsal-fin rays XIV,16-18; anal-fin rays 111,17-18; pectoral-fin rays 16-17;

gill rakers 7-8+17-19 (25-27 total); body depth 1.82-1.98 in SL; head length 2.81-3.51 in

SL; orbit diameter 2.44-2.94 in head length; bony interorbital width 3.12-4.11 in head

length; caudal fin truncate to slightly rounded; posterior margin dorsal and anal fins

smooth and rounded, or slightly angular in large individuals.

Head and body orange ventrally, becoming dusky orange to brown dorsally and on

the dorsal fin; cheeks, chest, and pelvic fins yellow; pectoral fins transparent yellow;

dorsal and anal fins dark brown distally, with blue margins and a thin black submarginal

line; caudal fin transparent dusky gray; body with varying amount ofblack spots and thin

vertical lines, generally concentrated dorsally.

Remarks: This species is known from the Ryukyu, Mariana, Ryukyu and Ogasawara

Islands. It was long believed to represent yet another variation of C (C) bispinosa, but

the discovery of "typical" C (C) bispinosa at Guam added confidence that it is distinct.

It also shares similarities with C (C)ferrugata, with which it co-occurs (without

evidence ofhybridization) in the Ogasawara Islands.
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Material Examined: MARIANA ISLANDS: Guam, AMS 1.20530-001 (paratype),

BPBM 22397 (5 - paratypes), BPBM 31332 (1), BPBM 6371 (paratype), BPBM 8450

(holotype), BPBM 8464 (paratype), BPBM 8529 (2 - paratypes), BPBM 9388 (2

paratypes), CAS 41742 (paratype), USNM 218883 (paratype). RYUKYU ISLANDS:

BPBM 35070 (1), BPBM 35304 (1).

CENTROPYGE (CENTROPYGE) TIBICEN (CUVIER IN CUVIER AND VALENCIENNES)

Holacanthus tibicen Cuvier in Cuvier and Valenciennes 1831: 173 [Lectotype:

MNHN-A 490 (ex RMNH), No type locality].

Holacanthus leucopleura Bleeker 1853b: 79 [Syntypes: (2) RMNH 5809 (106-mm

specimens of 7), Solor Island, Indonesia].

Diagnosis: Dorsal-fin rays XIV,15-16; anal-fin rays 111,17-18 (usually 17); pectoral-fin

rays 16-17; gill rakers 6+12-13 (18-19 total); body depth 1.80-2.00 in SL; head length

3.16-3.46 in SL; orbit diameter 3.10-3.82 in head length; bony interorbital width 3.10

3.58 in head length; caudal fin rounded; posterior margins of soft portions of dorsal and

anal fins of adults pointed, more so in the dorsal fin than the anal fin.

Head, body and median fins predominantly black or very dark purple; a prominent

white spot of varying size (but usually vertically oriented) located centrally on either side

of the body; a vague black blotch sometimes evident dorsal to the pectoral-fin base,

posterior to operculum; pelvic fins yellow; anal fin with a broad yellow margin ventrally

and thinner white submarginal line; edge ofdorsal and caudal fins, and posterior anal fm

with a light blue margin; the extreme margin of the caudal fin transparent; pectoral fins

transparent.
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Remarks: This is one of the largest species of the genus Centropyge, reported by Allen

et al. (1998) to reach a maximum size of 180 mm SL (largest specimen examind in this

study 120 mm). Commonly known as the "Keyhole" Angelfish, it is popular in the

marine aquarium trade. The size of the white spot is highly variable in this species,

ranging from a very large region occupying as much as one-quarter of the side of the

body, to a tiny faint dot in some individuals. Randall and Nahacky (1988) reported on an

unusual color variant of this species, and Moyer (1996) estimated the lifespan of the

species to be at least six years.

Centropyge tibicen is the type species of the genus. Kaup (1860) separated it from

Holacanthus on the false believe that this species had IV anal spines. Although some

species of Centropyge do exhibit IV anal spines on very rare occasions, this is an

anomaly. Nevertheless, the genus remains valid on the basis of other characters.

Material Examined: GREAT BARRIER REEF: Fairfax Reef, AMS 1.21490-020 (1);

Heron Island, AMS 1.15486-004 (2), BPBM 5647 (1), USNM 331888 (2), USNM

345052 (1); One Tree Island, AMS 1.15617-028 (1), AMS 1.15621-009 (1), AMS

1.15629-005 (1), AMS 1.15635-012 (2), AMS 1.15640-016 (1), AMS 1.15643-009 (1),

AMS 1.15647-034 (3), AMS 1.15679-024 (3), AMS 1.15681-033 (6), AMS 1.15685

028 (2), AMS 1.17445-097 (2), AMS 1.20841-007 (1), USNM 331897 (3), USNM

331901 (1), USNM 345158 (1). INDONESIA: USNM 169758 (1); Bali, BPBM

30186 (1); Molucca Islands, BPBM 32282 (1), USNM 182538 (1), USNM 182544

(1), USNM 182552 (1), USNM 182566 (1), USNM 345047 (1), USNM 345048 (1);

Sulawesi, BPBM 26754 (3), USNM 182564 (1), USNM 210343 (1), USNM 344974

(1); Sumatra, USNM 182565 (1); Timor, BPBM 31569 (1), BPBM 32404 (1). LORD
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HOWE ISLAND: AMS 1.14339 (1), AMS 1.14340 (1), AMS 1.17357-006 (1), AMS

1.17362-015 (1), AMS 1.17422-006 (1), AMS 1.2507 (1), AMS 1.27138-021 (3), AMS

1.27891-017 (1), AMS 1.3355 (1), AMS 1.3356 (1), AMS 1.3357 (1), AMS 1.4346 (1),

AMS 1.4347 (1), AMS IA.947 (1), BPBM 14812 (3). MALAYSIA: Borneo, USNM

182562 (2), USNM 182563 (5). NEW CALEDONIA: AMS 1.17469-005 (1), BPBM

11429 (1), BPBM 33770 (2), ROM 1545CS (1), ROM 1553CS (1). NEW SOUTH

WALES: AMS 1.16951-001 (1), AMS 1.17239-001 (1), AMS 1.17311-001 (1), AMS

1.19162-001 (1), AMS 1.19700-012 (2). PALAU: BPBM 13491 (1), BPBM 9459 (6),

BPBM 9906 (2). PHILIPPINES: AMS 1.15848-003 (1), AMS 1.18677-015 (1),

BPBM 29394 (1); Batanes, USNM 288815 (1); Mindanao, USNM 182542 (1),

USNM 182549 (1), USNM 182550 (1), USNM 182553 (1), USNM 182558 (1),

USNM 182561 (1), USNM 273954 (3); Mindoro, USNM 182546 (1); Palawan,

USNM 182540 (1), USNM 182560 (2), USNM 258919 (2), USNM 345101 (2); Sulu

Archipelago, USNM 182541 (1), USNM 182543 (1), USNM 182547 (1), USNM

182548 (1), USNM 182551 (1), USNM 182554 (1), USNM 182555 (1), USNM

182556 (1), USNM 182557 (1), USNM 182559 (1), USNM 309658 (4), USNM

309659 (8); Visayas, AMS 1.22953-003 (1), USNM 182539 (1), USNM 182545 (1),

USNM 273950 (1), USNM 345024 (1), USNM 345157 (1). UNKNOWN

LOCALITY: BPBM 10913 (3), BPBM 7389 (1).

CENTROPYGE (CENTROPYGE) VROLIKII (BLEEKER)

Holacanthus vrolikii Bleeker 1853a: 339 (Holotype: RMNH 5820 (81-mm TL

specimen of 5), Ambon, Indonesia).
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Diagnosis: Dorsal-fin rays XIV (rarely XIII), 14-1 5; anal-fin rays 111,15-16; pectoral-fin

rays 15-17; gill rakers 5-6+11-13 (17-19 total); body depth 1.73-1.78 in SL; head length

3.14-3.24 in SL; orbit diameter 2.86-3.28 in head length; bony interorbital width 3.17

3.63 in head length; caudal fin rounded; posterior margin of dorsal and anal fins rounded.

Head, anterior two-thirds of body and dorsal fin, and pelvic fins uniform gray;

posterior margin of operculum, pectoral fin-base, and circumference of iris orange; head

and nape sometimes darker gray that body; posterior third of body, caudal fin, and dorsal

and anal fins black; median fins with thin blue margins.

Remarks: This species represents the western Pacific version of C (C) jlavissima. It is

very similar in most charcteristics (other than color) to the other two species of the

"jlavissima" complex, C (C)jlavissima and C (C) eibli. See the Remarks of those two

species for additional details. This species is host to an isopod ectoparasite, as described

by Williams and Williams (1987).

Material Examined: CAROLINE ISLANDS: Pohnpei, BPBM 9670 (1), USNM

223418 (6), USNM 223432 (3), USNM 223604 (1), USNM 223892 (2), USNM

223893 (2), USNM 224304 (2). GREAT BARRIER REEF: AMS 1.33708-016 (3);

Boot Reef, AMS 1.33744-005 (2), AMS 1.33746-016 (5), AMS 1.33749-040 (5);

Escape Reef, AMS 1.22573-001 (1), AMS 1.22574-006 (1), AMS 1.22579-019 (3),

AMS 1.24712-001 (1); Holmes Reef, AMS 1.30465-007 (2); Lizard Island, AMS

1.19442-026 (1), AMS 1.19443-002 (1), AMS 1.19473-001 (4), AMS 1.19482-003 (3),

AMS 1.21422-039 (4), AMS 1.21540-027 (1), AMS 1.23708-076 (1); One Tree Island,

AMS 1.15632-010 (1), AMS 1.17061-007 (1), AMS 1.17109-013 (1), AMS 1.17110

002 (1), AMS 1.19111-005 (1), AMS 1.20201-021 (1), AMS 1.20841-004 (1), BPBM
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14454 (3), USNM 331895 (2); Osprey Reef, AMS 1.25113-004 (1); Raine Island,

AMS 1.20757-030 (4), AMS 1.20775-036 (7); Tijou Reef, AMS 1.26265-005 (1);

Yonge Reef, AMS 1.19445-002 (3), AMS 1.19453-003 (2), AMS 1.19454-001 (2),

AMS 1.19455-002 (3), AMS 1.19462-014 (1), AMS 1.19471-002 (1), AMS 1.19472

001 (1), AMS 1.19481-001 (1), AMS 1.20784-115 (1), AMS 1.20784-188 (1).

INDONESIA: USNM 209785 (10); Banda Sea, USNM 345049 (4), USNM 345106

(2), USNM 345164 (6); Irian laya, USNM 245397 (7); lava, USNM 345165 (4);

Molucca Islands, AMS B.8185 (type?), AMS 1.18469-071 (8), USNM 168743 (2),

USNM 168757 (1), USNM 168793 (1), USNM 168794 (1), USNM 168795 (1),

USNM 168796 (1), USNM 209910 (3), USNM 210295 (6), USNM 210670 (1),

USNM 345081 (6), USNM 345107 (3), USNM 345183 (7); Sulawesi, USNM 168745

(2), USNM 168788 (1), USNM 168789 (1), USNM 168790 (1), USNM 168791 (1),

USNM 168792 (1), USNM 209711 (2), USNM 210221 (1), USNM 210341 (2),

USNM 345171 (9), USNM 345182 (3); Sumatra, USNM 168762 (1), USNM 168787

(1); Timor, AMS 1.34503-031 (6), BPBM 32169 (1), BPBM 34167 (1). JAPAN:

Ishigaki, BPBM 6827 (1). LORD HOWE ISLAND: AMS 1.27149-007 (1), BPBM

14817 (1). MALAYSIA: USNM 168737 (2); Borneo, USNM 168781 (1), USNM

345175 (1). MARSHALL ISLANDS: Amo Atoll, USNM 166650 (1). NEW

SOUTH WALES: AMS 1.17654-007 (1). PALAU: BPBM 10191 (1), BPBM 13493

(1), BPBM 6890 (2), BPBM 8089 (1), BPBM 9231 (2), BPBM 9362 (1), BPBM 9806

(3). PAPUA NEW GUINEA: AMS 1.16507-001 (1), AMS 1.17085-004 (1), AMS

1.17088-080 (2), AMS 1.17090-017 (2), AMS 1.17096-033 (2), AMS 1.17097-012 (1),

AMS 1.17262-020 (4), AMS 1.17504-008 (1), AMS 1.20547-037 (4), AMS 1.240 (1),
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AMS 1.33750-009 (5), USNM 114864 (2), USNM 245395 (3), USNM 245396 (5),

USNM 259201 (1), USNM 259202 (1), USNM 259204 (3), USNM 259205 (1),

USNM 259206 (3), USNM 259207 (2), USNM 259208 (7), USNM 259209 (8),

USNM 259210 (6), USNM 259211 (20), USNM 263250 (7), USNM 263255 (1),

USNM 293846 (1), USNM 293848 (1), USNM 293850 (2), USNM 293852 (1),

USNM 331893 (2), USNM 331894 (4), USNM 344966 (2), USNM 345050 (1),

USNM 345118 (9). PHILIPPINES: USNM 168734 (2), USNM 168747 (1), USNM

168771 (1), USNM 168798 (1), USNM 344401 (10); Batanes, USNM 168732 (2);

Bicol, USNM 168736 (2), USNM 168738 (2), USNM 168739 (2), USNM 168742

(2), USNM 168751 (1), USNM 168753 (1), USNM 168764 (1), USNM 168772 (1),

USNM 168784 (1); Luzon, USNM 168728 (4), USNM 168733 (5), USNM 168735

(2), USNM 168746 (2), USNM 168750 (1), USNM 168763 (1), USNM 168765 (1),

USNM 168768 (1), USNM 168769 (1), USNM 168775 (1), USNM 168778 (1),

USNM 168779 (1); Mindanao, USNM 168726 (6), USNM 168727 (7), USNM

168731 (4), USNM 168740 (2), USNM 168756 (1), USNM 168785 (1), USNM

273959 (10); Mindoro, USNM 168730 (3); Palawan, USNM 168741 (3), USNM

168758 (1), USNM 168761 (1), USNM 168767 (1), USNM 168780 (1), USNM

168783 (1), USNM 227117 (1), USNM 259203 (1), USNM 259212 (8), USNM

259213 (4), USNM 259214 (1), USNM 345117 (1), USNM 345181 (1); Pangasinan,

AMS 1.21915-010 (5), USNM 331889 (1), USNM 345154 (5); Sulu Archipelago,

USNM 168729 (2), USNM 168752 (1), USNM 168754 (1), USNM 168755 (1),

USNM 168759 (1), USNM 168770 (1), USNM 168774 (1), USNM 168776 (1),

USNM 168777 (1), USNM 168786 (1), USNM 182701 (1), USNM 309660 (1),
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USNM 309704 (9); Visayas, ROM 1552CS (1), USNM 168744 (2), USNM 168748

(1), USNM 168749 (1), USNM 168760 (1), USNM 168766 (1), USNM 168773 (1),

USNM 168782 (1), USNM 344967 (1), USNM 345099 (8), USNM 345112 (1),

USNM 345113 (2), USNM 345155 (4), USNM 345170 (1), USNM 345174 (1).

QUEENSLAND: Cape Melville, AMS 1.20755-023 (1), AMS 1.20774-041 (10),

AMS 1.20774-215 (1). RYUKYU ISLANDS: BPBM 19155 (1), USNM 276532 (1).

SOLOMON ISLANDS: AMS B.1408 (1), AMS 1.15360-092 (1), AMS 1.17486-051

(6), AMS 1.17493-020 (4), AMS 1.22128-019 (2), AMS 1.39011-008 (1), AMS

1.39013-033 (2), BPBM 16161 (2), USNM 150527 (2), USNM 150528 (2), USNM

169773 (2), USNM 169775 (1), USNM 169780 (1), USNM 169796 (1), USNM

169810 (3), USNM 182317 (3), USNM 182318 (5), USNM 345136 (1), USNM

345141 (1), USNM 345156 (3), USNM 345184 (4), USNM 357822 (1), USNM

364777 (1), USNM 365301 (1). TAIWAN: USNM 168797 (1), USNM 345124 (1),

USNM 345176 (4). TIMOR SEA: Ashmore and Cartier Islands, AMS 1.26735-014

(1), AMS 1.26746-009 (4), AMS 1.33724-003 (1), AMS 1.33731-033 (2), AMS

1.33738-037 (5), AMS 1.33739-001 (9), AMS 1.33740-003 (4); Western Australia,

AMS 1.21318-070 (5). VANUATU: AMS 1.257 (1), AMS 1.37920-005 (1), USNM

169827 (2), USNM 169831 (1), USNM 350505 (2), USNM 355381 (1), USNM

361080 (1), USNM 362754 (1). UNKNOWN LOCALITY: AMS 1.4719 (1), AMS

1.4720 (1), AMS 1.4721 (1), AMS 1.4722 (1), AMS 1.4723 (1), BPBM 10927 (5),

USNM 167796 (1), USNM 169231 (1).
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SUBGENUS CENTROPYGE (PARACENTROPYGE) BURGESS

Paracentropyge Burgess 1991: 69 (type species,Holacanthus multifasciatus Smith

and Radcliffe 1911, by original designation and monotypy).

Sumireyakko Burgess 1991: 70 (type species, Holacanthus venustus Yasuda and

Tominaga 1969, by original designation and monotypy).

Diagnosis: Dorsal-fin rays XIII-IV [usually XIII, except in C. (P.) venusta],16-20; anal

fin rays III,15-19; lateral-line scales 33-46; gill rakers 4-6+10-13 (16-18 total); body

depth about 1.5-1.9 in SL; head 2.75-3.6 in SL; orbit 2.04-2.39 in head; body nearly

round; posterior margins of soft portions ofdorsal and anal fins rounded; caudal fin

round; color ofjuveniles similar or identical to that ofadults; two species with distinct

vertical bars, the third with a bluish purple and yellow pattern.

Remarks: The story of this generic name goes back to Randall and Caldwell (1973), who

wrote in their original description of Centropyge hotumatua (pp. 10-11), "Eighteen valid

species of Centropyge are presently known, including hotumatua, but not Holacanthus

multifasciatus Smith and Radcliffe which Fraser-Brunner (1933) placed in Centropyge.

The latter species warrants a genus by itself (Randall, MS)." However, in the following

year, Randall and Wass (1974) wrote (p. 137), "Randall and Caldwell (1973) stated that

Holacanthus multifasciatus Smith and Radcliffe...warrants a genus by itself. It seemed

distinctive in its deep body (depth 1.52 to 1.75 in SL), steep head profile, and dorsal fin

formula of XIII, 18. However, the discovery of C. aurantius with a similar deep body

(depth 1.63 to 1.75 in SL) and steep head profile but with XIV dorsal spines, tends to rule

out the erection of a new genus for C. multifasciatus."
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For the next 17 years, most authors followed suit, treating multifasciata within

Centroypge. In 1991, however, Burgess proposed two new genera: Paracentropyge for C.

multifasciata (citing Randall and Caldwell's original rationale for its separation), and

Sumireyakko, as a monotypic genus for the much confused Holacanthus venustus. At

about the same time, Krupp and Debelius (1990) described a hybrid between the two type

species ofBurgess' two new genera, suggesting that the two species were at least

congeners.

Pyle and Randall (1993), discussed the problem, and acted conservatively in

preserving multifasciata, and its obvious congener, their new Centropyge boylei, within

the genus Centropyge. They cited insufficient evidence supporting the separation of the

two type species (venusta and multifasciata) from each other, and from other Centropyge.

They also included venusta in Centropyge, on the grounds that the only reason it was

placed in that genus originally was because its authors (Yasuda and Tominaga, 1969)

were not recognizing Centropyge as a valid genus at the time of the original description.

Most subsequent authors (e.g., Allen et al., 1998; Schneidewind, 1999; Debelius et

aI., 2003; Schindler, 2003) have placed all three species (multifasciata, venusta, and

boylei) within Paracentropyge, treating the latter either as a full genus, or as a subgenus

of Centropyge; implicitly regarding Sumireyakko as a junior synonym of

Paracentropyge.

I have examined the relevant material and have decided, for the purposes of this

study, to recognize Paracentropyge as a valid subgenus within Centropyge, and to

include the same three species (multifasciata, venusta, and boylei) within it. The close

affinity between multifasciata and boylei is obvious (based on the shared character state
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ofXIII dorsal-fin spines, nearly identical body shape, and basic similarities of a barred

color scheme), and those two species should, without doubt, remain as congeners. I am

further convinced, based on the existence of hybrids between multifasciata and venusta,

as well as generally similar morphology, ecology, and behavior, that these two species

are very closely related, and also warrant at least congeneric (indeed, consubgeneric)

recognition. Because venusta has XIV dorsal spines (unlike the XIII spines as in the other

two species, and like most other Centropyge), and for lack of other clear and

unambiguous distinguishing characteristics, I am reluctant to recognize Paracentropyge

at the rank of genus. As a group, these three species seem no more uniquely separated

from other Centropyge than do the species within the subgenus Xiphypops. They

certainly do not differ from Centropyge to the same extent that other genera within

Pomacanthidae are distinguished (e.g., between Centropyge and Genicanthus). I therefore

treat Paracentropyge as a valid subgenus within Centropyge, to both acknowledge the

close affinity of these three species as distinct from other members of the genus, and to

maintain nomenclatural stability by not disrupting the standard binomial name of these

three species.

KEy TO THE SPECIES OF THE SUBGENUS CENTROPYGE (PARACENTROPYGE)

(species accounts are presented alphabetically)

la. XIII dorsal spines; color in life with prominent alternating dark and light bars 2

1b. XIV dorsal spines; color in life primarily bluish purple dorsoposteriorly over

much of body and on the head above the eye; yellow ventrally on head and

body (Japan to Taiwan and northern Philippines; Fig. 3.l7d) venusta
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2a. Dorsal soft rays 16-18; alternating dark brown and pale yellowish white bars

on body, the alternate color bars roughly equal in width (Society Islands to

Indo-Malayan region and Cocos-Keeling Islands; Fig. 3.l7c) multifasciata

2b. Dorsal soft rays 19-20; alternating bright red and white bars on body, the latter

thin and the former broad (Cook Islands; Fig. 3.17a-b) boylei

CENTROPYGE (PARACENTROPYGE) BOYLEI PYLE & RANDALL IN PYLE

Centropyge boylei Pyle & Randall in Pyle 1992b: 17 (Lectotype: BPBM 35041,

Rarotonga, Cook Islands).

Diagnosis: Dorsal-fin rays XIII, 19-20; anal-fin rays 111,18-19; pectoral-fin rays 15; gill

rakers 5-6+11-12 (16-18 total); body depth 1.66-1.90 in SL; head length 3.08-3.75 in SL;

orbit diameter 2.04-2.50 in head length; bony interorbital width 3.26-4.18 in head length;

caudal fin slightly rounded; posterior margin ofdorsal and anal fins smooth and rounded.

Body and dorsal and anal fins orangish red with five narrow, white bars evenly

spaced across body and extending onto dorsal and anal fins, the bars about one-third

width of orange-red interspaces.

Remarks: This species was first discovered by aquarium fish collector Charles J. "Chip"

Boyle (for whom the species is named) during a series of deep (90-112m) SCUBA dives

at Rarotonga in 1989. Later that year, I joined Boyle in collecting the first specimens,

along with the first specimens of C. (C.) narcosis. This expedition provided the

motivation for me to begin using helium-based breathing mixtures and other advanced

diving techniques to explore the deep coral-reef habitat - an environment that has proved

to harbor a wealth ofundiscovered species.
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The species is not uncommon at Rarotonga in the appropriate habitat, which includes

both sandy slopes with coral talus and undercut drop-offs with small caves and crevices.

It is a secretive species, much like the other two species in the subgenus. It appears to live

in groups of two to eight individuals, which likely represent harems. Most efforts to

maintain this species in captivity meet with failure, due to a refusal of captive individuals

to eat before starving. I once brought up a rock from the habitat in which the species is

found, and when placed in a holding tank with several C. (P.) boylei, the fish began

pecking at unseen items on the rock - suggestive ofa specialized diet. Despite it's

notorious reputation for being difficult to maintain in captivity, the few individuals that

do occasionally get exported through the aquarium trade generally command "as high a

price as a new Japanese car" (Debelius et aI., 2003: 167).

This species is probably most closely related to C. (P.) multifasciata, with which it

shares many characters, including XIII dorsal spines and barred color pattern. A re

examination of the type specimens of C. (P.) boylei revealed that Pyle and Randall (1993)

were in error in recording the gill-raker count range as 4-6+11-13. In one of the

specimens, a gill raker just dorsal to the angle was included in the lower limb counts; the

corrected range for the species is 5-6+11-12.

Although presently known only from Rarotonga, the species will likely be

discovered elsewhere in the tropical south-central and southeastern Pacific Ocean as

more deep-reef exploration is conducted in that region.

Material Examined: COOK ISLANDS: BPBM 35041 (lectotype), BPBM 35042

(paralectotype), CAS 77413 (paralectotype), MNHN 1992-0940 (paralectotype),

USNM 323407 (paralectotype).
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CENTROPYGE (PARACENTROPYGE) MULTIFASCIATA (SMITH & RADCLIFFE)

Holacanthus multifasciatus Smith & Radcliffe 1911: 324 (Holotype: USNM 67355,

Mindoro, Philippines).

Diagnosis: Dorsal-fin rays XIII,16-18; anal-fm rays 111,16-17; pectoral-fin rays 15-16

(usually 16); gill rakers 5-6+11-12 (16-18 total); body depth 1.46-1.67 in SL; head length

2.99-3.60 in SL; orbit diameter 2.50-3.20 in head length; bony interorbital width 3.15

3.75 in head length; caudal fin slightly rounded; posterior margins of soft portions of

dorsal and anal fins smooth and rounded.

Ground color of head, body and median fins cream to white with five to ten or more

(depending on size) evenly-spaced blackish brown bars extending the entire height of

body and median fins, the anteriormost through eye; width of dark bars approximately

equal to pale interspaces; dark bars bright yellow ventrally on chest, abdomen, and anal

fin; each pale interspace with a thin pale yellow vertical line in large adults; a narrow

dark brown bar medially on snout and interorbital, not extending to the nape; lips bright

yellow; pelvic fins bright yellow except for white spine and light blue filamentous tips;

dorsal- and anal-fin margins (including tips of spines) white; an indistinct ocellus

dorsoposteriorly on soft portion of dorsal fin ofjuveniles and young adults; a narrow dark

brown submarginal band posterioirly in dorsal fin, and a brownish yellow one in anal fin;

pectoral fins transparent; caudal fin transparent with one or two dark brown bars

proximally, followed by progressively smaller dark brown spots distally.

Remarks: Like other species in this subgenus, Centropyge (P.) multifasciata is very

secretive and difficult to observe in its natural habitat. It tends to remain hidden in cracks

and crevices on the reef, allowing divers and prospective photographers only fleeting
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glimpses as it darts away. Its known distribution extends from the Cook, Society, and

Line Islands westward to the Indo-Malayan region. It has also been reported from the

Cocos-Keeling Islands in the eastern Indian Ocean (Figure 8).

Material Examined: CAROLINE ISLANDS: Pohnpei, USNM 223572 (3), USNM

224299 (2). EASTERN INDIAN OCEAN: Cocos-Keeling Islands, AMS 1.28993

006 (1). FIJI: USNM 287054 (1). FRENCH POLYNESIA: Society Islands, BPBM

11556 (1). GREAT BARRIER REEF: Escape ReefNorth, AMS 1.22584-006 (2);

Yonge Reef, AMS 1.19476-004 (3), AMS 1.19480-001 (1). INDONESIA: Banda Sea,

USNM 345054 (7); Borneo, USNM 180340 (paratype); Molucca Islands, USNM

180338 (paratype); Sulawesi, USNM 180336 (paratype), USNM 180337 (paratype),

USNM 180343 (paratype). LINE ISLANDS: Kiritimati, BPBM 31885 (1), BPBM

33893 (1). MALAYSIA: Borneo, USNM 180342 (3 - paratypes). MARIANA

ISLANDS: Guam, BPBM 6865 (2), BPBM 9389 (1). MARSHALL ISLANDS:

Enewetak Atoll, BPBM 12177 (2), BPBM 19622 (1), BPBM 22372 (1). NEW

CALEDONIA: USNM 324145 (2). PALAU: BPBM 13478 (2), BPBM 13842 (2),

BPBM 31399 (2), BPBM 9435 (3). PAPUA NEW GUINEA: BPBM 32458 (1),

USNM 258914 (1), USNM 345030 (2), USNM 345039 (2). PHILIPPINES:

Mindoro, USNM 180339 (paratype), USNM 67355 (holotype); Romblon, USNM

180341 (paratype); Visayas, BPBM 28528 (1), USNM 273949 (1), USNM 345053

(3). SOLOMON ISLANDS: AMS 1.39005-012 (1), BPBM 15997 (1), CAS 56544

(1). TONGA: USNM 336819 (1). VANUATU: AMS 1.17475-004 (4), AMS

1.37304-005 (1), AMS 1.37306-005 (1), USNM 347566 (1), USNM 348226 (1),

USNM 348485 (1).
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CENTROPYGE (PARACENTROPYGE) VENUSTA (yASUDA & TOMINAGA)

Holacanthus venustus Yasuda & Tominaga 1969: 143 (Holotype: ZUMT 52392 [not

52329], Oshima Island, Sagami Bay, Japan).

Diagnosis: Dorsal-fin rays XIV,16-17; anal-fin rays 111,16-17; pectoral-fin rays 16-17;

gill rakers 5-6+11-12 (16-17 total); body depth 1.55-1.78 in SL; head length 3.11-3.49 in

SL; orbit diameter 2.75-3.30 in head length; bony interorbital width 2.90-3.50 in head

length; caudal fin slightly rounded; posterior margin ofdorsal and anal fins smooth and

rounded.

Anterior and ventral portions of head, chest, ventral third ofbody and proximal

portion ofanal fin yellow; a prominent purplish blue patch forming a triangle between the

interorbital, dorsal base ofpectoral fins, and origin of dorsal fin; color of body

immediately posterior to this patch yellow, but becoming purplish blue on dorsal fin,

dorsal two-thirds of body, caudal peduncle, and caudal fin; pelvic spine blue; pelvic fins

yellow; pectoral fins transparent; median fins with a bright blue margin, caudal fin and

soft portions of dorsal and anal fins with bright blue dots and lines paralleling fin

margms.

Remarks: The confused nomenclatural history of this species has already been discussed

previously herein. Further confounding the correct generic placement of this species were

the findings of Chung and Woo (1998), who conducted an analysis ofallozyme variation

in various representatives of the Pomacanthidae. Their results consistently placed venusta

among species ofthe genus Holacanthus, whereas multifasciata grouped among other

Centropyge. Chung and Woo's study represents a phenetic analysis, rather than a

phylogenetic one. No outgroup was included in their analysis to allow polarization of
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characters as to apomorphies vs. plesiomorphies. As such, a preponderance of

synplesiomorphic states can establish phenetic affinity, without actually being

phylogenetically informative. Their results conflict with the morphological, behavioral,

and ecological affinities among the three species herein treated as belonging to the

subgenus Centropyge (Paracentropyge). In the face of this confounding line ofevidence,

I have opted to side with the morphology and other previously discussed attributes

justifying the nomenclatural association of these three species, until some form of

corroboration for the findings of Chung and Woo can be obtained.

This species is restricted in distribution from the Ryukyu Islands southward to the

northern Philippines (Figure 8), where it overlaps with C (P.) multifasciata (and from

which the natural hybrids have been reported).

Material Examined: PHILIPPINES: Batanes, USNM 288809 (2). RYUKYU

ISLANDS: BPBM 19124 (4). UNKNOWN LOCALITY: BPBM uncat-l (1).

SUBGENUS CENTROPYGE (XIPHYPOPS) JORDAN IN JORDAN AND JORDAN

Xiphypops Jordan in Jordan and Jordan 1922: 64 (type species, Holacanthus fisheri

Snyder 1904, by original designation and monotypy).

Xiphipops Weber and de Beaufort 1936: 159 (misspelling ofXiphypops Jordan in

Jordan and Jordan 1922).

Diagnosis: Dorsal-fin rays XIV-XV,15-1 7; anal-fin rays 111,16-18; lateral-line scales 43-

46; gill rakers 6-7+13-17 [17-24 total; 21-24 total excluding C (C) nigriocella]; body

depth about 2.0-2.5 in SL; head 3.0-3.6 in SL; orbit 2.25-3.0 in head; body slightly more

elongate than other species of other two subgenera; posterior margin of dorsal and anal

fins rounded; caudal fin rounded; color ofjuveniles similar or identical to that of adults;
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head with varying amounts ofyellow or orange, extending dorsoposteriorly along the

length of the dorsal fin in some species; body color bluish purple to brown.

Remarks: This genus was established by Jordan in Jordan and Jordan primarily to

emphasize the stout spines extending posteriorly from the lower margin of the preorbital

(=lacrymal) bone. At the time, C (X)fisheri was the only known species in this

complex, although Norman (1922) had described Holacanthus acanthops in the same

year, also with a stout spine on the preorbital. Fraser-Brunner (1933) described a third

species in the group [C (X)jlavicauda; herein treated as ajunior synonym ofC (X)

fisheri], and cast doubt on the validity ofXiphypops as a distinct genus. He wrote (pp.

588-589): "There seems to be no valid reason for separating C fisheri from the rest on

account of its powerful preorbital spines, as has been proposed, since C bispinosus may

develop similar spines, and those of C multispinis are but little smaller. Indeed, it is

possible to arrange the species in a series, commencing with C bicolor, in which the

spines on the preorbital gradually increase in strength, culminating in C fisheri."

Smith (1955) re-establishedXiphypops as a genus, including within it two species: X

fisheri and X jlavicauda. He distinguished the latter from the former "distinguished

mainly by the more elongate body"; however, as explained earlier, Smith misidentified

specimens ofC (C) acanthops as C (X)fisheri, and formed his assertions of the

invalidity ofacanthops, and the validity ofjlavicauda, on the basis of that

misidentification.

Three more valid species of this complex have since been described, all from the

Atlantic Ocean: Centropyge argi Woods & Kanazawa 1951; Centropyge aurantonotus

Burgess 1974; and Centropyge resplendens Lubbock & Sankey 1975. Additionally, Shen
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1973 described Centropyge caudoxanthorus on the basis ofa single specimen from the

southwestern tip Taiwan. His only comparison to other species was as follows (p. 70):

"The present species is most closely related to C. fisheri (Snyder), in having yellow

caudal fin, two large spines on preorbital, three preopercle spines and serrated on upper

limb and long blue ventral ray." It is unclear whether this was intended to reveal

similarities with C. fisheri, or define differences. Shen made no mention of C. jlavicauda,

which would have been a more appropriate comparison to make, given its type locality at

nearby Macclesfield Bank (South China Sea). In any case, most subsequent authors (e.g.,

Allen, 1985) treated Centropyge caudoxanthorus as a junior synonym of C. jlavicauda.

Shen and Liu (1978) provided additional morphological evidence in their Table 2

supporting a broader view ofthe genusXiphypops, which would effectively include all

species here treated asXiphypops, as well as species of the "bispinosus" and "multicolor"

species complexes. In essence, they discounted the morphology of the preorbital armature

as sufficient rationale to alone justify recognition of a genus, so instead expanded the

definition ofXiphypops to include a broader character suite, and therefore more species.

Allen (1985) preferred to regard Xiphypops as a subgenus of Centropyge, but still

maintained the broader set of species. Kishimoto et al. (1996) examined several species

missed by Shen and Liu (1978), and expanded the earlier paper's Table 2. Their primary

intention was to remove multispinis fromXiphypops, as Allen (1985) had included it, but

they also expanded on the characters to defineXiphypops sensu lato.

Chung and Woo (1998) provided evidence from their allozyme analysis of

pomacanthids to support the close affinity of ''Xiphypops'' to the rest of Centropyge,

concluding: "The two Centropyge subgenera, Centropyge Kaup andXiphypops Jordan &
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Jordan, form a group with an average genetic distance of 0.53. This confirms the current

subgeneric status of the two groups and thus resurrection of the subgenus Xiphypops to

full generic status as proposed by Smith (1955) and Shen & Liu (1978) is negated."

Unfortunately, their conclusion is flawed because they failed to include the type species

ofXiphypops (i.e., fisheri), as well as any other member ofXiphypops sensu stricto, in

their analysis. Thus, their conclusion says little about the affinity ofXiphypops to

Centropyge, and may instead provide evidence supporting the exclusion of their

representative ''Xiphypops'' species (all members of the "bispinosa" complex defined

herein) from the subgenus.

Schindler (2003) took a novel approach to investigating Centropyge affinities by

analyzing overall body shape using geometric morphometries. He found that the ''jisheri

complex" ofXiphypops (=Xiphypops sensu stricto) differed significantly from other

members included within that subgenus (i.e., sensu lato). He wrote (p. 44), "The

differences between members of the subgenera Centropyge and Xiphypops are

statistically significant...However, if the extremes [C (X)fisheri-complex and C (C)

aurantia, C (C) colini and C (C) narcosis)] are excluded the differences are less

distinct." Not clear in this case, is from what the C (X)fisheri complex would be

excluded. The wording implies that the complex would be excluded from "Xiphypops,"

which is impossible because C (X)fisheri is the type species ofXiphypops. Another way

of expressing the same idea is that Xiphypops (sensu stricto) represent the most distinct

cluster, because their exclusion causes other (non-Xiphypops) to be more like Centropyge

(and, presumably, less like Xiphypops), thereby supporting a recognition ofXiphypops

sensu stricto.
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For these reasons (and others, such as habitat and behavior), I believe that the

treatment ofXiphypops as a sensu stricto collection of similar species (i. e., Schindler's

'Jisheri-complex") is the optimum nomenclatural solution for these species at this time.

KEy TO THE SPECIES OF THE SUBGENUS CENTROPYGE (X/PHYPOPS)

(species accounts are presented alphabetically)

1a. Dorsal spines XIII (rarely XIV); body pale yellow with a prominent ocellus at

posterior base of dorsal fin, a black spot at the pectoral fin axis (Tuamotu

Archipelago and Johnston Atoll to New Caledonia and Papua New Guinea;

Fig. 3.18d, Fig. 3.1ge-f) nigriocella

1b. Dorsal spines XIV (rarely XIV); body mainly dark brown or blue; no black

ocellus at posterior base ofdorsal fin; no black spot at pectoral fin axis 2

2a. Body primarily brown or dark purple, often (but not always) with dusky

orange chest and head, dusky orange sometimes extending dorsally on the

body (Tuamotu Archipelago and Hawaiian Islands to the Maldive Islands;

Fig. 3.18b, Fig. 20a-f) fisheri

2b. Body primarily blue or purple, with bright orange or yellow (not dusky)

markings on the head and sometimes caudal fin .3

3a. Caudal fin opaque purple or blue .4

3b. Caudal fin yellow, sometimes translucent yellow 5

4a. Yellowish orange covering most of head and extending posteriorly to include

most of dorsal fin and dorsal portion of back (Lesser Antilles and southern

Caribbean Sea to Brazil; Fig. 3.19c) aurantonota

331



4b. Yellow restricted to head, cheeks and chest, sometimes just chest and lips

(tropical Western Atlantic; Fig. 3.19b) argi

5a. Head mostly blue, with a yellow stripe extending from lips dorsally along

interorbital and nape, continuing along dorsal fin but not extending on to

body except along base of dorsal fin; caudal fin opaque yellow with a blue

posterior margin (Ascension Island; Fig. 3.19d) resplendens

5b. Head and chest mostly yellowish orange, continuing dorsally along nape and

posteriorly along dorsal fin, including dorsal part of body (at least

anteriorly); caudal fin translucent yellow (western Indian Ocean; Fig. 3.18a,

Fig. 3.19a) acanthops

CENTROPYGE (XIPHYPOPS) ACANTHOPS (NORMAN)

Holacanthus acanthops Norman 1922: 318 (Holotype: BMNH 1922.1.13.38, Durban,

South Africa).

Diagnosis: Dorsal-fin rays XIV,16-17 (usually 16); anal-fm rays 111,16-18; pectoral-fin

rays 15-16 (usually 16); gill rakers 6-7+15-16 (21-23 total); body depth 1.79-2.21 in SL;

head length 2.83-3.65 in SL; orbit diameter 2.33-3.10 in head length; bony interorbital

width 2.97-3.45 in head length; caudal fin truncate to slightly rounded; posterior margins

of soft portions ofdorsal and anal fins smooth and rounded.

Head, dorsal fin, and dorsal portion of body bright yellow or orange; chest dusky

yellowish orange; remainder of body and anal fin dark purplish blue; a blue ring

marginally around eye; sometimes with bluish cast to operculum and cheeks;

preopercular spine blue; dorsal and anal fins with a bright blue margin and alternating
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blue and black markings on their posterior margins; pectoral fins transparent; pelvic fins

blue; caudal fin translucent yellow.

Remarks: This species is abundant throughout its range, from the Maldives westward to

the coast of Africa. It bears a strong resemblance to C. aurantonota from the coast of

Brazil, differing primarily in the color of the caudal fin. Brian W. Bowen ofthe Hawaii

Institute ofMarine Biology has molecular data for this species as part of a larger ongoing

phylogeographic effort to understand the evolution of this species in the context of the

three Atlantic species.

Material Examined: AGALEGA ISLANDS: USNM 344964 (1). COMORO

ISLANDS: CAS 35219 (14), CAS 35501 (1). MASCARENE ISLANDS: Mauritius,

BPBM 16310 (2), BPBM 20233 (2), BPBM 21834 (1), BPBM 23503 (1), BPBM

34644 (1), USNM 342086 (1). MOZAMBIQUE: BPBM 17645 (1); Pindas, BPBM

13619 (2). SEYCHELLES: CAS 76284 (1). SOUTH AFRICA: KwaZulu-Natal,

USNM 329389 (3); Natal, AMS 1.34536-001 (2). TANZANIA: BPBM 17583 (1).

CENTROPYGE (XIPHYPOPS) ARGIWOODS & KANAZAWA

Centropyge argi Woods & Kanazawa 1951: 636 (Holotype: FMNH 48494, Argus

Bank, Bermuda).

Diagnosis: Dorsal-fin rays XIV-XV (usually XIV),15-16 (usually 16); anal-fin rays

111,17; pectoral-fin rays 15-16; gill rakers 6-7+16-17 (22-24 total); body depth 1.81-2.30

in SL; head length 3.43-3.48 in SL; orbit diameter 2.8-2.9 in head length; bony

interorbital width 3.2-3.4 in head length; caudal fin slightly rounded; posterior margins of

soft portions of dorsal and anal fins smooth and rounded.
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Head and chest bright yellow (yellow sometimes restricted to lips and cheeks); nape,

remainder of body, and median fins purplish blue; a blue ring marginally around the eye;

sometimes with bluish cast to the operculum and cheeks; preopercular spine blue; dorsal

and anal fins with a bright blue margin and alternating blue and black markings on their

posterior margins; pectoral fins transparent; pelvic fins blue; caudal fin purplish blue with

alternating black and bright blue horizontal lines distally.

Remarks: Closely related to C. (X) aurantonota, this species is part of an ongoing

research effort by Brian Bowen to study the evolutionary history and phylogeography of

this group.

Material Examined: BAHAMAS: CAS 31548 (7), USNM 196665 (3). BERMUDA:

USNM 240018 (1), USNM 240019 (1), USNM 240020 (1), USNM 240021 (1),

USNM 240022 (4), USNM 240023 (1), USNM 240024 (1), USNM 240025 (1),

USNM 240026 (2), USNM 240027 (5), USNM 240028 (1), USNM 240029 (3),

USNM 240030 (1), USNM 240031 (1), USNM 240032 (1), USNM 240033 (11),

USNM 240034 (1), USNM 240035 (1), USNM 240036 (1), USNM 240037 (1),

USNM 240038 (1). CARIBBEAN SEA: Antigua and Barbuda, CAS 137261 (1);

Barbados, ROM 1517CS (1); Dominica, USNM 345045 (2); Florida Keys, CAS

48052 (2); Navassa Island, USNM 359142 (12); Puerto Rico, CAS 88188 (1); Virgin

Islands, CAS 56839 (2). NORTH ATLANTIC OCEAN (PELAGIC): USNM

345025 (1), USNM 345056 (3), USNM 345058 (1), USNM 345074 (1), USNM

345083 (2), USNM 345084 (6). UNKNOWN LOCALITY: USNM 344954 (1).
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CENTROPYGE (X/PHYPOPS) AURANTONOTA BURGESS

Centropyge aurantonotus Burgess 1974: 90 (Holotype: USNM 213840, Barbados,

West Indies).

Diagnosis: Dorsal-fID rays XIV,16; anal-fin rays 111,17; pectoral-fin rays 15; gill rakers

6+16 (22 total); body depth 2.10-2.20 in SL; head length 3.40-3.50 in SL; orbit diameter

2.8-2.9 in head length; bony interorbital width 3.2-3.4 in head length; caudal fin truncate

to slightly rounded; posterior margins of soft portions ofdorsal and anal fins smooth and

rounded.

Head, dorsal fin, and dorsal portion of body bright yellow or orange; chest dusky

yellowish orange; remainder of body and anal fID dark purplish blue; a blue ring

marginally around the eye; sometimes with bluish cast to the operculum and cheeks;

preopercular spine blue; dorsal and anal fins with a bright blue margin and alternating

blue and black markings on their posterior margins; pectoral fins transparent; pelvic fins

blue; caudal fin purplish blue with alternating black and bright blue horizonta11ines

distally.

Remarks: This species is known on the basis ofperhaps a few dozen museum

specimens, though aquarium fish collectors capture it somewhat routinely. As mentioned

under the previous two species, this species is part of an ongoing effort by Brian W.

Bowen and collaborators to understand the phylogeny and biogeographic patterns of this

group of four very similar species.

Material Examined: BRAZIL: CAS 31764 (1), CAS 32245 (1), CAS 33582 (1).

CARIBBEAN SEA: Barbados, USNM 213840 (holotype).
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CENTROPYGE (X!PHYPOPS) FISHERl (SNYDER)

Holacanthusfisheri Snyder 1904: 532 (Holotype: USNM 50881, Oahu, Hawaiian

Islands).

Centropyge jlavicauda Fraser-Brunner 1933: 597 (Holotype: BMNH 1894.4.24.4,

Macclesfield Bank:, South China Sea).

Centropyge caudoxanthorus Shen 1973: 70 (Holotype: NTU 72-11-23-001, Ho-bi-

hou, Taiwan).

Diagnosis: Dorsal-fin rays XIV,16 (rarely 17); anal-fin rays 111,16-17; pectoral-fin rays

16-17; gill rakers 6-7+15-17 (21-24 total); body depth 1.99-2.19 in SL; head length 3.05

3.54 in SL; orbit diameter 2.63-3.17 in head length; bony interorbital width 2.96-3.63 in

head length; caudal fin truncate to slightly rounded; posterior margin ofdorsal and anal

fins smooth and rounded.

Color somewhat variable, ranging from dark purplish black over entire head, body,

and median fins, to dusky orange on head, chest, and dorsal and anal fins, fading to

orangish brown centrally on body; dorsal and anal fins with a thin blue margin; posterior

part of dorsal and anal fins with narrow alternating blue and black (or blue and orange)

markings; paler individuals with a dark blotch anteriorly on side ofbody, dorsal to

pectoral fin and posterior to operculum; pectoral fins transparent; pelvic fins ranging

from black to yellow with a blue pelvic spine; caudal fin translucent yellowish.

Remarks: Fraser-Brunner described Centropyge jlavicauda on the basis of single 48-mm

specimen from Macclesfield Bank:. He distinguished it from C. fisheri as follows (p. 597

598):
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"This young fish differs from C. fisheri in the more elongate form, smaller head,

and in colour. It has one more dorsal spine and fewer preorbital spines than the

Hawaiian species, but these characters appear to be of little significance in this

group of fishes. My specimen has one preorbital spine on one side and 2 on the

other, a phenomenon observed also in the interopercular spines of C.

multispinis.

"The present form may perhaps represent a subspecies of C. fisheri, but as the

latter has not so far been found outside its type-locality, it seems best to regard

the two as distinct for the time being."

It is important to note that Fraser-Brunner had but a single specimen of C. fisheri to

examine for comparison. In essence, he was comparing characters that he himselfhad

demonstrated to be variable (for preorbital spines, even within a single specimen) from

one specimen to another. That he found differences between the two specimens is entirely

predictable. Indeed, in comparing the characters he listed (body depth, head length,

dorsal-spine count, and number ofpreorbital spines) among a much larger sample size of

specimens from Hawaii and elsewhere (see "Material Examined" section below), I find

absolutely no consistent difference (even modally) between Hawaiian and non-Hawaiian

specimens. By the characters that Fraser-Brunner presented (as well as others), the

Hawaiian specimens are indistinguishable from the rest.

Fraser-Brunner also cited color as a distinguishing characteristic between the two

species. This purported color difference has been perpetuated by other authors, as

recently as Allen et al. 1998, who said ofHawaiian C. (X)fisheri (p. 41): "Closely

related to the widely distributed Centropyge jlavicauda (opposite). Some researchers

337



consider the two as subspecies of C. fisheri, but we prefer to recognize them as separate

species based on distinctive color pattern differences." If, in fact, the color differences

were consistently as distinctive as the differences between the two photos they present

(one ofHawaiian C. fisheri on p. 41, and another of C. ''flavicauda'' on p. 42), there

would be a compelling case to maintain them as separate species. However, as illustrated

on p. 198 ofDebelius et al. (2003), and in Figure 20 here, the color ofpurported C.

''flavicauda'' is highly variable, and includes forms that are essentially indistinguishable

from Hawaiian material. Also not often documented is the extent of variability within the

Hawaiian populations. On coral reefs at 70-90 feet deep offofEwa Beach, Oahu, I have

encountered populations of C. fisheri that are almost entirely bluish black, with very little

orangish markings on the head (not altogether unlike the fish shown in Figure 20c). With

such a broad array ofcolor forms scattered throughout its range, there seems no basis for

maintaining the Hawaii population as a distinct species.

In Fraser-Brunner's final paragraph (quoted above), he resisted the idea of treating

them as separate only at the rank of subspecies on the grounds that C. fisheri had not been

found outside of its type locality. As is evident from Figure 10, populations of

fisheri/flavicauda are known from a wide range of localities. With such a wide range of

color variation both within and between localities, there is no clear rationale to decide

which populations represent forms that should be referred to as ''fisheri,'' and which

should be referred to as ''flavicauda.'' Failing to find any solid foundation upon which the

two names can logically be separated, the only solution is to treat these populations as

one broadly-distributed and inconsistently variable species, analogous to the status of C.

(C.) bispinosa.
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Material Examined: CAROLINE ISLANDS: Condor Reef, BPBM 24665 (1). FIJI:

BPBM 16405 (1). FRENCH POLYNESIA: Society Islands, BPBM 11507 (1),

BPBM 35740 (1), BPBM 6862 (5), BPBM 6863 (1); Tuamotu Archipe1ago, BPBM

14050 (1), BPBM 14052 (2). GREAT BARRIER REEF: Escape Reef North, AMS

1.22585-004 (1); Lizard Island, AMS 1.19440-017 (1); One Tree Island, AMS

1.18274-001 (2), AMS 1.19150-001 (1), AMS 1.19516-001 (1), AMS 1.20741-001 (1);

Yonge Reef, AMS 1.19476-002 (1), AMS 1.21997-008 (2). HAWAIIAN ISLANDS:

BPBM 15525 (4), BPBM 18089 (6), BPBM 6867 (2), BPBM 7307 (4), BPBM 7973

(1), CAS 107738 (2 - paratypes), CAS 15844 (1), CAS 79806 (3), USNM 126100 (6

paratypes), USNM 174728 (1), USNM 50881 (2 - types), USNM 55318 (3

paratypes), USNM 55319 (5 - paratypes), USNM 55320 (paratype), USNM 76359 (3

- paratypes). INDONESIA: Molucca Islands, BPBM 19235 (1), BPBM 34221 (2),

USNM 209809 (1), USNM 210043 (1), USNM 210073 (1); Sulawesi, CAS 59496

(1). JAPAN: Sukomo, BPBM 23044 (1). JOHNSTON ATOLL: BPBM 33966 (1).

KIRIBATI (GILBERT ISLANDS): AMS 1.18053-012 (1). LINE ISLANDS:

Fanning Island, BPBM 20774 (4); Kiritimati, BPBM 33891 (1). MALDIVE

ISLANDS: BPBM 32869 (3), BPBM 34691 (1). NEW CALEDONIA: AMS

1.17466-009 (1), BPBM 27062 (1), BPBM 28673 (1), BPBM 33789 (1). NEW

SOUTH WALES: AMS 1.18809-002 (1). NORTHERN TERRITORY: Darwin,

AMS IA.3595 (1). NORTHWESTERN HAWAIIAN ISLANDS: BPBM 34858 (1).

PALAU: BPBM 13492 (6), CAS 38773 (1). PAPUA NEW GUINEA: AMS

1.17537-002 (2), BPBM 13637 (3), BPBM 32613 (1). PHILIPPINES: Mindanao,

USNM 273923 (2), USNM 273929 (3), USNM 274024 (2). QUEENSLAND:
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Cairns, AMS 1.17047-001 (2). RYUKYU ISLANDS: BPBM 35073 (1).

SOLOMON ISLANDS: AMS 1.17492-012 (2), AMS 1.39031-040 (1), BPBM 16152

(2). TONGA: BPBM 37947 (1).

CENTROPYGE (X!PHYPOPS) NIGRIOCELLA WOODS AND SCHULTZ IN SCHULTZ ET AL.

Centropyge nigriocellus Woods and Schultz in Schultz et al.1953: 598,607-608

(Holotype: USNM 141312, Johnston Atoll).

Diagnosis: Dorsal-fin rays XIII (rarely XIV),15-16 (usually 15); anal-fm rays 111,15-16;

pectoral-fin rays 16-17 (usually 17); gill rakers 6-7+11-12 (17-18 total); body depth 1.86-

2.15 in SL; head length 3.27-3.73 in SL; orbit diameter 2.29-2.88 in head length; bony

interorbital width 3.10-4.19 in head length; caudal fin rounded; posterior margin of dorsal

and anal fins smooth and rounded.

Head, body, and median fins uniformly pale yellow; nape and interorbital region

dusky yellow; a prominent black spot at base of pectoral fins; a similarly prominent black

ocellus posteriorly at base of soft portion ofdorsal fin; median fins with a thin white

margin; caudal fin yellowish white; ocellus located centrally on body of small juveniles.

Remarks: This species is not easily assignable to any taxonomic group, yet shares

unusual characteristics of many. It is an extremely cryptic species, almost never seen in

its natural habitat by divers, although rotenone stations often betray its abundance in

certain shallow-reef areas. It has XIII dorsal spines, as do two of the species of the

subgenus Centropyge (Paracentropyge). Unlike other members of the subgenus

Centropyge (Xiphypops), it has relatively few gill rakers (17-18). It is nevertheless

tentatively included within this subgenus, due primarily to its small size, convex head

profile, and characteristically stout preorbital spines (Figure 18d)
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Material Examined: AMERICAN SAMOA: CAS 34957 (1). FRENCH

POLYNESIA: Society Islands, BPBM 6851 (1); Tuamotu Archipelago, BPBM

14014 (1). JOHNSTON ATOLL: BPBM 33994 (6), BPBM 34943 (4), USNM

141312 (type). LINE ISLANDS: Fanning Island, BPBM 7568 (1). NEW

CALEDONIA: USNM 324146 (2). PAPUA NEW GillNEA: USNM 258913 (1).

PHOENIX ISLANDS: CAS 40532 (1). WALLIS AND FUTUNA: USNM 370570

(1).

CENTROPYGE ("XIPHYPOPS) RESPLENDENS LUBBOCK & SANKEY

Centropyge resplendens Lubbock & Sankey 1975: 227 (Holotype: BMNH

1974.12.20.1, Ascension Island).

Diagnosis: Dorsal-fin rays XIV,16; anal-fin rays 111,17; pectoral-fin rays 16; gill rakers

5-6+16-17 (22 total); body depth 2.11-2.32 in SL; head length 3.19-3.33 in SL; orbit

diameter 2.36-2.54 in head length; bony interorbital width 4.05-4.88 in head length;

caudal fin slightly rounded; posterior margins of soft portions ofdorsal and anal fins

smooth and rounded.

Body, anal fin, pelvic fins, and most of head blue; lips, interorbital space, nape, and

dorsal fin bright yellow; ventral portion of chest sometimes yellow; iris usually yellow;

caudal fin blue proximally and yellow distally; median fins with a bright blue margin;

pectoral fins transparent.

Remarks: Although Lubbock and Sankey listed only three specimens in their original

description of the species, the Natural History Museum in London (BMNH) have the

following specimens as types:1979.1.5.86-11O, 1979.1.5.74-75, 1974.12.20.1,

1979.1.5.111-114, 1974.12.20.2, 1979.1.5.76-85. Generally poorly known, this species is
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part of an ongoing investigation to understand the phylogeographic patterns of three

species in this subgenus inhabiting the Atlantic Ocean, and C. acanthops of the western

Indian Ocean.

Material Examined: CENTRAL ATLANTIC: Ascension Island, USNM 214107

(paratype), USNM 344907 (10).

UNIDENTIFIABLE SPECIES OF CENTROPYGE

Holacanthus tenigab Montrouzier 1857: 447 (No types known, Woodlark Island

[D'Entrecasteau Islands, Papua New GunieaD.

Paradiretmus circularis Whitley 1948: 83 (Holotype: AMS lB. 1944, off Lord Howe

Island).

Remarks: Montrouzier's (1857:447) description of his H tenigab consists ofonly 2

paragraphs, as follows:

"L'Holacanthe tenigab, de couleur brune, a trois rayons epineux a l'anale. Son

caractere particulier me parait etre dans ses grandes ecailles, qui sont toutes

tres-finement dentelees et striees; de sorte qu'au toucher e1les produisent la

sensation du velours, et qu'a des jours differents elles presentent des teintes

soyeuses diverses. II se tient dans les coranx.

"Le bord de la branche montante du preopercule est fortement denteIe;

l'aiguillon est place en dessous de l'angle des deux branches. D'ailleurs les

contours du poisson et ses dimensions sont a peu pres conformes a la figure que

Bloch a donnee (pI. 206) de son H bicolor. Cependant Ie corps est un peu

moins pointues en arriere. Nous ne voyons pas qu'il ait ete publie de description
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qui se rapporte acette espece. Son mode de squammation et sa teinte brune

uniforme paraissent lui etre particuliers."

Fraser-Brunner (1933) regarded it as a synonym of Centropyge hieolor (Bloch 1787)

(and also incorrectly attributed the authorship to Tholliere), and subsequent authors

followed suit (e.g., Allen, 1985:249). The assignment to C hieolor may have been based

on the comparison that Montrouzier himself made with that species (an in particular,

Plate 206 ofBloch). However, Montrouzier only compared the "[outline]" and

"[dimensions]" to hieolor, but also noted: "[Nevertheless the body is a little less pointed

behind.]"; perhaps referring to less sharply-pointed dorsal and anal fins. Moreover, he

distinguished his new species from all others as follows: "[Its method of squamation and

its uniform brown complexion appear to be unique.]." The description of the squamation

provided in the first paragraph of the original description is of little diagnostic value.

However, the reference to "[uniform brown]" coloration virtually precludes it from being

an example ofC hieolor. Of257 specimens ofC hieolor examined by me (some over

100 years old), all retained at least some indication of a color demarcation, darker

posteriorly and lighter anteriorly. It seems unlikely, therefore, that the fish that formed

the basis ofMontrouzier's description ofH tenigah was a specimen ofwhat would now

be referred to as C hieolor.

Given his comparison to the general body shape and dimensions of C hieolor, it

does seem likely that his specimen belonged to the genus Centropyge. Several candidate

species that might exhibit a uniform brown color in preservative include C (C)

jlavissimus, C (C) nox, C (C) heraldi, and C (C) vrolikii (preserved specimens of the

latter can be faded posteriorly). With no type specimen known, deciding among these
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candidates based only on the information contained in the original description is

effectively impossible. Only the first two of the candidate names have nomenclatural

priority over H tenigab; thus the discovery of a type specimen linking it to one of the

other candidates would potentially jeopardize nomenclatural stability. To my knowledge,

no author has treated H tenigab as valid since its original description, and therefore even

if its type was located and was identifiable, Article 23.9 of the ICZN Code ("Reversal of

Precedence"; International Commission on Zoological Nomenclature, 1999:27) would

likely compel that it be suppressed.

The second unidentifiable species ofCentropyge is Paradiretmus circularis

Whitley 1948. Ofthis species, Allen et al. (1976:410) wrote:

"The holotype ofthe nominal genus and species (AMS IB. 1944), is 13 mm SL.

The general shape and particularly the head and jaws are strikingly similar to

Diretmus. However, such fundamental differences as the presence of dorsal and

anal spines prompted Whitley (1951a) to propose the new family

Paradiretmidae for this form. Since then 2 additional specimens 15-16 mm SL

(AMS lB. 4071, IB. 4083) have been collected as beach-strandings near

Sydney. The fin counts (D. XIV, 15; A. III, 16; V. I, 5), prominent preopercular

spine, head spination, lateral line terminating under the soft dorsal, and ca. 40

scale rows are all characteristic of the pomacanthid genus Centropyge. The

silvery colouration and small size ofthis presumably pelagic larval stage does

not allow specific determination. The "paradiretmus" larval stage of

Centropyge, and presumably other pomacanthids, appears homologous to the

pelagic "tholichthys" larval stage of chaetodontids and scatophagids, although

the lack of prominent head plates and the characteristic head and jaw shape

344



easily distinguish the pomacanthids. Burgess (1974) has recently figured a

larval pomacanthid."

I have examined the holotype ofP. circularis and concur with the assessment of

Allen et al. (1976); however, because of the larval stage ofthe specimen, I am unable to

confidently place it to another named species. It is possible that future researchers may be

able to identify the holotype specimen of this species in the context of other known

pomacanthids (e.g., using molecular techniques). At least four species of Centropyge are

known from the vicinity of Lord Howe Island, and all represent potential candidate

synonyms (C (C) bispinosa, C (C) tibicen, C (C) vrolikii, and C (X)fisheri). All of

these have nomenclatural priority over P. circularis, and if identified as such, P.

circularis would become a junior synonym. A number of other species are known from

more northern localities in the western Pacific, and it's possible that larvae of those could

drift southward with the East Australia Current, so the array of candidate species is even

broader. If it proves to be a specimen of a different species currently bearing a name with

lower nomenclatural priority [e.g., C (C) multicolor], then P. circularis would become a

senior synonym of such, and the name in current use would need to be regarded as a

junior synonym. The possibility that the type specimen ofP. circularis represents an

otherwise unnamed species cannot be excluded. Almost no exploration of deep coral reef

habitat in that part of the Pacific has yet been conducted, and it is entirely possible that

additional species in this genus remain to be discovered, and further that P. circularis is

an example of such. In the context of this study, Paradiretmus circularis Whitley 1948 is

treated as an unidentifiable species within the genus Centropyge.

Material Examined:

Paradiretmus circularis Whitley 1948

LORD HOWE ISLAND: AMS lB. 1944 (1- Holotype).
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Figure 3.3. Distribution ofmaterial examined for the "aurantia" and "colini" species complexes, in the subgenus Centropyge
(Centropyge): e-aurantia, JIt..-eolini, +-narcosis, __nox.
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Figure 3.5. Distribution of material examined for the "bispinosa" species complex, in the subgenus Centropyge (Centropyge):
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Figure 3.6. Distribution ofmaterial examined for the "multicolor" species complex, in the subgenus Centropyge (Centropyge):
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Figure 3.7. Distribution of material examined for the "jlavissima" species complex, in the subgenus Centropyge (Centropyge):
...-eibli, ~jlavissima, ....vrolikii.
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Figure 3.10. Distribution of material examined for three species in the subgenus Centropyge (Xiphypops):
__fisheri, -.-nigriocella, Ji..-acanthops.



Figure 3.11. Life color of species in the "aurantia" and "colini" complexes ofthe
subgenus Centropyge (Centropyge):

a) C (C) aurantia, 49.4 mm SL, Tutuila, American Samoa, BPBM 17000 (Holotype);
b) C (C) nox, 63 mm SL, Cebu, Philippines, BPBM 28529;
c) C (C) colini, 57 mm SL, Ngemelis, Palau, BPBM 29196;
d) C (C) narcosis, 49.5 mm SL, Rarotonga, Cook Islands, BPBM 35040 (Paratype).
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Figure 3.12. Life color of species in the "bie%r" complex of the subgenus Centropyge
(Centropyge):

a) C. (C.) bie%r, 51 mm SL, Chuuk, BPBM 7498;
b) C. (C.)flavipeetoralis, 74.2 mm SL, Sri Lanka, BPBM 18772 (Paratype);
c) C. (C.) heraldi, 80 mm SL, Tahiti, BPBM 6860;
d) C. (C.) heraldi, 27 mm SL, Tutuila, American Samoa, BPBM 11315 ("woodheadi");
e) C. (C.) mu/tispinis, 70 mm SL, Natal, South Africa BPBM 27339;
t) C. (C.) tibieen, 99 mm SL, Lord Howe Island, BPBM 14812.

355



Figure 3.13. Life color of two species in the "bispinosa" complex of the subgenus
Centropyge (Centropyge):

a) C (C) bispinosa, 56 mm SL, Cebu, Philippines, BPBM 18468 (typical color);
b) C (C) bispinosa, 61 mm SL, Tahiti, BPBM 6859 (pale variant);
c) C (C) bispinosa, 71 mm SL, Lord Howe Island, BPBM 14926 (orange variant);
d) C. (C.) loricula, 57 mm SL, Oahu, BPBM 6001 (Hawaiian variant);
e) C. (C.) loricula, 61 mm SL, Moorea, BPBM 8111 (typical color);
t) C. (C.) loricula, 55 mm SL, Fatu Hiva, BPBM 11689 (Marquesas variant).
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Figure 3.14. Life color of three species in the "bispinosa" complex of the subgenus
Centropyge (Centropyge):

a) C (C)ferrugata. 70.5 mm SL. Ryukyu Islands. BPBM 6831 (Holotype);
b) C (C) shepardi. 56 mm SL. Guam. BPBM 8450;
c) C (C)potteri. 98 mm SL. Oahu. BPBM 7948 (female);
d) C (C) potteri. 92 mm SL. Johnston Atoll. BPBM 29606 (male);
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Figure 3.15. Life color of species in the ''jlavissima'' complex of the subgenus
Centropyge (Centropyge):

a) C. (C.)jlavissima, 61 mID SL, Mangareva, Tuamoto Islands, BPBM 13568;
b) C. (C.)jlavissima, Aquarium Photo (Indian Ocean variant), R. Pyle Photo;
c) C. (C.)jlavissima, 48 mID SL, Enewetak, Marshall Islands (Blue-spotted variant);
d) C. (C.) eibli, 51 mm SL, Ambon, Indonesia, BPBM 19236;
e) C. (C.) eibli, (Rowley Shoals variant) R. Kuiter photo;
f) C. (C.) vrolikii, 65 mID SL, One Tree Island, Great Barrier Reef, BPBM 14454.
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Figure 3.16. Life color of species in the "multicolor" complex of the subgenus
Cen~opyge(Cen~opyg~:

a) C (C) debelius, 50.5 mID SL, Mauritius, BPBM 33941 (Holotype);
b) C (C) hotumatua, 67.6 mID SL, Easter Island, BPBM 6665 (Holotype);
c) C (C) interrupta, 83 mID SL, Miyake-jima, Japan, BPBM 18960;
d) C. (C.)joculator, 80 mID SL, Christmas Island (Indian Ocean), BPBM 33881;
e) C (C) multicolor, 45.8 mID SL, Enewetak, Marshall Islands, BPBM 10058 (Holotype);
t) C (C) nahackyi, underwater photo, Johnston Atoll.
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Figure 3.17. Life color of species in the subgenus Centropyge (Paracentropyge):
a) C. (P.) boylei, 56.2 mm SL, Rarotonga, Cook Islands, BPBM 35041 (Lectotype);
b) C. (P.) boylei, 21.9 mm SL, Rarotonga, Cook Islands, BPBM 35042 (Paralectotype);
c) C. (P.) multifasciata, 71 mm SL, Enewetak, Mmarshall Islands, BPBM 12177;
d) C. (P.) venusta, 86 mm SL, Ryukyu Islands, BPBM 19124.
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Figure 3.18. Armature of the preorbital (lacrymal) bone in: a) C. (X) aeanthops; b) C.
(X)fisheri; c) C. (C.) bispinosa; and d) C. (X) nigrioeella. R. Pyle Photos.
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Figure 3.19. Life color of species in the subgenus Centropyge (Xiphypops):
a) C. (X) acanthops, 49 mm SL, Tanzania, BPBM ;
b) C. (X) argi, underwater photo, Caribbean Sea;
c) C. (X) aurantonota, aquarium photo, Caribbean Sea, F. Schneidewind photo;
d) C. (X) resplendens, aquarium photo, Ascencion Island, R. Pyle photo.
e) C. (X) nigriocella, 38.5 mm SL, Fanning Island, BPBM 7568;
f) C. (X) nigriocella, 21 mm SL, Rangiroa Atoll, BPBM 14014 Guvenile);
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Figure 3.20. Selected specimens of Centropyge (Xiphypops) fisheri:
a) 38 mm SL; Hawaiian Islands
b) 28 mm SL; Johnston Atoll
c) 57 mm SL; Solomon Islands
d) 55 mm SL; Tuamotu Archipelago
e) 32 mm SL; Maldives
f) 30 mm SL; Tahiti
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PREFACE

The following chapter was published as Pyle, R.L. and J.E. RandalL 1994. A review

ofhybridization in marine angelfishes (Perciformes: Pomacanthidae). Environmental

Biology ofFishes. 41: 127-145. It is included herein in partial fulfillment of the

requirements for a degree ofDoctor ofPhilosophy in Zoology. The content has not been

edited from the original published version, except to emulate the style of other chapters in

this Dissertation, and to update the Figure and Table numbers to include a "4" chapter

designator. Generic and species-level nomenclature is consistent with conclusions made

in previous chapters, but subgeneric designations were not used in the original published

version, and have not been added to this version. Some ofthe content in this chapter

clearly preceed the completion ofwork documented in the previous three chapters (e.g.,

the masculine endings of adjective species epithets within the genus Centropyge). When

differences or inconsistencies exist, the information contained in the previous chapters

supercedes that contained herein.

In accordance with the University ofHawai'i Style and Policy Manual for Theses

and Dissertations, regarding multiple authorships, it is here noted that the senior author

(i.e., dissertation author) contributed most of the writing and a substantial majority of the

original research associated with this chapter.
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ABSTRACT

Although hybridization of terrestrial and freshwater organisms has been well

studied, very little work has focused on hybridization among coral reef fish species. In

the present paper, eleven examples ofprobable hybrids between marine angelfishes

(Pomacanthidae) are reviewed. Evidence is presented which strongly suggests that the

nominal species Apolemichthys armitagei is invalid and that specimens previously

identified as this species represent hybrids between A. trimaculatus and A. xanthurus. Of

the remaining ten probable pomacanthid hybrids, five are in Centropyge (c. eibli xc.

jlavissimus, C. eibli x C. vrolikii, C. jlavissimus x C. vrolikii, C. loriculus x C. potteri,

and C. multifasciatus x C. venustus); one in Holacanthus (H bermudensis x H ciliaris),

and four in Pomacanthus (P. arcuatus x P. paru, P. chrysurus x P. maculosus, P.

maculosus x P. semicirculatus, and P. sexstriatus x P. xanthometapon). An additional

four examples ofpossible pomacanthid hybrids are described, two in Centropyge and two

in Chaetodontoplus. Examination of hybrids may provide clues on reproductive behavior,

dispersal capabilities, and phylogenetic relationships of species. More studies on

hybridization in coral reef fish species, particularly those involving molecular techniques,

are needed.

INTRODUCTION

Although there is a rich literature regarding hybridization of terrestrial plants and

animals (e.g., Harrison 1993) and freshwater fishes, comparatively little work has been

done on marine fish hybrids. Randall (1956) cited an unpublished list ofNew World

hybrid fishes prepared by Robert R. Miller. Of 134 hybrids listed by Miller, only five are

378



from the marine environment. Slastenenko (1957) made a compilation of natural hybrid

fishes of the world; of his total of212 hybrids, only 30 are marine. Schwartz (1972)

reviewed the world literature on hybridization in fishes, citing 1810 references. These

include papers on hybrids observed under natural conditions and those created artificially

by cross fertilization or by exposure in aquaria of related species that would never co

occur in the wild. He made no analysis ofnatural vs. artificial hybrids or of the relative

number of hybrids that are known from marine, estuarine, or freshwater environments.

However it is clear that examples of freshwater species far outnumber those of marine

species. He reported hybrids from 56 families of fishes, adding that the bulk of them

occur in seven freshwater families. An increasing number ofhybrid fishes have been

documented in recent years, the great majority of which continue to be freshwater

crosses.

Chaetodontidae (butterflyfishes) is the family ofmarine fishes with the greatest

number of reported hybrids. Fifteen natural chaetodontid crosses have been recorded

(Burgess 1974, 1978, Randall et al. 1977, Steene 1978, Allen 1979, Randall & Fridman

1981, Sano et al. 1984, Clavijo 1985), and we are aware ofat least twelve others which

have not yet been documented. The family Pomacanthidae (marine angelfishes), once

classified as a subfamily of the Chaetodontidae, contains the next greatest number of

reported hybrids for marine species. Allen (1979) listed five probable hybrids between

pomacanthid species. Three others were described in subsequent publications (Krupp &

Debelius 1990, Pyle 1992a, 1992b). The purpose of the present paper is to review

literature on pomacanthid hybrids, and add additional examples ranging from highly

probable to speculative. The hybrids are discussed below in alphabetical order. Methods
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of counts and measurements follow Pyle & Randall (1993), except standard length was

measured from the anteriormost tip of the premaxilla to the point where a crease forms

when the caudal peduncle is bent (rather than from radiographs), and measurements of

snout length, snout to dorsal-fin origin, snout to anal-fin origin, and snout to pelvic-fin

insertion were made to the medial point of the ventral edge of the nasal bone (rather than

to the anteriormost tip of the premaxilla). Specimens of hybrids and presumed parent

species examined by us are deposited in the Bernice P. Bishop Museum, Honolulu

(BPBM), and Senckenberg Museum, Frankfurt (SMF).

Following the hybrid accounts, we discuss some implications of observed patterns in

pomacanthid hybridization and how they relate to questions of behavioral ecology,

biogeography, dispersal, and phylogenetic relationships, and suggest future avenues for

research.

PRESUMED AND PROBABLE POMACANTHID HYBRIDS

ApOLEMICHTHYS TRIMACULATUS xA. XANTHURUS

Smith (1955) described the pomacanthid Apolemichthys armitagei on the basis ofa

single specimen collected in the Seychelles. This specimen closely resembles

Apolemichthys trimaculatus Lacepede (Figure 4.1a) but differs in certain aspects of color,

most notably in having a prominent black region over much of the dorsoposterior portion

of the soft dorsal fin and a dusky coloration of the head (Figure 4.1b). Because of the

similarity in color between this specimen and A. trimaculatus, Randall & Mauge (1978,

p. 302) stated: 'the possibility that armitagei is an aberrant color form of trimaculatus

cannot yet be discounted'. Allen (1979) subsequently placed armitagei in the synonymy
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of trimaculatus; however, Heemstra (1984, p. 6) wrote: 'Although A. armitagei is still

only known from one specimen, I believe that it is a valid species.' Allen (1986), Pyle

(1989), Randall (1992), and Randall & Anderson (1993) all illustrated Apolemichthys

armitagei (the latter three recording it from the Maldives) and followed Heemstra in

considering it as a valid species.

Several photographs of subadult Apolemichthys from the Maldives closely matching

A. armitagei were published in the Japanese aquarium magazine Tropical Marine

Aquarium (Takeuchi 1984, Anon. 1989). One of the photographs also shows an adult A.

trimaculatus close by. Initially, these reports noted the similarity between the

unidentified Apolemichthys and A. xanthurus Bennett (Figure 4.1 c), and suggested that

the fish may either be an aberrant A. xanthurus, or a hybrid between A. xanthurus and A.

trimaculatus. In subsequent issues of the magazine, however, the fish are identified as A.

armitagei.

The senior author began to suspect that specimens identified as A. armitagei are

examples of hybrids between A. trimaculatus and A. xanthurus, and discussion with the

junior author reinforced this belief. A photograph of a fish matching A. armitagei was

sent to the senior author by J. Charles Delbeek, who reported that the owner of the fish,

Joe Randazzo, also concluded that it was a hybrid between these two species (Delbeek

personal communication). As is apparent in Figures 4.1a-c, the coloration ofA. armitagei

is intermediate to these two species. With A. trimaculatus, A. armitagei shares a

predominantly yellow body and fins, soft anal-fin color with black distally and pale

yellow proximally, bright yellow spots at the center ofeach scale, black spot on the nape,

and bluish color on the lips. With A. xanthurus, it shares a dark region on the
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Figure 4.1. a - Apolemichthys trimaculatus, Seychelles (J. Randall); b - A. trimaculatus x
A.xanthurus, Maldives (J. Randall); c - A. xanthurus, Sri Lanka (J.Randall); d
Centropyge eibli, Thailand (J. Randall); e - C. eibli x C. jlavissimus, Cocos-Keeling
(R. Pyle); f - C.jlavissimus, Cocos-Keeling (R. Pyle); g - C. vrolikii, Indonesia (J.
Randall); h - C. jlavissimus x C. vrolikii, Majuro (S. Michael); i - C. jlavissimus,
Ogasawara Islands (R. Pyle);j - C. loriculus, Hawaiian Islands (R. Pyle); k - C.
loriculus x C. potteri, at time of collection, Hawaiian Isalands (R. Pyle); I - C. potteri,
Hawaiian Islands (J. Randall).

382



dorsoposterior portion of the soft dorsal fin, white or bluish white margin on the dorsal

and anal fins, dusky head and thorax, and generally dusky body ground color. Some of

these color characteristics are intermediate to the two presumed parent species. For

example, the head and throat of the presumed hybrid are dusky, but not as dark as onA.

xanthurus. The color of the lips on the presumed hybrid (dusky blue) is intermediate to

the bright blue lip color ofA. trimaculatus and the dusky brown ofA. xanthurus. The

ground color of the body and fins of the presumed hybrids is also intermediate to that of

the presumed parent species.

Examination of two specimens formerly identified as A. armitagei (BPBM 32805

and BPBM 35841), revealed several morphological characters which are intermediate to

the two presumed parent species. Heemstra (1984) chose to recognize A. armitagei as

distinct from A. trimaculatus primarily because his specimen of the former has the first

four haemal spines expanded in the median plane, whereas only the first two haemal

spines are expanded in all six specimens ofA. trimaculatus which he examined (Figure

4.2a). Heemstra also noted that the bulge over the predorsal bone on the nape ofA.

armitagei is less pronounced than it is on A. trimaculatus, and the suprac1eithrum is more

oblong in the former species than in the latter. We examined radiographs of six adultA.

trimaculatus and found, as did Heemstra, that only the first two haemal spines are

expanded (the third spine is very slightly expanded in two specimens). In both of our

specimens ofA. 'armitagei', the first three haemal spines are expanded in the median

plane (Figure 4.2b; the haemal spine slightly expanded in one of the specimens). We also

examined radiographs of three specimens ofA. xanthurus and found that the first four
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Figure 4.2. a - Posteriormost precaudal vertebra plus anterior four caudal vertebrae to show expansion of first two haemal spines
ofApolemichthys trimaculatus, 100 mm SL (re-drawn from Heemstra 1984); b - Posteriormost precaudal vertebra plus anterior
five caudal vertebrae to show expansion of first three haemal spines ofA. trimaculatus xA. xanthurus, BPBM 35841, 96.3 mm
SL; c - Posteriormost precaudal vertebra plus anterior five caudal vertebrae to show expansion of first four haemal spines ofA.
xanthurus, BPBM 27206 (l of3 specimens), 103.7 mm SL.



haemal spines are expanded in all of them (Figure 4.2c). Thus, this character ofA.

'armitagei' is intermediate to A. trimaculatus and A. xanthurus.

The nape profile and supracleithrum shape of our specimens ofA. 'armitagei' are also

intermediate to the two presumed parent species. The predorsal bulge on our specimens

ofA. 'armitagei' is less pronounced than on our adult specimens ofA. trimaculatus, and

the bulge is absent on A. xanthurus. The supracleithrum ofA. trimaculatus is relatively

large and circular, whereas in A. xanthurus it is small and oblong; it is intermediate in

shape and size in our specimens ofA. 'armitagei'.

The ranges of meristic data (Table 4.1) are broadly overlapping in our specimens of

A. trimaculatus,A. xanthurus, andA. 'armitagei'. Although the ranges of most

proportional measurements are similarly overlapping among these specimens, there are a

few slight differences. When ranges differ substantially between adult A. trimaculatus

and A. xanthurus, the range for A. 'armitagei' is either more similar to that ofA.

trimaculatus (head length, depth of body, anal fin base), more similar to A. xanthurus

Table 4.1. Ranges for selected proportional measurements of six specimens of
Apolemichthys trimaculatus, two specimens ofA. 'armitagei', and three specimens of
A. xanthurus. All values except standard length are expressed as a percentage of
standard length.

Character
Standard length (mm)
Head length
Body depth
Snout to dorsal fin origin
Snout to anal fin origin
Dorsal-fin base
Anal-fin base
Length of 1st anal-fin spine
Length of 2nd anal-fin spine
Length of 3rd anal-fin spine
Length of preopercular spine

A. trimaculatus
104.6-132.5
25.5-26.4
53.1-57.9
27.1-30.2
66.4-70.4
70.0-73.7
32.9-36.3
11.9-13.7
17.5-19.0
21.6-23.5
14.1-16.7
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A. 'armitagei'
65.5-96.3
26.2-27.3
55.0-56.3
30.4-32.5
61.5-64.1
72.5-75.0
24.7-36.6
14.5-15.6
20.6-21.8
23.5-25.4
9.9-11.8

A. xanthurus
98-103.7
24.4-26.0
58.3-61.5
30.6-31.7
64.0-66.0
74.8-75.8
37.6-38.2
12.5-14.0
19.0-20.4
23.5-24.5
10.7-14.7



(predorsallength, preanal length, second and third anal spine length, and preopercle spine

length), or intermediate (length of dorsal fin base).

Additional evidence supporting the conclusion that A. armitagei is a hybrid is its rare

occurrence in nature. Such a level of scarcity might be expected of deep-dwelling species

or species restricted to remote localities, such as Apolemichthys guezei Randall & Mauge

(known only from the holotype taken at a depth of 70 m at Reunion). However, all

observed or collected specimens ofA. armitagei have been at moderate depths (10-40 m)

in the Seychelles and Maldive Islands, localities regularly visited by divers. Furthermore,

to our knowledge, only solitary individuals have ever been observed.

Material Examined:

A. trimaculatus (Cuvier [ex Lacepede] in Cuvier & Valenciennes 1831)

MALDIVE ISLANDS: BPBM 18944, 104.6 mm SL. GREAT BARRIER REEF:

BPBM 13668, 132.5 mm SL. SOLOMON ISLANDS: BPBM 16146, 112.0 mm SL.

GUAM: BPBM 5843,128.8 mm SL; BPBM 6357,127.2 mm SL; BPBM 8553,

116.5 mm SL.

A. xanthurus (Bennett 1833)

SRI LANKA: BPBM 27206,3:98-103.7 mm SL.

A. trimaculatus x A. xanthurus

MALDIVE ISLANDSS: BPBM 32805,65.5 mm SL; BPBM 35841, 96.3 mm SL.

CENTROPYGE EIBLI xc. FLA VISSIMUS

Allen & Steene (1979) first reported this hybrid in their list of fishes from Christmas

Island, Indian Ocean. Allen (1979, p. 315) reported collecting a 70-mm specimen of this

hybrid, and presented an underwater photograph of it taken at a depth of 18 meters at
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Christmas Island. The fish in his photograph is clearly intermediate in color to C eibli

Klausewitz (Figure 4.1d) and Cflavissimus (Cuvier) (Figure 4.1f). A second individual

with similar coloration was observed but not collected (Allen personal communication).

In 1991, the senior author purchased an identically-colored Centropyge from an

aquarium-fish importer (BPBM 35842; Figure 4.1e; Pyle 1992a). This fish was collected

in the Cocos-Keeling Islands, west of Christmas Island in the Indian Ocean. We can find

no substantial meristic or morphological differences between C eibli, Cflavissimus, or

the probable hybrid. Meristic data and proportional measurements for the hybrid are

included in Table 4.2. To our knowledge, no other specimens of this hybrid have been

reported.

Material Examined:

C eibli Klausewitz 1963

INDONESIA: BPBM 17567,58 mm SL; BPBM 19236,51 mm SL.

C flavissimus (Cuvier in Cuvier & Valenciennes 1831)

CORAL SEA: BPBM 33663, 2:32&64 mm SL. VANUATU: BPBM 1074, 83 mm

SL. GUAM: BPBM 190,93 mm SL; BPBM 9198,68 mm SL. MINAMI TORI

SHIMA (MARCUS ISLAND): BPBM 7095, 34 mm SL; BPBM 7096, 3:26-63 mm

SL. WAKE ISLAND: BPBM 4221,75 mm SL; BPBM 15344,73 mm SL.

ENEWETAK ATOLL: BPBM 6392, 2:53&87; BPBM 8027, 48 mm SL; BPBM

8218,2:22&23 mm SL; BPBM 8855, 5:55-76 mm SL; BPBM 10784,2:60&75 mm

SL; BPBM 17749,2:26&44 mm SL; BPBM 27804, 67 mm SL; BPBM 29118,68

mm SL; BPBM 29225, 2:60&74 mm SL. SAMOA: BPBM 5182, 76 mm SL. LINE

ISLANDS: BPBM 7535, 4:66-92 mm SL; BPBM 7562, 40 mm SK; BPBM 14069,
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18 mm SL; BPBM 14119,2:34&65 mm SL. COOK ISLANDS: BPBM 5634, 3:77

96 mm SL; BPBM 10831,33 mm SL. SOCIETY ISLANDS: BPBM 6044,3:23-75

mm SL; BPBM 6048, 4:18-57 mm SL; BPBM 8356, 2:60&71 mm SL; BPBM

10278,2:67&83 mm SL; BPBM 10947,4:57-79 mm SL; BPBM 11279,2:17&33

mm SL; BPBM 13568,61 mm SL; BPBM 15154, 10:56-94 mm SL. TUAMOTU

ARCHIPELAGO: BPBM 13082,3:76-80 mm SL; BPBM 15158,2:57&75 mm SL.

AUSTRAL ISLANDS: BPBM 13710, 88 mm SL. MARQUESAS ISLANDS:

BPBM 10318, 73 mm SL; BPBM 11690, 2:21 &74 mm SL; BPBM 12150, 7:28-63

mm SL; BPBM 12316, 86 mm SL. RAPA: BPBM 12982,88 mm SL. PITCAIRN:

BPBM 13241,5:43-60 mm SL; BPBM 16940,2:44&71 mm SL; BPBM 30201,

2:39&62 mm SL. DUCIE ATOLL: BPBM 12240, 83 mm SL. UNKNOWN

LOCALITY: BPBM 4220,85 mm SL; BPBM 11090, 70 mm SL.

C. eibli x C. flavissimus

COCOS-KEELING ISLANDS: BPBM 35842, 78.5 mm SL.

CENTROPYGE EIBLI X C. VROLIKII

In his book on Indonesian fishes, Kuiter (1992) noted that hybrids between

Centropyge eibli (Figure 4.1d) and C. vrolikii Bleeker (Figure 4.1g) are common in

Indonesia, and several aquarium fish importers have reported individuals of Centropyge

intermediate in color to these two species, all apparently originating from Indonesia.

However, this hybrid has not been formally documented. The senior author has seen

several of these presumed hybrids in aquarium fish shops, and he obtained a specimen of

one (BPBM 35843) which was intermediate in color to the two presumed parent species
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Table 4.2. Proportional measurements and meristic data of four suspected hybrid
Centropyge specimens. All values except standard length are expressed as a
percentage of standard length.

Character
Standard length (mm)
Head length
Diameter oforbit
Snout length
Bony interorbital width
Body width
Body depth
Caudal peduncle depth
Caudal peduncle length
Snout to dorsal-fm origin
Snout to pelvic-fin insertion
Snout to anal-fin origin
Longest pectoral-fm ray
Caudal fm length
Base ofdorsal fin
Base of spinous dorsal fm
Base of soft dorsal fin
Base ofanal fin
Pelvic spine length
Pelvic-fm length
First dorsal-fin spine length
Second dorsal-fm spine length
Third dorsal-fm spine length
Fourth dorsal-fin spine length
Fifth dorsal-fm spine length
Last dorsal-fm spine length
First anal-fin spine length
Second anal-fin spine length
Third anal-fin spine length
Preopercle-spine length
Dorsal fin
Analfm
Caudal fm
Pectoral fm
Pelvic fin
Lateral-line scales
Scale rows above lateral line
Scale rows below lateral line
Gill rakers
Vertebrae

C. eiblix
C. flavissimus
BPBM35842

78.5
26.1
8.7
6.6
8.3

21.5
49.7
14.1
14.3
32.6
36.3
60.4
27.3
23.6
67.1
43.9
23.2
31.8
19

31.2
9.6
12.7
14.8
16.3
17.3
21.8
12.9
17.8
24.1
14.4

XIV, 16
III, 16
10+11

16
1,5
28
7

25
5+13
10+13

C. eibli x
C. vrolikii

BPBM35843
54.8
28.5
10.2
5.8
8.4
17.9
53.3
14.8
14.1
33.9
36.1
60.9
27.4
24.3
65.3
42.9
24.6
33

20.4
33.4
8.8
12.4
14.8
16.2
17.2
20.4
13.3
18.1
22.4

13
XIV, 16

III,16
10+11

16
1,5
34
7

22
5+12
10+13

389

C. loriculus x
C. potteri

BPBM35844
55.2
27.9

10
7.2
9.1

21.6
52.7
13.8
13.8
36.2
36.1
59.4
30.8
23.7
66.1
40.9
24.1
34.2
19

33.3
8.2
12.5
14.9
16.3
16.8
18.7
12.3
16.7
21.6
11.8

XIV, 18
III, 18
10+11

17
1,5
31
6

20
7+17
10+13

C. heraldix
C. bispinosus?

SMF23661
66.5
28.9
9.6
6.2
7.7
18.2
51.9
14.1
12.6
33.7
36.4
58.9
23.5
24.1
68.9
46.8
21.4
35.2
18.8
23.6

9
13.7
15.3
16.5
16.7
21.2
13.4
19.1
24.2
11.7

XV, 16
III, 18
10+11

17
1,5
34
8

24
5+12
10+13



(Figure 4.1d, g). Meristic and morphological data of this specimen are included in Table

4.2. These data fall within the ranges for our specimens of C. eibli and C. vrolildi.

Although we do not have photographs of this presumed hybrid, individuals apparently

resulting from this cross have been illustrated elsewhere. For example, figure 162 of

Steene (1978, p. 109) is labeled as a subadult C. vrolildi, but it seems to be a hybrid of

this species and C. eibli (the same photograph, also labeled as C. vrolildi, appears in

Takeshita 1976). The illustrated fish resembles C. vrolildi, but the thorax, pelvic fins, and

interspinous membranes are orange, and faint dark bars are visible on the body. These

color characters are typical of C. eibli but are not observed in C. vrolildi. Another fish,

illustrated in Shirai (1986, p. 234), also appears to be a hybrid of these two species. Like

the fish illustrated by Steene, it is most similar to C. vrolildi. Although it lacks the orange

coloration on the thorax and dorsal fin, dark bars are clearly evident on the body, and the

black coloration of the tail does not extend anteriorly on the body as far as on C. vrolildi

(black on C. eibli is limited to the caudal fin, caudal peduncle, and posterior portion of

the soft dorsal fin). Also, faint orange markings on the anal fin (reminiscent of those on

C. eibli) are evident.

Kuiter (personal communication) informs us that these intermediate forms are more

common at Flores in the Lesser Sunda Islands in Indonesia, where 'pure' C. eibli is

scarce, than at Bali to the west, where individuals of typical C. eibli are more often

observed. He also suggests that there is a gradation (i.e., cline) in the frequency of

intermediates across the Lesser Sunda region, indicating that it may represent a true

'hybrid zone' (sensu Harrison 1993; see Discussion below).
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Material Examined:

C. eibli Klausewitz 1963

see listing above.

C. vrolikii (Bleeker 1853)

INDONESIA: BPBM 32169, 61 mm SL; BPBM 34167, 67 mm SL.

PHILIPPINES: BPBM 10927,5:58-75 mm SL. RYUKYU ISLANDS: BPBM

6827, 77 mm SL; BPBM 19155,83 mm SL. GREAT BARRIER REEF: BPBM

14454,3:64-65 mm SL. SOLOMON ISLANDS: BPBM 16161,2:50&54 mm SL.

LORD HOWE ISLAND: BPBM 14817,95 mm SL. PALAU ISLANDS: BPBM

6890,2:62&70 mm SL; BPBM 8089, 49 mm SL; BPBM 9231, 2:50&63 mm SL;

BPBM 9362,57 mm SL; BPBM 9806, 3:50-52 mm SL; BPBM 10191,53 mm SL;

BPBM 13493, 28 mm SL. POHNPEI: BPBM 9670, 55 mm SL.

C. eibli x C. vrolikii

INDONESIA: BPBM 35843, 54.8 mm SL.

CENTROPYGE FLA VISSIMUS X C. VROLIKII

Takeshita (1976) was the first to report on the hybrid of these two species from fish

imported to Modem Pet Shop in Honolulu from Majuro, Marshall Islands. He wrote: 'Dr.

John E. Randall's records show that he obtained a C. flavissimus x C. vrolikii hybrid from

Modem Pet Shop in Honolulu in 1969. In 1970 he went to Majuro and observed that these

hybrids were very common there in all intermediate stages. Dr. Randall will be

publishing a scientific paper on this hybrid in the near future (personal communication,

Nov 1975).' Because Takeshita documented this hybrid well, there was no subsequent

paper by the junior author.
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Takeshita quoted field observations of Colin Young in Majuro on the depth at which

hybrids were collected (between 1.5 and 7 m) and their relative abundance. In areas

where these two angelfishes predominate, approximately 10% are hybrids. Ofthese, 20%

are what Young called 'true' hybrids (i.e., directly intermediate in color between the two

parent species) and the rest he called 'intermediate' hybrids (individuals closer in color to

one or the other parent species). These hybrids are regularly imported into the aquarium

trade from Majuro and Pohnpei (Ponape). A wide variety of color forms have been

observed, ranging from nearly 'pure' C. flavissimus to nearly 'pure' C. vrolikii, with every

combination in-between. There is an additional color anomaly ofbright blue spots on the

posterior portion of the body and median fins which is often, but not always, associated

with this hybrid (Figure 4.1h). We have nine specimens of the blue-spotted color form,

eight of which were collected at Majuro (the other at Enewetak, Marshall Islands). We

can find no consistent differences in the meristic data and proportional measurements

between the hybrids and either of the parent species (ranges for the parent species broadly

overlap). Additional color illustrations showing several varieties of this hybrid have been

published in Takeshita (1976: Figure on pp. 30 & 31), Steene (1978: Figure 163, 164),

and Wedge (1984). This hybrid has also been observed or collected at Guam (Myers

1989), Kosrae (Donald Baker personal communication), and in the Ryukyu Islands

(Hiroyuki Tanaka, personal communication).

Material Examined:

C. flavissimus (Cuvier in Cuvier & Valenciennes 1831)

see listing above.
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C. vrolikii (Bleeker 1853)

see listing above.

c. flavissimus x C. vrolikii

GUAM: BPBM 17335,68 mm SL. ENEWETAK ATOLL: BPBM 8880, 62 mm

SL. MAJURO ATOLL: BPBM 8780, 71 mm SL; BPBM 19209, 56 mm SL; BPBM

19557,61 mm SL; BPBM 19679,6:55-72 mm SL; BPBM 26831, 2:68&70 mm SL;

BPBM 26832,2:58&77 mm SL; BPBM 28178,69 mm SL.

CENTROPYGE LORICULUS xc. POTTERI

The first known specimen of this hybrid, a juvenile of about 30 mm standard length

(SL), was collected at Oahu in 1990 by aquarium fish collector Dennis Yamaguchi. It

was found living among a group of C. loriculus. A photograph of it appeared in a

Japanese aquarium magazine. A second, larger individual (about 40 mm SL) was

collected less than a year later by Ivan Bonilla, also at Oahu. This one, nearly identical in

color to the first, was found with a group of C. potteri. It was donated to the senior author

(Pyle 1992b), who maintained it in an aquarium for approximately one year. When first

obtained, this fish more closely resembled C. loriculus (Giinther) (Figure 4.1j) in color

(Figure 4.1k), but also showed elements of color pattern characteristic of C. potteri

Jordan & Mets (Figure 4.11) (see Pyle 1992b for color illustrations of this specimen as it

appeared soon after collection). As it grew, it became increasingly similar to C. potteri

until the time of its death (Figure 4.3a). A third individual was subsequently collected at

the island ofHawaii by aquarium fish collector Pete Basabe, who sent the senior author

photographs of the fish. The color of this fish was nearly identical to the first two. Randy

Fernley of Coral Fish Hawaii recently informed the senior author ofa fourth individual,
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also taken at Oahu. Meristic data and proportional measurements ofone of these

specimens (BPBM 35844) are included in Table 4.2. The ranges for these data are nearly

identical for our Hawaiian C. loriculus, C. potteri, and the hybrid specimen.

Material Examined:

C. loriculus (GUnther 1874)

HAWAIIAN ISLANDS: BPBM 6001, 2:54.2-55.4 mm SL; BPBM 6998, 47 mm

SL; BPBM 8898, 46.6 mm SL; BPBM 10944,55.8 mm SL.

C. potteri (Jordan & Metz 1912)

HAWAIIAN ISLANDS: BPBM 6007, 55.6 mm SL; BPBM 6989, 42.5 mm SL;

BPBM 9337,57.3 mm SL; BPBM 22389, 44.1 mm SL.

C. loriculus x C. potteri

HAWAIIAN ISLANDS: BPBM 35844,55.2 mm SL.

CENTROPYGE MULTIFASCIATUS xc. VENUSTUS

Krupp & Debelius (1990) described and illustrated two pomacanthids from the

Philippines which appear to represent natural hybrids between Centropyge multifasciatus

(Smith & Radcliffe) and C. venustus (Yasuda & Tominaga). In their description of this

hybrid, Krupp & Debelius briefly commented on the generic status of the presumed

parent species; at the time, C. venustus was assigned to the genus Holacanthus and

multifasciatus to Centropyge (thus these hybrids would have been inter-generic). Burgess

(1991) described the new genera Paracentropyge and Sumireyakko for C. multifasciatus

and C. venustus, respectively. Pyle & Randall (1993), however, cast doubt on the validity

of the latter genus, presenting evidence that multifasciatus and venustus (along with their

recently described Centropyge boylei) are congeners. Until a systematic study of
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Pomacanthidae is completed, we prefer to place these species in Centropyge; however,

they may belong to Paracentropyge (the latter genus having page-priority over

Sumireyakko).

Pyle & Randall (1993) noted that at least three other individuals of this apparent

cross have been imported into the United States, all apparently originating from the

Philippines. Most reports suggest that the hybrids were collected in the northern

Philippines, which is likely to be the only area of sympatry of these two species.

Centropyge venustus ranges from the Ryukyu islands southward to Taiwan and northern

Philippines, and C. multifasciatus is broadly distributed from the Society Islands to the

western Pacific and the Cocos-Keeling islands, but is not known from the Ryukyus.

HOLACANTHUS BERMUDENSIS X H. CILIARlS

This is the first angelfish hybrid that was reported in the literature. The queen

angelfish, Holacanthus ciliaris (Linnaeus), and the blue angelfish, H bermudensis

Goode, occur in the tropical western Atlantic. H isabelita (Jordan & Rutter) is the name

used for the blue angelfish in papers prior to 1970. Bailey et al. (1970), however, showed

that it is ajunior synonym of H bermudensis. As noted by Feddern (1968), H

bermudensis is rare in the West Indies where H ciliaris is common, but in the Florida

Keys it is more common than H ciliaris. Nichols & Mowbray (1914) described H

townsendi as a new species ofangelfish from Key West. Longley in Longley &

Hildebrand (1941) concluded that it is a probable hybrid ofH bermudensis and H

ciliaris, and Feddern (1968) confirmed this. Color illustrations of this hybrid have

appeared in Allen (1979: Figure 425, 426) and Robins et ai. (1986: pI. 37).
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POMACANTHUSARCUATUSXP. PARU

The gray angelfish, Pomacanthus arcuatus (Linnaeus) and the french angelfish,

Pomacanthus paru (Bloch) are also tropical Atlantic species. A hybrid of the two was

reported by Moe (1976); however this was produced under laboratory conditions. In

correspondence to the authors, Moe (in lit. 26.2.1994) wrote: 'We made artificial hybrids

of some Atlantic species of angelfish while I was running the fish farm in the Florida

Keys. We crossed them by extracting and mixing the gametes; no natural courtship

behavior was involved. Males and females ofP. arcuatus and P. paru were crossed both

ways. There was no apparent difference in survival or development either way. In

coloration, some juveniles seem to favor P. paru and others, P. arcuatus.' Commenting

on the possibility that this hybrid may occur naturally, he continued: 'I don't know ofany

[Atlantic] Pomacanthus hybrids occurring naturally, either juveniles or adults, although

one occasionally finds a specimen that is suspicious. The hybrids [produced under

laboratory conditions] were variable in coloration and, as juveniles, not clearly

discemable from juvenile P. arcuatus. Even after close observation in an aquarium, one

might be suspicious ofa natural juvenile but there was no feature that I saw in the known

hybrids that would give a positive hybrid ID to a wild juvenile. Tank reared marine fish

also exhibit a lot of malformation and unnatural coloration due, I suspect, to problems

with water quality and nutrition in the mid to late larval stage. These artifacts of the

rearing process further confuse the hybrid issue.'

POMACANTHUS CHRYSURUS xP. MACULOSUS

Allen (1979) illustrated an angelfish photographed in Kenya which appears to

represent a hybrid ofPomacanthus chrysurus (Cuvier) and P. maculosus (ForsskaI).
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About this fish Allen (p. 305) wrote: 'The color pattern is a compromise between that of

the two presumed parents. The anal fin has the coloring ofP. maculosus, but the caudal is

bright yellow as in P. chyrurus. The curved yellow bars on the sides are also inherited

from the chrysurus parent, but close examination reveals the presence ofdusky scale

margins on the anterior half of the body, a typical feature ofmaculosus. The head

coloration is also similar to maculosus and the fish lacks the bright yellow ring on the

upper portion of the gill cover which is found in chrysurus. In addition, the anal fin shape

represents a compromise between the presumed parents. It is intermediate in shape

between the rounded fin of chrysurus and the very pointed and elongate fin of

maculosus.'

Conde (1990) also illustrated this apparent hybrid, and included a photograph ofa

second individual from Kenya. The latter photograph also appeared in Debelius (1993).

Conde used the genus Pomacanthodes Gill for chrysurus and Pomacanthops Smith for

maculosus; the hybrid would thus be intergeneric. However, at present, we prefer to

regard these two genera as subgenera ofPomacanthus.

POMACANTHUS MACULOSUS X P. SEMICIRCULATUS

Conde (1990) described a specimen collected at Mombasa, Kenya, which appears to

represent a hybrid ofPomacanthus maculosus and P. semicirculatus (Cuvier). His

specimen, which was reared in captivity from a juvenile to an adult and lived nearly ten

years, more closely resembled the former species as a juvenile, and the latter as an adult.

Another adult individual of this presumed hybrid was observed and photographed at

southern Oman by Gary Rhodes. Although this fish exhibits a prominent yellow bar on
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the side of the body, it more closely resembles P. semicirculatus than it does P.

maculosus.

POMACANTHUS SEXTRIATUS xP. XANTHOMETAPON

Steene (1978, p. 123) illustrated an apparent hybrid ofPomacanthus sexstriatus

(Cuvier) and P. xanthometapon (Bleeker) (he classified both species in the genus

Euxiphipops Fraser-Brunner, which we regard as a subgenus ofPomacanthus). The

specimen was collected off Queensland, Australia, and was found paired with a similarly

sized P. sextriatus. Pairs ofboth presumed parent species were also observed in the area.

To our knowledge, no other examples of this hybrid have been reported.

POSSffiLE POMACANTHID HYBRIDS

In addition to the presumed and probable pomacanthid hybrids listed above, three

other examples which may represent hybrids are described below:

CENTROPYGE BISPINOSUS X C. HERALD/?

Figure 4.3b is an individual of the genus Centropyge which was imported to Japan

from the Philippines through the marine aquarium trade in 1985. The same photograph

was published in the Japanese aquarium magazine Tropical Marine Aquarium (No. 11,

Winter 1985, p. 58) along with the following text (translated from Japanese): 'This

angelfish must be a Centropyge and it has a great possibility of being a hybrid. The color

of the belly is brownish yellow, the dorsal region appears somewhat darker purple, and

the head color and the color of the fins are also purple. The anal fin is unusual with

orange lines, similar to [c. heraldi Woods & Schultz]. It must be a hybrid between

[heraldi] and [CO tibicen (Cuvier)].'
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The same photograph appeared in a subsequent issue of the magazine, but was

identified as a hybrid between C. heraldi (Figure 4.3c) and C. bispinosus GUnther (Figure

4.3d). In 1989, Friedhelm Krupp of the Senckenberg Museum in Frankfurt, sent on loan

an unidentified specimen ofCentropyge collected in the Philippines (SMF 23661) to the

senior author for examination. Although the specimen had lost it's life color while in

preservative, enough of the original pattern remained to confirm that it was nearly

identical to the fish discussed above. In early 1992, Julian Sprung sent photographs of a

similar Centropyge which he purchased from an aquarium fish shop in Florida. It was

larger in size than either of the other fish, and was proportionally deeper-bodied (it is not

unusual for species of Centropyge to become proportionally deeper-bodied as they grow

large). This fish had a more extensive dark region on the dorsoposterior body and on the

soft anal fin. Also, Sprung described the dark color in life as greenish blue, rather than

purple. He postulated that the fish may be a cross between C. heraldi and C. bieolor

(Bloch), or perhaps C. heraldi and C. vrolikii. Because of the deep body, he also

proposed that it may be a cross between C. heraldi and C. venustus, or C. heraldi and a

species ofApolemiehthys. We believe it is most likely a hybrid of C. heraldi and C.

bispinosus. However, the possibility remains that these fish represent aberrant individuals

of C. heraldi or some other Centropyge. Meristic data and proportional measurements for

SMF 23661 are presented in Table 4.2.

Material Examined:

C. bispinosus x C. heraldi

PHILIPPINES: SMF 23661,66.5 mm SL.
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CENTROPYGE BISPINOSUS X C. SHEPARD/?

Moyer (1981) reported on observations of natural spawning between a male Centropyge

shepardi Randall & Yasuda (Figure 4.3f) and a female C. bispinosus at Guam, and

included underwater photographs of these two individuals interacting (one of these

photographs is reproduced in Thresher 1984). While diving in Guam in 1990, the senior

author photographed an unusual Centropyge at a depth ofabout 45 meters (Figure 4.3e).

This may represent a hybrid between C. bispinosus and C. shepardi. The fish is

intermediate in color to the postulated parent species. At first glance it seemed most

similar to C. bispinosus; however, it shares with C. shepardi a translucent yellowish tail

and a dark blue patch on the side of the body posterior to the operculum and dorsal to the

base of the pectoral fin. In their original description of C. shepardi, Randall & Yasuda

(1979) stated that the species was most similar to C. bispinosus (however, Moyer (1989)

suggested that shepardi was closer to C. ferrugatus Randall & Burgess; see below). With

regard to C. shepardi, Myers (1989, p. 161) noted: 'It is quite variable in color: the

ground color may range from an almost red to a light apricot and the barring can be

reduced to a small patch behind the operculum, or in rare cases, be entirely absent.'

Similarly, C. bispinosus is also extremely variable in color (e.g., Kosaki & Toyama

1987). Thus, it is not certain whether the fish in Figure 4.3e is a hybrid, or is an aberrant

individual of either C. bispinosus or C. shepardi.
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Figure 4.3. a - Centropyge loriculus x C. potteri, at time of death, Hawaiian Islands (J.
Randall); b - C. heraldi xc. bispinosus?, Philippines (Courtesy Tropical Marine
Aquarium Magazine); c - C. heraldi, Ryukyu Islands (R. Pyle); d - C. bispinosus (1.
Randall); e - C. bispinosus x C. shepardi?, Guam (R. Pyle); f - C. shepardi, Guam (1.
Randall); g - Chaetodontoplus caeruleopunctatus, Philippines (R. Pyle); h - C.
caeruleopunctatus x C. septentrionalis?, southern Japan (Y. Ohkata); i - C.
septentrionalis, southern Japan (1. Randall); j - C. melanosoma, Indonesia (1.
Randall); k - C. 'chrysocephalus', southern Japan (1. Randall); 1- C. 'chrysocephalus'
with two C. septentrionalis, southern Japan (Y. Ohkata).
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CHAETODONTOPLUS CAERULEOPUNCTATUS xc. SEPTENTRIONALIS?

The photograph reproduced here as Figure 4.3h was taken by Youji Ohkata in

Kashiwa-jima, Japan. It shows a fish with a body coloration like that of C.

caeruleopunctatus Yasuda & Tominaga (Figure 4.3g), but with head coloration similar to

Chaetodontoplus septentrionalis (Temminck & Schlegel) (Figure 4.3i). Thus, it may

represent a hybrid between these two species. Because we have no specimens upon which

to base conclusions, we can only speculate about the possible origin of this fish's

coloration. It should be noted that the distribution of the two postulated parent species

overlap, and they are apparently indistinguishable except for color (Yasuda & Tominaga

1976).

CHAETODONTOPLUS MELANOSOMA xc. SEPTENTRIONALIS?

The pomacanthid Chaetodontoplus chrysocephalus Bleeker (Figure 4.3k) was

described from a single specimen collected in Indonesia, and has remained poorly known

ever since. Most specimens have been observed or collected in the region between

Taiwan and southern Japan. Because no juveniles have ever been reported, and because

numerous individuals are known which exhibit intermediate color to this species and C.

septentrionalis, it has been suspected by several authors (e.g., Allen 1979, Masuda et al.

1984) that specimens of C. chrysocephalus represent the adult male form of C.

septentrionalis. Photos like the one presented here as Figure 4.31, as well as observations

by the senior author and others (Hajime Masuda personal communication) of the two

forms socially interacting, lend support to this hypothesis. However, we propose an

alternate hypothesis; that specimens of C. chrysocephalus may represent hybrids between
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C. septentrionalis and C. melanosoma (Bleeker) (Figure 4.3j). We base this hypothesis

primarily on the observation that the 'chrysocephalus' form is somewhat intermediate to

these two species in color. Allen (1979) noted that C. melanosoma occasionally exhibits

an unusual color form with an entirely yellow caudal fin (unlike the more usual brownish

black caudal fin with yellow margin). The caudal fin of C. septentrionalis is all yellow,

so the 'unusual' form of melanosoma may represent a back-cross between hybrid

'chrysocephalus' and C. melanosoma. Aberrant C. septentrionalis that are occasionally

observed may also represent back-crosses of the hybrid with C. septentrionalis. The

absence ofjuvenile C. chrysocephalus could be explained by the fact that juveniles of the

two proposed parent species (melanosoma and septentrionalis) are very similar in color

to each other (underscoring their possible close relationship) until they begin to mature.

Hybrid juveniles, intermediate between these similar forms, would probably not be

noticed or would be assumed to be a slightly aberrant form of one of these two species. In

any case, more research is needed on these enigmatic species of Chaetodontoplus.

In addition to the probable and possible examples ofpomacanthid hybrids listed

above, several other observed anomalous pomacanthids may represent hybrids as welL

The senior author observed a fish in the Ogasawara Islands (formerly Bonin Islands)

which may represent a hybrid of Centropyge ferrugatus and C. shepardi. Aquarium fish

collector Fenton Walsh reported that he collected two specimens of what appeared to him

to be a hybrid of Centropyge loriculus and C. shepardi at Pohnpei, Caroline Islands.

Rohan Petiyagoda sent the authors photographs of an unusual Centropyge collected in Sri

Lanka that generally resembles C. jlavipectoralis Randall & Klausewitz, but differs in
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having yellow areas on the median fins and lips. It may represent a hybrid between C.

jlavipectoralis and the closely-related C. multispinis Playfair, both of which occur in Sri

Lanka. Other possible pomacanthid hybrids reported by aquarium fish collectors include

Pomacanthus asfur x P. maculosus, P. navarchus x P. xanthometapon and P. imperator x

P. semicirculatus; however these await confirmation.

In addition to the example ofPomacanthus arcuatus x P. paru described above,

several other attempts or observations ofcaptive cross-breeding between different

pomacanthid species have been made. Moe (1976) reported on an attempt to cross-breed

a male Holacanthus bermudensis with a female P. arcuatus. In correspondence to the

authors, Moe (in lit, 27.2.1994) wrote: 'We obtained about 50% fertilization, and after 15

hours, only about 100 eggs still displayed embryonic development. Most were abnormal

in development, the embryos were shrunken and abnormal cell masses occurred at the tail

of the embryo. Hatching evidently did not take place.' Moe (1990) also attempted to

produce captive hybrids between a female Pomacanthus arcuatus and a male

Holacanthus tricolor (Bloch). Although fertilization and larval development through

hatching occurred, the larvae did not survive more than three days. Other observations of

heterospecific pomacanthid spawnings in aquaria include Centropyge argi Woods &

Kanazawa xc. resplendens Lubbock & Sankey (J. Charles Delbeek personal

communication) and C. argi x C. acanthops (Norman) (based on photos published in

several issues ofthe Japanese aquarium magazine Tropical Marine Aquarium).
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DISCUSSION

IDENTIFICAnON OF HYBRIDS

Most marine fish hybrids are initially recognized by their unusual or intermediate

color pattern. In order to obviate the possibility that the different color is not just an

aberrant pattern ofone of the presumed parent species, corroborative evidence of

intermediate morphology between the parent species should be sought. Because

proportional morphology often broadly overlaps between closely-related pomacanthid

species, color patterns are often used as diagnostic characters in this family of fishes.

Many of the probable pomacanthid hybrids described above are between two closely

related species, so there may be no obvious morphological differences ofa magnitude

whereby a clear intermediate state can be documented. One of the main difficulties in

establishing the status of an unusually-colored pomacanthid as a hybrid, therefore, is

distinguishing probable hybrids from aberrant color forms ofa single species. Aberrant

and anomalous pomacanthids have been reported for numerous species, including

Genicanthus watanabei Yasuda & Tominaga and Holacanthus ciliaris (Allen 1979),

Pygoplites diacanthus (Mauge & Randall 1979), C. bispinosus and C. potteri (Kosaki &

Toyama 1987), Centropyge multispinis (Krupp & Debelius 1990), and several others. As

discussed above, it is not clear whether the unusual Centropyge from Sri Lanka

represents a hybrid between C. j/avipectoralis and C. multispinis, or simply an aberrant

C. j/avipectoralis. An all-yellow variety of the latter species has been illustrated in a

Japanese aquarium magazine. In some cases, evidence supporting hybridization in

anomalous pomacanthids comes from observations over time in aquaria. For example, the
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Pomacanthus maculosus x P. semicirculatus described by Conde (1990) was initially

collected as a juvenile which mostly resembled juvenile P. maculosus, but over the

course of several years in captivity, the same fish grew to resemble an adult P.

semicirculatus. Similarly, the Centropyge loriculus xc. potteri hybrid maintained by the

senior author initially most closely resembled C. loriculus, but grew to resemble C.

potteri. The conclusion ofhybridization in the latter case is also supported by the fact that

the first suspected hybrid of this cross was collected among C. loriculus, and the second

with C. potteri.

Commenting on the preponderance of freshwater fish hybrids over marine, Randall

(1956) suggested that conditions are more favorable for hybridization of fishes in the

freshwater environment, and there is greater opportunity to sample populations from

freshwater habitats. Two questions are brought forth in this suggestion: 1) what

biological and/or environmental factors are conducive for hybridization; and 2) how

variable is the ability of researchers to observe, recognize, and document naturally

occurring hybridization events? The latter may have affected the number ofmarine fish

hybrids which have been described. As mentioned, the marine fish genus for which the

greatest number of hybrids have been reported is the butterflyfish genus Chaetodon

Linnaeus (Chaetodontidae). Fifteen probable natural crosses in this genus have been

documented and at least twelve others have been observed. Randall & Fridman (1981, p.

116) wrote: 'It is of interest to speculate whether this genus has a predilection for

hybridization, perhaps by virtue of so many closely related species existing together in

the coral reef habitat, or whether the hybrids are simply more easily recognized than most

other marine fishes because of the distinctive color patterns. An additional factor is the
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greater exposure these showy fishes receive because they are sought by aquarists,

underwater photographers, and fish watchers.' Likewise, species ofpomacanthids are also

distinctively colored and sought after by aquarists; therefore, hybrids of this family are

more apt to be easily recognized. Indeed, many of the hybrids described above were

brought to the attention of the authors by aquarists or aquarium fish collectors. It is

conceivable that many other hybrids between marine species occur in nature, but are

overlooked because differences between similar species are more subtle and less visually

obvious (thus, hybrids with intermediate appearances would not be easily noticed). Grant

& Grant (1992) point out similar patterns and problems in reported hybrids of birds.

FACTORS FAVORING HYBRIDIZATION

The question ofwhich ecological and social situations are most conducive for

hybridization to occur is also worthy of consideration. In discussing hybrids among

chaetodontid species, several authors cite Reese (1975), who demonstrated that some

butterflyfishes form essentially permanent (life-long) pairs, while others occur alone or in

aggregations. Allen (1979, p. 314) wrote: 'Most of the butterflyfishes and angelfishes that

are known to hybridize belong to solitary or pair-forming species.' While this may be true

of many of the butterflyfish species and some of the larger pomacanthids, most species of

Centropyge form harems comprised ofa single male and from two to seven or more

females (Moyer & Nakazono 1978, Moyer 1990, Lutnesky 1992a).

Many authors (e.g., Hubbs 1961, Reese 1975, Meyer 1977, Randall et al. 1977, Allen

1979, Moyer 1981) note that marine fish hybrids may occur when one species of a

closely related pair is rare and the other abundant. If the rare species cannot locate a

suitable conspecific mate, it may spawn with a closely-related, more abundant species.
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This hypothesis was used by Allen (1979) to account for the Centropyge eibli x C.

flavissimus hybrid at Christmas Island, Indian Ocean (and also applies to the same hybrid

collected at Cocos-Keeling). Because C. eibli is very rare at these localities, solitary

individuals may be unable to locate other conspecifics at spawning time, and therefore

might spawn instead with C.flavissimus. Moyer (1981) invoked the same hypothesis in

discussing his observation of spawning between C. bispinosus and C. shepardi at Guam,

where the former species is very rare and the latter species is ubiquitous. It may also

apply to the C. loriculus x C. potteri cross in Hawaii, where the former species is rare and

the latter species is abundant. Of the eight examples ofprobable or possible natural

pomacanthid hybrids described above for which the relative abundance of the presumed

parent species is known, all involve cases where one presumed parent is rare and the

other common.

A problem with this hypothesis is the question of why a member of a common

species (such as C. flavissimus at Christmas Island, C. shepardi at Guam, or C. potteri in

Hawaii) would chose to spawn with the 'rare' heterospecific individual, if conspecific

mates are readily available. In the case of hybrids between species of Centropyge, the

social system ofthe species may play an important role in the opportunity for hybrid

formation. Species of this genus which have been studied form polygynous harems and

undergo protogynous sex-reversal (see review by Moyer 1990). Moyer (1981), citing

differences in the energetic costs ofproducing eggs versus sperm (see Trivers 1972),

proposed that when interspecific spawning occurs among species of this and other

haremic genera, it is most likely to be between a male of a common species and a female

ofa rare species. Moyer's assertion is supported by his field observations of spawning
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between a female C. bispinosus and male C. shepardi in Guam. It is further supported by

his observation of a female C. bispinosus among a harem of C. tibieen at Miyake-jima

(where the former is rare and the latter abundant); by Patrick Colin's observation of a

single female C. bieolor among a harem of C. heraldi at Enewetak (Moyer 1981); and by

the senior author's collection ofa single female C. multieolor Randall & Wass among a

harem ofthe closely-related C. nahaekyi Kosaki at Johnston Atoll (Kosaki et al. 1991).

On the other hand, there is reason to believe the converse may be true; i.e., that a rare

Centropyge at a given locality is more likely to spawn as a male. Lutnesky (1992a)

investigated the mating behavior of Centropyge potteri in Hawaii. He found this species

to be haremic and proposed a 'Temporal-Threshold Model ofPolygynous Mating'

(TMPM) to account for temporal patterns of spawning among different females within a

harem (Lutnesky 1992a, b). He found that females within a harem may be ranked

according to a dominance hierarchy whereby the most dominant females monopolize the

male during optimal spawning times, and subordinant females spawn at sub-optimal

times. It is conceivable, therefore, that a subordinant female within a harem of

Centropyge would choose to spawn with a heterospecific male at the optimal spawning

time, rather than with a conspecific male at a suboptimal time. Thus, a rare Centropyge

might be more likely to spawn with heterospecifics as a male, than as a female. One

problematic issue with the aforementioned scenario is how a solitary rare Centropyge

would ever become a male. Lutnesky (1992, 1994) found that isolated females of the

protogynously hermaphroditic C. potteri did not change sex even after 100 days of

isolation, and concluded that the presence of additional females was a crucial factor in the

initiation of sex-change in this species. It seems unlikely, therefore, that a solitary
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individual Centropyge would ever be induced to change sex in the absence ofconspecific

females. Nevertheless, a solitary C. potteri collected at Johnston Atoll (BPBM 29606;

Randall et al. 1985) was found to be male (although the testes were greatly reduced).

Lutnesky (personal communication) suggests that stimulation for sex-change in such

cases may come from heterospecific females.

The question of whether a rare Centropyge is more likely to spawn with a

heterospecific as a female or as a male might best be answered using molecular

techniques. As mentioned above, the hybrid Centropyge j/avissimus x C. vrolikii is

regularly observed at both Majuro and Kosrae. Whereas in Majuro, C. j/avissimus is the

more abundant species, the reverse is true at Kosrae. Because mtDNA is inherited

exclusively from the female parent, it might be possible to determine which species was

the 'mother' species of each individual hybrid by comparing mtDNA sequences of the

hybrids with each of the parent species (assuming consistent differences in the

mitochondrial genome between the two parent species were evident). Ifrare Centropyge

are more likely to obtain spawnings with heterospecifics as females (i.e., female-choice

outweighted male-choice), then we would expect to find a tendency for the hybrids to

share mtDNA sequences with the rare species (i.e., we would expect a tendency for the

female parent of the hybrids in Majuro to be C. vrolikii, and in Kosrae to be C.

j/avissimus). Conversely, ifrare Centropyge are more apt to spawn with heterospecifics

as males, then there would be a tendency for hybrids to share mtDNA sequences with the

common species. A similar comparison could be made with C. loriculus x C. potteri

hybrids between Hawaii and Johnston Atoll (c. loriculus is rare in Hawaii and C. potteri
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is common, and the converse is true for Johnston). Unfortunately, the latter hybrid is very

rare.

DISPERSAL AND BIOGEOGRAPHY

Centropyge loriculus x C. potteri hybrids are so rare, in fact, that they may be useful

for examining other biological questions, particularly with regard to patterns of dispersal.

Despite several decades ofactive aquarium fish collecting activity, this hybrid had never

been reported until the four hybrid specimens were collected in the Hawaiian Islands, all

within three years of each other. Furthermore, the first collected was the smallest; the

second was larger; and the third was larger still (the size of the fourth is not known). It is

possible that the three Oahu hybrids resulted from the same spawning event or from the

same pair of fish cannot be discounted. If it could be demonstrated that these specimens

were, in fact, from the same parents (perhaps through comparison of otolith growth rings

in conjunction with DNA fingerprinting techniques such as RAPD analysis [see Dinesh et

al. 1993]), it would shed light on the dispersal potential of larvae within the Hawaiian

Islands. Similar 'burst' patterns of reported hybrids have occurred in Hawaii before: two

specimens of the hybrid butterflyfish Chaetodon miliaris xc. tinkeri were collected

within a month of each other, but have never been reported since (Randall et al. 1977);

and several C. miliaris x C. multicinctus hybrids, all of approximately equal size, were

collected or observed within a several-year span, but have not been reported since

(Burgess 1978 and observations by the senior author). One compounding factor is that

there appears to be extensive back-crossing between hybrids of C. jlavissiums x C.

vrolikii and either parent species. In the Marshall Islands, hybrids are extremely variable

in color and range in appearance from nearly 'pure' C. jlavissimus to nearly 'pure' C.
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vrolikii (Pyle 1992a refered to this as an example of 'spectral' hybridization). In other

examples ofpomacanthid hybridization (e.g., C. eibli xc. vrolikii and C. loriculus xc.

potteri), hybrids are nearly identical to each other and are centrally intermediate between

the two presumed parent species, suggesting that back-crossing does not occur (Pyle

1992a refered to these as examples of 'discrete' hybridization). It is unclear, however,

whether the lack of observed back-crossing in these cases is due to hybrid infertility or

the scarcity of the hybrids.

Most of the published work on hybridization has focused on the 'hybrid zone'

concept; i.e., zones or regions characterized by populations of organisms that exhibit a

relatively steep cline in character states between two otherwise distinct (often parapatric)

populations. Such zones are usually characterized by hybrid 'swarms' (Harrison 1993). As

noted earlier, the vast majority of this work has involved terrestrial or freshwater

organisms. The physiography of insular marine localities limits opportunities for such

clines between populations of coral-reef species to exist; hybrid 'zones', when they occur

in the coral reef environment, are usually limited to single islands or island groups.

Indeed, the majority of marine fish hybrids are extremely rare in nature, and are most

likely the result of very unusual circumstances.

Clearly, however, the relatively high percentage of C. jlavissimus x C. vrolikii

hybrids at Majuro is exceptional. Similarly, the abundance of C. eibli x C. vrolikii hybrids

in Indonesia reported by Kuiter may also represent a 'hybrid swarm'. Pyle (1992b)

discussed these two hybrids and noted that they, along with C. eibli x C. jlavissimus,

represent a triangle of species between which all possible hybrid combinations had been

reported. Figure 4.4 shows the distribution of these three Centropyge species, with
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symbols to indicate where hybrids have been recorded. Hybrids have been reported from

almost every location where two of these species are sympatric. Two apparent exceptions

to this rule are the Ogasawara Islands and the Great Barrier Reef/Coral Sea region, where

C. jlavissimus and C. vrolikii are sympatric but no hybrids have been reported. At the

former locality, C. vrolikii is known only on the basis of a single observed individual; and

at the latter locality, C. jlavissimus is exceedingly rare. We suspect that no hybrids have

been reported from either of these localities either because of insufficient collecting

effort, or because inadequate numbers of the 'rarer' of the parent species are present.

These essentially parapatric distributions, along with the exceptional preponderance of

hybridization in areas of sympatry, led Pyle (l992b) to proposed that these three species

represent a monophyletic clade of closely-related, recently diverged species. An

additional complexity in this example is the unusually disjunct distribution of C.

jlavissimus. Except for two populations in the eastern Indian Ocean (at Christmas Island

and the Cocos-Keeling Islands), this species is essentially restricted to the central Pacific

Ocean. It is noteworthy that individuals from Indian Ocean populations differ from

Pacific C. jlavissimus in lacking the blue ring around the orbit, and exhibiting a distinct

black bar posterior to the operculum (Figure 4.lf, i). We predict that a systematic

evaluation of this complex of Centropyge species will provide supporting evidence of

their close affinities.
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CONCLUSIONS

Although modem molecular techniques have not been applied in any ofthe above

cases ofpomacanthid hybrids, the use of this technology could provide much greater

insight into hybrid formation in these fishes. Barton & Gale (1993) review genetic

techniques which have been used to further elucidate the evolutionary significance of

hybrids and 'hybrid zones'. McMillan & Palumbi (unpublished) have used similar

techniques in studying gene-flow between closely-related species of chaetodontids, and

their work allows a glimpse of what direction future research on marine fish

hybridization might take. Genetic analysis of hybrids in conjunction with an

understanding of the social dynamics and distribution of their parent species could

provide much additional insight into the evolution and speciation of coral-reef fishes. As

Harrison (1993, p. 10) pointed out: 'Ultimately, genetic analysis of hybrid zones leads to

a better appreciation of the processes involved in the origin of adaptations and the origin

of species'.
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