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When Tradition Meets Technology: Systematic Morphology of Fishes in the Early 21 st Century

Many of the primary groups of fishes currently recognized have been established through an iterative process of anatomical study and comparison of fishes that has spanned a time period approaching 500 years. In this paper we give a brief history of the systematic morphology of fishes, focusing on some of the individuals and their works from which we derive our own inspiration. We further discuss what is possible at this point in history in the anatomical study of fishes and speculate on the future of morphology used in the systematics of fishes. Beyond the collection of facts about the anatomy of fishes, morphology remains extremely relevant in the age of molecular data for at least three broad reasons: 1) new techniques for the preparation of specimens allow new data sources to be broadly compared; 2) past morphological analyses, as well as new ideas about interrelationships of fishes (based on both morphological and molecular data) provide rich sources of hypotheses to test with new morphological investigations; and 3) the use of morphological data is not limited to understanding phylogeny and evolution of fishes, but rather is of broad utility to understanding the general biology (including phenotypic adaptation, evolution, ecology, and conservation biology) of fishes. Although in some ways morphology struggles to compete with the lure of molecular data for systematic research, we see the anatomical study of fishes entering into a new and exciting phase of its history because of recent technological and methodological innovations. With each new advance of technology and with each new generation of researcher, systematic morphology becomes a new and vibrant science.

[Morphology] is one of the most interesting departments of Natural History, and may almost be said to be its very soul. What can be more curious than that the hand of a man, formed for grasping, that of a mole for digging, the leg of the horse, the paddle of the porpoise, and the wing of the bat, should all be constructed on the same pattern, and should include similar bones, in the same relative positions?

Charles [START_REF] Darwin | On the Origin of Species by Means of Natural Selection, or the Preservation of Favoured Races in the Struggle for Life[END_REF]Darwin ( [1958:403]:403]) T HERE is something intrinsically appealing in the anatomical form of fishes that has captured the human imagination, both from a scientific perspective as well as that of a general audience. For instance, Hemingway's (1952:70) protagonist in The Old Man and the Sea, Santiago, reflects that fishes "are not as intelligent as we who kill them, although they are more noble and more able," suggesting a reverence and appreciation for fishes that is found in many works of art, literature, and other aspects of culture and human thought. From both popular and scientific perspectives, part of this appeal, perhaps, is the complexity that is inherent in the anatomy of fishes. For the scientist, there is a large source of descriptive and comparative data in the skeleton of fishes alone. [START_REF] Grande | A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal anatomy. An empirical search for interconnected patterns of natural history[END_REF] note that there are more than 680 individual ossified bones (excluding scales, fin rays, teeth, etc.) in the skeleton of the holostean Amia calva. Variation in each of these elements carries with it the potential for phylogenetic information. While the skeleton of teleostean fishes is generally marked with reduction in number of elements, a conservative estimate for even taxa such as Tetraodontiformes, notoriously reductive in nature, puts this figure at over 230 bones or cartilages. Therefore, even the skeleton of the most paedomorphic or otherwise anatomically reduced taxa "provides effectively an infinite number of potential characters for analysis" (Grande and Bemis, 1998:ix). With this as a starting frame of reference, coupled with their taxonomic diversity-over 30,000 extant species and an unparalleled (among vertebrates) fossil record-fishes generally, and actinopterygians in particular, offer an endless source of intrigue for the morphologist and evolutionary biologist.

The purpose of this paper is two-fold. First, we give a brief history of the morphology of fishes and its impact in comparative morphology, focusing on some of the individuals and their works from which we derive our inspiration. This is not an exhaustive discussion, as there are numerous historical figures that are not included whose works we greatly admire and have contributed to our own development as morphologists (e.g., Edward Phelps Allis, 1851Allis, -1947)). It is our contention that no such historical review can be comprehensive, so we have rather picked and chosen among what we consider to be the highlights. Further, there are useful and important reviews that focus on various aspects of this history of morphological research on fishes from historical (e.g., [START_REF] Cuvier | Histoire naturelle des poissons[END_REF]see Pietsch, 1995) and contemporary times (e.g., many papers in [START_REF] Pietsch | Collection Building in Ichthyology and Herpetology[END_REF], as well as aspects of the science of morphology generally (e.g., [START_REF] Nyhart | Biology Takes Form[END_REF]. However, we feel that this history provides an important backdrop for where comparative morphological study of fishes currently lies and where it can go in the future. We use our own experiences with actinopterygian fishes as the basis for this discussion, but also note that modern morphology is relevant for the systematic study of other groups of fishes as well, including chondrichthyans (e.g., [START_REF] Carvalho | Comparative neurocranial morphology of angelsharks from the south-western Atlantic Ocean (Chondrichthyes, Elasmobranchii, Squatinidae): implications for taxonomy and phylogeny[END_REF][START_REF] Maisey | What is an 'elasmobranch'? The impact of palaeontology in understanding elasmobranch phylogeny and evolution[END_REF]Soares andCarvalho, 2013a, 2013b;[START_REF] Silva | Morphology and phylogenetic significance of the pectoral articular region in elasmobranchs (Chondrichthyes)[END_REF] and sarcopterygians (e.g., [START_REF] Northcutt | Cranial nerves of the Coelacanth Latimeria chalumnae (Osteichthyes: Sarcopterygii: Actinistia) and comparisons with other Craniata[END_REF][START_REF] Forey | History of the Coelacanth Fishes[END_REF][START_REF] Arratia | Vertebral column and associated elements in dipnoans and comparison with other fishes: development and homology[END_REF]. Our second goal for this paper is to discuss what is possible at this point in history in the anatomical study of fishes, and to speculate on the future of systematic morphology of actinopterygian fishes, which, to extend from the quotation from Darwin presented as the epigraph, forms the very soul of ichthyology.

THE MORPHOLOGICAL TRADITION

Historically, the basic framework of the classification and evolution of fishes has come from analysis of their morphology. Today, molecular data provides additional information, resolution, or in the very least additional testable hypotheses for various problematic taxa (e.g., Stylephorus; [START_REF] Miya | Mitochondrial genome and a nuclear gene indicate a novel phylogenetic position of deep-sea tube-eye fish (Stylephoridae)[END_REF], or helps to understand patterns within large groups of fishes (e.g., Alepocephaliformes; [START_REF] Lavoue | Monophyly, phylogenetic position and inter-familial relationships of the Alepocephaliformes (Teleostei) based on whole mitogenome sequences[END_REF]. Recent broad scale phylogenetic analyses of actinopterygian fishes (e.g., [START_REF] Smith | Casting the percomorph net widely: the importance of broad taxonomic sampling in the search for the placement of serranid and percid fishes[END_REF][START_REF] Near | Resolution of ray-finned fish phylogeny and timing of diversification[END_REF][START_REF] Betancur-R | The Tree of Life and a New Classification of Bony Fishes[END_REF] have added to the understanding of the relationships of fishes, improving the resolution for unwieldy and seemingly intractable groups such as Percomorpha. However, it remains that many of the primary groups of actinopterygian fishes have been established through an iterative process of anatomical study and comparison of fishes that has spanned a time period approaching 500 years.

Through the effort of early workers, such as Pierre Belon (1517Belon ( -1564)), some of the basic groups of fishes (and animals generally) that are still accepted and considered valid today, were first described (e.g., in Belon's 1553 De aquatilibus, libre duo he identified Pleuronectiformes-his "Spiny oviparous fishes of a flat form"; [START_REF] Pietsch | Georges Cuvier's Historical Portrait of the Progress of Ichthyology, from Its Origins to Our Own Time[END_REF]. This was accomplished by personal observation of specimens. Also from the studies of Belon, we have the development of a formalized and systematic method for the homology of elements within the skeleton [START_REF] Belon | L'Histoire de la nature des oyseaux, avec leurs descriptions; & naı ¨fs portraicts retirez du naturel[END_REF]Fig. 1A). Hypotheses of homology, as the basic conceptual unit of morphology, provide the core point of discussion for comparative statements linking taxa through hypotheses of common ancestry. These hypotheses of homology are fundamental to all comparative works. Belon's image comparing the skeleton of a bird and that of a human can be seen as the basis for all that follows in comparative anatomy. Similar comparative figures to this adorn most published comparative studies since, and show, through visual connections, the hypotheses of homology that are being advanced. Simply, the images of specimens are at once both the raw data being presented for documentation and consideration, as well as the interpretation of "meaning" of the data. In a similar way, Geoffroy Saint-Hilaire (1772-1844) presented his views of the homology of the axial skeleton of vertebrates in a figure published in his Anatomical Philosophy (1818; Fig. 1B). By removing the appendicular skeletons from the specimens and arranging the skeletons in similar positions-unnatural in some cases (e.g., the tetrapods)-the similarities between the different taxa are immediately conveyed. Sir Richard Owen (1804Owen ( -1892) ) formalized the "similarity" that struck Belon and Geoffroy Saint-Hilaire, and introduced to biology the word "homology": "The same organ in different animals under every variety of form and function" (Owen, 1843:379). These similarities are the data that support homology statements. Without a doubt, the concept of homology is not that simple as evidenced by the volume of literature debating its meaning and nuance (see papers [START_REF] Hall | Homology. The Hierarchical Basis of Comparative Biology[END_REF]; also [START_REF] Remane | Die Grundlagen des natu ¨rlichen Systems, der vergleichenden Anatomie und der Phylogenetik[END_REF][START_REF] Remane | Morphologie als Homologienforschung[END_REF][START_REF] Rieppel | Similarity[END_REF]. However, homology is the basis for all comparative works, historical and modern.

Owen also advanced the concept of the archetype [START_REF] Owen | On the Archetype and Homologies of the Vertebrate Skeleton[END_REF]see Panchen, 1994), which provides a conceptual organization of the vertebrate bauplan (Fig. 1C). Although this form of idealistic morphology can mask and overly atomize particular structures, we do see some use in it as an organizing construct for approaching the morphology of fishes, particularly in studies of development. Further, the archetype provides a simplification of the body plan that allows for effective conceptualization of vertebrate anatomy, and a modern equivalent to Owen's depiction of the archetype is still used for its didactic value (e.g., Liem et al., 2001:fig. 7-3;Fig. 1D). The concept of an archetype was, in part, built upon generalities seen in nature and derived from embryology. Before Owen's introduction of the term homology and the concept of the archetype, Karl Ernst von Baer (1792Baer ( -1876) ) emphasized the importance of embryology (i.e., ontogeny). Through his broad zoological knowledge, he became aware of the importance of character transformation during ontogeny and described his "Four Laws of Embryology" [START_REF] Baer | U ¨ber Entwicklungsgeschichte der Thiere[END_REF] stating that 1) general characters develop before the more specific, 2) general relationships between elements develop before more specific relationships, 3) the anatomy of an embryo of a given taxon is not the same as that of other forms but rather separates itself from them, and 4) the embryo of a derived taxon never resembles the adult of an ancestral taxon, but rather its embryo. Although neither Owen nor Baer were approaching the anatomy of fishes (and vertebrates generally) from an evolutionary perspective, they provided these great insights in comparative morphology. From these laws, Ernst H. P. A. Haeckel (1834Haeckel ( -1919)), who was strongly influenced by Darwinian evolution, derived his Biogenetic Law [START_REF] Haeckel | von Charles Darwin reformirte descendenztheorie[END_REF]. This has famously and succinctly been restated as "ontogeny recapitulates phylogeny." Haeckel artistically illustrated his works to show the repeating patterns he saw in ontogeny, combining the beauty and scientific content of comparative anatomy (Fig. 2). These guiding principles inspired the works of those that followed, including such as Gegenbaur (1872, 1888), Fu ¨rbringer (1897), [START_REF] Goodrich | Studies on the Structure and Development of the Vertebrates[END_REF], de Beer (1937), and others. Notably, for instance, Charles Tate Regan (1878Regan ( -1943)), whose inroads into systematic ichthyology and the classification of fishes were based primarily in comparative osteology, understood and incorporated larval characters into his studies (e.g., [START_REF] Regan | Larval and post-larval fishes. British antarctic ("Terra Nova") expedition[END_REF]. However, until the proceedings of the ASIH Ahlstrom symposium were published [START_REF] Moser | Ontogeny and Systematics of Fishes[END_REF], the inclusion of larval fishes in morphological systematic studies to test homology and common ancestry remained scarce.

This interplay between ontogeny and phylogeny offers compelling support for evolution. It is therefore ironic that this support was greatly extended by a steadfast special creationist, Jean Louis Rodolphe Agassiz (1801-1878). Agassiz (1857; Fig. 3) conceptualized his so-called "threefold parallelism," in which he saw a reciprocal relationship between morphology, paleontology, and ontogeny. As pointed out by Grande and Bemis (1998), Agassiz's threefold parallelism (5"three-fold congruence" in modern terminology) actually included a fourth distinct line of evidence, biogeography: "Even now, some curious coincidences may be pointed out which go far to show that the geographical distribution of animals [5biogeography] stands in direct relation to their standing in their respective classes [5phylogeny], and to the order of their succession in past geological ages [5paleontology, or stratigraphy], and more indirectly, also to their embryonic growth [5ontogeny]" (Agassiz, 1857:120-121). Collectively, these four avenues of study offer explanation for the order observed in nature, and although Agassiz would deny it, evolution is the uniting principle among them [START_REF] Grande | A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal anatomy. An empirical search for interconnected patterns of natural history[END_REF]. Moreover, there is now a fifth source of information available-molecular data-that must be considered [START_REF] Grande | A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal anatomy. An empirical search for interconnected patterns of natural history[END_REF]), yet comparative anatomy remains a linking discipline for all these areas of evolutionary biology.

We would be remiss if we did not include discussion of the role that morphology plays in understanding the geological history of fishes, namely through the fossil record. More so than any other group of vertebrates, the preservation bias that fishes have because of their habitat (i.e., aquatic habitats are more likely to be fossiliferous than terrestrial habitats) has produced a long and important fossil record of fishes. Their study, however, and especially for actinopterygians, is disproportionately low relative to their abundance [START_REF] Grande | A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal anatomy. An empirical search for interconnected patterns of natural history[END_REF]. The so-called Stockholm School of paleoichthyology, centered around Erik Stensio ¨(1891Stensio ¨( -1984)), epitomizes the importance of the morphology of fishes not only for understanding the morphology of fossil forms in and of themselves but also for putting the fossil taxa into a broader context (e.g., see [START_REF] Stensio | Antaomical Studies on the Arthrodiran head. Part 1. Preface, geological and geographical distribution, the organization of the arthrodires, the anatomy of the head in the Dolichothoraci, Coccosteomorphi and the Pachyosteomorphi. Taxonomic appendix[END_REF]Fig. 4). Stensio ¨, and his students and fellow researchers such as Erik Jarvik and others approached the study of fossil fishes from the perspective of an anatomist, using the works of Allis (e.g., 1897Allis (e.g., , 1920Allis (e.g., , 1921) ) and others on extant fishes such as Polypterus, Polyodon, and Amia as guidance [START_REF] Schultze | The international influence of the Stockholm School[END_REF]. It is from this anatomical perspective, including a strong embryological and developmental perspective (e.g., [START_REF] Stensio | The sensory lines and dermal bones of the cheek in fishes and amphibians[END_REF], combined with painstaking preparation methods that Stensio ¨could extract such a high level of information from his fossils (Fig. 4). This Stockholm School had broad international influence during its heyday, and its influence persists through to the present day [START_REF] Schultze | The international influence of the Stockholm School[END_REF].

Ultimately, morphology of fishes has served as the basis of much of what is known about the evolutionary relationships among fishes, and these hypotheses of relationships are then translated into classifications. From the earliest stages of fish classifications, beginning with C. Linnaeus and P. Artedi moving through the reigns of G. Cuvier, L. Agassiz, J. Mu ¨ller, E. D. Cope, C. T. Regan, and others in late 19 th Century and early 20 th Century, when, of course, there was no alternative. Greenwood et al. (1966) in their synthesis of teleostean classification summarized some of this history. Some of the groups identified by Greenwood et al. (1966) have withstood the test of time, such as the Osteoglossomorpha and the Ostariophysi, specifically from a cladistic approach to analysis, while others have changed (e.g., the Myctophoidei). More importantly these authors offered discrete morphological characters as evidence for the groups they were proposing that served as a morphological fundament for future generations to come. This process is inherent in the progress of science. [START_REF] Wiley | A teleost classification based on monophyletic groups[END_REF] continue this process, now with an expanded literature including molecular analyses. Even with modern hypotheses from "modern" data sets, these authors never lose sight of the morphology of fishes and offer morphological characters supporting their classification.

CONTINUING THE TRADITION

Broadly based integrated studies have as their basis descriptive and comparative morphological data. Few, if any, descriptive studies, however, are pure descriptions (i.e., "morphology for morphology's sake") and are often related to a comparative (i.e., systematic or evolutionary) study. A basic tenet of systematic morphology is that there are more data to be gathered from every specimen. With each new specimen collected, prepared, examined, and analyzed, new data become available for inclusion in the total sum of knowledge of fishes. Further, different methods and different perspectives may lead to different interpretations of morphology. These different interpretations are, in turn, at the heart of the morphology of fishes.

The caudal skeleton of actinopterygian fishes, and in particular Teleostei, is the source of many phylogenetically informative characters (e.g., [START_REF] Patterson | Review of ichthyodectiform and other mesozoic teleost fishes nad the theory and practice of classifying fossils[END_REF][START_REF] Arratia | The caudal skeleton of Jurassic teleosts: a phylogenetic analysis[END_REF][START_REF] Schultze | The caudal skeleton of basal teleosts, its conventions, and some of its major evolutionary novelties in a temporal dimension[END_REF]Arratia, 2015, in this volume) because it offers such broad diversity across fishes [START_REF] Fujita | The Caudal Skeleton of Teleostean Fishes[END_REF] and is open to so many different interpretations (Fig. 5). As such, it provides a good example of how the systematic morphology of fishes can reach different conclusions regarding the "same" elements. By labeling in a figure or referencing an element in text as a hypural, for instance, there is a fundamental, implied hypothesis that a specific element is, in an evolutionary sense, the "same" hypural of another taxon. In basal teleosts there are typically two hypurals ventral to the diastema (h1 and h2) and a variable number of hypurals dorsal to the diastema (Fig. 5B), if one exists (e.g., see Fig. 5C). Frequently, and particularly in more derived taxa, there is only a single hypural ventral to the diastema (e.g., Fig. 5D-F), and this element loses its relationship to supporting centra or centrum, as these are often reduced or consolidated. This raises the question of what that single element represents when compared to the two ventral hypural condition found in more basal taxa. Is it an enlarged h1? Is it a fusion between h1 and h2? Does the fact that there is one element ventral to the diastema in one taxon and two in the other imply homology between the two conditions (i.e., the separate elements h1 and h2 in one taxon are equivalent to a combined h1+2)? Similarly, the parhypural may be also incorporated in this compound element; inclusion of the parhypural can be identified by the presence of a canal for the caudal vessels (Fig. 5F). Comparative ontogeny offers one potential determining factor, although often there is only a single cartilage found in this ventral position at all points in ontogeny (e.g., [START_REF] Hilton | Skeletal anatomy of the Shortnose Sturgeon, Acipenser brevirostrum Lesueur, 1818, and the systematics of Sturgeons (Acipenseriformes, Acipenseridae)[END_REF][START_REF] Konstantinidis | A comparative ontogenetic study of the tetraodontiform caudal complex[END_REF]Wiley et al., 2015, in this volume), resulting in a so-called "phylogenetic fusion" (see discussion of this phenomenon by Hilton, 2002:129-132). Topological relationships of the elements relative to other structures is another potential source of homology statements.

Highlighting the different possibilities in identification of hypurals serves as an example of the continued need for careful morphological analyses to explore such issues and the origin of different interpretations of anatomical structure. Recent studies of euteleostean fishes (e.g., [START_REF] Doosey | Epural bones in teleost fishes: a problem of phylogenetic homology[END_REF]Wiley et al., 2015, in this volume) further document the development of various skeletal elements (e.g., epurals) and discuss alternate ways of naming skeletal elements across phylogenetically disparate taxa. The presence of so-called "condensation fields" as precursors for cartilaginous structures in early development known from studies of the model organism Danio also offers new avenues for homology statements for the evolutionary anatomy of fishes [START_REF] Crotwell | Gene expression patterns underlying proximal-distal skeletal segmentation in late-stage zebrafish, Danio rerio[END_REF]Wiley et al., 2015, in this volume). The use of gene expression patterns to trace the homology of structures during development potentially offers a very powerful tool to add to the robustness of these hypotheses, although it is not yet commonly employed. Part of the problem derives from a general lack of communication between researchers working in broadly different fields, although there are a number of labs that are bridging historical divides between comparative and systematic morphology and developmental genetics. Online community resources, such as Phenoscape [START_REF] Mabee | 500,000 fish phenotypes: the new informatics landscape of evolutionary and developmental skeletal biology[END_REF], the Teleost Anatomy Ontology [START_REF] Dahdul | The teleost anatomy ontology: anatomical representation for the genomics age[END_REF][START_REF] Dahdul | A unified anatomy ontology of the vertebrate skeletal system[END_REF], and the Zebrafish Information Network [START_REF] Bradford | ZFIN: enhancements and updates to the zebrafish model organism database[END_REF], offer potential mechanisms to bridge systematic morphology with research on the genetic underpinnings of morphology. [START_REF] Cass | Expression of a lung developmental cassette in the adult and developing zebrafish swimbladder[END_REF] provide a good example of the power of this approach in a study showing that the zebrafish swimbladder and the tetrapod lung share the same unique gene expression during development (although the onset time of some late genes is slightly altered). These authors conclude that the similarity of gene expression pattern is due to common ancestry. This only reiterates our thesis-there is still much to discover about the fundamental morphological structure of actinopterygian fishes generally.

PERSPECTIVES ON THE FUTURE OF MORPHOLOGICAL DATA COLLECTION FOR THE SYSTEMATICS OF FISHES

. . . get the anatomy wrong and the rest is meaningless. Stiassny et al., 1996:xii) From our perspective, the advancement of the field of morphology of fishes, and morphology generally, lies along three fronts: 1) development of new approaches and technology to understand anatomical structure more fully; 2) new hypotheses that can be critically examined with morphology, as well as revisiting hypotheses proposed in the literature; and 3) there are new reasons for studying the anatomy of fishes in descriptive, systematic, and comparative frameworks. Advancements in the field of morphology have been tied to advancements in the preparation of specimens. Alizarin staining for visualization of bone has been used since the early 1900s, and although by today's standards these early attempts at clearing and staining were rather primitive, their results added substantially to the understanding, for instance, of the development and structure of the caudal skeleton of teleostean fishes [START_REF] Hollister | Caudal skeleton of Bermuda shallow water fishes. I. Order Isospondyli: Elopidae, Megalopidae, Albulidae, Clupeidae, Dussumieriidae, Engraulidae[END_REF]. With the addition of trypsin clearing [START_REF] Taylor | An enzyme method of clearing and staining small vertebrates[END_REF] and alcian staining for cartilage (e.g., [START_REF] Dingerkus | Enzyme clearing of alcian blue stained whole small vertebrates for demonstration of cartilage[END_REF][START_REF] Potthoff | Clearing and staining[END_REF][START_REF] Taylor | Revised procedures for staining and clearing small fishes and other vertebrates for bone and cartilage[END_REF], new avenues, including observations on even earlier developmental stages (e.g., [START_REF] Walker | A two-color acidfree cartilage and bone stain for zebrafish larvae[END_REF], could be included in descriptive and comparative studies (Fig. 6D). Although precise data documenting the effect that clearing and staining as a method had on the field of morphology of fishes (e.g., number of papers employing these techniques following the publication of the protocols) would be difficult if not impossible to generate (because of such a scattered literature), it is generally held that these methodological improvements in the morphology of fishes have been the basis of an increase in the number of specimen-based studies and the ways researchers have used specimens (G. D. Johnson, pers. comm.). Indeed, there are many research programs that produce exquisite morphology through the use of clearing and staining, combined with modern microscopes with different optical capabilities, innovative cameras, new imaging software capabilities (e.g., Z-stacking, which produce microscopic images with increased depth of field) and new illustration techniques (e.g., recent examples include [START_REF] Arratia | Early ossification and development of the cranium and paired girdles of Chanos chanos (Teleostei, Gonorynchiformes)[END_REF][START_REF] Hilton | Skeletal anatomy of the Shortnose Sturgeon, Acipenser brevirostrum Lesueur, 1818, and the systematics of Sturgeons (Acipenseriformes, Acipenseridae)[END_REF][START_REF] Britz | Ontogeny and homology of the skeletal elements that form the sucking disc of remoras (Teleostei, Echeneoidei, Echeneidae)[END_REF][START_REF] Mattox | Skeletal development and ossification sequence of the characiform Salminus brasiliensis (Ostariophysi: Characidae). Ichthyological Exploration of[END_REF][START_REF] Carvalho | Development of the splanchnocranium in Prochilodus argenteus (Teleostei: Characiformes) with a discussion of the basal developmental patterns in the Otophysi[END_REF][START_REF] Kubicek | Developmental osteology of Sciaenops ocellatus and Cynoscion nebulosus (Teleostei: Sciaenidae), economically important sciaenids from the western Atlantic[END_REF]Johnson and Schnell, 2015, in this volume;Wiley et al., 2015, in this volume). Numerous modifications of the clearing-and-double-staining protocols exist adapted to the specific needs, e.g., the use of ethanol solutions of alizarin red instead of a KOH-alizarin solution dye for staining bone in fishes in order to preserve skeletal muscles [START_REF] Springer | Use and advantages of ethanol solution of alizarin red S dye for staining bone in fishes[END_REF][START_REF] Datovo | Dorsolateral head muscles of the catfish families Nematogenyidae and Trichomycteridae (Siluriformes: Loricarioidei): comparative anatomy and phylogenetic analysis[END_REF][START_REF] Datovo | The infrabranchial musculature and its bearing on the phylogeny of percomorph fishes (Osteichthyes: Teleostei)[END_REF]. Complementary methodological developments including the whole-mount staining of nerves [START_REF] Freihofer | The sihler technique of staining nerves for systematic study especially of fishes[END_REF][START_REF] Filipski | Sudan black-B as a nerve stain for whole cleared fishes[END_REF][START_REF] Song | Clearing and staining whole fish specimens for simultaneous demonstration of bone, cartilage, and nerves[END_REF] offer extensions to clearing and staining, and insight into homology and the systematic morphology of fishes [START_REF] Parenti | Phylogenetic significance of the pectoral-pelvic fin association in acanthomorph fishes: a reassessment using comparative neuroanatomy[END_REF]Nakae and Sasaki, 2004;[START_REF] Kenaley | Comparative innervation of cephalic photophores of the loosejaw dragonfishes (Teleostei: Stomiiformes: Stomiidae): evidence for parallel evolution of long-wave bioluminescence[END_REF][START_REF] Schnell | New insights into the complex structure and ontogeny of the occipito-vertebral gap in Barbeled Dragonfishes (Stomiidae, Teleostei)[END_REF]. Similar "revolutions" are seen also in paleoichthyology, with the development of acid preparations of [START_REF] Toombs | The use of acids in the preparation of vertebrate fossils[END_REF], as perfected by [START_REF] Grande | A comprehensive phylogenetic study of amiid fishes (Amiidae) based on comparative skeletal anatomy. An empirical search for interconnected patterns of natural history[END_REF] and [START_REF] Grande | An empirical synthetic pattern study of gars (Lepisosteiformes) and closely related species, based mostly on skeletal anatomy: the resurrection of Holostei[END_REF]; unfortunately, this method of preparation is applicable for relatively few fossil taxa, as clearing and staining is practical for fishes up to a certain size. Although large specimens can be cleared and stained and important morphological data can be derived uniquely from such specimens, this process can be time intensive (e.g., two or more years for 25 cm specimens of Elops sp. and 50 cm specimens of Chanos sp.; G. Arratia, pers. comm., 2015). Therefore, for the study of numerous large specimens, radiography is much more convenient.

Colin Patterson (attributed to him by

X-ray computed tomography (i.e., CT scanning) was first used in the morphology of fishes on a specimen of Latimeria chalumnae (Schultze and Cloutier, 1991). Ten years later, the use of CT scanning for studying the morphology of fishes was further refined and used in the study of a fossil chondrichthyan (Maisey, 2001a) and the inner ear morphology of elasmobranchs (Maisey, 2001b). Since that time, advances in technology and computing power let CT scanning and the resulting three-dimensional digital renderings of hard structures (i.e., bones; Fig. 7) to become a widely used tool in the systematic morphology of fishes (and vertebrates generally). It since has been successfully applied to a number of fossil and living fishes representing a broad taxonomic breadth, including stem gnathostomes [START_REF] Giles | Osteichthyan-like cranial conditions in an Early Devonian stem gnathostome[END_REF], elasmobranchs (Maisey, 2001a(Maisey, , 2001b[START_REF] Maisey | Morphology of the braincase in the Broadnose Sevengill Shark Notorynchus (Elasmobranchii, Hexanchiformes), based on CT Scanning[END_REF][START_REF] Pradel | Skull and brain of a 300 million-year-old fish revealed by synchrotron holotomography[END_REF][START_REF] Mollen | Comparative morphology of rostral cartilages in extant mackerel sharks (Chondrichthyes, Lamniformes, Lamnidae) using CT scanning[END_REF][START_REF] Moyer | Development and microstructure of tooth histotypes in the Blue Shark, Prionace glauca (Carcharhiniformes: Carcharhinidae) and the Great White Shark, Carcharodon carcharias (Lamniformes: Lamnidae)[END_REF], basal sarcopterygians [START_REF] Snitting | A redescription of the anatomy of the Late Devonian Spodichthys buetleri Jarvik, 1985 (Sarcopterygii, Tetrapodomorpha) from East Greenland[END_REF][START_REF] Boisvert | The humerus of Panderichthys in three dimensions and its significance in the context of the fishtetrapod transition[END_REF], polypterids [START_REF] Claeson | New interpretations of the skull of a primitive bony fish Erpetoichthys calabaricus (Actinopterygii: Cladistia)[END_REF]Claeson and Hagedorn, 2008), catostomids [START_REF] Fink | Morphological description of the extinct North American Sucker Moxostoma lacerum (Ostariophysi, Catostomidae), based on high-resolution x-ray computed tomography[END_REF], gymnotiforms [START_REF] Carvalho | Redescription and phylogenetic position of the enigmatic Neotropical electric fish Iracema caiana Triques (Gymnotiformes: Rhamphichthyidae) using x-ray computed tomography[END_REF][START_REF] Maxime | Redescription of the Tuvirao, Gymnotus inaequilabiatus Valenciennes, 1839, using high-resolution x-ray computed tomography[END_REF], siluriforms [START_REF] Rodiles-Herna ´ndez | Lacantunia enigmatica (Teleostei: Siluriformes) a new and phylogenetically puzzling freshwater fish from Mesoamerica[END_REF]Claeson et al., 2008;[START_REF] Lundberg | Phylogenetic position and notes on the natural history of Pimelabditus moli Parisi & Lundberg, 2009 (Teleostei: Siluriformes), a recently discovered pimelodid catfish from the Maroni River basin[END_REF][START_REF] Lundberg | A tomographic osteology of the taxonomically puzzling catfish Kryptoglanis shajii (Siluriformes, Siluroidei, incertae sedis): description and a first phylogenetic interpretation[END_REF]Lundberg and Luckenbill, 2015, in this volume), lophiiforms [START_REF] Pietsch | A new genus and species of the shallow-water anglerfish family Tetrabrachiidae (Teleostei: Lophiiformes: Antennarioidei) from Australia and Indonesia[END_REF][START_REF] Chanet | Visceral anatomy of ocean sunfish (Mola mola (L., 1758), Molidae, Tetraodontiformes) and angler (Lophius piscatorius (L., 1758), Lophiidae, Lophiiformes) investigated by noninvasive imaging techniques[END_REF], fundulids [START_REF] Parenti | Osteology identifies Fundulus capensis Garman, 1895 as a killifish in the family Fundulidae (Atherinomorpha: Cyprinodontiformes)[END_REF], kurtids [START_REF] Carpenter | Swim bladder and posterior lateral line nerve of the nurseryfish, Kurtus gulliveri (Perciformes: Kurtidae)[END_REF], anarhichadids (Bemis and Bemis, 2015, in this volume), and molids [START_REF] Chanet | Visceral anatomy of ocean sunfish (Mola mola (L., 1758), Molidae, Tetraodontiformes) and angler (Lophius piscatorius (L., 1758), Lophiidae, Lophiiformes) investigated by noninvasive imaging techniques[END_REF]. CT scanning also has been applied successfully to questions of functional morphology and other aspects of the morphology of fishes. For instance, this technique has been the basis of biomechanical studies of jaws of durophagous elasmobranchs [START_REF] Summers | Structure and function of the horn shark (Heterodontus francisci) cranium through ontogeny: development of a hard prey specialist[END_REF], the functional properties of cranial sutures in Polypterus [START_REF] Markey | In vivo cranial suture function and suture morphology in the extant fish Polypterus: implications for inferring skull function in living and fossil fish[END_REF], and the feeding mechanics of seahorses [START_REF] Van Wassenbergh | Mechanics of snout expansion in suctionfeeding seahorses: musculoskeletal force transmission[END_REF]. CT scanning has in some ways replaced the more time consuming histology, although the latter is unparalleled regarding its resolution. As technology has improved, CT scanning has extended to smaller and smaller individuals, such that high-resolution x-ray CT scanning (HRXCT) is becoming the state of the art. For example, [START_REF] Lundberg | A tomographic osteology of the taxonomically puzzling catfish Kryptoglanis shajii (Siluriformes, Siluroidei, incertae sedis): description and a first phylogenetic interpretation[END_REF] used HRXCT to examine the enigmatic miniature catfish Kryptoglanis shajii. This study produced remarkable images of a 65 mm SL individual. These fishes are rare, and this methodology allows for nondestructive sampling of morphological data. A study published nearly simultaneously [START_REF] Britz | Osteology of Kryptoglanis shajii, a stygobitic catfish (Teleostei: Siluriformes) from Peninsular India with a diagnosis of the new family Kryptoglanidae[END_REF] that was based on a single 60 mm SL cleared-and-stained individual of the same species produced anatomical similar results and conclusions-the morphology of this species was highly peculiar and in many ways unlike other catfishes. This example provides a testament to the power of morphology-independent studies coming to similar conclusions using different methodology and technology.

We see parallels to the so-called "clearing and staining revolution" (G. D. Johnson, pers. comm.) in recent developments of new approaches to the morphology of fishes, such as whole mount immunohistochemistry for tracing the early development of muscles (Fig. 6C). This technique allows the incorporation of broader taxonomic sampling for comparative and ontogenetic myology than was possible until recently. Immunohistochemistry, such as antibody staining of developmental series, has the potential to resolve long standing questions of homology, as shown in [START_REF] Konstantinidis | Same but different: ontogeny and evolution of the musculus adductor mandibulae in the Tetraodontiformes[END_REF] on the homology of the different portions of the adductor mandibulae in Tetraodontiformes. Tetraodontiformes are known for their complex jaw musculature particularly in the case of the adductor mandibulae (Fig. 8). Some monacanthids have up to eight and some pufferfishes up to six partitions. In comparison, generalized percomorphs have only four partitions of the adductor mandibulae. If ontogenetic material and/or a sufficient technique are not available, other criteria provide the only evidence of homology. However, [START_REF] Konstantinidis | Same but different: ontogeny and evolution of the musculus adductor mandibulae in the Tetraodontiformes[END_REF] were able to demonstrate that the traditional indicators for homology, such as the origin and insertion of muscle partitions as well as function, do not reflect their developmental origin and therefore their homology.

No preparation method should be used exclusively and in isolation, and between this method and other recent advances in visualization of soft tissues, such as confocal microscopy of labeled muscles [START_REF] Konstantinidis | Same but different: ontogeny and evolution of the musculus adductor mandibulae in the Tetraodontiformes[END_REF]Fig. 8), micro-CT scanning (Fig. 6A, B; Metscher, 2009aMetscher, , 2009b;;Konstantinidis et al., 2015, in this volume), magnetic resonance imaging or MRI (e.g., [START_REF] Perry | Quantification of red myotomal muscle volume and geometry in the shortfin mako shark (Isurus oxyrinchus) and the salmon shark (Lamna ditropis) using T 1 -weighted magnetic resonance imaging[END_REF][START_REF] Runcie | Evidence for cranial endothermy in the opah (Lampris guttatus)[END_REF][START_REF] Chakrabarty | Evolution of the light organ system in ponyfishes (Teleostei: Leiognathidae)[END_REF]see Berquist et al., 2012 andThe Digital Fish Library, 2015), and others, we predict a similar advance in the myology of fishes as that which took place in the late 1970s and early 1980s when clearing and staining became more commonly applied. In 30 to 40 years, it may be as common and "easy" to acquire myological data as it is now to acquire osteological data. This stands in contrast to the difficult and time consuming, yet elegant, dissection-based collection of myological data (e.g., [START_REF] Springer | Study of the dorsal gill-arch musculature of the teleostome fishes, with special reference to the Actinopterygii[END_REF][START_REF] Datovo | The infrabranchial musculature and its bearing on the phylogeny of percomorph fishes (Osteichthyes: Teleostei)[END_REF]. We predict, therefore, that in the future there will be an increase in new muscular (and other soft-tissue) characters in phylogenetic data sets. Advances in preparation of specimens are being matched by advances in imaging techniques [START_REF] Lauridsen | Inside out: modern imaging techniques to reveal animal anatomy[END_REF]. Given the large size of the data files generated from all of these modern imaging methods, accessible repositories such as MorphoBank (O'Leary and Kaufmann, 2011; MorphoBank, http://www.morphobank. org/index.php/Home/Index, Accessed: 1 June 2015) and Digimorph (http://digimorph.org/, Accessed: 1 June 2015) are becoming increasingly important.

Given such advancements in data acquisition, it should not be surprising that there has been a similar advancement of novel hypotheses and reexamination of previously proposed hypotheses regarding the systematic relationships of fishes using morphological data. Some of these novel hypotheses regarding the comparative anatomy of fishes (e.g., hypotheses of homology, i.e., synapomorphy) have come from morphological investigation of relationships initially proposed by molecular analysis (e.g., a paracanthopterygian relationship of Stylephorus; [START_REF] Miya | Mitochondrial genome and a nuclear gene indicate a novel phylogenetic position of deep-sea tube-eye fish (Stylephoridae)[END_REF][START_REF] Grande | Limits and relationships of Paracanthopterygii: a molecular framework for evaluating past morphological hypotheses[END_REF]. Our intent is not to critically examine any individual example here, but rather to point out that this process (called "pseudomorphology" by some; Mooi and Gill, 2010) is, in principle, no different than examining and comparing the morphology of fishes in light of hypotheses of relationships based on different morphological studies, historical or current. Data are data, and interpretations of these data can be-and should be-evaluated in the context of all data available [START_REF] Dillman | The cause and effect of polarization: thoughts on the "morphological vs. molecular debate" in systematics, with examples from the study of sturgeons (Actinopterygii: Acipenseridae)[END_REF].

Past morphological analyses provide rich sources of hypotheses to test with new morphological data. The phylogenetic placement of the Stomiiformes for example has changed significantly over the past 50 years. Greenwood et al. (1966) placed them as a suborder within the Salmoniformes. [START_REF] Rosen | Interrelationships of higher euteleostean fishes[END_REF] and [START_REF] Fink | Relationships of the stomiiform fishes (Teleostei), with a description of Diplophos[END_REF] reanalyzed stomiiform interrelationships and considered this group sister to the Eurypterygii and placed them as a separate order of the Neoteleostei. This placement is still the currently accepted hypothesis, although recent molecular studies recover the Stomiiformes as sister to Osmeriformes [START_REF] Lo ´pez | Esociform phylogeny[END_REF][START_REF] Li | Optimal data partitioning and a test case for ray-finned fishes (Actinopterygii) based on ten nuclear loci[END_REF][START_REF] Li | Phylogenetic position of the enigmatic Lepidogalaxias salamandroides with comment on the orders of lower euteleostean fishes[END_REF][START_REF] Betancur-R | The Tree of Life and a New Classification of Bony Fishes[END_REF]. Synapomorphies such as the retractor dorsalis muscle shared by the Stomiiformes and all other neoteleosts are striking, but nonetheless there is morphological evidence found in early life history stages of stomiids (e.g., the development of the gill arches and the caudal skeleton) that suggest that the ontogeny of Stomiiformes needs to be further scrutinized [START_REF] Doosey | Early development of the caudal fin skeleton of Capelin, Mallotus villosus (Osmeridae)[END_REF]Schnell and Johnson, unpubl. data). Simply, hypotheses from the literature-whether based on morphological or molecular data-must be reconsidered (supported or refuted) in light of new anatomical data generated by new generations of morphologists.

Finally, the use of morphological data is not limited to understanding phylogeny and evolution of fishes. Personally this is what we find most attractive and compelling for our own research in morphology. However, morphology is the first line of understanding alpha-taxonomic diversity. Further, morphology contributes to understanding the interaction fishes have with their environment, as an organism's anatomy can be the basis for understanding many aspects of its behavior and ecology (i.e., the interrelated approaches of ecomorphology, functional anatomy, and biomechanics). Such subfields of morphology can have meaningful implications for elements of conservation biology (i.e., understanding how an organism uses its environment can be predicted based on morphological analysis). The dimensions of these aspects to which morphology can contribute will only become more diverse as new questions arise, such as how the ontogeny and osteology of teleostean larvae are impacted by environmental changes like ocean acidification (Schnell and Clemmesen, unpubl. data). Recognition of deviation from the normal ontogeny for a taxon can be recognized and greatly informed by an appreciation and understanding of the systematic anatomy of early life history stages.

CONCLUSIONS

But the progress of science needs not only the rare genius who in one leap covers a large step in the ascent to the summit but also the slow, continuous walkers, pushing up in small steps.

Richard Goldschmidt (1956:181) Morphology, in its strictest sense, is inherently an observational science: the analysis of form is, in its essence, a discussion of facts related to the structure of an organism. Once comparisons are made, however, there are elements of hypothesis-driven science. Ultimately, the strengths and relevance of morphology in the modern comparative biology of fishes lie in the fundamental fact that a thread can be found tying everything in comparative biology of fishes to morphology. Said another way, all facets of comparative biology-no matter what level of organization-can find their roots in morphology. This is because morphology is a broad discipline, each sub-disciple having different goals and different purposes but that all can relate to any level of the phenotype, from cellular to behavioral. In particular, morphology has a unique place in both the history and future of systematic ichthyology, and continues to grow with each new technological advance. With each new generation it returns to become a new and vibrant science.
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 1 Fig. 1. Illustrations from the early history of the morphology of fishes, showing concepts of homology and archetypes. (A) Illustration from Belon (1555; modified from Grande, 2010:fig. 557) showing homology of the vertebrate skeleton. (B) Illustration from Geoffroy Saint-Hilaire (1818) showing homology among the axial skeletons of vertebrates. Image courtesy of T. W. Pietsch. (C) The archetype of the vertebrate (Owen, 1849; also used by Owen, 1848). (D) Conceptualized/simplified schematic of the vertebrate head; modified from Liem et al. (2001:fig. 7.3) by William E. Bemis.

Fig. 2 .

 2 Fig. 2. Illustration from Haeckel's Antropogenie oder Entwicklungsgeschichte des Menschen (1877). The image shows early ontogenetic stages of four mammals (human, bat, cat, and sheep). Although not directly associated with the biogenetic law, the illustration clearly yet artistically shows Haeckel's hypothesis of repeating ontogenetic stages across phylogeny.

Fig. 3 .

 3 Fig. 3. Title page of Agassiz (1857) in which he outlined his views on the congruence between comparative anatomy, embryology, stratigraphy, and biogeography.

Fig. 4 .

 4 Fig. 4. Illustrations showing a specimen (A, B) and reconstructions (C-G) of the head of the coccosteomorph arthrodire {Tapinosteus heintziStensio ¨, 1959. From Stensio ¨(1963:pl. 7 figs. 2, 3, and figs. 70, 76, 47, 71A, 62A, respectively).

Fig. 5 .

 5 Fig. 5. Caudal skeletons of actinopterygian fishes, showing different numbering schemes and inferences of homology. (A) Amia calva, VIMS 19093. (B) Hiodon alosoides, UMA F10592. (C) Channa argus, VIMS 19091. (D) Astroscopus guttatus, VIMS 19094. (E) Caranx crysos, UMA F11596. (F) Zaprora silenus, VIMS 19093. Scale bars equal 10 mm. Anatomical abbreviations: h, hypural; phy, parhypural. Institutional abbreviations: UMA, University of Massachusetts Amherst; VIMS, Nunnally Ichthyology Collection, Virginia Institute of Marine Science.

Fig. 6 .

 6 Fig. 6. Different morphological techniques used in early ontogenetic stages of the paddlefish, Polyodon spatula. (A, B) Reconstructions of a micro-CT scan. (A) Reconstruction of musculature (red) and skeletal structures (blue and gray) with an overlay of the actual CT scan. (B) Reconstruction as a standalone model. (C) Image of the cranial musculature stained with an antibody specific for muscle tissue. (D) Classical clearing-and-staining method for skeletal structures (bone stained red, cartilage stained blue). Scale bars equal 0.5 mm.

Fig. 7 .

 7 Fig. 7. Computed tomography images of sturgeons. (A) Dorsal and (B) ventral views of the skull of Huso huso (MCZ 54269). (C) Dorsal and (D) ventral views of the skull of Scaphirhynchus platorynchus (FMNH 45024). (E) Dorsal and (F) ventral views of the skull of Pseudoscaphirhynchus kaufmanni (UAIC 13265.01). Institutional abbreviations: FMNH, Field Museum of Natural History; MCZ, Museum of Comparative Zoology, Harvard University; UAIC, University of Alabama Ichthyology Collection. Scale bars equal 1 cm.

Fig. 8 .

 8 Fig. 8. Confocal microscopy of antibody stained specimens of tetraodontiform fishes showing early stages of development of cranial musculature. (A-C) Ontogenetic series of Balistapus undulatus. (D) An unidentified monacanthid larva. (E, F) Two different stages of the freshwater pufferfish Monotrete suvattii. Abbreviations represent different muscle portions of the musculus adductor mandibulae.
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