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The skeletal morphology of the Embiotocidae is described based

on examination of all currently recognized members of the family, and

skeletal features are used to determine both the extra- and intrafam-

ilial relationships of the family. Skeletal features defining the

limits of the Embiotocidae include; 1) the presence of two or three

posterior openings in the trigemino-facialis chamber, 2) the fusion

of the extrascapulars to the parietals forming a raised trough bear-

ing the supratemporal commissure of the lateral line system, 3) the

posterior bifurcation of the parasphenoid forming a myodomal groove

and broad posterior myodomal opening, 4) the presence of a longitu-

dinal keel on the ventral surface of the parasphenoid, 5) the presence

of a dentigerous inferior pharyngeal plate formed by the fusion of

the fifth pair of ceratobranchials, 6) the presence of epihemal ribs

articulating with the hemal arches or spines in the caudal region

of the body, 7) the presence of seven bony elements in the circumor-

bital series. Analysis of the distribution of these features among

other percoid families indicates that the Embiotocidae share a sister-

group relationship with the Pbmacentridae, and that the Embiotocidae



and Pomacentridae were derived from a common scorpidid ancestor.

Evidence also supports Patterson's (1964) proposed lineage leading

from the mesozoic polymixiid Berycopsis to the Scorpididae, Mono-

dactylidae, Kyphosidae and Sparidae, and suggests that this lineage

should be extended to include the Embiotocidae and Pomacentridae.

Multivariate and cladistic analysis performed on continuous

and descrete skeletal characters within the Embiotocidae support

the following conclusions: 1) I agree with Hubbs (1918) and Tarp

(1952) that the family should be divided into two subfamilies, the

Embiotocinae, and the Amphistichinae. 2) the Embiotocinae should

be divided into three tribes, the Hysterocarpini (Hysterocarpus,

Brachyistius, Cymatogaster, Ditrema, Neoditrema), the Embiotocini

(Zalembius, Phanerodon, Damalichthys, Embiotoca, Hypsurus, Rhaco-

chilus), and the Micrometrini (Micrometrus). These groups differ

somewhat from those proposed by Hubbs and Hubbs (1954). 3) I dis-

agree with Tarp (1952) and find that Rhacochilus toxotes and Damali-

chthys vacca are not closely related, and the genus name Damalichthys

should be retained. 4) I agree with Hubbs and Hubbs (1954) that

Brachyistius and Micrometrus should not be placed in the same genus.

5) I agree with Tarp (1952) that Hyperprosopon anale should be placed

in the subgenus Hypocritichthys, and the other two Hyperprosopon

species should be placed in the subgenus Hyperprosopon.



The Osteology and Relationships of the Embiotocidae (Pisces)

by

Steven L. Morris

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of
Doctor of Philosophy

June 1982



APPROVED:

Redacted for privacy

Professor of Fisheries and Wildlife in charge of major

Redacted for privacy

Head of Department of Fisheries and Wildlife

Redacted for privacy

e School

Date thesis is presented September 17, 1981

Typed by Mary Ann (Sadie) Airth for Steven L. Morris



ACKNOWLEDGMENTS

I would like to thank the members of my graduate committee, Dr.

Carl Schreck, Dr. John Lattin, and Dr. Paula Kanarek, for their in-

sightful comments and criticisms of the manuscript. I would also like

to thank my graduate school representative, Dr. Darwin Reese, for his

enthusiasm and positive attitude. I owe a special debt of gratitude

to my major professor, Dr. Carl Bond, who showed me that science

should be conducted with reason rather than dogma, and provided me

with more support than he realizes.

Numerous other individuals were instrumental in the completion

of this project. The following people generously provided me with

fish specimens; Dr. William Eshmeyer, California Academy of Science,

Dr. Cam Swift, Los Angeles County Museum of Natural History, Dr.

Richard Rosenblatt, Scripps Institute of Oceanography, and Dr. Shigeo

Hayase, Ocean Research Institute, University of Tokyo. Much of the

computer work was completed with the able assistance of Ms. Jo Oshir0,

of the Corvallis Environmental Research Laboratory, and ,I thank Dr.

Hal Kibby and Mr. William Sanville of the same organization, for pro-

viding me with employment during my tenure as a graduate student.

Finally, I would like to thank Marc Liverman for listening and

helping me to formulate the conceptual framework within which this

project evolved, and Ms. Nancy Engst for her continuing support and

belief that it would eventually be over.



TABLE OF CONTENTS

Page

INTRODUCTION 1

Goals and Objectives 4

MATERIALS AND METHODS 6

Sources of Variation in the Embiotocidae 6

Geographical variation 6

Age and size variation 7

Sexual dimorphism 8

Individual variation 8

Systematic Philosophies 3

Systematic Methods 13

Multivariate analysis 13

Cladistic methods 18

DESCRIPTIVE OSTEOLOGY 20

Cranial Skeleton 20

Jaws, Dentition, and Pharyngeal Mill 80
Suspensorium 91

Opercular Series 101

Hyoid Apparatus 105

Brachial Skeleton 108

Appendicular Skeleton 113

Axial Skeleton 125

RELATIONSHIPS OF THE EMBIOTOCIDAE 138

Extrafamiliar Relationships of the Embiotocidae 138
Embiotocid Ancestors 148

Embiotocid sister groups 152

Intrafamilial Relationships of the Embiotocidae 154

Multivariate analysis 154
Cladistic analysis 166

Discussion 187

CLASSIFICATION OF THE EMBIOTOCIDAE 195

Osteological Definitions
Classification

199

208

LITERATURE CITED 210



Page

APPENDIX

Table 1 218

Table 2 224

Table 3 228

Table 4 230

Table 5 239

Abbreviations for Figures 239

Legend for Figures 49 and 52 241



LIST OF FIGURES

Figure Page

1. Lateral aspect of the neurocranium: A) Hysterocarpus
traski, B) Brachyistius frenatus 23

2. Lateral aspect of the neurocranium of Damalichthys
vacca 25

3. Lateral aspect of the neurocranium: A) Amphistichus
argeneteus, B) Hyperprosopon anale 27

4. Lateral aspect of the neurocranium of Hyperprosopon
argenteum 29

5. Dorsal aspect of the neurocranium of Hysterocarpus
traski 31

6. Dorsal aspect of the neurocranium of Brachyistius
frenatus 33

7. Dorsal aspect of the neurocranium of Damalichthys vacca 35

8. Dorsal aspect of the neurocranium of Amphistichus
argenteus 37

9. Dorsal aspect of the neurocranium of Hyperprosopon anale 39

10. Dorsal aspect of the neurocranium of Hyperprosopon
argenteum 43

11. Ventral aspect of the neurocranium of Hysterocarpus
traski 45

12. Ventral aspect of the neurocranium of Brachyistius
frenatus 47

13. Ventral aspect of the neurocranium of Damalichthys vacca 50

14. Ventral aspect of the neurocranium of Amphistichus
argenteus 52

15. Ventral aspect of the neurocranium of Hyperprosopon anale 54

16. Ventral aspect of the neurocranium of Hyperprosopon
argenteum 57



List of Figures (Con't)

Figure Page

17. A) Anterior aspect of the neurocranium of Hysterocarpus
traski. B) Posterior aspect of the neurocranium of
Hysterocarpus traski 59

18. A) Anterior aspect of the neurocranium of Brachyistius
frenatus. B) Posterior aspect of the neurocranium of
Brachyistius frenatus 61

19. Anterior aspect of the neurocranium of Damalichthys
vacca 64

20. Posterior aspect of the neurocranium of Damalichthys
vacca 66

21. A) Anterior aspect of the neurocranium of Amphistichus
argenteus. B) Posterior aspect of the neurocranium of
Amphistichus argenteus. 68

22. A) Anterior aspect of the neurocranium of Hyperprosopon
anale. B) Posterior aspect of the neurocranium of
Hyperprosopon anale 71

23. A) Anterior aspect of the neurocranium of Hyperprosopon
argenteum. 8) Posterior aspect of the neurocranium of
Hyperprosopon argenteum 73

24. A) Lateral aspect of the pro-otic of Rhacochilus toxotes.
B) A) Lateral aspect of thepro-otic of Amphistichus argen-
teus. C) Anterior aspect of the trigemino-facialis chamber
of Micrometrus aurora. D) Anterior aspect of the trigemino-
facialis chamber of Amphistichus argenteus 75

25. Lateral aspect of the basicranial region: A) Rhacochilus
toxotes, B) Hysterocarpus traski 77

26. A) Lateral aspect of the circumorbital series of Hystero-
carpus traski. B) Anterial aspect of the right nasal of
Hysterocarpus traski. C) Posterior aspect of the right
nasal of Hysterocarpus traski 79

27. A) Lateral aspect of the jaws and suspensorium of Hystero-
carpus traski 82



List of Figures (Con't)

Figure Page

28. A) Lateral aspect of the right maxillary of Hysterocarpus
traski. B) Anterior aspect of the right maxillary of
Hysterocarpus traski. C) Lateral aspect of the right
maxillary of Neoditrema ransonneti. D) Anterior aspect
of the right maxillary of Neoditrema ransonnetti 84

29. A) Lateral aspect of the right maxillary of Amphistichus
argenteus. B) Anterior aspect of the right maxillary of
Amphistichus argenteus. C) Lateral aspect of the left
dentary of Amphistichus argenteus 87

30. Lateral aspect of the left dentary: A) Hysterocarpus
traski, B) Neoditrema ransonneti 89

31. Lateral aspect of the left angular: A) Hysterocarpus
traski, B) Neoditrema ransonneti, C) Amphistichus
argenteus 93

32. Lateral aspect of the left premaxillary: A) Hysterocar-
pus. traski, B) Neoditrema ransonneti, C) Amphistichus
argenteus 95

33. Dorsal aspect of the inferior pharyngeal: A) Hysterocarpus
traski, B) Neoditrema ransonneti, C) Micrometrus aurora,
D) Micrometrus minimus 98

34. Dorsal aspect of the inferior pharyngeal: A) Damalichthys
vacca, B) Phanerodon furcatus, C) Hyperprosopon argenteum
DTTAIOistichus argenteus 100

35. A) Lateral aspect of the opercular series of Hysterocarpus
traski. B) Medial aspect of the opercular series of Iv-
sterocarpus traski 103

36. Lateral aspect of the hyoid apparatus of Hysterocarpus
traski 107

37. Dorsal aspect of the branchial apparatus of Hysterocarpus
traski 110

38. A) Lateral aspect of the basibranchials of Hysterocarpus
traski. B) Lateral aspect of the basibranchials of
Neoditrema ransonneti (basihyal removed). C) Lateral
aspect of the urohyal of Hysterocarpus traski. D) Lateral
aspect of the urohyal of Neoditrema ransonneti 112



List of Figures (Con't)

Figure Page

39. A) Medial aspect of the pectoral girdle of Hysterocarpus
traski. B) Lateral aspect of the pectoral girdle of
Hysterocarpus traski 115

40. A) Lateral aspect of the pectoral girdle of Micrometrus
minimus (supratemporal, posttemporal, supracleithurm,
TTsFECTilthurm removed). B) Medial aspect of the pectoral
girdle of Micrometrus minimus 117

41. Lateral aspect of the pectoral girdle of Amphistiohus
argenteus (supratemporal, posttemporal, supracleithrum
postcleithrum removed). B) Medial aspect of the pectoral
girdle of Amphistichus argenteus 119

42. Anterior aspect of the right cleithrum: A) Hysterocarpus
traski, B) Micrometrus minimus, C) Amphistichus argenteus 121

43. Pelvic bones of Hysterocarpus traski: A) dorsal aspect,
8) ventral aspect, C) lateral aspect 123

44. Lateral aspect of the axial skeleton of Hysterocarpus
traski 127

45. Caudal vertebrae 1-9: A) Phanerodon stripes, B) Brachyis-
tus frenatus 129

46. Posterior four dorsal pterygiophores of Hysterocarpus
traski 131

47. Lateral aspect of the caudal skeleton: A) Hysterocarpus
traski, B) Amphistichus argenteus 133

48. Dendrogram showing the hypothesized relationships of the
species within the family Embiotocidae 157

49. Centered-standardized PCA projection summarizing corre-
lations of the species within the family Embiotocidae 159

50. Dendrogram showing the hypothesized relationships of the
species within the subfamily Amphistichinae 161

51. Dendrogram showing the hypothesized relationships of the
species within the subfamily Embiotocinae 163



List of Figures (Con't)

Figure Page

52. Centered-standardized PCA projection summarizing the
correlations of the species within the subfamily
Embiotocinae 165

53. Cladogram showing the hypothesized relationships of
the major divisions of the family Embiotocidae 168

54. Cladogram showing the hypothesized relationships of
the species within group I of the subfamily Embio-
tocinae 173

55. Cladogram showing the hypothesized relationships of
the species within group II of the subfamily Em-
biotocinae 178

56. Cladogram showing the hypothesized relationships of
the species within the subfamily Amphistichinae 185

57. Cladogram representation of Tarp's (1952) interpre-
tation of embiotocid phylogeny 192



LIST OF TABLES

Table Page

1. Specimens examined 218

2. The original 87 variables with coefficients associated
with each on the first six components 224

3. Variables used in multivariate analysis 228

4. Mot:.phometric variables used in multivariate analysis
listed by species, including standard deviations
and coefficients of variation 230

5. Variables used in cladistic analysis 238



luos,ioei epo*olqw3



THE OSTEOLOGY AND RELATIONSHIPS OF THE EMBIOTOCIDAE (PISCES)

INTRODUCTION

The Embiotocidae are a singular, well-defined monophyletic,

family of viviparous fishes. Of the 24 species recognized, 21 are

endemic to the western coast of North America. The remaining three

species are found in the coastal waters of Japan and Korea (Tarp,

1952). One species, Hysterocarpus traski, is found in fresh water

lakes and streams of central and northern California.

As a family, the Embiotocidae typically occupy near-shore marine

habitats, being found in shallow waters off open coastlines, bays and

estuaries, and tidepools (De Martini, 1969). Two species, Zalembius

rosaceus and Phanerodon atripes, occupy moderately deep continental

shelf waters (Miller and Lea, 1972).

The viviparious nature of this family has prompted researchers

to concentrate on such areas as developmental anatomy, life history,

and breeding behavior. The developmental anatomy of Cymatogaster

aggregatus (Eigenmann, 1890, 1894), Amphistichus argenteus (Triplett,

1960), Micrometrus minimus (Dobbs, 1975), and Rhacochilus vacca and

Embiotoca lateralis (Webb and Brett, 1972) have been examined. The

life histories of Amphigonopterus aurora (Hubbs, 1921), Brachyistius

frenatus (Hubbs and Hubbs, 1954), Embiotoca jacksoni (Isaacson and

Isaacson, 1966), Phanerodon atripes (Smith, 1964), and Cymatogaster

aggregatus (Shaw, 1971) have been described. In addition, the breed-

ing behavior of Hyperprosopon argentium (Rechnitzer and Limbaugh,

1952), and Cymatogaster aggregatus (Hubbs, 1917) have been described.
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More recently, literature on the Embiotocidea has dealt with

utilization of food resources (De Martini, 1969; Ellison and Terry,

1979; Haldorson and Moser, 1979), and habitat distribution (Hayase

and Tanaka, 1980; Ebeling and Bray, 1976; Terry and Stephens, 1976).

In studies of the osteology of the Embiotocidae, Starks (1926)

described the ethmoid region of the skull, Gregory (1933) made mention

of the pharyngeal mill, Hill (1940) described the osteology of

Damalichthys vacca, Gosline (1961) gave a brief description of the

caudal skeleton of the same species, Smith and Bailey (1962) noted

the presence of a subocular shelf, and Morris and Gaudin (1975) des-

cribed the cranial osteology of Amphistichus argenteus. In addition,

the osteocranial development of the above species was described by

Morris (1975). Beyond this, the skeletal morphology of the family

is poorly understood.

As with the majority of perciform fishes, the extrafamilial

relationships and classification of the Embiotocidae have been the

subject of confusion. The family was first described by L. Agassiz

(1853), and later raised to subordinal (Jordan and Evermann, 1896)

and then to full ordinal status (Jordan, 1923). Ignoring Jordan,

Regan (1913) placed the Embiotocidae in the division Ditremiformes

of the percomorph suborder Percoidei. Berg's (1940) and Gosline's

(1968, 1971) allocation of the family to the superfamily Embiotocodae

of the suborder Percoidei is essentially identical to Regan's classi-

fication. More recently, Nelson (1976) considered the Embiotocidae

to be members of the perciform subfamily Percoidei, not warranting

superfamilial status.
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Historically, relationships have been sough between the Embio-

tocidae and other pharyngognathous fishes. Jordan (1923) placed the

family between the Scleropari and Chromides, Regan (1913) placed

them with the Pomacentriformes and Labriformes, Berg (1940) placed

them near the superfamily Pomacentroidae, Hill (1940) proposed a

close relationship with the Vomacentridae, Gosline (1968, 1971) placed

them near the Pomacentridae and Labroidae, Nelson (1976) placed them

near the Cichlidae and Pomacentroidae, and Liem and Greenwood (1981)

proposed that the Embiotocidae and Cichlidae form a sister group of

Labroidei. Differing from the above authors, Tarp (1952) proposed

the Girellidae as the closest living relatives of the Embiotocidae.

The intrafamilial systematics of the Embiotocidae have been the

subject of several revisions. Eigenmann (1894) first recognized

two subfamilies within the Embiotocidae, and Eigenmann and Ulrey

(1894) recognized 21 species and 14 genera. Hubbs (1918) recognized

20 species and 14 genera and divided the family into three subfami-

lies, the Micrometrinae (Amphigonopterus, Micrometrus), the Embioto-

cinae (Hysterocarpus, Brachyistius, Cymatogaster, Ditrema, Neoditrema,

Damalichthys, Phanerodon, Zalembius, Hypsurus, Embiotoca, Rhacochilus),

and the Amphistichinae (Amphistichus, Hyperprosopon). Later, Hubbs

(1933) described Crossochir koelzi, thus allocating 21 species to the

family. Tarp (1952) described twc new species, Micrometrus (Brachyis-

tius) aletes and Cymatogaster gracilis, combined the Micrometrinae

and Embiotocinae, and referred Amphigonopterus and Brachyistius to

Micrometrus, Damalichthys to Rhacochilus, and Crossochir to Amphisti-

chus, yielding 23 species, 12 genera and two subfamilies. Hubbs and



Hubbs (1954) accepted Tarp's division of the family into two subfami-

lies, but suggested the division of the Embiotocinae into three

tribes, the Micrometrini (Amphigonopterus, Micrometrus), the Hystero-

carpini (Hysterocarpus), and the Embiotocini (all remaining members

of the Embiotocinae). Hubbs and Hubbs also called for the resurrec-

tion of the genera Brachyistius and Amphigonopterus. Finally, Oshima

(1955) divided the genus Ditrema into two species, D. temmincki and

D. viridus. At present, 24 species are recognized. Neither Tarp's

synonymization of Brachyistius with Micrometrus nor Hubbs and Hubbs'

suggested resurrection of Amphiogonopterus have gained wide accep-

tance. The placement of Damalichthys vacca into both Damalichthys

and Rhacochilus appears in the current literature.

Goals and Objectives

The present work has three objectives: 1) to provide a detailed

description of the skeletal morphology of the Embiotocidae; 2) to

determine the intrafamilial relationships of the family; 3) to deter-

mine the extrafamilial relationships of the family.

In this work, a descriptive osteological study was combined

with a study of systematic relationships for several reasons. First,

skeletal morphology has consistently been the basis of higher classi-

fication in fishes (Regan, 1913; Berg, 1940; Liem, 1963; Tyler, 1980).

Second, of all vertebrate systems, osteology is the best documented

and best understood in terms of homologies and morphocline polarities

(Gosline, 1961, 1968; Liem, 1963; Quast, 1965). Finally, if phylo-

genies are to be given the best possible interpretation, we must study
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those parts of the ancestral forms that have been preserved, and

these are the bones (Stains, 1962). Therefore, it was through a

study of the embiotocid skeletal system, and comparisons of this

system both within the family, and with other families of percoid

fishes, that objectives 2 and 3 above were met.

Taxonomic distinctions at the species level within the Embioto-

cidae were often impossible to make on the basis of skeletal charac-

ters alone. Limitation of this study to the skeletal system,

therefore, precluded it from being a systematic revision of the

embiotocid species. Skeletal characters did, however show the phy-

logenetic relationships of the genera within the family, and the

relationships of the Embiotocidae with other families of percoid

fishes.



MATERIALS AND METHODS

Skeletal examination involved a total of 161 individuals repre-

senting 71 species belonging to 41 perciform families. In the Embio-

tocidae, I examined at least 2 and at most 6 individuals of each

species, for a total of 103 embiotocid skeletons. Preserved speci-

mens were cleared in 2% KOH and stained with Alizarin red S following

the method of Davis and Gore (1947). When available, dried material

was examined. In addition, radiographs were made of several speci-

mens. Table 1 is a list of specimens examined, including museum

catalog number, locality, and preparation. A binocular dissecting

microscope was used during dissections and during examination of

radiographs. Illustrations were made either free hand or by tracing

from color slide photographs. Skeletal nomenclature follows that of

Harrington (1955) for the skull bones, Merriman (1940) for vertebrae,

ribs, and pectoral girdle, Eaton (1945) for the median fin supports,

and Gosline (1961) for the caudal skeleton.

Sources of Variation in the Embiotocidae

This study is somewhat limited by the relatively small samples

of each embiotocid species available for study. However, possible

sources of variation have been considered as follows:

Geographical variation. Of the 20 North American marine spe-

cies, 10 are restricted between 32 and 38 degrees north latitutde,

two species range between 32 and 42 degrees north latitude, five

species range between 32 and 49 degrees north latitude, and only
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three species exhibit a relatively broad distribution, ranging be-

tween 32 and 55 degrees north latitude (Tarp, 1952). Two species,

Cymatogaster gracilis and Brachyistius aletes, are extremely limited

in distribution, being found only in waters off the California chan-

nel islands and Guadalupe Island, respectively (Tarp, 1952). A third

species, Phanerodon stripes, is common only in Monterey Bay, Califor-

nia (Miller and Lea, 1972). This restriction of the majority of the

family to relatively small sections of coastline, in conjunction with

a lack of major barriers to interreproduction between populations

should serve to decrease geographical variation. In addition, Hubbs

(1921, 1922, 1926) showed that in coastal marine fishes, geographical

variation expresses itself as differences in meristic counts rather

than differences in body proportions. A study of meristic counts

was not made in this work.

Three subspecies of Hysterocarpus traski, the only fresh water

member of the family, are currently recognized (Hopkirk, 1973), re-

sulting from long-term isolation of populations in separate drainages

(Baltz and Moyle, 1981). Geographical variations among these sub-

species are most prominent in trophic structures, primarily size and

number of gill rakers, suggesting that the subspecies have different

feeding ecologies, and that trophic morphologies are more labile

than other structures (Baltz and Moyle, 1981).

Age and size variation. Embiotocid young are born essentially

as miniature adults, the vast majority of morphological changes hav-

ing occurred prior to birth (Triplett, 1960). This phenomenon is

carried to the extreme in the genus Micrometrus where males are fully
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sexually mature prior to parturition (Hubbs and Hubbs, 1954). A lack

of change in proportions with growth was noted in the osteocranium of

Amphistichus argenteus by Morris (1975). In this species proportion-

al changes were noted during development of the embryo within the

ovary, but adult proportions and characteristics were achieved at the

time of birth, and subsequent growth involved merely an increase in

size. Thus allometric growth patterns are of minimal importance in

explaining character variations in the Embiotocidae.

Sexual dimorphism. Sexual dimorphism in the Embiotocidae occurs

in the anal fin, the males of all species possessing a glandular

copulatory organ (Tarp, 1952). Additionally, Hubbs and Hubbs (1954)

noted differences in anal fin ray counts between males and females of

both Micrometrus species. Beyond this, no other types of sexual

dimorphism occur in the family (Tarp, 1952: Hixon, 1981). In line

with these findings, no skeletal differences between sexes were found

in this study.

Individual variation. Table 4 is a list of morphological

characters used in multivariate analysis, including means, standard

deviations, and coefficients of variation (

SD. 100)
for each var-

iable within each species. In no case did the coefficients of varia-

tion exceed 10%, and in most cases they were much lower. Thus it

appears that the skeletal variables under consideration are extreme-

ly stable between individuals of each species.

Systematic Philosophies

The following is a brief synopsis of the prevailing systematic



philosophies, including the advantages and disadvantages of each.

Although no one methodology was strictly adhered to, where appro-

priate, the best features of each were employed in determining the

systematic relationships of the family.

Three fundamentally different systematic philosophies are in

current usage; numerical taxonomy, phylogenetic or cladistic system-

atics, and evolutionary systematics. Each has its proponents and

detractors, and each is open to criticism.

The first, numerical taxonomy, as espoused by Sokal and Sneath

(1963), attempts to construct general purpose classifications unaf-

fected by evolutionary theory or changes in evolutionary theoretical

concepts (Hull, 1970; Colless, 1967). Thus, in numerical taxonomy,

organisms are grouped according to phenetic similarity with no a

priori weighting of characters. This approach has been criticized

on several grounds. Non-phenetic taxonomists believe that characters

should be selected within a framework of phyletic theory before true

inferences concerning homologies and evolutionary histories can be

drawn (this is immaterial to-numerical taxonomists, who believe that

evolutionary histories are essentially unknowable). Mayr (1969)

stated that the numerical approach is unable to distinguish taxa

from phena, and that the large number of characters required encour-

ages redundancy and leads to "genetic noise." Hull (1970) criticized

the numerical taxonomist's concept of "operational homologies," and

the fact that they make inferences based on other scientific theories

but exclude evolutionary theory. Some of the above-stated difficul-

ties are overcome by the fact that overall phenetic similarity does,



10

in many instances, reflect genetic similarity (Mayr, 1969). This

relationship does not always hold, as in the case of sibling species

(Mayr, 1969).

A numerical approach was not used in this work because I agree

with those taxonomists who criticize the theoretical basis (or lack

thereof) of numerical taxonomy. Numerical techniques were used

heuristically, however, as a means of generating systematic hypothe-

ses.

In opposition to phenetic systematics, the cladistic and evolu-

tionary approaches are based in evolutionary theory. These two

schools, however, have fundamentally different ideas about the nature

of evolution and how phylogenetic information should be translated

into classification (Hull, 1970). Cladistic principles, as stated

by Henning (1966) are as follows: (1) Splitting (division of an

ancestral species into two sister species) is the only recognized

mechanism of speciation. The other major features of evolution,

subsequent divergence after splitting, is not considered. (2) Spe-

ciation is always dichotomous. (3) After splitting, the parental

taxon is considered to be extinct. (4) Taxa must be monophyletic

(i.e., evolved from a common ancestral species) and must include

the stem species and all taxa descendent from that species. (5) Sis-

ter groups must be given coordinate ranks. (6) Hierarchical ranks

are determined solely by recency of common ancestry. In addition,

phylogenies are determined on the basis of the distribution of

shared, derived characters (synapomorphies) within the group under

consideration, and no attmpet is made to define or estimate ancestral
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morphotypes. From the above, it is apparent that cladists, in em-

phasizing the importance of splitting (phylogenesis) and ignoring

divergence (anagenesis), have a somewhat simplistic view of evolu-

tion. Additionally, their concept of monophyly has been criticized

as being too restrictive (Ashlock, 1971, 1972). The advantages of

cladisism are: (1) the methodology is straightforward and easily

communicated; (2) classifications resulting from cladistic analysis

directly reflect the proposed phylogeny of the group; and (3) cladis-

tic analyses result in hypothesis that are testable (Platnick, 1977;

Englemann and Wiley, 1977) (see Szalay, 1977, for conflicting views).

The cladistic approach has found some utility in ichthyology

(Nelson, 1972; Wiley, 1976), but I believe that as a philosophy, it

is too restrictive, and the advantages gained are achieved at too

high a price in terms of loss of evolutionary information. I also

agree with Szalay (1977) that the search for ancestral morphotypes

should be central to any systematic study. A true understanding of

homologies and character polarity can be gained only through under-

standing the biological and functional significance of the character

under consideration. This information is achieved by searching for

character transformations within ancestor-descendent lineages. I

agree with Ashlock (1974) and Szalay (1977) that cladistic analysis

should be an initial step in the study of systematics. Analysis of

the distributions of synapomorphies is the most efficient way of

determining the various branch-points in the phylogeneti.c history of

a group of organisms. Creation of formal classifications, however,

should incorporate anagenetic as well as phylogenetic information in

order to use evolutionary theory to the fullest.
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In contrast to the cladistic school, evolutionary taxonomists

consider evolution to be a two-part process consisting of the split-

ting of ancestral species (or higher taxa) into two or more sister

groups, and the subsequent divergence of descendent taxa from the

parental morphytype. Anagenesis plays an important role in evolu-

tionary taxonomy. However, when this information is included, the

resulting classifications often merely approximate, rather than

directly reflect, phylogenies. In evolutionary taxonomy, characters

are perceived, analyzed to determine morphocline polarity, and

weighted according to their valency as conveyors of phylogenetic

information (Mayr, 1969; Hecht and Edwards, 1976). This information

is then incorporated into classifications. Evolutionists typically

have a more liberal view of the concept of monophyly (Simpson, 1961;

Ashlock, 1971, 1972, 1974), and groups that the cladist would consider

paraphyletic are tolerated, and often required, in evolutionary class-

ifications. The major criticisms of the evolutionary school are:

(1) there is no specific methodology, and taxonomic decisions seem

to be based more on art than science (Hull, 1970); (2) evolutionary

classifications do not directly reflect phylogenies; (3) evolutionary

methodologies result in ancestor-descendant hypotheses, which are

untestable (Englemann and Wiley, 1977; Platnick, 1977; Cracraft,

1974). The advantages of evolutionary taxonomy are: (1) there is

minimal loss of evolutionary information; (2) evolutionary systema-

tics result in stable and symmetrical classification; (3) taxa result-

ing from evolutionary systematics more accurately reflect overall

genetic similarities and differences.
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Many of the criticisms of evolutionary systematics are well

founded, particularly those of Hull (1970) concerning the need for

more science and less art in systematics. Others are the result of a

dogmatic insistence on the part of many cladists that classifications

directly reflect phylogenetic histories, even with the loss of much

anagenetic information.

I believe that the best systematic philosophy is that which

makes maximal use of evolutionary theory, and most accurately detect

and completely utilizes similarities and differences in various geno-

types. Whereas cladisti.c methodology, as suggested by Ashlock (1974),

was incorporated in this study, the basic philosophy underlying the

taxonomic decisions is that of the evolutionary school as expressed

by Mayr (1969) and Simpson (1961), and as modified by Hecht and Edwards

(1976) and Szalay (1977).

Systematic Methods

Multivariate analysis. As stated previously, multivariate

techniques were used as a means of examining the relationships of

taxonomic units in multidimensional space, and to generate hypotheses

concerning these relationships based on phenetic similarity. Two

methods were used, principle component analysis (PCA), and hierarchi-

cal agglomerative cluster analysis (HAC), on both continuous (morpho-

metric) and descrete variables. PCA was also used to reduce the

dimensionality of the original data set.

PCA falls under the broader category of ordination (Rholf,

_1970), the purpose of which is to condense multivariate data into
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character space consisting of fewer dimensions than the original data

matrix (Pimentel, 1979). PCA provides a summary of patterns of cor-

relation of a character matrix by calculating linear orthogonal axes

within the character space (the principle components). The axes are

arranged in order according to the proportion of the total variance

each explains. The first axis explains the greatest proportion, the

last axis explains the least. The importance of each axis is denoted

by the ratio of the eigenvalue associated with that axis to the sum

of all eigenvalues. Sufficient variance is usually accounted for by

the first few axes so that projection of each observation on these

axes provides an adequate summary of correlations with minimal infor-

mation loss (Pimentel, 1979). The importance of each variable within

a component is indicated by the coefficient associated with that

variable (Grigal and Ohmann, 1975). The primary advantages of PCA

over multiple discriminant analysis, the other technique commonly

used in taxonomy, are: 1) no prejudgment concerning the grouping of

individuals is required; 2) when used descriptively, it requires no

statistical assumptions concerning the original data matrix; 3) ef-

fects due to differences in character scale and variance are elimi-

nated by standardizing character vectors to zero mean and unit

standard deviation (Rholf, 1970; Pimentel, 1979). PCA has been used

extensively in taxonomy and has been found to be very sensative to

variations in related character complexes and insensative to indi-

vidual character variations (Smith, 1973; Neff and Smith, 1979;

Schnell, 1970).
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The program ORDIFLEX was used here. The graphical displays are

all projections onto the first two axes from centered-standardized

principle component analysis. The program also provides projections

on axes two and three, and one and three, but these did not yield

biologically interpretable patterns. Centered-standardized PCA was

used to increase the compatability between the analysis technique

and heterogenous data matrices consisting of both continuous and

descrete variables (Noy-meir et al., 1975).

HAC is a form of numerical classification that places taxonomic

units within a hierarchical system so that homogeneity within the

resultant groups is maximized. Basically, three steps are involved

in this type of analysis. Initially, a similarity matrix is con-

structed based on the original data matrix. Boesch (1977) provides

a summary of the various similarity indices currently in use. Next,

a fusion strategy is employed to determine the hierarchical relation-

ships of the units. Finally, this information is translated into a

one-dimensional dendrogram showing the relationships of the various

groups and sub-groups of observations. One of three types of fusion

strategy are usually used (Sokal, 1974): 1) Single linkage, whereby

an observation will be included in a group if it is connected to

any member of that group by a single pairwise relation at or above

the accepted criterion of similarity. This strategy will identify

long, strung-out sets of points as clusters, and is space contract-

ing (Boesch, 1977). 2) Complete linkage, whereby a unit must connect

with all present members of a group to be included. This strategy is

space dilating. 3) Average linkage, whereby membership in an
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established cluster is determined by some average of the similarity

of the unit with all members of the cluster. This strategy is some-

what of a compromise between single and complete linkage, both of

which create distortions between correlations present in the similar-

ity matrix and the hierarchical classification. Two types of average

linkage are generally available, group average (UPGMA of Sneath and

Sokal, 1973), which defines inter-group resemblance as the mean of

all resemblances between members of one group to members of another

group, and simple average (WPGMA of Sneath and Sokal, 1973), which

differs from group average in that the most recent unit admitted

to a group is weighted equally with all previous members. Group

average is preferred because it introduces the least distortion

(Schnell, 1970; Sokal, 1974). Intrepretation of a cluster dendrogram

usually involves the use of stopping rules, levels of similarity

that define operational groups within the hierarchy. Sokal and Sneath

(1963) suggested that stopping rules should be fixed and based on

some assumed level of statistical significance. Boesch (1977), how-

ever, suggested that biological criteria for grouping are not neces-

sarily fixed, and that intra-group homogeneity should also be consid-

ered.

The HAC program used in this study offers Bray-Curtis, Canberra,

and Manhattan metric resemblance indices, and the above-mentioned

fusion strategies. Bray-Curtis and Cannberra indices caused a com-

pression of the dendrograms, and the branch points and similarity

levels could not be determined. As a result, the Manhattan metric

index was used. The group average fusion strategy was chosen because
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it tends to introduce the least distortion of the inter-entity re-

semblance matrix.

The dimensionality of the original data matrix was reduced

based on the coefficients associated with the individual variables.

Initially, 87 continuous and discrete skeletal characters were as-

sessed in one adult individual from each of the 24 embiotocid spe-

cies. This information was incorporated into the data matrix upon

which centered-standardized PCA was performed. Coefficients asso-

ciated with each variable within the first six components (account-

ing for 94% of the total variance) were examined, and those variables

having the highest absolute coefficient values were incorporated

into a second matrix. Table 2 is a list of the original 87 variables,

and the coefficients associated with each oh the first 6 components.

Three different variables were taken from each of the six components

resulting in a 24 x 18 matrix. A second PCA run was performed on

this reduced matrix and the resulting correlation patterns seen in

projections on the first two axes were similar to those derived from

analysis of the original 24 x 87 matrix. In this way, the number

of variables to be assessed on each skeleton was reduced from 87

to 18 with minimal loss of information. Table 3 is a list of the

18 variables used in subsequent PCA and cluster analysis.

After data reduction, the 18 variables were evaluated in all

embiotocid skeletons, and mean values for each variable within each

species were determined (see Table 4). These mean values were in-

corporated into a data matrix upon which multivariate analysis was

performed.
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Interpretation of dendrograms and PCA projections was based

primarily on corroboration between the two techniques. Where a group-

ing pattern indicated by one technique was not duplicated by the

other, I assumed that the resolution provided by multivariate analy-

sis was not great enough at that hierarchical level. In some cases,

greater resolution was obtained by performing the same analysis on

subgroups of the data set as suggested by Smith (1973). For in-

stance, if analysis of the entire family suggested division of the

family into two subgroups (subfamilies), subsequent analysis consisted

of performing the same analysis on each subfamily alone. Because

numerical techniques were used descriptively, no assumptions concern-

ing normality of the data set were necessary, and no significance

tests were performed. Rather, the validity of the hypothesized

groupings was tested using cladistic and evolutionary models. Also,

no attempt was made to interpret the biological meaning of principle

components. Doing so is often subjective, and more meaningful in

ecological rather than taxonomic studies.

Cladistic methods. Characters were determined by examination of the

skeletal system of all embictocid species. With few exceptions,

variables used in cladistic analysis differed from those used in

multivariate analysis. Table 5 is a list of those variables used

in cladistic analysis. Polarity of character states was determined

by comparisons with representatives of other perciform families,

and by comparisons with character states within proposed ancestor-

descendant lineages as suggested by Szalay (1977). Hecht and Edwards

(1976) suggested weighting characters according to five criteria.
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Briefly stated, these are (in order of increasing importance): (1)

loss characters; (2) reduction or simplification characters; (3) mor-

phometric, allometric, or neotenic characters; (4) integrated

character complexes subject to differential selection; and (5) unique

and innovative, shared, derived characters. I modified this scheme

and weighted characters according to the following criteria (in order

of increasing importance): (1) loss characters; (2) correlated

character complexes subject to differential selection (primarily

feeding and habitat); (3) morphometric or allometric characters;

and (4) unique and innovative shared, derived characters. In many

cases, characters in groups 1 and 2 were the only ones available

to distinguish between species or even genera. Thus, feeding and

habitat specializations and loss characters become more informative

as lower taxa are considered. However, at higher taxonomic levels,

characters in groups 3 and 4 were always given precedence over lower

weight characters, both in the determination of relationships, and

in determinations of degree of divergence. Cladograms were produced

based on the distribution of synapomorphies within the Embiotocidae,

whereas the classification presented here was based on degree of

divergence as well as the phylogenetic history of the Embiotocidae.
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Ethmoid region -- The paired nasals (Fig. 26 b and c) are

flat, slightly convex, elongate bones, somewhat widened posteriorly.

They overlap the anterior margin of the frontals and the posterior

margin of the ethmoid. Each nasal bears a longitudinal canal that

lodges a portion of the latero-sensory system.

The lateral ethmoids (Figs. 1-19, 21-23) are wing-like bones

that form the anterior margin of the orbits. They are slightly over-

lapped by the frontals posteriorly, and meet the ethmoid medially.

The lateral ethmoids make contact behind the ethmoid, and cover the

prevomer ventrally. Their ventrolateral tips are devoid of any ar-

ticular surfaces, while anterior to the wing-like processes they

bear a small condylar projection by which they form ligamentous at-

tachments with the palatines. Each lateral ethmoid bears a postero-

medially situated olfactory foramen.

The ethmoid (Figs. 1-10, 17-19, 21-23) is situated medially

between the lateral ethmoids. It bears on its dorsal surface a

raised crest, slightly concave in lateral aspect, which slopes anter-

oventrally and connects with the prevomer.

The toothless prevomer (Figs. 1-17, 18, 19, 21-23) forms the

anteroventral margin of the neurocranium, and is covered dorsally

by the ethmoid and lateral ethmoids. It tapers posteriorly to a
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point just anterior to the midpoint of the orbit, where it enters a

ventral groove in the parasphenoid.

Orbital region -- The frontals (Figs. 1-17, 18, 19, 21-23) form the

anterior portion of the cranial roof and the dorsal roof and dorso-

lateral margins of the orbital chamber. They meet posteriorly with

the parietals, posteromedially with the supraoccipital, posterolate-

rally with the sphenotics, anteriorly with the ethmoid and lateral

ethmoids, and overlap the pterosphenoids ventrolaterally. Typically,

a foramen in the roof of the skull is formed anteriorly by the medial

borders of the frontals and the posterior border of the ethmoid.

This foramen is absent in Amphistichus, Hyperprosopon, Cymatogaster,

Ditrema, and Neoditrema. In the last two genera, the frontals form

a shallow, medial depression. In lateral aspect the frontals of

Hysterocarpus, Brachyistius, Cymatogaster, Ditrema, and Neoditrema

slope evenly toward the ethmoid. In all other genera, the frontals

are vaulted over the orbital chamber, and more or less convex in

lateral aspect. The supraorbital commissure of the lateral line

system is borne on the dorsal surface of each bone in a partially

roofed groove that separates the lateral margin from the main body

of the bone.

The pterosphenoids (Figs. 11-17, 18, 19, 20-23) form the poster-

dorsal roof of the orbital chambers. They are covered dorsally by

the frontals, and are bordered posterodorsally by the Sphenotic and

posteroventrally by the pro-otics. The medial borders are continuous

with a vertical ridge on the ventral surface of the frontals.
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Figure 1. Lateral aspect of the neurocranium: A) Hystero-
carpus traski, B) Brachyistius frenatus
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Figure 2. Lateral aspect of the neurocranium of
Damalichthys vacca



25

SOC

Figure 2



26

Figure 3. Lateral aspect of the neurocranium: A) Amphistichus
argenteus, 13) Hyperprosopon anale
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Figure 4. Lateral aspect of the neurocranium of
Hyperprosopon argenteum
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Figure 5. Dorsal aspect of the neurocranium of
Hysterocarpus traski
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Figure 5
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Figure 6. Dorsal aspect of the neurocranium of
Brachyistius frenatus
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Figure 6
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Figure 7. Dorsal aspect of the neurocranium of
Damalichthys vacca
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Figure 7
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Figure 8. Dorsal aspect of the neurocranium of
Amphistichus argenteus
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Figure 8
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Figure 9. Dorsal aspect of the neurocranium of
Hyperprosopon anale
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Figure 9
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Anteriorly, the pro-otics (Figs. 1-4, 11-23) form the postero-

ventral border of the orbital chamber and are interposed between

the ascending processes of the parasphenoid and the pterosphenoids.

They are bordered anterodorsally by the sphenotics, posterodorsally

by the pterotics and intercalaries, posteriorly by the exoccipitals

and basioccipital, and ventrally by the parasphenoid. In Damalichthys

and Micrometrus, a portion of each pro-otic is incorporated into

the lateral walls of the pharyngeal apophyses of the parasphenoid.

The pro-otics meet medially to form the posterior border of the pitui-

tary fossa, the floor of the crainial cavity and the roof of the

posterior myodome. The trigemini-facialis chambers are formed by

the anterior portions of the pro-otics. Anteriorly, each chamber

opens into the orbital chamber, except in Micrometrus, where an ac-

cessory ridge formed by the pro-otic occludes this opening, forcing

it to open somewhat laterally. Posteriorly, the trigeminifacialis

chamber has two openings in Amphistichus and Hyperprosopon, and three

in all other genera.

The basisphenoid (Figs. 1-4) shows considerable variation among

the embiotocid genera. Typically, this bone is Y-shaped. The base

of the Y rests on the paraphenoid and divides the anterior opening

of the posterior myodome, while the upper arms meet the pro-otics

laterally and form the anterior border of the pituitary fossa. In

Hysterocarpus, Brachyistius, Neoditremrna, Phanerodon, Zalembius,

and Damalichthys, the base of the Y is thin and blade-like in lateral

aspect. In cynatollaLttn and Hyperprosopon argenteum, the base is

very thin and rod-like in lateral aspect. In Embiotoca, Rhacochilus,
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and Hypsurus, it is roughly triangular and extends into the interor-

bital septum. In Ditrema, the base meets the paraphenoid in an

anterior position and slopes posterodorsally to contact the arms,

whereas in Micrometrus and Amphistichus, it is rectangular in lateral

aspect.

In all members of the family, there are seven pairs of circumor-

bitals (Fig. 26a). The anterior-most, the lacrimals, are flat,

rectangular bones covering the anterior portion of the ethmoid, as

well as the anterior portions of the palatines. A portion of the

infraorbital commissure of the latero-sensory system is lodged in a

partially roofed canal ventral to the dorsal margin of the lacrimals.

On their anterodorsal margins, the lacrimals bear a convex, raised

shelf-like projection by which they make ligamentous connections

with the lateral ethmoids. The next pair, the jugals, are flat,

rectangular bones approximately equal in size to the lacrimals. As

with the lacrimals, they bear a portion of the infraorbital lateral

line in a partially roofed canal below the dorsal margin. Circumor-

bitals 3 through 7 are small, elongate canal bones which meet end

to end and lodge the infraorbital lateral line. The first pair behind

the jugals bear an inwardly directly subocular shelf. The seventh

pair, the dermosphenotics, are somewhat shorter than the anterior

pairs and are loosely connected to the articular condyles of the

sphenotics.

Otic region - The sphenotics (Figs. 1-23, 24 c and d) are irregular-

ly shaped bones situated externally to the pterosphenoids. Antero-

dorsally, they border the frontals. Posterodorsally and posteriorly
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Figure 10. Dorsal aspect of the neurocranium of
Hyperprosopon argenteum
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Figure 10
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Figure 11. Ventral aspect of the neurocranium of
Rysterocarpus traski
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Figure 12. Ventral aspect of the neurocranium of
Brachyistius frenatus
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they meet the pterotics. Ventrally, they rest on the pro-otics. On

the lateral surface of each is borne a ventrolaterally directed pro-

jection that articulates with the dermosphenotics. Just posterior

to this projection, a longitudinal groove extends along the border

between the sphenotics and the pro-otics, and receives the head of

the hyomandibular. This groove is continuous with a similar one

on the ventral surface of the pterotics.

The parietals (Figs. 1-10, 17-23) form a major portion of the

lateral roof and walls of the cranial vault. Anteriorly they meet

the frontals, medially the supraoccipital, posteriorly the epiotics,

and ventrally the pterotics. An irregularly shaped unossified region,

the supratemporal foramen, is left on each side of the skull between

the parietals, epioticsi intercalaries, and pterotics. Near the

anterior margin of each parietal a posterolaterally directed crest

formed by the extrascapulars is present. The dorsal surface of this

crest is produced into a trough-like structure which receives the

supratemporal commissure of the latero-sensory system. The posterior

surface of the crest provides an area of attachment for the body

musculature. Posteriorly, they are continuous with a longitudinal

parietal crest on each side.

The pterotics (Figs. 1-23) are irregularly shaped, elongate

plates forming a portion of the lateral walls of the cranium. They

are bordered dorsally by the supratemporal foramen, anterodorsally

by the parietals, anteriorly by the frontals, anteroventraily by

the sphenotics, ventrally by the pro-otics, and posteriorly by the

intercalaries. Posterolaterally, they are produced into posteriorly
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Figure 13. Ventral aspect of the neurocranium of
Damalichthys vacca
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Figure 14. Ventral aspect of the neurocranium of
Amphistichus argenteus
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Figure 15. Ventral aspect of the neurocranium of
Hyperprosopon anale
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Figure 15
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directly wing-like projections. The lateral surfaces are produced

outwardly to form a shelf between the temporal groove above and

the dilitator groove below. A trough extends longitudinally along

the length of the shelf, forming a lateral line canal.

The intercalaries (Figs. 11-16) are irregularly shaped bones

forming the posterior surface of the shelf-formed by the pterotics.

They bear a small pit-like articular region that connects with the

lower arm of the posttemporals.

The epiotics (Figs. 1-10, 17b, 18b, 20, 21b, 22b, 23b) are

roughly cone-shaped, and form the posterodorsal margins of the neuro-

cranium. They are bordered anteriorly by the parietals, medially

by the supraoccipital, posteriorly by the exoccipital, and ventrally

by the supertemporal foramen. Their dorsal surface articulates with

the upper arm of the posttemporals.

The supraoccipital (Figs. 1-10, 17-23) forms the dorsoposterior-

most portion of the cranial roof, it is bordered laterally by the

parietals, anteriorly by the frontals, and posteriorly by the epio-

tics and exoccipitals. The supraoccipital bears an extremely well-

developed median crest that provides areas of attachment for the

anterior trunk muscles. Anterior to the crest a small laminar por-

tion of the bone extends for a short distance between the frontals.

The exoccipitals (Figs. 1-10, 17b, 18b, 20, 21b, 22b, 23b) are

irregularly shaped bones surrounding the dorsal and lateral portions

of the foramen magnum, and forming the posterior portion of the

cranium. They are bordered by the supraoccipital medially, the

epiotics anteriorly, the intercalaries laterally, and the
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Figure 16. Ventral aspect of the neurocranium of
Hyperprosopon argenteum
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Figure 17. A) Anterior aspect of the neurocranium of
Hysterocarpus traski, B) posterior aspect of the neurocranium

of Hysterocarpus traski
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Figure 18. A) Anterior aspect of the neurocranium of
Brachyistius frenatus, B) posterior aspect of
the neurocranium of Brachyistius frenatus
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basioccipital ventrally. Posteriorly, each exoccipital forms a flat

surface for articulation with the first vertebra. The articular

regions of the two bones are separated ventrally by the articular

surface of the basioccipital. Anteriorly they meet to form a short

shelf that supports the spinal nerve cord. A small pit-like depres-

sion is present in the midline between the exoccipitals posterior

to this shelf and anterior to the articular facets.

The posttemporals (Fig. 39) are forked bones. The upper arms

articulate with the epiotics, and the lower arms connect with the

intercalaries. Posteriorly, the posttemporals articulate with the

pectoral girdle by way of the supracleithra. Their posterolateral

surface bears a short trough that receives a portion of the lateral

line system from the supracleithra and transmits it to the supra-

temporals.

The supratemporals (Fig. 39) are "Y" shaped canal bones situ-

ated just under the epidermis between the epiotics and the pterotics.

The base of the Y receives the lateral line from the posttemporals

and transmits a dorsal (supratemporal) branch to the parietals and

a ventral branch to the pterotics.

Basicranial region -- The basioccipital (Figs. 1-4, 11-17, 18b, 20,

21b, 22b, 23b, 25) lies below the exoccipitals. Posterodorsally, it

forms the floor of the foramen magnum. Its posterior surface is

formed into the circular articular facet for connection with the

first vertebra. Anteriorly, it is covered by the exoccipitals where

they meet in the midline, and meets the pro-otics on each side. On

its lateral surfaces it bears a well developed pit-like depression



Figure 19. Anterior aspect of the neurocranium of
Damalichthys vacca
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Figure 20. Posterior aspect of the neurocranium of
Damalichthys vacca
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Figure 21. A) Anterior aspect of the neurocranium of
Amphistichus argenteus, B) posterior aspect of the

neurocranium of Amphistichus argenteus
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that connects with Baudelot's ligament. Ventrally, the basioccipital

bears a longitudinal myodomal groove. In Damalichthys, this groove

is completely covered ventrally by the parasphenoid. In all other

genera, the myodomal groove is open ventrally.

The single rod-shaped parasphenoid (Figs. 1-4, 17-23) delimits

the longitudinal axis of the neurocranium. Anteriorly, it fuses

with the posterodorsal surface of the prevomer. Dorsally, it forms

the lower medial margin of the orbital chamber and fuses by means

of two wing-like ascending processes with the pro-otics. Ventrally,

it is produced into a well developed keel for attachment of the

pharyngeal musculature, and forms expanded pharyngeal apophyses that

articulate with the superior pharyngeal bones. Posteriorly, in all

genera except Damalichthys, the parasphenoid is divided behind the

apophyses and extends along the ventral walls of the mydomal groove.

In Phanderodon and Zalembius, the paraphenoid extends approximately

one-half the distance from the point of division to the posterior

tip of the neurocranium. In all other genera, the parasphenoid

reaches the posterior limit of the neurocranium. In Damalichthys,

there is no division of the parasphenoid behind the apophyses. In-

stead, the parasphenoid covers the mydomal groove, leaving a small

ventral opening near the posteroventral margin of the neurocranium.

The articular surface of the pharyngeal apophyses is formed

entirely by the parasphenoid in all embiotocids. In numerous genera,

the basioccipital and pro-otics are incorporated to varying degrees

into the formation of the walls of the apophyses. In Rhacochilus,

Phanerodon, Damalichthys, Zalembius, Micrometrus, Brachyistius,
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Figure 22. A) Anterior aspect of the neurocranium of
Hyperprosopon anale, B) posterior aspect of the

neurocranium of Hyperprosopon anale
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Figure 22
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Figure 23. A) Anterior aspect of the neurocranium of
Hyperprosopon argenteum, B) posterior aspect of the

Hyperprosopon argenteum
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Figure 24. A) Lateral aspect of the pro-otics of
Rhacochilus toxotes, B) Lateral aspect of the
Amphistichus argenteus, C) Anterior aspect of

the trigemino-facialis chamber of
Micrometrus aurora, D) Anterior aspect of the

trigemino-facialis chamber of
Amphistichus argenteus

Figure 24
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Figure 25. Lateral aspect of the basicranial region:
A) Rhacochilus toxotes, B) Hysterocarpus traski
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Figure 26. A) Lateral aspect of the circumorbital
series of Hysterocarpus traski, B) Anterior
aspect of the right nasal of Hysterocarpus
traski, C) posterior aspect of the right

nasal of Hysterocarpus traski
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Hyterocarpus, Cymatogaster, Amphistichus, and Hyperprosopon, the

basioccipital partially overlies the apophyses (Fig. 25a). In

Phanerodon, Damalichthys, Zalembius, Micrometrus, Brachyistius, and

Hysterocarpus, the basioccipital forms a portion of the postero-

lateral walls of the apophyses (Fig. 2). Furthermore, in Micrometrus

and Damalichthys (Fig. 3), a buttress from the pro-otics extends

ventrally into the anterolateral walls of the apophyses, reaching

nearly to the articular surface. In addition, in these two genera,

a finger of bone from the parasphenoid projects dorsally and inter-

digitates with the pro-otics.

Jaws, Dentition, and Pharyngeal Mill

Dentition -- Embiotocid teeth (Figs. 27, 29c, 30, 32) are typically

cylindrical or conical, and rounded or pointed, the exact shape vary-

ing with the species. Notable exceptions to this are found in Micro-

metrus, in which the teeth are roughly tri-cuspid, and in Neoditrema,

in which the premaxi.11ary teeth are small, sharply pointed, and

curved posteriorly, but the lower dentition is reduced to a single

short conical tooth on each dentary. Reduction of the lower denti-

tion is also found in Ditrema, Brachyistius, and Damalichthys, in

which three teeth are borne by each dentary.

Pharyngeal dentition (Figs. 33-35) is borne on the inferior and

superior pharyngeal bones. The inferior pharyngeal is a flat, tri-

angular bone formed by the medial, sutureless fusion of the fifth

ceratobranchials. On its dorsal surface it bears numerous well de-

veloped, bluntly conical teeth. In Damalichthys, the teeth are
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Figure 27. Lateral aspect of the jaws and suspensorium
of Hysterocarpus traski



Figure 27
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Figure 28. A) Lateral aspect of the right maxillary of
Hysterocarpus traski, B) Anterior aspect of the

right maxillary of Hysterocarpus traski,
C) Lateral aspect of the right maxillary of
Neoditrema ransonneti, D) Anterior aspect

of the right maxillary of Neoditrema ransonneti
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large and flat, and the posterior edge of the dentigerous surface

slopes sharply ventrad. The posterolateral tips of the inferior

pharyngeals in Damalichthys are truncated and form broad, flat post-

eriorly directed articular surfaces. In all other genera, the teeth

are less well developed, and the posterolateral articular surfaces

are smaller or absent. This is particularly noticeable in Neoditrema,

where the lower pharyngeal teeth are very small, and the tooth bearing

bones are relatively weakly developed.

Two paii.s of superior pharyngeals (Fig. 35) are present, formed

by the third and fourth pharyngobranchials. The third pharyngobran-

chials are sub-cuboidal and greatly expanded. On their ventral sur-

face they bear large, bluntly conical teeth. The fourth pharyngo-

branchials are small and irregularly shaped. Anteriorly, they are

closely applied to, but separate from, the third pharyngobranchials.

On their ventral surface they bear very small villiform teeth.

Jaws -- The premaxillaries (Figs. 27, 32) form the upper margin of

the gape. Each bone bears, at its medial margin, a well developed

ascending process. In Amphistichus and Hyperprosopon, the ascending

process is relatively short, being approximately 1/4 the length of

the body of the bone, while in all other genera the ascending process

is roughly equal in length to the dentigerous portion of the bone.

Lateral to and fused with the ascending process is the articular

process. In Amphistichus and Hyperprosopon, the articular process

is partially separated from the ascending process by a notch. In

all other genera, this separation is not evident. In Neoditrema,

the ascending and articular processes are unusually long and thin.
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Figure 29. A) Lateral aspect of the right maxillary of
Amphistichus argenteus, B) Anterior aspect of the

right maxillary of Amphistichus argenteus, C) Lateral
aspect of the left dentary of Amphistichus argenteus
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Figure 30. Lateral aspect of the left dentary:
A) Hysterocarpus traski,
B) Neoditrema ransonneti
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Figure 30
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Lateral to the articular process, a small ridge-like maxillary pro-

cess is present in Amphistichus and Hyperprosopon, and absent in

all other genera. In Amphistichus and Hyperprosopon, the premaxil-

laries are relatively long and thin and pointed distally. In the

other genera the premaxillaries are shorter and bluntly rounded dis-

tally. In Neoditrema, the premaxillaries are somewhat expanded dis-

tally.

The maxillaries (Figs. 27-29a and b) consist of two parts, an

articular region bearing a U-shaped depression which connects by

ligaments with the articular process of the premaxillaries, a late-

ral groove that accommodates the ethomoid process of the palatines,

and a long posteroventrally-directed process that acts as a lever,

causing protrusion of the premaxillaries when the mouth is opened.

Just posterior to the palatine groove and continuous with its late-

ral margin, a pronounced, pointed, posterodorsally directed ridge

is present. In Amphistichus and Hyperoprosopon, the dorsal margin

of this ridge is notched. In Hysterocarpus, the dorsal margin is

uninterrupted, but in all other genera a small tab-like process is

present. In Amphistichus and Hyperprosopon, the articular region of

the maxillaries is relatively small and the descending portion is

long, thin in its midregion, and expanded distally. In all other

genera, the articular region is large and well developed, and the

descending portion is short and approximately equal in width through-

out its length. In all genera, the maxillaries are excluded from

the gape, and are connected to the lateral surface of the angulars

by a loose fold of skin and connective tissue.
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The angulars (Figs. 27, 31) are wedge-shaped bones, pointed

anteriorly and broadened posteriorly. Anteriorly, they are wedged

in the posterior notch of the dentaries. Posteriorly, they articu-

late with the articular condyle of the quadrates. In Cymatogaster,

Brachyistius, Neoditrema, Amphistichus, and Hyperprosopon, the length

of the angulars is greater than twice their greatest width. In all

other genera, the length is less than twice the greatest width.

The retroarticulars (Fig. 31) are small irregularly shaped

bones, strongly fused to the posteroventral corner of the angulars,

ventral to the angular-quadrate articulation.

The dentaries (Figs. 27, 29c, 30) are V-shaped, and articulate

posteriorly with the angulars. Teeth are borne on the dorsal arm

of the V, while the ventral arm extends posteriorly along the ventral

midline and bears on its lateral surface a longitudinal, partially

roofed lateral line canal. In Neoditrema, the dorsal arm is broadly

expanded posteriorly. In Amphistichus, Hyperprosopon, Hysterocarpus,

Brachyistius, Ditrema, Cymatogaster, and Phanerodon, the length of

the dentary is greater than its width, but in all other genera the

length and width are approximately equal.

Suspensorium

The palatines (Fig. 27) are flat, irregularly shaped bones

that bear, on their anterior margin, an ethmoid process that fits

into the palatine groove of the maxillaries. Posterodorsally, they

articulate with the lateral ethmoids by means of an articular facet.

In Amphistichus, Cymatogaster, Neoditrema, Hypsurus, Phanerodon,
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Figure 31. Lateral aspect of the left angular:
A) Hysterocarpus traski, B) Neoditrema
ransonneti, C) Amphistichus argenteus
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Figure 32. Lateral aspect of the left premaxillary:
A) Hysterocarpus traski, B) Neoditrema
ransonneti, C) Amphistichus argenteus



Figure 32
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Brachyistius, and Micrometrus, this facet is relatively small. In

all other genera, the facet is produced into a prominent articular

process. Laterally, the palatines articulate with the lacrimals.

Ventrally, they meet and interdigitate with the pterygoids in

Amphistichus and Hyperprosopon. In all other genera, they are sepa-

rated from the pterygoids by an intervening cartilaginous region.

Posteriorly, the palatines meet the mesopterygoids.

The pterygoids (Fig. 27) are crescent-shaped bones firmly fused

to the anterior border of the quadrates. In Ditrema and Neoditrema,

the pterygoids fold around the anterior border of the quadrates,

overlapping both the medial and distal surfaces. In all other genera,

overlap is appreciable only on the medial surface.

The quadrates (Fig. 27) are triangular bones. Anteroventrally

they bear condyles that articulate with the angulars. The anterior

border of each quadrate is firmly attached to the pterygoids, while

the rounded posterior margin is separated from the meso- and meta-

pterygoids by a membranous, unossified region. Posteroventrally,

the posterior borders bears a broad notch that receives the symplectic.

The ventral margin articulates with the preoperculars.

The symplectics (Fig. 27) are rod-shaped and slightly expanded

posteriorly. Anteriorly, they lodge in the posteroventral notch of

the quadrates. Posterodorsally, they communicate with the metaptery-

goids. Posteriorly and ventrally, they are separated from the ventral

margins of the hyomandibular and the preopercular by cartilaginous

regions.
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Figure 33. Dorsal aspect of the inferior pharyngeal:
A) Hysterocarpus traski, B) Neoditrema

ransonneti, C) Micrometrus aurora,
0) Micrometrus minimus
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Figure 34. Dorsal aspect of the inferior pharyngeal:
A) Oamalichthys vacca, B) Phanerodon
furcatus, Cj Hyperprosopon argenteum,

D) Amphistichus argenteus
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Figure 34



101

The mesopterygoids (Fig. 27) are flat, irregularly shaped,

laminar bones. Anteriorly, they communicate with the posterior margin

of the palatines. Ventrally, they are separated from the pterygoids

and the posterior margin of the quadrates by a membranous region.

Posteroventrally, they meet the metapterygoids. Dorsally, they form

a connective tissue articulation with the parasphenoid, thus forming

the roof of the mouth.

The metapterygoids (Fig. 27) are roughly triangular in shape.

Posterodorsally and posteriorly, they form an interdigitating and a

long straight suture, respectively, with the hyomandibulars. Ven-

trally, they connect with the symplectics. Anteriorly they are sepa-

rated from the quadrates by membrane. Dorsally, they are separated

from the parasphenoid by a broad area of membrane and connective

tissue.

The hyomandibulars (Fig. 27) provide the posterior points of

attachment for the suspensorium. They are roughly rectangular in

shape, and slightly concave anteriorly. The ventral half of their

anterior border is ankylosed to the posterior border of the metaptery-

goids. They also form an interdigitating suture with the dorsal

margin of that bone. Dorsally, they articulate with a groove in

the sphenotics, pro-otics, and pterotics. Posterodorsally, they

bear a pronounced articular facet that connects with the opercular.

Their posterior margin is produced laterally into a vertical ridge

that articulates with the preoperculars.

Opercular Series

Opercular series -- The preoperculars (Fig2,35) are crescent-shaped
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Figure 35. A) Lateral aspect of the opercular series
of Hysterocarpus traski, B) Medial aspect

of the opercular series of
Hysterocarpus traski
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bones, consisting of a vertical and a lower horizontal arm. Anter-

iorly, the lower arm articulates with the lateral surface of the

quadrates. Ventrally, it overlaps and articulates loosely with the

interopercular and the anterior margin of the subopercular. The

anterior border of the upper arm connects with the vertical ridge

of the hyomandibular. Posteriorly, the preoperculars meet the oper-

culars. Extending vertically along the later surface of the upper

arm, and horizontally along the lower arm is an unenclosed trough

that lodges the preopercular branch of the lateral line system.

The interoperculars (Fig. 35) are oblong bones lying below

the quadrates. Dorsally, they articulate with the ventral margin of

the preoperculars. Posteriorly, they meet the anterior border of

the suboperculars. At approximately the midpoint of the dorsal mar-

gin they bear a well developed, anteriorly directed facet that arti-

culates with the posterolateral surface of the epihyals.

The suboperculars (Fig. 35) are elongate bones that taper to a

gradual point posteriorly. Anteriorly, they meet the subopercular

and bear a short projection that extends dorsally between the pre-

operculars and the operculars. Dorsally, they are overlapped by

the ventral margin of the operculars.

The operculars (Fig. 35) are flat, subrectangular bones. On

the medial surface, near the anterodorsal margin, they bear a poster-

iorly buttressed facet which articulates with the hyomandibular.

Anteriorly, they meet the posterior margin of the preoperculars.

Ventrally, they overlap the suboperculars. At approximately the

midpoint of their posterior border, they bear a very short, blunt

rounded primary opercular spine.
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Hyoid Apparatus

The interhyals (Fig. 36) are small cylindrical bones resting on

the posterodorsal margin of the epihyals. Dorsally, they connect

with the cartiliginous region between the symplectics and the hyoman-

dibulars.

The epiphyals (Fig. 36) are triangular and laterally compressed.

Anteriorly, they are connected by a broad interdigitating suture

with the ceratohyals. On their posterolateral surface, they bear

two branchiostegal rays.

The ceratohyals (Fig. 36) are elongate and laterally compressed.

Posteriorly, they connect with the epihyals; anteriorly they are

firmly fused to the hypohyals. Each ceratohyals bears four branchio-

stegals. The anterior two articulate with the midventral border, and

the posterior pair articulate with the lateral surface.

The dorsal hypohyals (Fig. 36) are fused to the anterodorsal

surface of the ceratohyals, whereas the ventral hypohyals are fused

to the anteroventral surface. The left and right hyoid apparatuses

are held in contact by a short ligamentous attachment between the

hypohyals on each side.

The single basihyal (Fig. 38a) lies in the midline of the bran-

chial region, overlying the hypohyals. Posteriorly it bears an

expanded articular region that connects with the dorsal surface of

the first basibranchial.

The unpaired urohyal (Fig. 38c and d) lies in the midline ven-.

tral to the basibranchials. It forms an anterior ligamentous con-

nection with the hypohyals.
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Figure 36. Lateral aspect of the hyoid apparatus of
Hysterocarpus traski



IH

Figure 36

HHV



108

Branchial Skeleton

Three unpaired basibranchials (Figs. 37, 38a and b) are pre-

sent in series in the midline of the branchial region. The anterior-

most articulates with the basihyal. In Amphistichus, Hyperprosopon,

and Neoditrema, it is thin and rectangular. In all other genera,

the first basibranchial is thicker and depressed anteriorly. The

second basibranchial lies behind and is firmly ankylosed to the

first. It forms lateral articulations with the first pair of hypo-

branchials at its somewhat narrowed midregion. The third basibran-

chial is hour-glass shaped and tapers to a point posteriorly. The

second pair of hypobranchials articulate with its anterior lateral

margins. The third hypobranchials articulate with the third basi-
.

branchial posteriorly.

Four pairs of ceratobranchials (Fig. 35) are present. The

first three pairs connect with the first, second, and third hypo-

branchials, respectively. The fourth pair lies in connective tissue

posterior to the third basibranchial and forms no direct connection

with the basibranchials. The ceratobranchials support the gill fila-

ments, and arch posterodorsally forming the bony supports for the

walls of the pharynx. The fifth pair is fused to form the dentige-

rous inferior pharyngeals.

Four pairs of flat, expanded, irregularly shaped epibranchials

(Fig. 35) are present articulating proximally with the distal ends

of the ceratobranchials. Distally, they support the pharyngobran-

chials and the superior pharyngeals.
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Figure 37. Dorsal aspect of the branchial apparatus
of Hysterocarpus traski
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Figure 38. A) Lateral aspect of the basibranchials of
Hysterocarpus traski, B) Lateral aspect of the

basibranchials of Neoditrema ransonneti
(basihyal removed), a Lateral aspect of the
urohyal of Hysterocarpus traski, D) Lateral

aspect of the urohyal of Neoditrema ransonneti
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Four pairs of pharyngobrancials (Fig. 35) are present in the

roof of the pharynx. The first pharyngobranchials are small and

rod-like. Proximally, they articulate with the first epibranchials.

Distally, they articulate with the parasphenoid. The second pharyn-

gobranchials (Fig. 35) are rod-like and articulate with the second

epibranchials. Distally, they overlie and are attached to the an-

terodorsal surface of the third pharyngobranchials. The third and

fourth pharyngobranchials (Fig. 35) form the first and second pair

of superior pharyngeals, respectively.

Appendicular Skeleton

Pectoral girdle -- The supracleithra (Fig. 39) are flat blade-like

bones. Dorsally, they are attached to the medial surface of the

posterior tips of the post-temporals. Ventrally, they overlap and

connect with the anterolateral surface of the cleithra. In Amphi-

stichus and Hyperprosopon, a small projection is present on the an-

terior margin of the supracleithra. In all other genera, this pro-

jection is absent.

The postcleithra (Fig. 39) are broad and blade-like dorsally,

and spindle-shaped ventrally. They connect with the medial surface

of the dorsal portion of the cleithra dorsally, and project postero-

ventrally behind the shoulder girdle.

The cleithra (Figs. 39-42) are crescent-shaped, and bear a

long dorsally projecting spine on their anterodorsal margin. Their

posterior surface is firmly attached to and provides support for

the primary pectoral girdle. In Amphistichus and Hyperprosopon, a
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Figure 39. A) Medial aspect of the pectoral girdle of
Hysterocarpus traski, (3) Lateral aspect of the

pectoral girdle of Hysterocarpus traski



Figure 39
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Figure 40. A) Lateral aspect of the pectoral girdle of
Micrometrus minimus (supratemporal, posttemporal,

supracleithrum, postcleithrum removed),
B) Medial aspect of the pectoral girdle of

Micrometrus minimus
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Figure 41. A) Lateral aspect of the pectoral girdle of
Amphistichus argenteus (supratemporal, posttemporal,

supracleithrum, postcleithrum removed), B) Medial
aspect of the pectoral girdle of

Amphistichus argenteus



Figure 41
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Figure 42. Anterior aspect of the right cleithrum:
A) Hysterocarpus traski, 8) Micrometrus

minimus, C) Amphistichus argenteus
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Figure 43. Pelvic bones of Hysterocarpus traski:
A) dorsal aspect, B) ventral aspect,

C) lateral aspect
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prominent tab-like articular process is present at the midpoint of

the anterior border. In all other genera, this process is absent.

The cleithra meet and articulate ventrally.

The scapulars (Figs. 39-41) are roughly rectangular in shape.

A well developed oblong foramen is present ventral to and parallel

with the dorsal margin. Anteriorly, they are fused to the posterior

margin of the cleithra. Posterodorsally, they bear a small articu-

lar facet that connects with the two uppermost rudimentary pectoral

rays. Posteriorly, they articulate with the actinosts. In Amphistd-

chus and Hyperprosopon, the posterior border of the scapulars slopes

posteroventrally, so that the pectoral fins in these genera project

posterodorsally. In all other genera, the posterior border is more

or less vertical, and the pectoral fins project posteriorly.

The coracoids (Figs. 39-41) are broad, flat, and wedge-shaped.

Dorsally, they join to the ventral margin of the scapulars. Anterior-

ly, they are attached to the posteroventral margin of the cleithra.

Posterodorsally they articulate with the ventral-most actinosts.

Posteriorly, they bear a well developed projection. In Amphistichus

and Hyperprosopon, this projection is rounded. In all other genera,

the projection is pointed.

Four actinosts (Figs. 39-41) are present on each side. In

Micrometrus, the dorsal three are square or rectangular, while the

ventral-most is hour-glass shaped. In all other genera, the acti-

nosts are all hour-glass shaped and separated from one another by

foramen. In Amphi.stichus and Hyperprosopon, 21 actinosts articulate

with the scapulars, and 1 articulate with the coracoids. Ln all
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other genera, the scapulars bear 31 actinosts, and the coracoids

support only the lower 1/2 of the ventral-most actinost.

Pelvic girdle -- The pelvic girdle is formed by two flat, horizontal,

wedge-shaped bones fused together at their medial borders (Fig. 43).

Posteriorly, they articulate with the pelvic fin elements, and bear

a posterodorsally directed projection. Anteriorly, the apex of the

triangle formed by the pelvic bones projects forward and upward and

forms a ligamentous connection with the cliethra.

Axial Skeleton

Vertebral numbers in the Embiotocidae range from 29 in Amphi-

stichus argenteus to 41 in Phanerodon furcatus. Hypsurus is unusual

in possessing 17 to 18 abdominal vertebrae. The centra (Figs. 44,

45) of all but the first two and the last vetebrate are uniform in

size and shape. The first two are somewhat shorter than those fol-

lowing, while the last, the urostyle (Fig. 47), is modified to sup-

port the caudal skeleton. Parapophyses first appear on the third

vertebra, and are present on all abdominal vertebrae, their origins

being more ventral as one proceeds posteriorly. Pre- and post-

zygopophyses are present on the dorsal surface of all vertebrae,

becoming more prominent posteriorly. Ventrally, very small post-

zygopophyses are borne on all vertebrae behind the first caudal.

The first neural (Fig. 44) arch is weakly attached to the cen-

trum, and is closely applied to the second. All other neural arches

are normal except those on the penultimate vertebra, which bears two

very small rudimentary neural arches. The first Kemal spine, borne
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Figure 44. Lateral aspect of the axial skeleton of
Hysterocarpus traski
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Figure 45. Caudal vertebrae 1-9: A) Phanerodon
atripes, 8) Brachyistius frenatus
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Figure 45



130

Figure 46. Posterior four dorsal pterygiophores of
Hysterocarpus traski
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Figure 47. Lateral aspect of the caudal skeleton:
A) Hxsterccarpus traski, B) Amphistichus

argenteus
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on the first caudal vertebra, is shorter than and closely applied to

the second except in Phanenodon in which the first two hemal spines

are equal in length. It is expanded laterally and bears pointed,

lateral projections. Behind this, the next few succeeding hemal

spines bear similar projections, decreasing in size and originating

more ventrally as one proceeds posteriorly. The hemal spines borne

on the ante- and penultimate vertebrae are broad and vane-like. All

other hemal spines are normal.

Ribs -- The first two pairs of ribs originate on the centra of the

first two vertebrae in the same plane as the epipleural ribs (Fig. 44).

Behind this, beginning with the third vertebra, pleural ribs (Fig. 44)

are present originating in lateral fossae dorsal and posterior to the

parapophyses on the pre-caudal vertebrae. Each pleural rib bears a

single epipleural on its dorsolateral surface. Epipleurals are not

present behind the trunk region. In the caudal region, one (.Hystero-

carpus, Amphistichus argenteus) to eleven (Phanerodon furcatus) pairs

of epihemal ribs (Figs. 44, 45) are present on the caudal vertebrate.

In Brachyistius, the epihemals originate on the hemal arches, but in

all other genera they originate on the lateral processes of the hemal

spines.

Caudal skeleton -- The caudal skeleton (Figs. 44, 47) consists of

the last three vertebrae and the modified neural and hemal elements

supporting the caudal fin. The neural spine on the antepenultimate

vertebra is somewhat longer than those preceding it, but otherwise

normal, and the hemal spine is modified as noted above. The
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penultimate vertebra bears two rudimentary neural spines, and the

hemal spine is expanded anteroposteriorly, is autogenous from the

centrum, and articulates distally with the three ventral-most un-

branched caudal rays. Posterior to the penultimate hemal spine,

the first hypural articulates proximally with the ventral surface

of the urostyle, and bears near its dorsal border, a dorsolaterally

projecting hypural spine. Distally, it articulates with one un-

branched and one branched caudal ray. The second hypural articulates

proximally with the urostyle dorsal to the first, and supports four

branched rays. Hypural 3 articulates with the urostyle dorsal

to the second and supports one branched ray. Hypurals 4 and 5 are

located dorsal to the third and bear one and five branched rays,

respectively. Hypural 6 is present as a small splint of bone closely

applied to the dorsoposterior border of hypural 5, and supports two

unbranched rays. It does not make contact with the urostyle. A

V-shaped-gap is present between hypurals 3 and 4, dividing the caudal

fin into dorsal and ventral lobes. Three autogenous epurals are

present dorsal to the urostyle supporting seven unbranched rudimentary

rays.

In all genera but Hysterocarpus, one uroneural (uroneural 1)

is present closely applied to the dorsal border of the urostyle. In

Hysterocarpus, a small splint of bone, uroneural 2, is interposed

between the urostyle and uroneural 1.

Median fin supports -- Three T-shaped dorsal pterygiophores (predor-

sal bones) are present anterior to the dorsal fin (Fig. 44). The

anterior-most is interposed between the first neural spine and the
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neurocranium. The next is lodged in the second interneural space.

The third and fourth occupy the third interneural space. From this

point on, a one to one relationship between dorsal pterygiophores

and interneurals is maintained until the posterior end of the spinous

dorsal is reached. Under the soft dorsal, considerable variation

occurs, but basically, two pterygiophores occupy each interneural

space. Each supports a single dorsal fin element, except the penul-

timate, which articulates with the last two fin rays.

The first anal pterygiophore (Fig. 44) is longer and consider-

ably more robust than those following. In Amphistichus, the first

anal pterygiophore is closely applied to the anterior surface of

the first hemal spine, but in Phanerodon the first three pterygio-

phores lie ahead of the first hemal spine. Behind the first few,

the relationship between anal pterygiophores and hemal spines is

subject to some variation between the species but, in general, two

pterygiophores are lodged in each interhemal space. The first anal

pterygiophore supports the first two anal spines. All other

pterygiophores articulate with a single fin element, except the pen-

ultimate, which articulates with the last two anal fin rays.

In lower teleosts, each individual pterygiophore is composed

of a proximal blade-like segment that extends between the neural

or hemal spines, a middle segment, and a distal segment that articu-

lates with the fin ray elements (Bridge, 1896). In the majority of

higher teleosts and all embiotocids except Hysterocarpus, the middle

segment is absent and each pterygiophore is composed of two parts.

In Hysterocarpus, the dorsal and anal penultimate and antepenultimate
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pterygiophores possess proximal, middle, and distal segments. A

similar retention of this primitive condition was noted in percich-

thyid fishes (Gosline, 1966).

In all embiotocid species, the ultimate dorsal and anal ptery-

giophores lack direct contact with the fin elements, and the distal

portions are absent. In Amphistichus, Hyperprosopon, and Phanerodon,

both ultimate pterygiophores are somewhat shorter than those preced-

ing, but maintain the same blade-like structure. In all other genera,

the ultimate pterygiophores are modified. In Embiotoca, Hypsurus,

Rhacochilus, Damalichthys, and Zalembius, both ultimate pterygio-

phores are cartilaginous, although small ossification centers are

seen in the largest specimens of Embiotoca and Hypsurus. In Hystero-

carpus, Cymatogaster, Brachyistius, Ditrema, Neoditrema, and Microme_

trus, the ultimate pterygiophores are present as flat, irregularly

shaped, laminar bones, somewhat broadened posteriorly. In Cymato-

gaster, the ultimate dorsal pterygiophore is fused to the penultimate,

but the anal ultimate is free. In Hysterocarpus, the dorsal ultimate

is fused and the anal ultimate articulates moveably with the penulti-

mate. In Micrometrus, both dorsal and anal ultimates articulate

with the penultimates, while in Brachyistius, Ditrema, and Neoditrema,

both dorsal and anal ultimates are free from the penultimates.
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RELATIONSHIPS OF THE EMBIOTOCIDAE

Extrafamilial Relationships of the Embiotocidae

In this section the relationships of the Embiotocidae and other

percoid groups are determined on the basis of skeletal anatomy. De-

tailed comparisons were made between the Embiotocidae and the more

generalized percoid families as represented by the. Percichthyidae,

Serranidae, Percidae, and Centrarchidae. In addition, comparisons

were made with those families that have been implicated as having a

close relationships with the Embiotocidae. These include the Girel-

lidae, Scorpididae, Chaetodontidae, Leiognathidae, Cichlidae, Poma-

centridae, and Labridae. Following is a list of the phylogentically

important skeletal features present in the Embiotocidae, and a dis-

cussion of the distribution of those features in the Percoidei,

Pomacentroide, and Labroidei.

I. The ethmoid shelf. In basal percoids, the ethmoid bears a

horizontal shelf at its posterior margin. This structure is

reduced in the Scorpididae and Girellidae, and generally ab-

sent in the more specialized Percoidei including the

Leiognathidae and Cichlidae. Absence of the ethmoid shelf

is also typical of the Embiotocidae, Pomacentridae, and

Labridae. Functionally, where this structure is present,

it limits the posterior movement, and ultimately the size

of the ascending processes of the premaxillaries. Lack of

an ethmoid shelf, therefore, allows a greater length and



139

movement of the ascending processes, resulting in in-

creased protrusibility of the upper jaw.

II. Neurocranial profile. Basal percoids have a relatively

depressed skull. This is seen in the Serranidae and

Percichthyidae, and is particularly noticeable in the

Centrarchidae. In Perca and the Scorpididae, some vault-

ing is seen in the posterior region of the neurocranium

and the anterior region is depressed. In the Embiotocidae,

vaulting is always present posteriorly and, in many cases,

in the frontal region of the skull. Neurocranial vaulting

is also typical of other percoid derivatives, and is very

evident in the Pomacentridae.

III. Trigemino-facialis chamber (Fibs. 29a and b). In all tel-

eosts, the trigemino-facialis chamber has a single opening

accommodating the trigeminal, buccal branch of the facial,

profundus, and otic branch of the facial nerves. This

opening also provides an exit for the orbital artery. Post-

eriorly, three patterns are seen in the Teleostei (Patterson,

1964). In the Elopoidei and Ctenothrissiformes, three

posterior openings are present in the pars jugularis, one

directly behind the anterior opening bearing the hyomendibu-

lar branch of the facial nerve, one posterior to this at the

terminus of the jugular canal, bearing the jugular vein, and

a ventral opening providing entry for the orbital artery

into the chamber. In the Clupeoidei and Beryciformes, the

orbital artery traverses the outside of the neurocranium
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and enters the jugular vein opening. Thus, two posterior

openings are present in these groups, usually separated

by a vertical flange that abuts against the medial sur-

face of the hyomandibular. In the Perciformes, a single

opening is usually present accommodating the hyomandibu-

lar branch, the jugular vein, and the orbital artery.

However, in the Scorpididae, Kyphosidae, Monodactylidae,

Sparidae, and Girellidae, two posterior openings are

present, separated by a vertical flange, as is seen in the

Beryciformes. Moreover, in the Scorpididae and Girellidae,

a third opening is present in the floor of the pars jugularis

providing an exit for a branch of the orbital artery that

connects with the efferent pseudobranchial artery as in the

mesozoic polymixiid Berycopsis (Patterson, 1964).

In the Embiotocidae, two distinct patterns are evident.

In Amphistichus and Hyperprosopon, two posterior openings

are present, recalling the beryciform condition. In all

other genera, three posterior openings are present. This

arrangement is very similar to that seen in the Scorpididae,

Girellidae, and Berycopsis. In all embiotocid genera, the

two primary posterior openings are separated by a flange as

they are in the Scorpididae, Girellidae, and Berycopsis.

Among the percoid derivatives examined, the labrids have

the single opening typical of perci.form fishes. The pomacen-

trids, on the other hand, show some variability. In Abudefduf

and Microspathodon, the posterior opening is single, but in
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Hypsypops, the posterior opening is partially divided by

an incomplete, horizontal bridge of bone. The hyomandi-

bular branch, jugular vein, and orbital artery are borne

by the dorsal portion of the opening, and the branch of

the orbital leading to the efferent pseudobranchial ar-

tery exists through the ventral portion. This condition

approaches that seen in the Embiotocidae, Scorpididae,

Girellidae, and Berycopsis.

IV. Circumorbital bones (Fig. 26a). Percoid fishes typically

have six pairs of circumorbital bones (Smith and Bailey,

1962). Six pairs also seem to be basic to lower teleosts

such as Salmo, Albula, and Chanos. Deviations from this

number usually involve reduction. Thus, Clupea, Chatoessus,

Megalops, Hyodon, and Chirocentrus have five pairs, and

Engraulis, Osteoglossum, Arapaima, and Heterotus have four

(Gregory, 1933). The Embiotocidae have seven pairs of cir-

cumorbitals. This condition probably arose through division

because a circumorbital count greater than six rarely, if

ever, occurs in lower teleosts. Beryciform fishes typical-

ly have five pairs, and a similar division may have occurred

during the transition from the beryciform to the perciform

level of organization.

V. Supratemporal commissure. In basal percoids, the supra-

temporal lateral line is lodged in a series of three scale

bones (extrascapulars) just under the epidermis on each

side of the skull. The posteriormost, the supratemporal,
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is forked and communicates with both the supratamporal

branch and that portion of the latero-sensory system that

traverses the pterotics. In the Scorpididae, Embiotoci-

dae, and Pomacentridae, and supratemporals are retained

under the epidermis, and the anterior scale bones are

fused to the parietals forming a raised, oblong trough or

canal that lodges the supratemporal commissure (Figs. 1-10),

provides attachment for the anterior trunk muscles, and de-

limits the anterior margin of the supratemporal fossa.

In the Embiotocidae, Pomacentridae, and Scorpididae,

the presence of this structure serves to shorten the parietal

crests, which are typically extensive in basal percoids, re-

stricting them to a short region between the extrascapulars

and epiotics. In percoid derivatives, such as the Labridae,

which lack a fusion between the extrascapulars and parietals,

the parietal crests are long and reminiscent of the basal

percoid condition.

VI. Supraoccipital crest. Gosline (1966) described two basic

types of percoid crest, the carangid and the chaetodontid,

and stated that it is unlikely that one type could give rise

to the other (but see Patterson, 1968). In the carangid

type, the crest is knife-edged and strengthed centrally,

while the chaetodontid type is broadened along its dorsal

edge, forming a roofed structure over the nape. Embioto-

cids, scorpidids, and girellids have a knife-edged, carangid

type of crest as do the labrids. Among the Pomacentridae,
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the Pomacentridae, Hypsypops has a crest apparently of the

chaetodontid type. The supraoccipital crests of Abudefduf

and Microspathodon are of equal thickness throughout, and

the roofing is not evident.

Regarding the height of the supraoccipital crest, a

low crest as seen in the Percichthyidae, Serranidae, and

Centrarchidae is considered to be the unspecialized con-

dition (Gosline, 1966), and a high crest is specialized.

Scorpidids, embiotocids, and pomacentrids have a rela-

tively high crest, but in girellids and labrids the crest

is low.

VII. Parasphenoid keel. In the Embiotocidae, the ventral sur-

face of the parasphenoid is produced into a longitudinal keel

that provides attachment for the parayngeal musculature

(Figs. 1-4). This structure is absent in basal percoids,

and is associated with the presence of a pharyngeal mill.

A parasphenoid keel is also present in the Cichlidae,

Pomacentridae, Labridae, and Leiognathidae. However, a

keel equal in size to that of many embiotocids is present

on the parasphenoid of the Scorpididae and Girellidae,

families not noted for other pharyngeal specializations.

VIII. Pharyngeal apophyses. The ventral surface of the para-

sphenoid below the pro-otics is flat, and bears no adorn-

ments in basal percoids. In the Embiotocidae, extensive

apophyses supporting the superior pharyngeals are present

(Figs. 1-4, 11-16). In addition, in basal percoids, the
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parasphenoid extends as a sheet of bone to the posterior

margin of the neurocranium, completely covering the basioc-

cipital ventrally. In all embiotocidae except Damalichthys,

the parasphenoid divides behind the apophyses forming a

longitudinal myodomal groove, exposing the ventral surface

of the basioccipital, and leaving a broad posterior myodo-

mal opening. As with number VII, these specializations

are correlated with pharyngeal dentition. Thus, in the

Pomacentridae, Labridae, Cichlidae, and Leioghathidae,

pharyngeal apophyses, a broad posterior opening in the

myodome, and a myodomal groove are present. In the

Scorpididae and Girellidae, the parasphenoid divides as

in the Embiotocidae, forming a posterior myodomal open-

ing and groove, despite the fact that pharyngeal apophyses

and a fused lower pharyngeal plate are absent in these

families.

In the Embiotocidae, the basioccipital and pro-optics

may be incorporated to varying degrees into the lateral and

posterior walls of the apophyses. This situation is not

seen in the Pomacentridae and Labridae where the lateral

and posterior walls of the apophyses are formed entirely by

the parasphenoid. In the Cichlidae, the amount of involve-

ment of the basioccipital and pro-otics in the apophyseal

walls, as well as the degree of posterior extension of the

parasphenoid is variable (Greenwood, 1978).

IX. Vertebral number. The basal number of vertebrae in the
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percoid fishes is considered to be 24 (Gosline, 1966).

However, even among generalized percoid families con-

siderable variation exists. Thus, the Serranidae and

Percichthyidae have 24 or more and 25 or more, respec-

tively (Gosline, 1966), the Percidae have 32 to 50

(Bailey and Gosline, 1955), and the Centrarchidae and

Priacanthidae have 25 to 33 and 23, respectively

(Regan, 1913). Vertebral counts in the Embiotocidae

range from 29 to 41, not an unusual situation consid-

ering the variability found in geralized percoids. If

the basal percoid number is in fact 24, the higher number

found in the Embiotocidae must be viewed as a derived

condition. However, if Gosline (1966) is correct in

stating that perhaps there is no basal percoid vertebral

number, each family settling on its own basal number,

then vertebral counts lose their phylogenetic signifi-

cance.

X. Epihemal ribs. The presence of ribs inserted on the

caudal vertebrae is rare in percoid fishes, occurring

only in the Embiotocidae, Pomacentridae, Scorpididae,

Girellidae, Centrarchidae, Chaetodontidae, and Cirrhi-

tidae. In the Centrarchidae, one (Lepomis) to five

(Pomoxis) pairs of epicentral ribs, occupying the same

plane as the pleural ribs, are present on the anterior

caudal vertebrae, providing support for posterior diver-

ticula of the gas bladder that extend into the caudal
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region (Dobbin, 1941). In the Centrarchidae, the caudal

ribs are not homologous with the intermuscular bones. In

all other families in which they appear, ribs in the caudal

region appear to be modified intermusculars that have

gained attachment to the vertebral column. In Cirrhitus

alternatus, the anterior three caudal vertebrae each bear

a pair of ribs originating in and occupying the same plane

as the epipleural intermusculars. In this species, they

appear to function solely as intermusculars. In the re-

mainder of the above-mentioned families, the caudal ribs

originate on the hemal arches or spines in a plane ventral

to the epipleural ribs. In all cases the caudal ribs

occur in series behind the last epipleurals, never being

overlapped by these nor occurring on the same vertebrae.

In the Scorpididae, Girellidae, and Chaeodontidae, three

pairs of caudal ribs insert relatively low on the hemal

arches and curve posterodorsally into the horizontal sep-

tum. The situation is similar in the Pomacentridae, but

as many as five pairs may be present articulating with

the hemal spines, their insertions becoming more ventral

posteriorly. Again, the epihemal ribs arch posterodorsal-

ly into the horizontal septum. In the Embiotocidae (Figs.

44, 45), the epihemal ribs show a phylogenetically homo-

logous but highly specialized condition. In this family,

as in the Pomacentridae, the epihemals lie in series behind

the intermusculars and pleurals, their origins becoming
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more ventral posteriorly. However, in this case, they

arch posteroventrally and support the posterior extension

of the gas bladder. This is analogous to the condition

seen in the Centrarchidae.

The arrangement of the caudal ribs in the Scorpidi-

dae, Girellidae, Chaetodontidae, Embiotocidae, and Poma-

centridae are homologous in that they are modified

intermusculars with points of origin below that of the

epipleural intermusculars. The condition in the Scorpi-

didae, Girellidae, and Chaetodontidae foreshadows the

specialized situation in the Pomacentridae, and the ex-

treme specialization present in the Embiotocidae.

XI. Uroneural ossifications. The presence of two uroneurals

apparently is primitive for acanthopterygians, occurring

in the Beryciforms, Kuhliidae, Chaetodontidae, Mullidae,

and Lutjanidae (Gosline, 1966). Also, two uroneurals

occur in the Scorpididae and Monodactylidae. A single

uroneural, often fused to the urostyle, is typical of

more derived percoids. With a single exception, Hystero-

carpus traski (Figs. 44, 47a), the Embiotocidae confirm

to the derived condition and have a single, autogenous

uroneural.

Fusion between the first uroneural and the urostyle

has arisen several times in the Percoidei and occurs in the

Pomacentridae (Gosline, 1966) and Labridae (Ford, 1937).

Contrary to Gosline's (1966) description of the caudal
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skeleton of Damalichthys vacca, the first uroneural is

autogenous in the Embiotocidae, as it is in the Scorpid-

idae, Girellidae, and Chaetodontidae.

Embiotocid Ancestors

From the preceeding discussion, it is apparent that three pri-

mitive conditions must be present in any proposed ancestor of the

Embiotocidae. First, there must be three posterior openings in

the pars jugularis. This is a primitive acanthopterygian feature

that also occurs in the Embiotocidae. Deriving the primitive embio-

tocid condition from the more derived condition seen in the majority

of percoid fishes is impossible without a reversal of evolutionary

trends. Thus, all percoids with the exception of the Monodactylidae,

Kyphosidae, Scorpididae, and Girellidae are excluded as possible

embiotocid progenetors. Second, there must be two uroneural ossifi-

cations. The presence of this character in at least ane embiotocid

indicates that two uroneurals is primitive in the Embiotocidae.

Again, it is unlikely that the primitive two-uroneural condition

could be derived from an ancestor with a more specialized single-

uroneural condition. The Scorpididae, Chaetodontidae, and Mono-

dactylidae have two uroneurals, and the Girellidae and Kyphosidae

have one. Thus, the Girellidae are excluded. Third, the primary

uroneural must be autogenous from the urostyle. Fusion between the

first uroneural and the urostyle is a derived condition that does

not occur in the Embiotocidae.

In addition to the presence of three posterior openings in the

pars jugularis, the Scorpididae share two advanced characters with



149

the Embiotocidae: (1) an oblique crest on the parietals bearing

the supratemporal commissure; and (2) epihemal ribs. To this can

be added the following parallel similarities: (1) a keel on the

ventral surface of the parasphenoid; (2) a high supraoccipital crest;

(3) posterior vaulting of the neurocranium; (4) reduction of the

horizontal shelf at the posterior margin of the ethmoid; (5) the

ornamentation on the opercular series; (5) epipleural ribs articul-

ating with the pleurals; and (7) a broad posterior myodomal open-

ing and a myodomal groove. The Scorpididae also share two important

non-skeletal characters with the Embiotocidae, a sheath of scales at

the base of the median fins, and a posterior extension of the gas

bladder into the caudal region of the body.

The Girellidae share epihemal ribs, a keel on the parasphenoid,

a toothless palate, a reduced ethmoid shelf, a broad posterior myodo-

mal opening, a scaly sheath at the base of the median fins, and a

posterior extension of the gas bladder, with the Embiotocidae. How-

ever, girellids have a single uroneural, lack an oblique crest on the

parietals, have a relatively flat neurocranium with a low supraoccipi-

tal crest, and the epipleurals insert with the pleurals on the verte-

bral centra. The Monodactylidae and Kyphosidae share a scaly sheath

at the base of the median fins with the Embiotocidae, but lack both

the oblique parietal crest and epihemal ribs. The Kyphosidae also

lack a subocular shelf. The Chaetodontidae have epihemal ribs, a

keel on the parasphenoid, and a scaly sheath, but have a single

posterior opening in the pars jugularis, and the extrascapulars are

separate from the parietals.
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The Scorpididae posses a complex of primitive and advanced

characters that make them the most likely primitive stock from which

the Embiotocidae arose. Derivation of the Embiotocidae from the

Scorpididae requires: (1) the loss of the ridge formed by the over-

lap of the frontals on the parietals; (2) loss of one branchiostegal

ray; (3) loss of teeth on the palate; (4) reduction of jaw teeth to

one or two rows; (5) loss of the perforation of the ceratohyal;

(6) loss of one postcleithrum; (7) reduction of branched caudal

rays from 17 to 12; (8) development of pharyngeal apophyses and

superior and inferior pharyngeal bones; (9) addition of one circum-

orbital; and (10) increase in the number of vertebrae. None of

these steps run counter to evolutionary trends as they are understood

in teleostean fishes, and derivation of the Embiotocidae from any

other percoid family would require, in addition to the above, the

development of numerous specializations already present in the Scor-

pididae.

Patterson (1964) suggested a lineage leading from the mesozoic

polymixiid Berycopsis to the Scorpididae, Kyphosidae, Monodactylidae,

and Sparidae, citing the shared presence of three posterior openings

in the pars jugularis, teeth on the mesopterygoid, a broad posterior

myodomal opening, a high supraoccipital crest, and a scaly sheath at

the base of the median fins. The scorpididae and Girellidae also

share a perforated ceratohyal, intermusculars inserted on the hemal

arches, and an oblique, raised latersensory canal on the parietals,

with Berycopisis. With the exception of the tooth-bearing mesoptery-

goid and perforated ceratohyal, all of the above characters are
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present in the Embiotocidae, suggesting that the line leading from

the Polymixiidae to the Scoropididae should be extended to include at

least one percoid derivative, the Embiotocidae. The Berycopis-

Scorpididae lineage was later rejected (Patterson, 1968) and the

Polymixoidei were placed at the base of the Paracanthopterygii

(Patterson and Rosen, 1969). Skeletal evidence for this rearrange-

ment centered around the origin of the complete neural spine and

the second preural centrum of the Paracanthopterygii and Polymixoidei.

Patterson and Rosen proposed that the neural spine originated from

the elongation of a primitively short spine on the PU-2 centrum, and

that the paracanthopterygian condition (2 epurals) was derived from

the polymixiioid condition (3 epurals) by the loss of one epural.

Fraser (1972) refuted a relationship between the Polymixioidei and

Paracanthopterygii, stating that the complete PU-2 neural spine could

also have arisen through fusion of the anterior epural with a low

neural crest seen in the Beryciformes and Perciformes. Patterson

and Rosen also rejected numerous polymixioid features uniting them

with the Acanthopterygii including a subocular shelf, pelvic splint,

and predorsal bones.

The correct systematic placement of the Polymiiodei and the

validity of the Paracanthopterygii as a monophyletic group are beyond

the scope of this work. However, if the Polymixiodei are, in fact,

more closely related to the Paracanthopterygii than to the Acanthop-

terygii, they are too far removed to serve as the progenetors of

any percoid group. If, however, the evidence presented by Patterson

(1964), Fraser (1972), and in this paper, indicate that the
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Polymixoidei belong at the base of the Beryciformes, then the Bery-

copsis-Scorpididae lineage is a reasonable assumption that argues in

favor of a high degree of parallelism and independent development of

characters in various acanthopterygian lineages that have achieved

the perciform level of organization.

Embiotocid sister groups. The Embiotocidae have traditionally

been associated with those fishes having a dentigerous inferior

pharyngeal plate formed by fusion of the fifth ceratobranchials at

their inner edges. All percoids having this structure possess, in

addition, a keel on the parasphenoid, pharyngeal apophyses, a myo-

domal groove, and a broad posterior myodomal opening. This complex

is found in the Embiotocidae, Pomacentridae, and Labridae. The

Cichlidae have similar pharyngeal specializations but, in that fami-

ly, complete fusion of the fifth ceratobranchials does not always

occur (Regan, 1913; Poll, 1957), indicating that the cichlid pharyn-

geal mill is of independent origin.

In addition to the specialized pharyngeal mill, the Pomacentri-

dae share with the Embiotocidae two derived characters, an oblique

crest on the parietals bearing the supratemporal commissure, and

epihemal ribs. The Pomacentridae and Embiotocidae also possess other

similarities including a high, vaulted neurocranium and a high supra-

occipital crest. Also, in at least one pomacentrid genus, Hypsypops,

there is a tendency toward the development of an opening in the floor

of the pars jugularis similar to that seen in the Scorpididae,

Girellidae, and the majority of the Embiotocidae.
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The Pomacentridae differ from the Embiotocidae in the presence

of six circumorbitals, two postcleithra, a single nostril on each

side, 21 gills, and the lack of a scaly sheath at the base of the

median fins. The first two conditions are primitive and present in

the Scorpididae. The remainder are easily derived from the primi-

tive scorpidid condition.

Derivation of the Pomacentridae from the Scorpididae requires:

(1) loss of the ridge formed by the overlap of the frontals on the

parietals; (2) loss of two branchiostegal rays; (3) loss of teeth on

the palate; (4) development of pharyngeal apophyses and superior

and inferior pharyngeals; (5) loss of the ceratohyal perforation;

(6) fusion between the urostyle and the uroneurals; and (7) reduction

of the posterior openings in the pars jugularis from three to one,

a condition that is present in Abudefduf and Microspathodon, and

is transitional in Hypsypops.

The Labridae and Cichlidae lack an oblique crest on the parie-

tals, and epihemal ribs. In both families the skull is relatively

flat, the supraoccipital crest is low, the parietal crests extend

onto the frontals, there is no subocular shelf, and neither family

shows a tendency toward the development of multiple posterior open-

ings in the pars jugularis. The Labridae, in addition, have a very

specialized arrangement of the predorsal bones not seen in the Scor-

pididae, Girellidae, Embiotocidae, or Pomacentridae. The Labridae

and Cichlidae appear to be less closely related to the Embiotocidae

than are the more generalized Scorpididae and Girellidae, whereas

the Embiotocidae and Pomacentridae show many striking resemblances.
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Based on similarities in both primitive and uniquely shared,

derived characters, I propose that the Embiotocidae and Pomacentridae

are more closely related to each other than either is to any other

group of percoid fishes, and that both families evolved from ances-

tors to be found among the Scorpididae.

Intrafamilial Relationships of the Embiotocidae

Multivariate analysis. Figure 48 is a dendrogram derived from

cluster analysis showing the relationships of all 24 embiotocid spe-

cies. The first dichotomy, separating the family into two major

divisions, corresponds to the division of the Embiotocidae into two

subfamilies, the Embiotocinae and Amphistichinae, proposed by Tarp

(1952). Figure 49 is a PCA projection of the same data set onto

axes one and two. Again, two major divisions are apparent, corrobo-

rating the pattern seen in Figure 48.

Within the Amphistichinae, subgroups roughly corresponding to

the genera Amphistichus and Hyperprosopon are apparent. However,

PCA and cluster analysis are not completely corroborative. Both

figures indicate that Amphistichus argenteus and A. koeltzi are more

similar to each other than either is to A. rhodoterus, and that the

two genera are phenetically distinct. Figure 49 indicates a similar

pattern for the members of the genus Hyperprosopon, with H. ellipti-

cum being more similar to each other than either is to H. anale.

Figure 48, however, places H. anale in a position intermediate be-

tween Amphistichus and Hyperprosopon, and indicates that H. anale

shows a closer relationship to Amphistichus than to Hyperprosopon.
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Figure 50 is a dendrogram resulting from cluster analysis on a subset

of the original data comprised of observations on Amphistichus and

Hyperprosopon alone. In this case, H. anale is placed in the genus

Hyperprosopon, a pattern that corresponds to that seen in Figure 49.

Regarding the Embiotocinae, Figures 48 and 49 can be inter-

preted in several ways. Figure 48 indicates six apparent species

groups within the subfamily that are not reproduced in Figure 49.

Figure 49 shows no distinct pattern except that, with the exception

of the genus Phanerodon, species belonging to the same genus consis-

tently cluster together. Greater resolution was obtained by per-

forming PCA and cluster analysis on a subset of the data consisting

of observations on the Embiotocinae alone, as shown in Figures 51

and 52. The dendrogram (Figure 51) shows two divisions (I and II)

within the subfamily. This pattern is also apparent in Figure 52.

Within group I, Figure 51 indicates that three species pairs, cor-

responding to the genera Brachyistius, Cymatogaster, and Ditrema are

distinct, whereas Hysterocarpus traski and Neoditrema ransonnetti

cluster by themselves. Alternatively, H. traski and N. ransonnettii

could be considered members of the Brachyistius group. In Figure 52

different patterns within group I are apparent. In this case, Cymato-

gaster, Brachyistius, and Neoditrema form one group, the two Ditrema

species another, and Hysterocarpus may be separated from both groups

or included with Ditrema. The lack of congruity between PCA and

cluster analysis may be due to insufficient resolution provided by

these techniques at low hierarchical levels, particularly when dealing

with morphologically similar taxonomic units, as is the case with this
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group. Within group II, three species groups are apparent: A, con-

sisting of Phanerodon furcatus, Zalembius rosaceus, Damalichthys

vacca, and Phanerodon atripes; B, consisting of Micrometrus aurora

and M. minimus; C, consisting of Hypsurus caryi, Embiotoca lateralis,

E. jacksoni, and Rhacochilus toxotes. Again, as in Figures 48 and

49, the two species comprising the genus Phanerodon, while appearing

in the same species group, are not clustered together. These pat-

terns are corroborated by similar patterns in Figure 52.

Several hypotheses, based on phenetic similarities as revealed

by multivariate analysis, can be stated:

1. The Embiotocidae should be divided into two subfamilies, the

Embiotocinae, and the Amphistihinae.

2. The Embiotocinae should be divided into two monophyletic

groups, I and II.

3. Within group I, the genera Brachyistius, Cymatogaster, and

Ditrema are phenetically distinct.

4. Group II consists of three species groups: A (Phanerodon,

Zalembius, Damalichthys); B (Micrometrus); C (Hypsurus,

Embiotoca, Rhacochilus).

5. Phanerodon furcatus and P. atripes should not be placed in

the same genus.

6. Within the Amphistichinae, Amphistichus and Hyperprosopon

are phenetically distinct.

7. Amphisticus argenteus and A. koelzi are more closely related

to each other than either is to A. rhodoterus.

8. Hyperprosopon argenteum and H. ellipticum are more closely

related to each other than either is to H. anale.
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Figure 48. Dendrogram showing the hypothesized
relationships of the species within

the family Embiotocidae
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Figure 49. Centered-standardized PCA projection
summarizing correlations of the species

within the Embiotocidae
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Figure 50. Dendrogram showing the hypothesized
relationships of the species within the

subfamily Amphistichinae
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Figure 51. Dendrogram showing the hypothesized
relationships of the species within

the subfamily Embiotocinae
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Figure 52. Centered-standardized PCA projection
summarizing the correlations of the species

within the subfamily Embiotocinae
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Neither the placement of Hyperprosopon anale nor the arrangement

of the genera in group I of the Embiotocinae can be determined with

certainty by this analysis.

Cladistic analysis. Figure 53 is a cladogram describing the

relationships between major divisions within the family. Branchpoint

A corresponds to Tarp's (1952) division of the Embiotocidae into the

subfamilies. These two groups are distinguished by characters 1

through 7. Interpretation of these characters follows:

1. Posterior openings in the pars jugularis (type III): The tri-

geminofacialis chamber has been discussed previously (see

extrafamilial relationships). Within the family, the Embio-

tocinae possess three openings, whereas the Amphisticinae

have two. Comparisons between the Embiotocidae, Scorpididae,

and Pomacentridae indicate that three openings were present

in the common ancestor, and that the presence of two openings

is a synapomorphous state shared by the members of the Amphi

stichinae. Character 1 is the result of retention of a very

primitive teleostean condition. As such, it is not useful in

uniting the Embiotocidae. The shift from three openings in

the Embiotocinae to two in the Amphistchinae is, however, a

derivation uniting the Amphistichinae. Due to the pleisio-

morphous nature of this character and possible parallelism

involved in its occurrence it should be weighted as a type

III character.

2. Jaw and jaw tooth structure (type II): Several functionally
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Figure 53. Cladogram showing hypothesized
relationships of the major divisions

of the family Embiotocidae
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with their relatively long jaws and somewhat limited pro-

trusibility appear to be adapted to more generalized predatory

feeding habits, whereas the Embiotocinae, with shorter, more

protrusible jaws are more adept at nibbling and selection of

individual food items. This is borne out by the general habi-

tats occupied by the two subfamilies. The Amphistichinae

typically inhabit open, sandy shorelines where the primary
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related characters are combined here and considered as a

single character. The ancestral condition, as seen in the

Scorpididae, is as follows: (1) numerous jaw teeth present

in bands; (2) dentigerous portion of the premaxillaries long-

er than the ascending process; (3) ascending and articular

processes of the premaxillaries separated by a notch; (4)

maxillary process present on the premaxillaries; (5) premaxil-

laries long and thin and pointed laterally; and (6) maxillar-

ies long and expanded distally. The Amphistichinae conform

to the ancestral condition in all of the above with the ex-

ception of the jaw teeth, which are in two rows. The Embio-

tocinae have a single row of teeth, short dentigerous rami

on the premaxillaries, no notch separting ascending and arti-

cular processes, no maxillary process on the premaxillaries,

relatively short and rounded premaxillaries, and short maxil-

laries of uniform width throughout. It is not possible to

determine whether the pleisiomorphous condition seen in the

Amphistichinae is due to character reversal or simple reten-

tion of the primitive condition. However, the Amphistichinae,

with their relatively long jaws and somewhat limited pro-

trusibility appear to be adapted to more generalized predatory

feeding habits, whereas the Embiotocinae, with shorter, more

protrusible jaws are more adept at nibbling and selection of

individual food items. This is borne out by the general habi-

tats occupied by the two subfamilies. The Amphistichinae

typically inhabit open, sandy shorelines where the primary
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food item is the relatively fast-moving mole crab (Emerita)

(Carlisle et al., 1950), whereas the Embiotocinae are typi-

cally associated with reef and kelp forest habitats where

a variety of slow moving and sessile food organisms may be

found. Because this complex is associated with feeding

habits, it is given relatively low weight.

3. Anterior projection on the supracleithrum (type II/): This

structure is present in the Amphistichinae, and is absent

in the Embiotocinae, Scorpididae, and other generalized

percoids. For this reason it is considered a synapomorphy

shared by the Amphistichinae.

4. Pectoral fin supports (type II): In the Scorpididae and

Amphisticinae, the scapula and actinosts are situated so that

the pectoral fins meet the body at an oblique angle. In the

Embiotocinae, the base of the pectoral fins is vertical.

This condition is considered a synapomorphy uniting the Em-

biotocinae.

5. Number of actinosts articulating with the scapula and cora-

cold (type II): In the Embiotocinae and Scorpididae, 3f

actinosts articulate with the scapula and 1/2 actinost arti-

culates with the coracoid. In the Amphistichinae, the pattern

is 21 - 11. The pattern in the Amphistichinae is considered

a synapomorphy due to divergence from the ancestral type.

Characters 4 and 5 are habitat specializations. The Amphisti-

cinae inhabit open, unobstructed coastlines where an oblique, broad-

based fin, serving as a directional control, is more adaptive. The
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Embiotocinae, on the other hand, inhabit areas where a vertical,

narrow-based, more moveable pectoral fin would enable them more ef-

fectively to brake and maneuver. Because characters 4 and 5 indicate

habitat differences, they are given low weight.

6. Posterior projection of the coracoid (type III): This pro-

jection is pointed in the Scorpididae and Embiotocinae, and

rounded in the Amphistichinae. The rounded condition is con-

sidered a synapomorphy uniting the Amphistichinae.

7. Tab-like articular structure on the cleithrum (type IV): This

structure is present in the Amphistichinae and absent in the

Embiotocinae, Scorpididae, and other generalized percoids.

The uniqueness of this condition indicates that it is a syn-

apomorphy shared by the Amphisticinae and should be accorded

a very high weight.

Branchpoint B divided the Embiotocinae into two separate phyle-

tic lines, and is supported by character 8:

8. Neurocranial profile (type III): The neurocranium in general-

ized percoids, scorpidids, and group I of the Embiotocinae, is

relatively depressed in the frontal region. This is the plei-

siomorphous condition, whereas the vaulting that occurs in

group II is a synapomorphy uniting these fishes.

Figure 54 shows the phylogenetic arrangement of the species

within group I of the Embiotocinae. Branchpoint C separates Hystero-

carpus from the rest of the group, which shares three synapomorphies:

characters 9, 10, and 11.
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Figure 54. Cladogram showing the hypothesized
relationships of the species within
group I of the subfamily Embiotocinae
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9. Number of epihemal ribs (type III): Hysterocarpus has a

single pair of ribs supporting the caudal diverticula of the

gas bladder. All other embiotocids except Amphistichus

argenteus and A. koeltzi have five or more pairs, clearly

a more complex situation. The assumption that a single

pair of ribs is pleisiomorphous is based on parsimony and

out-group comparisons. If this character was evolving

in the direction of increasing simplicity, one would expect

the common ancestor of the Embiotocidae and Pomacentridae

to have a large number of epihemal ribs. The other perci-

form fishes in which these structures have been found,

the Scorpididae, Chaetodontidae, and Girellidae, have only

three pairs. A case could be made for three pairs being

primitive and deviations from this number being derived.

If the above is assumed, one must decide which derived

state, one or five pairs, is the most primitive. Parsimony

favors the former. However, due to the uncertainty of

morphocline polarity, this character is considered to be

of type III rather than type IV.

10. Posteriorly directed ridge on the articular head of the max-

illary (type II): In the Scorpididae and Hysterocarpus,

the dorsal edge of this ridge is uninterrupted. In other

Embiotocidae, this ridge is either notched (Amphistichinae)

or bears a tab-like projection. The uninterrupted condi-

tion is assumed to be pleisimorphous, whereas the more com-

plex condition is a synapomorphy.
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11. Length of the angular (type II): In Hysterocarpus and the

Scorpididae, the length of the angular is greater than two

times its height. As stated previously, long jaws are

pleisomorphous in the Embiotocidae. The relatively short

jawed condition seen in the other genera of group I is

considered a synapomorphy uniting these fishes.

Branchpoint D separates Branchyistius from Cymatogaster; Di-

trema, and Neoditrema based on character 12:

12. Foramen between the frontals and the ethmoid (type I): This

structure is present in Brachyistius, the Scorpididae, and

other generalized percoids. Its presence is pleisomorphous

and its absence is a synapomorphy uniting Cymatogaster,

Ditrema, and Neoditrema.

Branchpoint E separates Cymatogaster from Ditrema and Neodf-

trema based on character 13:

13. Shallow depression in the frontal region of the neurocranium

(type III): This structure is absent in all members of the

family except Ditrema and Neoditrema. Its presence is a

synapomorphy uniting these two genera.

Branchpoint F is based on two automorphies, characters 14 and

15, separating Neoditrema from Ditrema:

14. The first basibranchial (type III): This bone is rectangular

in lateral aspect in Neoditrema, and depressed anteriorly

in all other members of the family.
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15. Len th of the ascendin and articular rocesses of the re-

maxillary (type II): These structures are extremely long

in Neoditrema, and considerably less so in all other embio-

tocids.

The dashed lines connecting Ditrema viridus, Brachyistius

aletes, and Cymatogaster gracilis with their respective phylogenetic

lines indicate that these species cannot be distinguished from the

other members of their genera on the basis of skeletal morphology.

Figure 55 is a cladogram describing the relationships of group

II of the Embiotocinae. Branchpoint G separates the genus Microme-

trus from the remaining members of the group and is supported by

characters 16, 17, and 18.

16. Anterior opening of the trigemino-facialis chamber (type IV):

In all percoid fishes examined, with the exception of Micro-

metrus, the trigemino-facialis opens anteriorly into the orbi-

tal region. In Micrometrus, this opening is occluded by a

flange of bone from the pro-otic, and the chamber opens later-

ally. This is a unique condition occurring only in this genus,

to the best of my knowledge and, as such, not only indicates a

close relationship between these species, but indicates a high

degree of divergence from the ancestral type.

17. Pectoral actinosts (type II): In the majority of percoids,

and all other embiotocids, the pectoral actinosts are hour-

glass shaped and separated by foramina. In Micrometrus,

the dorsal three actinosts are square and in contact with

their mutual borders.
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Figure 55. Cladogram showing the hypothesized
relationships of the species

within group II of the
subfamily Embiotocinae
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18. Tri-cuspid jaw teeth (type III): This condition occurs

only in Micrometrus among the Embiotocidae.

Branchpoint H separates group A (Damalichthys, Phanerodon,

Zalembius) from group C (Embiotoca, Rhacochilus, Hypsurus) based on

characters 19 and 20.

19. The basisphenoid (type III): In generalized percoids, the

Scorpididae, and group I (except Cymatogaster) of the Embio-

tocinae, the basisphenoid is thin and blade-like in lateral

aspect. This is also the case in Damalichthys, Phanerodon,

and Zalembius, whereas in Embiotoca, Rhacochilus, and Hyp-

surus, the basisphenoid is roughly triangular in lateral

aspect and extends well into the interorbital septum. The

more complex triangular condition is a synapomorphy uniting

Embiotoca, Rhacochilus, and Hypsurus.

20. Incorporation of the basioccipital into the posterolateral

walls of the pharyngeal apophysis (type II): Greenwood

(1978) determined that, in the Cichlidae, incorporation of

portions of surrounding bones into the pharyngeal apophysis

is a derived condition, whereas formation of the apophysis

solely by the parasphenoid is primitive. Thus, Damalichthys,

Phanerodon, and Zalembius are united by this synapomorphy.

Branchpoint I separates Damalichthys from Phanerodon and Zalem-

bius based on characters 21, 22, 23, 24, and 25.

21. Posterior excursion of the parasphenoid (type III): In
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generalized percoids, the Scorpididae, and Damalichthys,

the parasphenoid extends to the ventroposterior margin

of the neurocranium. In Phanerodon and Zalembius, the

parasphenoid extends to the point 1/2 way between the

posterior margin of the pharyngeal apophysis and the

posterior margin of the neurocranium. The latter condi-

tion is a synapomorphy uniting Phanerodon and Zalembius.

Damalichthys is also distinguished by a complex of characters

(22, 23, 24, and 25) involving the feeding morphology.

22. Incorporation of the pro-otic into the lateral walls of

the pharyngeal apophysis (type II):

23. Interdigitation of a portion of the parasphenoid into the

pro-otics above the pharyngeal apophysis (type II):

Characters 22 and 23 are similar to character 20, in that

they involve increasing complexity and strengthening of

the pharyngeal apophysis.

24. lalroovecoveredlygModonioidten.:

In the Scorpididae and all other embiotocids, the parasphe-

noid bifurcates posterior to the apophysis revealing the

posterior opening of the myodome and the mydomal groove.

In Damalichthys, the parasphenoid extends as a sheet of

bone to the posterior margin of the neurocranium. This

is reiniscent of the conditions seen in generalized per-

coids. However, in this case it is a secondarily derived

condition that serves to buttress the apophysis from behind.
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25. Inferior pharyngeal and pharyngeal teeth (type II): In

all embiotocids except Damalichthys, the dentigerous sur-

face of the pharyngeal plate is flat and the teeth are

small and conical. In Damalichthys, the posterior 1/4

of the plate slopes sharply posteroventrally, and the

teeth are large, flat, and present a broad, pavement-like

grinding surface.

Branchpoint J separates Zalembius from Phanerodon based on

character 26:

26. Relative length of the dentaryitype II): As stated pre-

viously, long jaws are pleisiomorphos in the Embiotocidae.

This is reflected in Phanerodon, in which the length of

the dentary is greater than its height.

Branchpoint K separates Phanerodon furcatus from P. atripes

based on character 27:

27. Dorsal contour of the ethmoid (type III): In P. furcatus,

the dorsal edge of the ethmoid is.straight and slopes an-

terioventrally, whereas in P. atripes, the ethmoid is con-

cave dorsally. This condition is unique to this species

and is an autapomorphy distinguishing the two members of

this genus.

Branchpoint L separates Hypsurus from Embiotoca and Rhacochilus

based on character 28:
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28. Number of abdominal vertebrae (type III): The vast ma-

jority of percoid fishes, including scorpidids and embio-

tocids, possess 10 or 11 abdominal vertebrae. The

presence of 17 to 18 abdominal vertebrae in this species

is, therefore, a unique autapomorphy distinguishing Hyp-

surus. However, because variations in vertebral counts

do occur, and because vertebral variations are a matter

of degree rather than of the development of new structures,

this character is considered to be of type III rather than

type IV.

Branchpoint M separates Rhacochilus from Embiotoca, based on

character 29:

29. Basioccipital overlying the pharyngeal apophysis (type II):

In Rhacochilus, the basioccipital overlies the pharyngeal

apophysis. This is the derived condition (Greenwood, 1978),

whereas the simpler, more generalized situation seen in

Embiotoca is plesiomorphous.

Branchpoint N separates Embiotoca lateralis from E. jacksoni

based on character 30:

30. Expansion of the auditory bullae (type III): In Embiotoca

jacksoni and the majority of the Embiotocidae, the auditory

bullae are not expanded, where as in E. lateralis moderate

expansion occurs.
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Branchpoint 0 separates Micrometrus minimus from M. aurora

based on character 31:

31. Articular surface of the pharyngeal apophyses bi-lobed (type

II): In all embiotocids except Damalichthys vacca and

Micrometrus minimus, the pharyngeal apophyses present as

a simple, flat articular surface. In the two species above,

the articular surface is bi-lobed. This is an autapomorphy

separating the two Micrometrus species. The occurrence of

this character in Damalichthys is due to convergence.

Figure 56 shows the phylogenetic relationships of the species

composing the subfamily Amphistichinae. Branchpoint P separates

Amphistichus from Hyperprosopon based on characters 32 and 33.

32. Curvature of the parasphenoid (type III): In Hyperprosopon,

the parasphenoid curves upward at its point of juncture

with the anterior margin of the pro-otics. In the more

generalized Amphistichus, as well as the Scorpididae, the

parasphenoid is relatively straight throughout its length.

33 Position of the mouth (type II): In generalized percoids,

scorpidids, and all embiotocids except Hyperprosopon, the

jaws are terminal. In Hyperprosopon, the jaws are superior.

This is a synapomorphy uniting members of this genus.

Branchpoint Q separatet Amphistichus rhodoterus from A. argen-

teus and A. koeltzi based on character 9:

9. Number of epihemal ribs (type III): This character has
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Figure 56. Cladogram showing the hypothesized
relationships of the species within the

subfamily Amphistichinae
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been discussed previously (see branchpoint C). Within

the genus Amphistichus, A. argenteus, and A. koelzi

possess a single pair of epihemal ribs, whereas A.

rhodoterus has five pairs.

The dashed line connecting Amphistichus koelzi to branchpoint

R indicates that A. koelzi cannot be distinguished on the basis of

skeletal morphology.

Branchpoint S separates Hyperprosopon anale from H. ellipticum

and H. argenteum based on character 34:

34. Neurocranial profile (type III): In the Scorpididae and

all embiotocids except Hyperprosopon ellipticum and H.

argenteum, the skull is relatively elongate in the frontal

and ethmoid region. In H. ellipticum and H. argenteum,

the skull is truncated in this region.

Branchpoint T separates Hyperprosopon argenteum from H. ellip-

ticum based on character 19:

19. The basisphenoid (type III): Within the genus Hyperprosopon,

H. ellipticum and H. anale retain the primitive condition

as previously described (see branchpoint H), whereas in

H. argenteum, the base of the basisphenoid is very long

and rod-shaped. This specialization is an autapomorphy

distinguishing H. argenteum from the other two members

of this genus.
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Discussion. As stated in the previous section, eight hypotheses

concerning the grouping of embiotocid species were generated primari-

ly on the basis of corroboration between two types of multivariate

analysis. A further hypothesis concerning the phylogenetic history

of the family was generated by cladistic analysis of shared derived

character states. Additionally, these character states were weighted

according to their valency in determining phyletic relationships.

In the following discussion, the multivariate hypotheses are compared

with the results of cladistic analysis as a means of obtaining a clear

picture of the phylogenetic history of the family. No statements

concerning relatively primitiveness or degree of divergence was made

based on multivariate analysis. Statements of this kind are beyond

the scope of the techniques used. However, Tarp (1952, p. 12) pro-

vides a schematic representation of his interpretation of the evolu-

tion of the Embiotocidae, which took into account degree of divergence

from the ancestral type. As a further test of the current phylogene-

tic hypothesis, comparisons are made between the results of this study

and Tarp's view of embiotocid evolution.

Multivariate hypotheses

1. The Embiotocidae should be divided into two subfamilies, the

Embiotocinae and the Amphistichinae.

This statement is corroborated by characters 1 through

7. Characters 3 and 7 (type IV), and 1 and 6 (type ILL) are

of relatively high information content. Characters 2, 4, and

5 are of type II and considerably less important in determin-

ing relationships. The presence of 4 high weight characters,
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two of them new and unique, separating the Amphistichinae

from the Embiotocinae supports the arrangement of the

family into two subfamilies.

2. The Embiotocinae should be divided into two species groups,

I (Brachyistius, Hysterocarpus, Cymatogaster, Ditrema,

Neoditrema, and II (Phanerodon, Zalembius, Damalichthys,

Micrometrus, Hypsursus, Embiotoca, Rhacochilus).

This statement is corroborated by a single character, 8 (type

III). The presence of this moderately important character in conjunc-

tion with the lack of any characters refuting hypothesis 2 indicates

that this division of and recognition of two monophyletic groups

within the Embiotocinae is an accurate representation of the phylo-

genetic history of this subfamily.

3. Within group I, the genera Brachyistius, Cymatogaster, and Di-

trema are phenetically distinct.

The inability to separate Ditrema viridus from D. tem-

mincki, Cymatogaster gracilis from C. aggregatus, and

Brachyistius aletes from B. frenatus on the basis of skele-

tal morphology indicates that the above genera are cohesive

taxonomic units.

4. Group II consists of three species groups: A (Phanerodon,

Zalembius, Damalichthys), B (Micrometrus), C (Hypsurus,

Embiotoca, Rhacochilus).

Cladistic analysis reveals two branchpoints (G and H) dividing

group I into three groups identical to those determined by multivariate
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analysis. The characters defining these dichotomies (16, 17 and 18

for G; 19, 29 for H) corroborate hypothesis 4.

5. Phanerodon furcatus and P. atripes should not be placed in

the same genuS.

The arrangement of species and genera within group A

indicates that Phanerodon and Zalembius are more closely

related to each other than either is to Damalichthys, and

that the two Phanerodon species are more closely related

than either is to Zalembius. This arrangement is supported

at branchpoint I by characters 21, 22, 23, 24, and 25,

and at branchpoint J by character 26. Thus, hypothesis 5

is falsified by cladistic analysis and a conservative ap-

proach dictates that the genus Phanerodon is valid as it

stands.

6. Within the Amphistichinae, Amphistichus and Hyperprosopon

are phenetically distinct.

This hypothesis is corroborated by branchpoint P,

which is supported by characters 32 and 33.

7. Amphistichus ar9enteus and A. koelzi are more closely re-

lated to each other than either is to A. rhodoterus.

This is supported by branchpoint Q, which is corro-

borated by character 9.

8. Hyperprosopon argenteum and H. ellipticum are more closely

related to each other than either is to H. anale.
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This is supported by branchpoint S, which is corro-

borated by character 34.

As stated in the section on numerical analysis, neither the

arrangement of the genera within group I of the Embiotocinae nor the

placement of H. anale could be determined by multivariate analysis.

In the case of H. anale, cladistic analysis also yields ambiguous

results, and further discussion of the relationships of this species

is reserved for the classification section. Concerning group I of

the Embiotocinae, cladistic analysis indicates a main phylogenetic

line leading from the generalized Hysterocarpus type to the special-

ized Neoditrema type. From this line, the individual genera split

off in a relatively straightforward manner, giving rise to one or

two extant species each. The low number of species, and the high

degree of skeletal similarity in this group, are indicative of a

slow rate of divergence and speciation compared to group II. It

could be argued that these features indicate a more recent origin

for group I. However, the generalized skeletal morphology seen in

group I supports the former conclusion.

Tarp's phylogenetic history of the embiotocidae. Figure 57

is a cladistic interpretation of Tarp's (1952) phylogenetic history

of the Embiotocidae. Branchpoint A divides the family into two sub-

families. This is consistent with the arrangement indicated by both

cladistic and multivariate analysis, and is corroborated by charac-

ters 1 through 7. Branchpoint B divides the Embiotocinae into two

phyletic lines, here labeled I and II consistent with the labeling
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Figure 57. Cladistic representation of Tarp's (1952)
interpretation of embiotocid phylogeny
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of similar groups determined in the present study. Tarp's group I

comprises the genera Micrometrus (including Micrometrus and Brachyis-

tius), Hysterocarpus, Cymatogaster, Zalembius, Neoditrema, and Ditre-

ma. Comparison of character 8 in Figures 53 and 57 indicate that

Micrometrus (excluding Brachyistius) and Zalembius are better accomo-

dated in group II. Character 21 (Figures 57 and 55) gives further

evidence of the erroneous placement of Zalembius. One of the major

points of controversy in Tarp's revision of the family was his synony-

mization of Brachyistius with Micrometrus. Hubbs and Hubbs (1954)

objected strongly to this arrangement, and I find no skeletal evidence

indicating a close relationship between these two genera. Tarp's

placement of Zalembius was admittedly tenetative, and skeletal evi-

dence presented here indicates a closer affinity with Phanerodon in

group II of the Embiotocinae. Exclusion of these two genera from

group I results in a more homogeneous constituency. However, the

distribution of the remaining characters shows low compatability,

and the nested pattern required by Wilson's (1965) consistency test

of phylogenies is lacking.

Tarp's second division of the Embiotocinae (group II) comprises

Embiotoca, Rhacochilus (including Damalichthys), Phanerodon, and

Hypsurus. This is a homogeneous group, as indicated by character 8;

however, Tarp's arrangement of the species within this group is ques-

tionable. Figure 57 shows a close relationship between Rhacochilus

and Phanerodon. However, the present study indicates that Rhacochi-

lus, as defined by Tarp, is not a valid genus, Rhacochilus (Damali-

chthys) vacca showing affinities with Phanerodon and Zalembius, and
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R. toxotes showing affinities with Embiotoca and Hypsurus. Tarp's

two Rhacochilus species are united by a single character, number 29,

which is correlated with feeding and therefore of low information

content. I find no other skeletal evidence indicating a close rela-

tionship between R. toxotes and R. vacca. As with group I, the

distribution of character states among the species of group II shows

little compatibility.

Tarp's treatment of the Amphistichinae is relatively straight-

forward. Branchpoint C shows a division of the subfamily into two

genera. This is corroborated in the present study by characters 32

and 33. The major points of contention between this study and Tarp's

scheme concern the arrangements of the species within each genus.

Tarp indicated that Amphistichus koelzi is more closely related to

A. rhodoterus than to A. argenteus, whereas I determined the opposite,

A. rhodoterus being separated from the other two species based on

the number of epihemal ribs. Within Hyperprosopon, Tarp showed H.

anale as being more derived than H. argenteum or H. ellipticum. The

distribution of synapomorphous states in characters 19 and 34 indi-

cate that H. anale is the more generalized Hyperprosopon species,

and H. argenteum is the more derived.

Overall, with the exception of the division of the family into

two subfamilies, and the division of the Amphistichinae into two

genera, the present study shows little to recommend Tarp's phylogene-

tic scheme, neither in terms of his species groupings, nor in terms

of horizontal placement of species relative to their respective

degrees of divergence from the ancestral type.
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CLASSIFICATION OF THE EMBIOTOCIDAE

As stated in the introduction, the Embiotocidae have been ele-

vated to suprafamilial, subordinal, and even ordinal rank by various

authors. Skeletal features supporting suprafamilial status are:

(1) the pharyngeal mill and associated structure; (2) epihemal ribs

in the caudal region of the body; (3) extraxcapulars fused to the

parietals; and (4) seven cricumorbital bones. In all other respect,

the embiotocid skeletal system is typically percoid in nature and

organization. Of the above characters, only the presence of seven

circumorbital bones is unique to the Embiotocidae. The other charac-

ters occur, in varying degrees of development, in families that have

not exceeded the percoid level of organization. For instance, a

pharyngeal mill is present in the Cichlidae, and epihemal ribs and

fused extrascapulars are present in the Scorpididae. The presence

of seven circumorbital bones, while diagnostic of the family, does

not indicate sufficient divergence to warrant the elevation of the

Embiotocidae to suprafamilial status. On the basis of skeletal mor-

phology, I agree with Nelson (1976) and consider the Embiotocidae

to be members of the suprafamily percoidae, and see no need to further

distinguish them from other percoid families.

Within the subfamily Embiotocinae, phylogenetic analysis re-

vealed two monophyletic groups of genera, here termed groups I and II.

Group II is defined and separated from group I by the presence of

vaulting in the anterior region of the neurocranium. Group II is

further subdivided into three monophyletic groups of genera, A (D.
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vacca, P. furcatus, P. atripes, Z. rosaceus), B (Micrometrus), and

C (E. jacksoni, E. lateralis, R. toxotes, H. caryi). Figure 55 re-

veals that Micrometrus shares a sister group relationship with groups

A and C and is divergent from them in three unique characters. Two

of these, tri-cuspid teeth (character 18, type II) and square pectoral

actinosts (character 17, type II), are unique to this genus among

the Embiotocidae, and one, the occlusion of the anterior opening of

the trigemino-facialis chamber (character 16, type IV) is unique

to this genus among percoid fishes. From the above, it appears that

Micrometrus, despite its more recent origin relative to the major

division of the subfamily into groups I and II, has diverged suffi-

ciently to warrant elevation to tribal rank, and I agree with Hubbs

and Hubbs (1954) that the tribal name Micrometrini should be applied

to these two species to denote this arrangement. I further propose

that groups A and C be united in the tribe Embiotocini. Elevation

of Micrometrus to tribal rank is justified by habitat and feeding

shifts undergone by this genus (Hubbs and Hubbs, 1954), as revealed

by characters 17 and 18. The even, crenate cutting edge formed by

the tri-cuspid teeth of Micrometrus is an adaptation dictated by

the almost exclusively herbivorous feeding habits of this genus (Hubbs,

1921a; Hubbs and Hubbs, 1954), whereas the conical jaw teeth possessed

by all other members of the family suggest retention of carnivorous

habits. The shape of the pectoral actinosts in Micrometrus reflect

a high degree of association with shallow intertidal and tidepool

substrates (Terry and Stephens, 1976). The majority of percoid fishes

and all other embiotocids possess elongate, hour-glass shaped pectoral
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actinosts, whereas in Micometrus these structures are square. This

specialization is found in other fishes (e.g., cottids) that maintain

a close association with the substrate (Quast, 1965).

To summarize the above, Micrometrus split off from the Embioto-

cinae after the separation of groups A and C from the subfamily,

but due to invasion of new habitat and feeding niches, underwent

divergence exceeding that occurring between groups A and C. Thus,

for reasons of anagenesis, Micrometrus should be accorded tribal

rank, whereas groups A and C should be united as the Embiotocini.

Tarp (1952) referred Brachyistius and Amphigonopterus to Micro-

metrus. This arrangement was considered untenable by Hubbs and Hubbs

(1954) based on ecology, life history, and sexual dimorphism in fin

ray counts exhibited by Micrometrini. Evidence presented here shows

that Brachyistius and Micrometrus are clearly distinguishable and

should not be combined. Hubbs and Hubbs (1954) placed the two Micro-

metrus species in separate genera (Micrometrus minimus, Amphigonop-

terus aurora). Skeletal examination indicates no justification for

this separation. The major difference between the two species, the

present of a bi-lobed articular surface on the pharyngeal apophysis

in M. minimus, is clearly a trophic adaptation, and other differences

between M. minimus and M aurora are greatly outweighted by their

similarities. Thus, I agree with Tarp (1952) that the genus Amphi-

gonopterus should be referred to Micrometrus.

Regarding group I of the Embiotocinae, Hubbs and Hubbs (1954)

suggested elevating Hysterocarpus to tribal rank, but gave no charac-

ters justifying this arrangement. Morphologically, the only unique
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feature possessed by this genus is the presence of 15 to 19 dorsal

fin spines. In all other respect, Hysterocarpus appears to be a

very generalized embiotocid. The presence of a single pair of epi-

hemal ribs (in contrast with five or more pairs in all other members

of the Embiotocinae) indicates little divergence from the ancestral

morphotype. In addition, Hysterocarpus is the only member of the

family to retain two plesiomorphous characters, indicating relative

primitiveness, two uroneural ossifications and 3-part dorsal and

anal pterygiophonres. I believe that Hysterocarpus, despite the

presence of an inordinate number of dorsal spines, does not possess

specialized structures indicative of tribal status. Rather, this

genus should be united with other members of group I in the tribe

Hysterocarpini. Such an arrangement adequately distinguishes this

monophyletic group as a major division of the subfamily Embiotocinae.

Hyperprosopon anale is somewhat intermediate between Amphistichus

and Hyperprosopon in skeletal morphology, possessing an elongate,

Amphistichus-like neurocranium and extended ethmoid region on one

hand, and a curved parasphenoid and superior mouth on the other.

The confusion concerning the proper placement of this species is

reflected in the terminology applied to it. Originally named

Hyperprosopon analis (Agassiz, 1861), this species was later assigned

to the genus Hypocritichys (Gill, 1862), Ditrema (Gunther, 1862),

Holconotus (Jordan and Gilbert, 1881), and Amphistichus (Jordan and

Gilbert, 1882). Tarp (1952) assigned it to the subgenus Hypocriti-

chthys of the genus Hyperprosopon, an arrangement that I believe

accurately indicates its relationship with Hyperprosopon, yet adequat-

ely distinguishes it from the other two members of the genus.
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Osteological definitions

In the following section, the taxonomic terms applied to the

species and species groups are defined based on skeletal morphology.

The reader is referred to Tarp (1952) for full synonymies of the

taxonomic names, except where my terminology or groupings differ

from the above author, in which case synonymies are provided.

Family Embiotocidae

Fishes with a typical percoid skeleton as described by Merriman

(1940) and Dineen and Stokley (1955) with the following exceptions:

A longitudinal keel and pharyngeal apophysis on the parasphenoid.

Parasphenoid bifurcated behind apophysis. Myodomal groove and broad

posterior myodomal opening present. Seven pairs of circumorbitals

percent. Fifth ceratobranchials fused to form a dentigerous plate.

Third and fourth pharyngobranchials closely applied but not fused

and bearing teeth on their ventral surface. Extrascapulars fused to

parietals forming a trough bearing the supratemporal commissure.

Two or three posterior openings in the pars jugularis. A single post-

cleithrum present. One to 11 pairs of epihemal ribs articulating

with the hemal arches or spines present and providing support for the

posterior diverticula of the gas bladder.

Subfamily Embiotocinae

Typical embiotocid fishes without an articular facet on the

cleithrum. Pterygoids separated from palatines by a cartilagi-

nous region. Three posterior openings in the trigemino- facialis
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chamber present. Jaw teeth in one row. Ascending and articular

processes of the premaxillaries not separated by a notch. No maxil-

lary process on premaxillaries. Maxillaries not expanded laterally.

No anterior projection on the supracleithrum. Pectoral actinosts

and pectoral fins vertical. Three and a half actinosts articulating

with the scapula. Posterior projection of the coracoid pointed.

Tribe Hysterocarpini

Hysterocarpini Hubbs and Hubbs, 1954: 198

Typical members of the Embiotocinae, with the neurocranium

somewhat depressed in the frontal and ethmoid region.

Genus Hysterocarpus Gibbons

A typical primitive member of the Hysterocarpini with a single

pair of epihemal ribs. Posteriorly directly ridge on the articular

head of the maxillary uninterrupted. Two uroneural ossifications

present in the caudal skeleton. Three-part pterygiophores supporting

the posterior dorsal and anal rays.

This genus is composed of a single species, Hysterocarpus

traski Gibbons, 1854.

Genus Brachyistius Gill

Brachyistius Gill, 1862: 275

A typical member of the Hysterocarpini. Distinguished from

Hysterocarpus by the presence of a tab-like process on the posterior-

ly directed ridge on the articular head of the maxillary, one uroneural
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ossification, all dorsal and anal fin supports in two parts, and

eight pairs of epihemal ribs. A foramen present between the frontals

and ethmoid.

This genus comprises two species that cannot be distinguished

osteologically.

Brachyistius frenatus Gill

Brachyistius frenatus Gill, 1862: 275

Ditrema brevipinne Gunther, 1962: 248

Micrometrus frenatus Bean, 1881: 265

Brachyistius brevipinnis Clemens and Wilby, 1946: 27

Micrometrus (Brachyistius) frenatus Tarp, 1952: 86

Brachyistius aletes (Tarp)

Brachyistius frenatus Jordan and McGregor, 1899: 281

Micrometrus (Brachyistius) aletes Tarp, 1952: 89

Genus Cymatogaster Gibbons

Typical members of the Hysterocarpini, with a tab-like process

on the posteriorly directed ridge on the maxillary, a single uro-

neural ossification, all dorsal and anal pterygiophores in two parts.

No foramen present between the frontals and ethmoid. Five pairs

of epihemal ribs present.

This genus comprises two species, Cymatogaster aggregatus

Gibbons, 1854 and Cymatogaster gracilis Tarp, 1952, that cannot be

distinguished osteologically.

Genus Ditrema Temminck and Schlegel

Typical members of the Hysterocarpini. Distinguished from
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Cymatogaster, Brachyistius, and Hysterocarpus by the presence of a

shallow depression in the frontal region on the neurocranium. Maxil-

lary, caudal skeleton, and median fin supports as in Cymatogaster.

Eight pairs of epihemal ribs present.

This genus comprises two species, Ditrema temmincki Sleeker,

1853 and Ditrema viridus Oshima, 1955, that cannot be distinguished

osteologically.

Genus Neoditrema steindachner and Doderlein

A typical member of the Hysterocarpini. A shallow depression

present in the frontal region of the neurocranium. Maxillary, caudal

skeleton, and median fin supports as in Cymatogaster. First basi-

branchial rectangular in lateral aspect. Ascending and articular

processes of premaxillary extremely long. Five pairs of epihemal

ribs present.

This genus is composed of a single species, Neoditrema ranson-

neti Steindachner and Doderlein, 1883.

Tribe Embiotocini

Embiotocini Hubbs and Hubbs, 1954: 198

Typical members of the Embiotocinae with the neurocranium vaulted

in the frontal and ethmoid region.

Genus Damalichthys Girard

A typical member of the Embiotocini with a portion of the pro-

otics incorporated into the lateral walls of the pharyngeal apophysis.

Parasphenoid interdigitating with the pro-otics from the apophysis.

Myodomal groove covered by the parasphenoid. Posterior 1/4 of the
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pharyngeal plate sloping sharply posteroventrally. Inferior pharyn-

geal teeth large and flat. Six pairs of epihemal ribs present.

Damalichthys vacca Girard, 1855

Damalichthys vacca Girard, 1855: 321

Embiotoca argyosoma Girard, 1856: 126

Ditrema vacca Gunther, 1862: 246

Phanerodon argyosoma Gill, 1862: 274

Ditrema argyrosoma Jordan and Gilbert, 1881: 321

Damalichthys argyrosoma Jordan and Gilbert, 1881a: 465

Embiotoca argyrosoma Eigenmann and Ulrey, 1894: 385

Damalichthys argyrosoma Randolph, 1898: 305

Rhacochilus vacca Tarp, 1952: 56

Genus Phanerodon Girard

Pro-otics not incorporated into pharyngeal apophysis. Para-

sphenoid not interdigitatig with pro-otics. Mydomal groove exposed.

Inferior pharyngeals flat, not sloping posteroventrally. Paraspbenoid

extends to a point half way between posterior edge of pharyngeal

apophysis and posterior margin of neurocranium.

Phanerodon furcatus Girard

A typical member of the genus with the dorsal edge of the eth-

moid straight and sloping anteroventrally. Eleven pairs of epihemal

ribs present.

Phanerodon atripes (JOHan and Gilbert)

A typical member of the genus with the dorsal edge of the ethmoid
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concave and sloping anteroventrally. Nine pairs of epihemal ribs

present.

Genus Zalembius Jordan and Evermann

Similar to Phanerodon but with length of dentary greater than

its height. Five pairs of epihemal ribs present.

This genus comprises a single species, Zalembius rosaceus

(Jordan and Gilbert), 1881a.

Genus Embiotoca L. Agassiz

Typical members of the Embiotocini with the base of the basi-

sphenoid triangular and extending into the interorbital septum.

Basioccipital not incorporated into posterolateral walls of the pharyn-

geal apophysis.

Embiotoca jacksoni L. Agassiz

A typical member of the genus with no expansion of the auditory

bullae. Six pairs of epihemal ribs present.

Embiotoca lateralis L. Agassiz

A typical member of the genus. Distinguished from E. jacksoni

by moderate expansion of the auditory bullae. Six pairs of epihemal

ribs present.

Genus Rhacochilus L. Agassiz

A typical member of the Embiotocini with the base of the basi-

sphenoid triangular and extending into the interorbital septum. Dis-

tinguished from Embiotoca by the anterior extension of the
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basioccipital above the pharyngeal apophysis. Five pairs of epihemal

ribs present.

This genus comprises a single species, Rhacochilus toxotes L.

Agassiz, 1854.

Genus Hypsurus A. Agassiz

A typical member of the Embiotocini. Basisphenoid as in Em-

biotoca. Distinguished from Embiotoca and Rhacochilus by the presence

of 17 to 18 abdominal vertebrae. Five pairs of epihemal ribs present.

This genus includes a single species, Hypsurus caryi (L.

Agassiz), 1853.

Tribe Micrometrini

Micrometrini Hubbs and Hubbs, 1954

Typical members of the Embiotocinae with the anterior opening of

the trigemino-facialis chamber occluded by a flange of bone from

the pro-otic. Dorsal three pectoral actinosts square. Jaw teeth

tri-cuspid.

This tribe contains a single genus, Micrometrus Gibbons, 1854.

Micrometrus aurora (Jordan and Gilbert), 1881a

A typical member of the genus with the articular surface of

the pharyngeal apophysis single-lobed. Five pairs of epihemal ribs

present.

Micrometrus minimus (Gibbons), 1854

As above, but with the articular surface of the pharyngeal

apophysis bi-lobed. Five pairs of epihemal ribs present.
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Subfamily Amphistichinae

Typical embiotocid fishes with an articular facet on the clei-

thrum. Ectopterygoids meet palatines ventrally. Two posterior open-

ings present in the trigemino-facialis chamber. Jaw teeth in two

rows. Ascending and articular processes of premaxillary separated

by a notch. Maxillary process present on the premaxillaries. Maxil-

laries expanded laterally. Anterior projection present on supraclei-

thrum. Pectoral actinosts and fins oblique. Two and a half actinosts

articulating with the scapula. Posterior projection of coracoid

rounded.

Genus Amphistichus L. Agassiz

Typical members of the subfamily with neurocranium elongate,

parasphenoid straight, mouth terminal.

Amphistichus argenteus L. Agassiz, 1854

A typical member of the genus. Distinguished from A. rhodoterus

by the presence of a single pair of epihemal ribs.

Amphistichus koelzi (Hubbs), 1933

This species cannot be distinguished from A. argenteus on the

basis of skeletal morphology.

Amphistichus rhodoterus (L. Agassiz), 1854

A typical member of the genus. Distinguished from A. argene-

teus and A. koelzi by the presence of five pairs of epihemal ribs.

Genus Hyperprosopon Gibbons, 1854

Typical members of the Amphistichinae with the parasphenoid

curved posterodorsally and the mouth superior.
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Subgenus Hypocritichthys Gibbons, 1854

A typical member of the genus with the neurocranium elongate.

Five pairs of epihemal ribs present.

This subgenus is composed of a single species, Hyperprosopon

(Hypocritichthys) anale A. Agassiz, 1861.

Subgenus Hyperprosopon Gibbons, 1854

Typical member of the genus with the ethmoid truncate and the

neurocranium foreshortened.

Hyperprosopon (Hyperprosopon) ellipticum (Gibbons), 1854

A typical member of the genus with the base of the basisphenoid

blade-like in lateral aspect. Five pairs of epihemal ribs present.

Hyperprosopon (Hyperprosopon) argenteum Gibbons, 1854

A typical member of the genus with the base of the basisphenoid

thin and rod-like in lateral aspect. Five pairs of epihemal ribs

present.
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Classification

Family: Embiotocidae

Subfamily: Embiotocinae

Tribe: Hysterocarpini

Genus: Hysterocarpus

Species: Hysterocarpus traski

Genus: Brachyistius

Species: Brachyistius frenatus

Species: Brachyistius aletes

Genus: Cymatogaster

Species: Cymatogaster aggregatus

Species: Cymatogaster gracilis

Genus: Ditrema

Species: Ditrema temmincki

Species: Ditrema viridus

Genus: Neoditrema

Species: Neoditrema ransonneti

Tribe: Embiotocini

Genus: Damalichthys

Species: Damalichthys vacca

Genus: Phanerodon

Species: Phanerodon furcatus

Species: Phanerodon atripes

Genus: Zalembius

Species: Zalembius rosaceus

Genus: Embiotoca

Species: Embiotoca jacksoni
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Species: Embiotoca lateralis

Genus: Rhacochilus

Species: Rhacochilus toxotes

Genus: Hypsurus

Species: Hypsurus caryi

Tribe: Micrometrini

Genus: Micrometrus

Species: Micrometrus aurora

Species: Micrometrus minimus

Subfamily: Amphistichinae

Genus: Amphistichus

Species: Amphistichus argenteus

Species: Amphistichus koelzi

Species: Amphistichus rhodoterus

Genus: Hyperprosopon

Subgenus: Hyprocritichthys

Species: Hyperprosopon ( Hyprocritichthys) anale

Subgenus: Hyperprosopon

Species: Hyperprosopon (Hyperprosopon) ellipticum

Species: Hyperprosopon ( Hyperprosopon) argenteum
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Table 1. A list of specimens examined

Family Species Museum no. S.L. Location Preparation
(mm)

Serranidae Serranus subligarius OS 2236 98 Pensacola FL
Percichthyidae Percichthys trucha OS 7326 112 Chile
Theraponidae Eutherapon theraps OS 647 57 India
Banjosidae Banjos banjos OS 5661 173 Fiji
Kuhliidae Kuhlia sandvicensis OS 1653 60 Hawaii
Priacanthidae Priacanthus arenatus OS 2381 131 French Guinea
Apogonidae Apogon snyderi OS 1548 100 Hawaii
Percidae Perca flavescens OS 1425 131 Oregon X
Branchiostegidae Malacanthus latovittatus OS 706 163 Philippines X
Sillaginidae Sillago sihama OS 3732 86 India X
Lactariidae Lactarius 1actarius OS 4853 117 Thailand X
Pomatomidae Pomatomus saltatrix OS 5555 69 New Jersey X
Rachycentridae Rachycentron canadum OS 4855 155 Thailand X
Carangidae Vomer setapinnis OS 7383 83 Florida X
Centropomidae Centropomis undecimalis OS 7891 200 X
Lutjanidae Lutjanus Rrisitus OS 7357 60 X
Leiognathidae Gerres poet' OS 7537 97 Tarawa X

11

Eugerres axillaris LACM 35891-2 187 Mexico 0
11 11

LACM 35891-1 200 11

LRCM= Los Angeles County Museum of Natural History
OS= Oregon State University
SIO= Scripps Institute of Oceanography

X= radiograph
D= dried specimen
S= cleared and stained specimen



Table 1 continued

Family Species Museum no. S.L. Location Preparation

Pomadasyidae Pomadasys leuciscus OS 3362 166 Panama X
Mullidae Parupeneus porphyreus OS 2866 85 Hawaii X

Lethrinidae Lethrinus reticulatus OS 1479 110 New Caledonia X

Sparidae Archosargus probatocephalis OS 7388 92 Florida X
Nemipteridae Nemipterus japonicus OS 4197 121 India X

Lobotidae Lobotes pacificus OS 5134 157 Panama X
Monodactylidae Monodactylus argenteus OS 4818 57 Thailand X

62 11

Pempheridae Pempheris molucca OS 4852 88 X

Kyphosidae Kyphosis analogus OS 3726 204 Central America X

OS 3742 149
Scorpididae Medialuna californiensis OS 5403 140 California S

11

OS 2925 115 Washington X
OS 2925 120 S

Girellidae
fl

Girella nigricans OS 916
OS 3661

59
93

California

OS 2531 75 X

Centrarchidae Lepomis macrochirus OS 7390 163 Florida X

Pomoxis annularis OS 138 135 Oregon X
Ephiphidae Drepane punctata OS 940 66 India X
_Scatophagidae Scatophagus argus OS 5444 96 X
Chaetodontidae Chaetodon miliaris OS 5710 75 Hawaii X

11

OS 5710 70
Nandidae Polycentrus nigricans OS 5452 100 India X

Cirrhitidae Cirrhitus alternatus OS 5714 101 Hawaii X

Aplodactylidae Dactylopagrus macropterus OS 1321 84 New Zealand X
Embiotocidae Amphistichus argenteus LACM 35783-2 214 LA Co. Calif. X

11

OS 8367 111 D
41

OS 8368 120 Ventura Co. Calif.



Table 1 continued

Family

Embiotocidae

11

11

11

11

11

11

it

it

Species

Amphistichus argenteus

Museum no.

OS 8369
SIO 64-1099
OS 8370
OS 8371
OS 8372
OS 8373
OS 8373
OS 8374
LACM 35783-3
OS 260
LACM 35783-4
OS 260
LACM 31681-1

11

LACM 32654-1
11

11

LACM 35883-1
LACM 35883-4
LACM 35685-12

LACM 35890-2
OS 1970
LACM 32587-2
OS 8375

S.L.

115
100

200
115

210
215
242
100

160
127

170

130
318
214
182

219
104

96

83
79

306
235

109

108

67
228
197

150
120

Location

Ventura Co. Calif.
'Baja Calif.

Lompoc Calif.
I1

Lincoln Co. Ore.

11

LA Co; Calif.

Baja Calif.

LA Co. Calif.

Orange Co. Calif.

LA Co. Calif.

11

California
Orange Co. Calif.
LA Co. Calif.

Preparation

S

S

S

S

S

S

X

S

S

S

S

S

S

S

S

X

S

D

X

D

Amphistichus koelzi

Amphistichus rhodoterus

Hyperprosopon argenteum

11

Hyperprosopon ellipticum

Hyperprosopon anale

U

Rhacochilus toxotes

u

u

Embiotoca jacksoni



Table 1 continued

Family

Embiotocidae

11

11

11

11

11

11

11

11

11

II

11

Species

Embiotoca jacksoni

Museum no.

OS 8376
OS 7624

OS 1371
LACM 35783-5
OS 8377
OS 8378
OS 8379
LACM 31677-1

11

LACM 35883-2
LACM 35883-3
LACM 33539-1
LACM 35689-9

LACM 35890-1
OS 5894
OS 5916
OS 8380
OS 8381
OS 8382
LACM 35683-8

S.L.

187

100
86
140

173
219
207
223
155

186
163

176
189

175

164
177

120

96

105

170
106
87

100
180
154

46

48

121

124

Location

LA Co. Calif.
Lincoln Co. Ore.

Coos Co. Ore.
LA Co. Calif.
Lincoln Co. Ore.

Ii

Montery Co. Calif.

11

11

11

Orange Co. Calif.

LA Co. Calif.
Sta. Barbara Co. Calif.

LA Co. Calif.
Tillamook Co. Ore.

Lincoln Co. Ore.

LA Co. Calif.

It

Preparation

S

S

S

D

S

S

S

S

S

S

X

D

D

S

X

D

S

S

X

S

S

S IN)1

Embiotoca lateralis

Phanerodon furcatus

Phanerodon atripes

Hypsurus caryi

Damalichthys vacca
11

11

11

Zalembius rosaceus



Family

Embiotocidae

1.

PomacentridaE

fi

11

Labri dae

it

Cichlidae

Gadopsidae

Family

Embiotocidae
tl

11

11

It

1.

1.

11

Species

Zalembius rosaceus

Table 1 continued

Museum no.

35683-8
It

OS 8384
OS 8385
OS 8386
OS 8387
OS 8388

S.L.

53
89

110

137

124

128
127

76

49
38

103
106
108

130

76

94
120

124
42

45

46

38

70

53

42

48
41

Location

LA Co. Calif.
1.

Solano Co. Calif.

11

Lincoln Co. Ore.

Tillamook Co. Ore.
Sta. Cruz Isl. Calif.

11

LA Co. Calif.
11

Guadalupe Isl. Mexico

Sagami Bay Japan

1.

11

Hysterocarpus traski

1.

Cymatogaster aggregatus

Cymatogaster gracilis

OS 8389
OS 8390
OS 8391
OS 5892
LACM 32622-4

LACM 489

LACM 32148-5
SIO 34-1432

OS 8393
OS 8392
OS 8394
OS 8395
OS 8396
OS 8397
OS 8398

It

Brachyistius frenatus

Brachyistius aletes
fi

Neoditrema ransonneti

It

Ditrema temmincki
1.

11

Preparation



Table 1 continued

Family

Embiotocidae

11

II

II

Pomacentridae
II

II

Labridae
II

II

Cichlidae

Gadopsidae

Species

Ditrema viridis

Museum no.

OS 8399
OS 8400
OS 8401
LACM 1725

11

II

LACM 3093

II

LACM 35885-1
LACM 31778-3
LACM 35886-1
LACM 35886-2
OS 5734
OS 3978
LACM 35884-1
OS 5 348

LACM 32148-48
LACM 32148-49
OS 3055
LACM 35888-1
OS 2178

S.L.

29
37

42
87

93
46

31

43
73

93
91
87

29
144

191

218
182

89

83
350
320

158
158

55

106

147

Location Preparation

Sagami Bay Japan
II

S

S

San Luis Obispo Co. Calif. S
II

H
S

II

S
II

X

Sta. Barbara Co. Calif.
II

S
II

11

S

Gulf of Calif.
San Benedict Isl.
Orange Co. Calif.

D
Hawaii X

San Carlos Bay Mexico X

San Miguel Isl. Calif.
X

San Clemente Isl. Calif. D
If

Zambia X

Mexico
Australia X

11

Micrometrus aurora

II

II

Micrometrus minimus
H

II

Abudefduf saxitilis
Microspathodon dorsalis
Hypsypops rubicunda

Pomacentrus jenkinsi
Abudefduf saxitilis
Pimelometopon pulcher

it

Oxyjulis californica

Tilapia melanopleura
Cichlasoma uropthalmus
Gadopsis marmoratus



Table 2. A list of the original 87 variables
with coefficients associated with each on the first six components

Variables
1 2

Components
3 4 5 6

1) Length of neurocranium/width of ethmoid plate .08847 -.2311 .07017 -.2150 .09749 -.0264
2) Length of neurocranium/height of ethmoid at prefrontals (3)* -.2709 .05730 -.0408 -.0587 .05950 -.0263
3) Length of neurocranium/width of prefrontals .20790 -.0368 .09650 -.0622 .05950 -.0825
4) Length of neurocranium/width of prefrontals at narrowest .18280 .02262 .15850 .07149 .09001 -.1393

point

5) Point of neurocranium/width of prevomer (1) -.2709 .05730 -.0409 .05260 .05260 .07700
6) Length of neurocranium/length of ethmoid plate (2) .18840 .28130 -.0348 -.0889 - .2131.07330
7) Length of neurocranium/depth of same at peak under supra- .13710 .07720 -.370b .03540 -.2150 .33910

occipital (4)
8) Ventral margin of neurocranium bent posterodorsally at .13750 .41400 -.0499 -.0048 -.0153 .06780

anterior margin of basioccipital (5)
9) Length of neurocranium/width of same at sphenotics .17480 -.029 .19820 -.0402 -.0244 -.1649
10) Base of basisphenoid vertical (12) .08810 -.1893 -.1684 -.2085 .28160 .34250
11) Lateral margins of frontals and prefrontals from sharp .05550 -.1146 .20750 -.2082 .11990 .11890

angle at fusion
12) Basisphenoid wider in lateral aspect than high (11) .00930 .00180 .08070 .00670 -.3102 -.2331
13) Inpocketing present at posterior end of pharyngeal condyles .18670 .17200 -.1117 -.0263 -.0388 -.0449
14) Large fontanell present at point of fusion between frontals .23010 -.0252 .05029 -.0302 .00571 -.0196

and ethmoid
15) Length of urohyal/height of same -.1295 -.0238 .14450 -.0511 -.1763 .25270
16) Posterior margin of urohyal concave .15280 .20110 .16910 -.0530 .05204 -.0538
17) Length of inferior pharyngeal/width of same .21820 -.0753 -.1172 -.0826 -.0157 -.0199
18) Anterior projection of inferior pharyngeal toothless -.4423 .06698 .21990 .08105 .21010 .26780

* = corresponding number of that variable in the final data matrix



Table 2 continued

19) Tubercule present on posterior margin of inferior pharyngeal .05980 .08707 .28820 .07488 -.0979 .18500
20) Lateral margins of premaxillaries pointed .06384 .07817 .05990 -.1868 -.2034 .33060
21) Articular and ascending processes of premaxillaries

separated by a notch (16)
.12640 -.0160 .37100 -.2764 -.0428 .02080

22) Length of premaxillary/height of ascending process -.0744 .22150 .13530 -.1313 .01998 .19870
23) Maxillary process present on premaxillaries .14980 .17050 .08607 .08662 .07041 .20150
24) Length of angular/height of angular (6) .12670 .16100 .18430 .30600 .22990 .08910
25) Posterior margin of angular slopes anterodorsally .11860 .13700 .24430 .22490 .08560 .03037
26) Dorsal and ventral rami of dentaries equal in length .02900 .21430 .15330 -.1313 -.0592 .16400
27) Length of upper ramus of dentary/dentigerous portion .10280 -.2342 .03940 .08660 -.1866 .11840
28) Length of upper ramus of dentary/width of same .05517 -.0545 .18810 .11900 .15970 -.1736
29) Distal 1/8 of maxillary expanded -.1351 -.0733 .03403 .22490 -.0282 -.0892
30) Length of maxillary/length of articular head of maxillary -.1596 .15770 -.0334 -.0213 -.0315 .06940
31) Projection present on posterodorsal margin of supracleithrum -.1283 .07370 -.0941 -.1815 -.0391 .07490
32) Length of postemporal/width between arms .10040 -.1952 -.1813 -.0276 -.1956 -.0459
33) Length of supracleithrum/width of same (7) .16480 .33360 -.0559 -.1210 -.0305 .02230
34) Projection present on anterior margin of supracleithrum .14460 -.0911 -.0398 -.0848 .22620 .06310
35) Width of subocular shelf/length of same (9) -.2046 -.0391 -.0565 -.0163 -.3820 -.0432
36) Length of opercular/width of same -.1129 .18780 .04740 -.1233 -.0436 -.1096
37) Tab-like projection present on cleithrum (17) -.1363 .21100 .14060 -.3794 -.1309 .17300
38) Gap present between cleithrum and coracoid -.0233 .10950 .21210 .08040 -.2413 -.0462
39) Length of cleithrum/width of cleithrum and coracoid .20750 .04900 .02820 -.0845 .12330 -.0903
40) Length of cleithrum/length of postcleithrum -.0170 -.1596 .09600 -.2184 -.1658 .08730
41) Length of cleithrum/length of dorsal spike on same .10590 -.0242 .02310 -.1427 -.1317 -.1333
42) Length of cleithrum/thickness of same dorsal to midpoint .07157 .05600 -.1685 -.0418 -.1501 .00970
43) Length of cleithrum/thickness of same ventral to midpoint .02670 .10240 -.0082 -.1412 .15990 -.0441
44) Length of cleithrum/length of ventral spike on same -.1843 -.1557 -.0375 -.1415 -.0762 -.0660
45) Length of lower pectoral radial/width of distal margin of

same
-.0924 -.0675 .22770 -.2268 .00360 .07510

46) Lengtoh of lower pectoral radial/least width of distal
margin of same

.17810 -.0480 -.0860 -.2122 .02690 -.1207



Table 2 continued

47) Line from ventral tip of coracoid to anterodorsal corner -.0999 .10150 -.0757 -.2717 .09550 -.0665
of coracoid/line across dorsal margin

48) Line from ventral tip of coracoid to anterodorsal corner -.1036 -.1265 -.0310 -.2386 .04680 -.1000
of coracoid/line from ventral tip to projection on post-
terior margin

49) Line from ventral tip of coracoid to anterodorsal corner .13720 -.0777 -.1757 -.0668 .10810 .27010
of coracoid/line from posterior margin at level of pro-
jection to tip of projection

50) Dorsal margin of coracoid concave .04336 .10040 -.1244 -.1519 .21110 .12510
51) Posterior projection of coracoid pointed (18) -.1384 .13850 .17140 .33590 .21740 -.0919
52) Length of scapula/width of scapula .12960 .14560 -.1702 -.0925 .16060 .07850
53) Length of scapular foramen/width of same .15820 -.1783 -.0665 .13120 -.0112 .00380
54) Length of pelvics/width of same .13100 -.0290 -.0057 .04130 .19980 .23810
55) Length of pelvics/height of same .03860 -.1157 -.1726 .23890 .08180 -.0152
56) Length of pelvics/length of posterior projection on same .20950 .07280 .00770 .12530 .04790 -.0422
57) Length of pelvics/length of anterior projection on same .17850 .16590 .12180 .04870 -.1059 -.0198
58) Posterior projection on pelvics bifurcated .16550 .07570 -.0797 .00237 -.0911 .02280
59) Tubercule present on posterodorsal margin of each pelvic .06560 .11850 -.2721 .08450 .01590 .10930
60) Line from lateral surface of loer pelvic condyle to -.1422 .06110 .08700 .11900 .17410 .05490

lateral surface of upper condyle 55 degrees form
horizontal

61) Line from anterior end of urostyle to posterodosal tip of .20930 . 06230 -.1242 -.0618 -.1424 -.0106
dorsal hypural/width of hypural plate

62) Line from anterior end of urostyle to posteroventral tip of -.0350 - .2234 .08370 -.0009 .17210 .22990
ventral hypural/width of hypural plate

63) Line from anterior end of urostyle to posterodorsal tip of -.2149 . 21030 -.1200 -.1702 -.0944 .21180
ventral hypural

64) Hypural spine projects posterodorsally .25510 04950 -.0302 -.1063 .11820 -.1661
65) Penultimate unmodified vertebra with 1 or 2 buttresses .21180 . 05400 .26700 -.1726 .03380 .15100
66) Length of expanded portion of first hemal spine/width .20940 - .0857 .10150 -.0866 -.0433 -.0144

of same



Table 2 continued

67) Lateral projections present of first hernal spine .13330 -.2246 .04680 -.0304 -.0312 -.0373
68) Length of glossohyal/width of same at anterior margin -.1020 .14150 .00420 -.2654 .10940 .06130
69) Length of glossohyal/width of same at posterior margin -.1364 -.3974 -.0116 -.0509 .08050 .00690
70) Projection at anterior margin of urohyal very small (15) .11720 .28000 .10410 .25680 .11680 .40860
71) Projection at anterior margin of urohyal projects postero- .00130 -.1625 .42170 .16900 -.1463 -.0003

dorsally (13)
72) Web-like structure present between anterior projection of .05650 -.1838 -.1433 -.2439 .29880 .41220

urohyal and main body of bone (14)
73) Greatest length of first basibranchial/depth of same at -.0210 .17960 .15820 -.0390 -.1883 -.2066

posterior margin
74) Length of first basibranchial/depth of same at midpoint (8) -.2709 .05730 -.0409 .05280 .05950 .07700
75) Length of first basibranchial/depth of same at anterior .21180 -.0549 -.2670 .17260 -.0338 -.1510

margin

76) Length of second basibranchialJgreatest width of same -.1777 .04030 -.3057 .20290 .07090 -.1093
77) Length of second basibranchial/least width of same .27000 -.0539 .04090 -.0528 -.0595 -.0770
78) Length of third basibranchial/greatest width of same .15070 .25520 .06060 .18930 -.1875 .24390
79) Length of third basibranchial/least width of same .15820 -.0280 .15960 -.1078 -.0592 -.2227
80) Length of hyoid apparatus/length of hypophyals -.0509 .23650 -.0405 -.1195 .51770 -.2077
81) Length of hyoid apparatus/length of cerathoyal .13140 -.2388 .01880 -.1183 .01820 .05520
82) Length of hyoid apparatus/length of epihyal (10) -.0141 .10030 .11660 .15390 .30600 .06390
83) Length of hyoid apparatus/depth of hypohyals -.1666 .03210 .30290 -.1655 -.0008 .23550
84) Length of hyoid apparatus/least depth at ceratohyal .25510 .04950 .03260 -.1063 .11820 -.1661
85) Length of hyoid apparatus/depth at posterior margin of .25510 .04950 .03020 -.1063 .11820 -.1661

ceratohyal

86) Interhyal broader at base than high .11200 .16650 .06900 -.2581 .04880 -.0109
87) Interhyal projects posteriorly -.1896 .11840 -.1929 -.2921 .05490 .00560
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Table 3

A List of the variables used in
multivariate analysis

1) Length of neurocranium/width of prevomer at widest point

2) Length of neurocranium/length of ethmoid plate

3) Length of neurocranium/ depth of neurocranium at posterior border
of ethmoid

4) Length of neurocranium/ depth of neurocranium at peak under supra-
occipital crest

5) Ventral margin of neurocranium bent posterodorsally at anterior
margin of basioccipital

6) Length of angular/width of angular

7) Length of supracleithrum/width of supracleithrum

8) Length of first basibranchial/depth of first basibranchial at
midpoint of its length

9) Length of subocular shelf/depth of suboccular shelf

10) Length of hyoid apparatus/length of epihyal

11) Basisphenoid broad and extending anteriorly into interorbital
septum

12) Base of basisphenoid vertical

13) Projection at anterodorsal margin of urohyal projects posterodor-
sally

14) Web-like structure present between anterior projection on urohyal
and main body of bone

15) Projection at anterodorsal margin of urohyal very small

16) Ascending and articular processes of premaxillaries separated
by a notch
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Table 3 continued

17) Articular projection present on cleithrum

18) Posterior projection of coracoid pointed
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Table 4. Morphometric variables used in
multivariate analysis listed by species,

including standard deviations and
coefficients of variation

Var No. Mean

Amphistichus argenteus (n=4)

St. 0ev. C.V.

1 6.58 .104 1.5%
2 5.80 .143 2.4%
3 4.64 .204 4.4%
4 1.79 .019 1.2%
6 2.09 .055 2.6%
7 4.40 .360 8.1%
8 1.90 .177 9.3%
9 1.26 .074 5.8%

10 2.80 .087 3.1%

Amphistichus koelzi (n=3)

1 6.57 .201 3.0%
2 6.30 .211 3.3%

3 5.10 .206 4.0%
4 1.63 .065 3.9%
6 2.05 .043 2.1%
7 4.19 .280 6.6%
8 1.73 .036 2.1%
9 1.38 .081 5.8%
10 2.80 .093 3.3%

Amphistichus rhodoterus (n=4)

1 6.22 .225 3.6%
2 6.00 .311 5.2%
3 4.89 .189 3.9%
4 1.75 .093 5.3%
6 1.94 .005 0.3%
7 3.01 .021 0.7%
8 1.88 .040 2.1%
9 1.25 .005 0.4%
10 2.91 .060 2.1%



Table 4. continued

Var. No. Mean

231

St. Dev. C.V.

Brachyistius aletes (n=2)

1 9.57 .141 1.4%
2 5.72 .023 0.4%
3 3.62 .176 4.8%
4 1.81 .021 1.1%
6 2.14 .077 3.6%
7 3.00 .007 0.2%
8 2.80 .275 9.8%
9 2.24 .077 3.4%
10 3.09 .197 6.4%

Brachyistius frenatus (n=4)

1 9.41 .550 5.8%
2 5.74 .229 3.9%
3 3.60 .247 6.9%
4 1.82 .028 1.5%
6 1.94 .081 4.2%
7 2.90 .028 0.9%
8 4.43 .253 5.7%

9 2.27 .086 3.8%
10 2.90 .129 4.4%

Cymatogaster aggregatus (n=5)

1 7.98 .175 2.1%
2 4.63 .136 2.9%
3 4.54 .238 5.2%
4 1.89 .042 2.2%
6 1.89 .026 1.3%
7 2.79 .143 5.1%
8 2.08 .082 3.9%
9 1.34 .065 4.8%
10 2.97 .106 3.5%
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Table 4. continued

Var No. Mean St. Dev. C.V.

Cymatogaster gracilis (n=3)

1 8.12 .275 3.3%
2 4.65 .156 3.3%
3 4.60 .109 2.3%
4 1.84 .056 3.0%
6 2.19 .066 3.0%
7 2.78 .026 0.9%
8 3.30 .123 3.7%
9 1.71 .100 5.8%
10 2.88 .168 5.8%

Damalichthys vacca (n=6)

1 7.86 .397 5.0%
2 6.67 .318 4.7%
3 4.76 .263 5.5%
4 1.56 .051 3.3%
6 1.65 .080 4.8%
7 3.82 .096 2.5%
8 2.78 .072 2.5%
9 1.84 .040 2.1%
10 2.83 .035 1.2%

Ditrema temmincki (n=3)

1 7.32 .612 8.3%
2 5.53 .314 5.7%
3 4.31 .306 7.5%
4 1.60 .080 5.0%
6 1.65 .045 2.7%
7 4.04 .052 1.3%
8 3.23 .135 4.2%
9 1.79 .065 3.6
10 2.72 .087 3.2
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Var No.

Table 4. continued

Mean

Ditrema viridus (n=3)

St. Dev. C.V.

1 9.25 .217 2.3%
2 5.41 .281 5.2%
3 5.06 .243 4.8%
4 1.68 .073 4.3%
6 1.80 .028 1.6%
7 4.55 .197 4.3%
8 2.60 .068 2.6%
9 1.43 .089 6.2%
10 2.75 .113 4.1%

Embiotocca jacksoni (n=5)

1 5.98 .029 4.8%
2 4.66 .128 2.7%
3 3.17 .136 4.3%
4 1.47 .103 7.0%
6 1.42 .064 4.5%
7 3.32 .155 4.6%
8 3.39 .247 7.3%
9 0.94 .087 9.2%
10 2.71 .072 2.6%

Embiotoca lateralis (n=4)

1 8.63 .191 2.2%
2 6.18 .287 4.6%
3 4.62 .031 0.7%
4 1.57 .011 0.7%
6 1.39 .049 3.5%
7 3.50 .240 6.8%
8 3.61 .063 1.7%
9 1.38 .113 8.1%
10 2.60 .021 0.8%
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Var. No.

Table 4. continued

Mean

Hyperprosopon argenteum (n=4)

St. Dev. C.V.

1 6.87 .199 2.9%
2 5.45 .286 5.2%
3 4.15 .134 3.2%
4 1.59 .098 6.2%
6 2.37 .042 1.7%
7 3.57 .133 3.7%
8 2.48 .137 5.5%
9 1.74 .033 1.2%
10 2.77 .033 1.2%

Hyperprosopon ellipticum (n=4)

1 7.63 .230 3.0%
2 6.85 .312 4.5%
3 4.72 .038 0.8%
4 1.58 .094 5.9%
6 2.22 .026 1.2%
7 2.76 .025 0.9%
8 2.10 .170 8.1%
9 1.28 .015 1.2%
10 2.87 .072 2.5%

Hyperprosopon anale (n=4

1 6.64 .293 4.4%
2 5.89 .186 3.2%
3 4.91 .187 3.8%
4 1.83 .062 3.4%
6 2.15 .030 1.4%
7 3.37 .090 2.7%
8 2.77 .170 6.1%
9 2.00 .136 6.8%
10 2.95 .109 3.7%
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Var. No.

Table 4. continued

Mean

Hypsurus caryi (n=5)

St. Dev. C.V.

1 6.07 .402 6.6%
2 4.95 .284 5.7%

3 4.44 .367 8.2%
4 1.67 .043 2.6%
6 1.43 .061 4.2%
7 3.28 .138 4.2%
8 2.62 .057 2.2%
9 1.32 .050 3.7%

10 2.90 .036 1.2%

Hysterocarpus traski (n=4)

1 9.06 .255 2.8%

2 5.49 .222 3.9%
3 4.38 .260 5.9%

4 1.78 .047 2.6%
6 1.43 .038 2.6%
7 2.75 .210 7.6%

8 2.47 .067 2.7%
9 0.89 .067 7.5%
10 2.28 .121 5.3%

Micrometrus aurora (n =6)

1 9.59 .570 5.9%
2 5.99 .300 5.0%

3 3.91 .141 3.6%

4 1.64 .099 6.0%
6 1.36 .032 2.3%

7 3.11 .212 6.8%
8 2.97 .030 1.0%
9 0.75 .050 6.6%
10 2.96 .077 2.6%



236

Table 4. continued

Var No. Mean Mean St. Dev. C.V.

Micrometrus minimus (n=5)

1 9.30 .311 3.3%
2 6.38 .409 6.4%
3 3.62 .218 6.0%
4 1.62 .091 5.6%
6 1.38 .032 2.3%
7 2.98 .026 0.9%
8 3.10 .015 0.4%
9 0.78 .035 4.5%
10 3.02 .098 3.2%

Neoditrema ransonnetti (n=4)

1 9.06 .161 1.7%
2 4.89 .131 2.3%
3 4.64 .169 3.6%
4 1.73 .103 5.9%
6 2.39 .055 2.3%
7 3.06 .149 4.8%
8 2.04 .040 2.0%
9 1.95 .056 2.8%
10 2.58 .012 0.4%

Phanerodon atripes (n=6)

1 8.07 .540 6.7%
2 5.36 .138 2.6%
3 3.89 .187 4.8%
4 1.71 .093 5.4%
6 1.79 .058 3.3%
7 3.20 .077 2.4%
8 2.89 .258 8.9%
9 1.42 .071 4.9%
10 3.04 .152 5.0%
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Var. No.

1

2

3

4

6

7

8

9

10

Table 4. continued

Mean

Phanerodon furcatus (n=4)

St. Dev.

.225

.291

.143

.169

.040

.153

.076

.090

.060

C.V.

3.3%

5.9%
4.0%
9.6%
2.2%
4.4%
2.4%
7.5%
2.0%

6.63

4.95
3.54
1.75
1.80
3.43
3.19
1.20

2.96

Rhacochilus toxotes (n=5)

1 5.14 .351 6.8%

2 4.34 .281 6.5%

3 3.39 .234 6.9%
4 1.76 .089 5.0%

6 1.61 .101 6.3%

7 5.35 .224 4.2%
8 1.91 .118 6.3%

9 1.85 .157 8.5%

10 2.86 .085 2.9%

Zalembius rosaceus (n=6)

1 6.94 .015 0.2%
2 5.75 .138 2.4%
3 3.79 .241 6.3%
4 1.69 .120 7.1%

6 1.74 .017 0.9%

7 3.93 .089 2.2%

8 2.46 .122 4.9%

9 1.09 .083 7.6%

10 3.01 .085 2.8%

32) Curvature of the parasphenoid.
33) Position of the mouth.
34) Neurocranium elongate or truncated in the ethmoid region.
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Table 5.

A list of those variables used in cladistic analysis

1) Number of openings in the pars jugularis
2) Jaw teeth in two rows, dentigerous portion of premaxillaries

longer than ascending precess, sacending and articular pro-
cesses of premaxillaries separated by notch, maxillary process
present on premaxillaries, maxillaries long and expanded dis-
tally.

3) Anterior projection present on supracleithrum.
4) Pectoral actinosts meet pectoral girdle at an oblique angle
5) Number of pectoral actinosts articulating with scapula and cora-

noid.
6) Posterior projection of coracoid pointed or rounded
7) Tab-like articular process present on cleithrum.
8) Anterior portion of neurocranium vaulted or flattened.
9) Number of epihemal ribs.

10) Posteriorly directed ridge on the articular head of the maxillar-
ies simple or complex.

11) Length of the angulars.
12) Foramen between frontals and ethmoid.
13) Shallow depression in the frontal region of the nuerocranium.
14) First basibranchial rectangular or depressed.
15) Length of ascending and articular processes of premaxillaries.
16) Anterior opening of the trigemino-facialis chamber occluded.
17) Pectoral actinosts square or hour-glass shaped.
18) Jaw teeth tri-cuspid.
19) Shape of the basisphenoid.
20) Incorporation of the basioccipital into the pharyngeal apophyses.
21) Posterior excursion of the parasphenoid.
22) Incorporation of the pro-otics into the lateral walls of the

pharyngeal apophyses.
23) Interdigitation of a portion of the parasphenoid into the pro-

otics above the pharyngeal apophyses.
24) Myodomal groove covered by the parasphenoid.
25) Inferior pharyngeal teeth.
26) Relative lenght of the dentaries.
27) Dorsal contour of the ethmoid.
28) Number of abdominal vertebrae.
29) Basioccipital overlying the pharyngeal apophyses.
30) Expansion of the auditory bullae.
31) Articular surface of the pharyngeal apophyses bi-lobed.
32) Curvature of the parasphenoid.
33) Position of the mouth.
34) Neurocranium elongate or truncated in the ethmoid region.
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ABBREVIATIONS FOR FIGURES

A Angular
AOTFC Anterior opening of trigemino-facialis chamber
APPM Ascending process of premaxillary
APT Anal pterygiophore
ARPM Articular process of premaxillary
BB Basibranchial
BH Basihyal
BOC Basioccipital
BS Basisphenoid
BSR Branchiostegal ray
CB Ceratobranchial
CH Ceratohyal
CL Cleithrum
CO Coracoid
D Dentary
DP Distal pterygiophore
DPT Dorsal pterygiophore
DR Dorsal fin ray
E Ethmoid
EB Epibranchial
EH Epihyal
EHR Epihemal rib
E0 Epiotic
EOC Exoccipital
EPR Epipleural rib
EPU Epural
EX Extrascapulars
F Frontal
FL Lateral flange on pro-otic
HB Hypobranchial
HHD Dorsal hypohyal
HHV Ventral hypohval
HM Hyomandibular
HBM Opening for hyomandibular branch of facial nerve
HS Hemal spine
HY Hypural
IC Intercalary
IH Interhyal
IOP Interopercular
IP Inferior pharyngeal
J Jugal
JV Opening for jugular vein
L Lacrimal
LE Lateral ethmoid
MP Middle pterygiophore
MS Mesopterygoid
MT Metapteryaoid
MX Maxillary
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ABBREVIATIONS FOR FIGURES (con't)

MXPM Maxillary process of premaxillary
NS Neural spine
OA Opening for orbital artery
OP Opercular
PA Parietal
PAPS Pharyngeal apophysis of parasphenoid
PB1 First pharyngobranchial
PB2 Second pharyngobranchial
PB4 Fourth pharyngobranchial
PCA Pectoral actinosts
PCL Postcleithrum
PDB Predorsal bone
PF Prefrontal
PL Palatine
PM Premaxillary
PMD Posterior myodome
PO Pro-otic
POP Preopercular
PP Proximal pterygiophore
PR Pleural rib
PS Parasphenoid
PTG Pterygoid
PTO Pterotic
PTS Pterosphenoid
PTT Posttemporal
PV Prevomer
it Quadrate
RA Retroarticular
SCA Scapular
SCL Supracleithrum
SOC Supraoccipital
SOP Subopercular
SP Sphenotic
SPP Superior pharyngeal
ST Supratemporal
SY Symplectic
TFC Trigemino-facialis chamber
UN Uroneura1
US Urostyle
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Number

LEGEND FOR FIGURES 49 AND 52

Species

1 Amphistichus argenteus
2 Amphistichus koelzi
3 Amphistichus rhodoterus
4 Brachyistius frenatus
5 Brachyistius aletes
6 C mato aster aggregatus
7 C mato aster gracilis
8 Dama ichthys vacca
9 Ditrema temmincki
10 Ditrema viridis
11 Embiotoca Jacksoni
12 Embiotoca lateralis
13 Hyperprosopon anale
14 Hyperprosopon argenteum
15 Hyperprosopon ellipticum
16 Hypsurus caryi
17 Hysterocarpus traski
18 Micrometrus aurora
19 Micrometrus iii-5775Us

20 Neoditrema ransonneti
21 Phanerodon atripes
22 Phanerodon furcatus
23 Rhacochifus toxotes
24 Zalembius rosaceus


