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PREFACE 

With the exception of Archoplites interruptus (Girard), which is a 

relict species of the Pacific Coast, all of the extant species of the 

family Centrarchidae range east of the major uplift in the Rocky Moun

tain System. However, during the Pliocene and Pleistocene geological 

periods the range of this family extended over a much more extensive area 

(Miller, 1946, 1959) . Notwithstanding a single genus from the Eocene of 

Europe (Romer, 1945), which is probably a member of some other taxon . the 

family has always been endemic to North America. The centrarchids are 

primarily adapted to live in warm waters and form a conspicuous element 

in most of the waters east of the Rocky Mountains and south of the colder 

latitudes. 

The Centrarchidae is a relatively large family consisting of eleven 

genera and 30 described species (Moore, 1957; Bohlke, 1956). Although· a 

considerable amount of information is available in the literature~ . most 

of the investigations concerning various members of this family are of a 

pragmatic or systematic nature. Very little is actually known concerning 

the anatomy of the sensory systems and allied structures of sunfishes . 

Furthermore, no one has proposed (in print) a tentative phylogeny for the 

whole family. 

The primary aim of this project has been to study and describe the 

gross soft, osteological and lepidological anatomy of the lateralis com

ponents of the acoustico-lateralis system and the histological structure 

of the organs contained therein. Where applicable, comparison has been 
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made with other taxa. Secondary considerations have dealt with the recon

ciliation of the findings adduced from the above studies to the ecological 

affinities of the fishes involved. Finally, the conclu~ions derived have 

been util_ized in an attempt to synthesize a suggested phylogeny in. order 

to show relation.ships in this important family of freshwater fishes. 
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CHAPTER I 

SURVEY OF THE LITERATURE 

All vertebrate animals which have lived continuously in an aquatic 

habitat, excluding those which have secondarily taken to the seas or fresh 

bodies of water, possess a lateral-line system. Even the larvae of xer

ically adapted amphibia, with some exceptions, which only return to water 

for spawning purposes possess this system. It is thus seen that the 

lateral-line system has a very respectable antiquity, the very first ver

tebrates bearing such structures (Stensio, 1947i Sarasin and Sarasin , 

1890i Piveteau, 1935; Allis, 1936; and many others). In primitive fishes 

and fish-like animals the lateral line sometimes attained an amazing de

gree of complexity. This complexity may be seen in several forms which 

have persisted to the present. Allis (1889), for example , counteq as many 

as 3700 pores on the head of one large .&ni.s and the same system is tremen

dously complex in the gar Lepisosteus osseus (Collinge, 1893) . In gen

eral, it is concluded from such works that the more primitive the group 

of fishes the more complex will be its lateral-line system, and progres

sive degeneration in canal complexity seems to be the rule as various 

taxa become more and more specialized. The cephalic canals are still 

very complex in the Clupeidae (Tretyakov, 1938; 1950), less so in the 

Catostomidae (personal observation) and still less so in the Cyprinidae, 

though quite complex when compared with more advanced fishes (Illick, 

1956). As the ichthyine phylogenetic tree is ascended this reduction 
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cont inues until the system i s very simple, comparatively speaking 0 in 

perciform fishes such as the Centrarchidae (Moore , 1956) and the Cichlidae 

(Branson , in press). 

The amount of reduction varies from group to group and is of phylo

genetic significance since it is fairly constant within a species (Trety

akov , 1944). Reduction may take several forms . There may be a loss of 

the numerous side branches and the complete disappearance of the trunk ca

nals (Tretyakov 0 1950) or there may be gaps in canals (incomplete) (Hubbs 

and Cannon , 1935). The most commonly observed phenomenon in the process 

of specialization is. the replacement of canals by simple or compound lines 

of external neuromasts. This has been observed many times in different 

groups of fishes : Pehrson (1945) in Gymnarchus i in some Pale stinian fishes 

(Steinitz , 1954) i generalization for several fishes (Stensio, 1947) ; Allis 

(1934) i and many others. With the exception of the canal on the trunk, 

such reduction usually involves a decrease either in the size of or number 

of bones associated with the lateral-line tubes. Such a statement , perhaps , 

r equires amplification. 

There are several theories as to the origin of the vertebrate lateral

line system. All of these have one thing in common , they assume the sys

tem to be derivable from a precursor system in some group of higher in

vertebrates. One of these theories (Whitman, 1884 i 1889) , based upon the 

similarity between the segmental sense organs of certain annelids and the 

neuromasts of vertebrates, would derive the lateral line from preexisting 

organs in the segmented worms. Although there are some good reasons for 

doubting the origin of chordates from the segmented worms, the reasoning 

behind the hypothesis is sound. The piscine lateral-line system doubt

less did not suddenly come into being without having passed through some 

sort of evolution ary sequence and, since the first chordates probably did 
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not have skeletons, the system would most likely have been represented by 

neuromast lines (Allis, 1936). This is more than an assumption as any 

one can easily verify by studying the ontogenetical development of any 

number of fishes. The neuromasts form first and are later enclosed in 

canals and bone (Moodie, 1922). All of the bones associated with the 

lateral line are dermal in origin and are aptly termed "lateral- line 

bones;" the other dermal bones of the head have been termed '0anasmest i c'0 

(Moy-Thomas , 1939; Westoll 0 1937; 1943; Stensio, 1947). The lateral

line bones often become fused to the anasmestic ones and become a com

pound unit. 

There has been a great deal of discussion as to whether the neuro

masts act as evocators of the lateral-line bones or whether these organs 

are passively enclosed by the bones. Allis (1936) thought that the lateral

line canals and/or the organs exerted some sort of force in causing lateral

line bones to be formed. On the other hand, Moodie (1922) and others con

sidered the lateral-line to lack any tropic abilities in the formation of 

these ossicles. A third line of thought (Stensio, 1947) would have the 

bones of· composite origin , i . e., partially as the result of t ropic activ

ity on the part of the neuromasts and partially from anasmestic activity. 

Whatever the case 9 it can be shown that when lateral-line canals degener ate 

and disappear the bones with which they were associated often vanish . There 

is, then , such a constant association of the lateral-line system with the 

same bones from taxon to taxon that these bones can be homolgized by the 

neuromast lines alone when the canals are absent (Jarvick , 1948) . 

According to several authors, among them Ewart (1895), the fir st ob

servations recorded on the lateral line were made by Stenonis in 1664 and 

1669 on skates and sharks. The tubular structures were assumed by him 
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and later workers to be slime canals (Schleimkanales) and the term is 

still occasionally seen in the literature. Although Leydig (1850) is 

usually accredited with the discovery of the sense organs associated with 

the lateral line and subsequently disproving the idea that these tubes 

were responsible for secreting mucous, Knox (1825) had noted the great 

similarity between the ear and the lateral-line organ 25 years before 

him. The latter worker even suggested that the organ held a place in

termediate between the sense of hearing and touch. Two years later Weber 

(1827) correctly identified taste buds in the mouth of the carp and Ley

dig (1851) the same kind of organs on the general skin. Leydig (1851), 

as well as some of his contemporaries, regarded all of the cutaneous or

gans to be of the same function. Later workers (Herrick, 1903) discover

ed still a third class of sensory receptors in the skin, the ordinary 

cutaneous nervous terminals. 5chultz (1870) and Merkel (1880), accord

ing to Herrick (1903), were the first to actually demonstrate differences 

between the end buds (taste buds) and neuromasts. The sense cells of 

lateral-line organs bear "hairs" at their apices and do not sit on a 

basement membrane whereas the gustatory cells of the taste buds lack sen

sory hairs and extend, with their sustentacular cells to the basement 

membrane. The sense organs of the lateral-line system supposedly have 

been derived phylogenetically from the general cutaneous organs (Herrick, 

1903) since they are in every sense of the word a part of the cutaneous

sensory system (Hyman, 1956). 

In 1884 and 1885 Beard showed that the organ of hearing was a modi

fication of the lateral line. It is from this knowledge that the term 

"acoustico-lateralis system" has evolved. Beard 's premises laid the 

groundwork for Ayer's (1892) larger exposition in support of this idea. 
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Wilson (1889) and Wilson and Mattocks (1897) are often cited as being the 

first to actually observe the ontological development from a common an

lage of the ear and lateral line (in the sea bass Serranus atrarius and 

a salmon) . However, according to Wilson and Mattocks, Mitrophanow (1893) 

made a similar discovery in selachian embryos. These discoveries set off 

another series of debates , which were temporarily kept in the background 

by Lee (1898) and Johnston (1905) , who marshalled most of the exist ing 

evidence in support of the Wilson-Beard school. A few years later 0 how

ever, Beckwith (1902 , 1907) discovered that a common anlage did not form 

in Amia calva, but that the ear placode formed first. This was not much 

of a blow to the theory, which had by this time assumed the status of a 

biological law, for as Ayers had stated 15 years before, the two anlages 

do not necessarily maintain this connection in all species. Lee (1931) 

gave further support for the theory when he observed the lateral line and 

ear to develop from a common placode. He termed this anlage an "acoustico

lateralis placode." 

According to Allis (1904) the nasal organ may also be derived from 

the lateral line. The olfactory organ may have originally been innervated 

by lateral-line fibers but during its evolution pre-existing fibers were 

usurped so that the present-day configuration resulted. Allis received 

some support for his thesis from Watson (Gregory, 1920) who suggested that 

the lachrymal portion of the suborbital ossicles may have gi ven rise to 

the naso-lachrymal duct in higher forms, and from Kyle (1926) who, possi

bly quoting another author, stated that the olfactory organ developed 

from "similar pits" (lateral-line pits) on the head. 

There is considerable evidence that the neuromasts originally were 

arranged in a metameric fashion (Neal and Rand, 1936) but as the original 
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{primary) neruomasts divided (to form secondary and tertiary neuromasts) 

and migrated (Neavev 1946; . and others) this arrangement became obliter

ated. The first neurornasts arise from a placode behind the eye {Wilson. 

1889), or from a primordium near the ventral half of the mandibular cleft 

(Stensio, 1947) or as a separate placode (Beckwith, 1902, 1907). The neu-

romasts thus formed undergo rnul tiplication and migration to form several 

primitive neuromast or pit lines. When the neuromasts become enclosed in 

canals, di vision ceases (Bamford, 1941), whereas those which remain on 

the exterior may continue to form new sense organs for some time. The 

primary neuromasts, during migration, move in definite directions (Stone, 

1933). The cephalic lines precede, both ontogenetically and phylogene

tically, the development of the trunk lines (Miyadi, 1929). Sato (1955a) 

has given the di stribut.ion of the pit lines on the top of the head in sev

eral adult fishes; his terminology follows. The supratemporal commissure 

is directed medially in the region of the posttemporal bone and apparently 

sends a ventral branch onto the opercle in some species. 'I'his ventrally 

directed line represents the upper opercular ~ and is without homologue 

in many species. A medial extrascapular ~ (parietal line) represents 

the supraorbital commissure. The supraorbital line, above the eye, is 

continued anteriorly as the nasal line, in front of which, and at right 

angles to, there develops, in a few modern fishes and in many ancient 

ones, the rostral commissure. All of these lines, except the last-named, 

which is apparently a continuation of the infraorbital series 0 discussed 

below, are derivatives of the main lateral line and supraorbital line. 

In most fishes and in many amphibians six primitive neuromast lines 

develop on the cheeks (Stensio'. 1947). These are as followsi (1) the in

fraorbital line, with its two divisions, the postorbital and suborbitalo 
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(2) the preopercular Uru!; (3) the mandibular line, which is the ventral 

continuation of the preopercular; (4) the supramaxillary line , a line 

composed of three components, anterior, posterior and middle, which con

nect the infraorbi tal with the preopercular; (5) the postmaxillary line, 

a short, oblique line connecting the anterior and middle supramaxillary 

lines ; and (6) the .Q..Is.l ~ . actually only a ventral continuation of the 

postmaxillary which is directed onto the dorsal parts of the lower jaw. 

This last line is single in teleosts but becomes double in dipnoans. For 

the most part, these lines are homologous from one group to the next 

(Stensio, 1947) but after embryonic stages their homologization becomes 

difficult because of a variety of factors. Stensio (1947) listed a few 

of these factors as being: changes in position, lengthening of the head, 

outgrowths and longitudinal subdivisions of the neuromast lines , forma

tion of new connections .and disappearance of embryonic connections and 

partial or complete obliteration of certain lines. This may also happen 

in the embryos of advanced fishes. For example, Pehrson's (1944) vertical 

pit line is only the residual part of a reduced supramaxillary line; and 

the ventral opercular line of Pehrson (1945) and Herrick (1899) is pro

bably only a posterior continuation of the supramaxillary branch, and in 

general the postmaxillary line is represented in teleosts only by its ven

tral part (Stensio , 1947) . In fishes with well-developed canals (Sato , 

1955a) most of the pit lines may disappear but remain strongly developed 

in those species with poorly developed canals. In the latter group the 

primitive pit lines may become highly compounded by further division so 

that "pit fields" (Sato, 1955a) or many accessory pit lines are formed. 

This may also occur in fishes with a moderately-developed canal system 

such as Aphredoderus, in which superficial neuromasts are aggregated 
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extensively in bands and patches (Moore and Burris, 1956). The canal neu

romasts are developed from external neuromasts and the main lateral line 

of the trunk is formed in the same manner as those of the head, i. e., 

by a linear budding and migration of neuromasts <Neave, 1946). 

Once the embryonic, primitive pit lines are formed, metamorphoses of 

the canal system begins. The first process to occur is a sinking into the 

skin of the external neuromasts (Dijkgraafv 1952; and others) 0 which be

come covered over by these tissues. Fundamentally, although there is not 

general agreemento each canal neuromast is enclosed by one bone primordium 

(Stensio, 1947) which may become fused to some anasmestic element. There 

are thus formed chains of embryonic lateral-line bones which may remain 

more or less separate, but which, as a rule, fuse together to ~orm com

posite bones. Furthe~ore, there may be some osseous accretion by the 

lateral-line bones for some time after they are formed (Parrington, 1948). 

!bus it may be seen that the preoperculum is of composite origin, the ven~ 

tral portion developing from the preopercular neuromast line, the dorsal 

portion consisting of the supra.maxillary line; the mandible (dentary, a~ 

ticular, and, in some, the angular) develops from the mandibular line and 

either annexes the oral line or that line fails to develop altogether. 

The infraorbital neuromast line gives rise to the canal of the same name; 

the supraorbi tal and nasal lines, . respectively, become a part of the sup·ra-

·orbi tal and nasal canals; the medial extrascapular line forms the supra

orbital commissural canal as a branch from the supraorbital; the supra

temporal forms the supratemporal commissural canal; and the main lateral

line series gives rise to the canals in the skin or in the scales along 

the trunk. 

A-s not:ed cabove, there are, ..acc:o:rdi'ng to their placement.~ -two kinds 
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of neuromasts, those enclosed within canals and the exte_rnal type. Her

rick U 901) ... further distinguished two types of external neuromasts, the 

pit organ (sunken into a crypt which opens to the exterior by a tube or 

pore) and the naked type (free on the skin). His observations were extend

ed to some Japanese fishes by Sato (1955b). Regardless of these differ

ences, it has been pointed out by several competent observers (Daget, 

1949; Holmgrenv 1942) that all of the components mentioned above are 

parts of the same morphological system. The neuromastsQ except for size 

and placement differences, cannot be histologically or embryologically 

diff eren ti ated. 

There have been many attempts to standardize the nomenclature of 

lateral-line canals. Consequently, one may find many epithets for the 

same canal in the literature. However, in general the primary-canal names 

correspond to the names given to the primitive neuromast lines discussed 

above. Excepting these lines, which are always present in one form or 

another, authors often have to develop special nomenclature for special

ized groups of fishes (Illick, 1956i Hubbs and Cannon, 1935; and many 

others). In North America perciform fishes the terminology of Hubbs 

and Cannon, with some reservations, is generally satisfactory. The names 

for the skull bones of teleostomian fishes have been standardized by Har

rington (1955) • 

Innervation of the acoustico-lateralis system is accomplished by the 

Acoustic (VIII), branches of the Facial (VII) and Glossopharyngeal (IX), 

and a large branch of the Vagus (X) (Hyman, 1956). All of these nerves 

enter the anterior part of the medullary sensory-column known as the 

"acoustico-lateral area" (Hyman, loc. cit.). The eighth nerve, of coursee 

as the prefix "acoustico-" implies, serves th~ ear and is not a part of 
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the lateralis system per se~ 

In animals with a well..;developed, movable tail and/or a lateral-line 

system some large nerve cell bodies are found in the medulla at the level 

of the roots of cranial nerve VII. The axons of these cells 0 which are 

called Mauthner's cells, extend the length of the spinal cord to reach 

the tail (Healeyo 1957). The lateral-line branches appear to end on these 

cell bodies in the form of '°end feet.'' "boutons termineux00 or 00Endfusschento 
.• 

(Barb,ey ... Gamperto 1943), but there i.,s some disagreement as to whether each 

nerve has a separate medullary center CKingsley, 1926) or one medullary 

center receiving many nerves (Herrickv 1899) on Mauthner's cells. 

Many morphological i;tudies have·revealed that innervation of the neu-

romast lines and of canal organs is always by the same nerves for given 

lines in any group of fishes. It has been argued that in very primitive 

fishes the lateral-line system was restricted to the head region as i~ is 

now in some clupeids (Tretyakov, 1938) and that during phylogenyv as it 

extended farther and farther caudad into th.e trunkv it carried its in

nervation with it (Garman, 1888), which accounts for the extensive length 

of the lateralis branch of the Vagus. This branch always occupies a fixed 

position in the septum (horizontal skeletogenous septum) between the epax

ial and hypaxial musculature (Rode and Rabaus, 1926). At each neuromast 

in _the lateralis a small, heavily myelinated nerve twig is given off 

(Kingsley, 1926). Since the lateral line does not e~actly follow the 
.. 

septum in deep-bodied fishes, the twigs are of lengths varying according 

to the distance from the main nerve to the neuromasts (Branson, in press). 

In addition to innervating the organs of the lateraliso the Vagus also 

sends branches to the canal organs of the supratemporal canal and external 

neuromasts just in front of it (Lekander, 1949; Bonin, 1940). The 
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remainjng organs_ of the lateral line are !nnervated by branches of cran

ial nerves VII llnd IX. 

The supraorbital line receives branches from the superficial Opthal-

mic ramus of nerve VII, which also innervates the organs of the supra-

orbital commissure. The infraorbital line ·is ramified by fibers of the 

Buccal branch of VII whereas the Otic ramus of VII sends fibers to the 

retro-orbital line of Bonin Cop. cit.) or postorbital sinus of Branson 

(in press). The operculomandibular canal organs are innervated by the 

relatively large hyomandibular ramus of the Facial. The few organs as

sociated with the part of the supratempo~al canal contained in the post

temporal bone receive fibers from the supratemporal branch of the Glos

sopharyngeal (Bonin, 1940). 

The acoustico-lateralis system, omitting the function of hearingv 

has been defined in several ways, many of the definitions being purely 

semantic in nature. The system has often been credited with a "sixth 

sense" function (Parker, 1905; Ewart, 1895; Knox, 1925) but more often 

it is referred to as an accessory auditory organ (Pumphrey a 1950) or 

"Akzessori sches Gehororgan" by several German workers (Dij kgraaf, 1952) ; 

a true external labyrinth Cun vlritable labyrinthe externe) (Piveteau, 

1935) , and a "poor relation to the auditory organ" (Hillier, 19~1). 

Other workers, notably DeSld~ (1884), have implicated the series of or-
• 

gans as being very sensitive touch receptors. In general, the idea that 

the lateral-line system- is auditory in function has not met very wide 

acceptance by physiologists and behaviorists. The research of Dijkgraaf, 

who conducted physiological and behavioral studies, has been widely cited • ., 
Dr. Dij kgraaf 's Cl 934) term for this system is long-di stance touch recep"'" 

tor (Ferntastsinnes) which has often been used without ,proper credit 
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(Tretyakov, 1950). 

Before going into the literature concerning the various functions 

which have been assigned to the lateral line, a few words should be said 

concerning the terminology that has been developed for the sense organs 

of this system. These organs, as seen above, are often termed neuromasts 

but have been given several other names. Dercum (1879) 0 because of their 

resemblance to the mac·ulae of the ear, suggested the name '°maculae latera= 

les"i Garman (1888), thinking they were functional in detecting vibra

tions in the water, called them "tremognosters" and Bonnier (1896) 0 rea

soning along the same lines as Garman, termed them '0seisesthesic organs. vu 

Some of the lateral-line organs in specialized fishes have become modi

fied so much as to deserve special names. Specific instances of the lat

ter are the so-called 00Mormyromastes'0 and "organs of Fahrenholz" (Cor

dier, 1938) and the '°Ampullae of Lorenzini (Druckrezeptoren) '° (Daget, 

1949). Leydig (1850), discoverer of the neuromast (auct.)o called the 

normal neuromasts "nervenhugeln," or nerve hillocks. 

If the list of synonymy for the lateral-line organs is long~ the 

list of functions ascribed to it is. even longer. Many of these so-called 

functions have been assigned strictly from a morphological view; others 

have resulted from brief behavior experiments in which the morphology of 

the system was unknown. Some of these functions are listed below without 

comment: perception of wave motion _(Beard, 1884); communication with 

other members of the same species (BQnnier, 1896); static function (Car

penter, 1928); relative pressure perception (Freeman, 1928); sex recog

nition <Noble, 1934)i orientation of the animal in space and in currents 

(Piveteauo 1935); detection of electrical currents (Regnart, 1931); per

ception of minute temperature differences (Ryder, 1890; Rubin, 1935); 
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obtaining food (Scharrer 0 1932) i testing the physical and chemical changes 

occurring in an aquatic habitat (Smith. l 930i 1933); and perception of 

light (Andrews, 1952; Young, 1935). Recent experimental evidence by sev

eral workers has shown that many, if not all, of the above may actually 

be functions of the lateral-line system. There are a few specialized 

groups of fishes in which generalizations concerning these functions will 

not apply. 

In one of these taxa 0 Mormyridae, Cordier (1938) discovered some 

very interesting peculiarities concerning the lateral-line system. The 

sensory cells of some of the neuromasts (Mormyromasts) pass through very 

definite cycles which terminate when the sense cells become degenerate 

and are passed to the exterior as some sort of a secretion. The sense 

cells are later regenerated, presumedly by the supporting cells below. 

Such holocrine functions have also been described for the organs of Fah

renholz (Cordier, op. cit.) in the Dipneusti and in Polypterus. Sandt 

according to Daget (1949) has shown that the chondrichthine ampullae of 

Lorenzini are specialized organs of the lateral line which are responsive 

to temperature changes at magnitudes of 0.1 degree Centigrade. 

The general function of the lateral-line system has been worked upon 

by scores of investigators all of whose works are not pertinent in this 

connection; a few of the more important contributions are considered here. 

The reader is directed to Daget's (1949) excellent review of the subject 

for more comprehensive coverage. 

Parker (1905) early realized that it was essential for anyone inter

ested in studying animal behavior to first familiarize himself with the 

animal's sense orga~s. Dijkgraaf (1952) suggested the same sequence for 

physiologists, Le., study of sense orqans before attempting research. 
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This last author has also suggested that there are two main methods for 

studying the function of the lateral-line system: (1) the behavior 

method and (2) the electro-physiological method. He further concluded 

that these two techniques are complementary. In surveying the literature 

one is struck by the many negative and conflicting results obtained by 

the very early investigators. This is not surprising since the treat

ment of test animals was often very harsh and they more often died than 

not. These experiments were also quite inconsistent with what modern 

scientists call the Hscientific method" since often control animals were 

not used (Bonnier, 1896). 

Parker Cl 905) o an early American behaviori st 0 subjected some cyp

rinodontso flatfishes and sharks to an array of stimuli and concluded 

that light, temperatureo varying concentrations of salt, foods, oxygen 

and carbon dioxide tensions, pollution, pressure changes 0 water currents 

and high frequency vibrations did not stimulate the neuromasts. Further

more, he did not find the system to be any more functional than the gen

eral skin in equilibration. His single positive stimulating device was 

low frequency vibrations. 

Hoagland (1933a) is the first to receive credit for discovering that 

the neuromasts send repetitive discharges (spontaneous activity) to the 

medulla when not under any particular stimulation. This spontaneous ac

tivity has been confirmed by other workers, among them Dijkgraaf (1952) 

who considers this "resting" discharge to be an "intracentr~l tonus. n 

This same sort of activity has been described in the ampullae of Loren

zini and in the organs of the semi-circular canals (Daget~ 1949). Fur

thermore, in this and subsequent experiments Hoagland (1933b 0 1933co 

1934 and 1936) found that if the spontaneous activity was absent no 
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response could be elicited from the lateral-line organs. He discovered 

that low velocity vibrations, light stroking of the sideo streams of 

water directed against the canals and bending of the body increased the 

impulses transmitted by the lateral line and concluded that these organs .. 

may offer kinesthetic cues in swimming, acting to regulate speed of swim

ming and direction of turning. He also found that constant stimulation 

of the sense organs causes very rapid adaption (sensory inhibition) 

which may be a corollary of the spontaneous activity. The rate of spon-

taneous activity of the neuromasts appears to be a function of tempera-

ture (Hoagland 0 1933c). 

Sand (1937)0 in a series of experiments designed to confirm Hoag-

. land's resul tso made some rather startling physiological findings. There 

were two different kinds of sense cells in the neuromasts which acted 

antagonistically. When the organ was stimulated from one direction a .• 
certain electrical response was obtained, but when stimulated from the 

opposit'e side a different response was noted. Further experiments by 

Sand resulted in the discovery that still another type of cell was in

dicated with a third level of excitability (threshold). These results 

have,been duplicated by Monnier CDaget, 1949) in Mustelus canis. Differ

ent kinds of cells in lateral-line organs have never been described his

tologically and Daget (1949) does not believe that. they are equally dis

triputed in all of the neuromasts. 

In addition to the above findings, physiologicallyo the existence 

of more than one kind of cell in the neuromasts, has been indicated by 

Dijkgraaf (1952), who made some definite statements concerning the func

tion of the lateral-line system. If the lateral-line sense hairs or cup-

ulae are deformed anteriad an increased response results. If on the 



other hand, these structures are deformed in the other direction a de

crease in response obtains. It is clear to Dijkgraaf that the lateral

line system is responsible f6r extending touch, viz.v it operates under 

low-frequency vibrations, whereas the semi-circular canals register an

gular acceleration; the.utricular organs serve in spatial orientation; 

and the pars inferior responds to sound. He also stated that in an in

tact fish it may be impossible to separate the function of the ear and 

the lateral line. 

16 

The lateralis components of the acoustico-lateralis system, thenv 

are organs intermediate between that of hearing and ihat of touch, a mem

ber of the somatic-sensory division of the nervous system; and whose sen

sory cells are the seat of certain physico-chemical reactions resulting 

in the perception of low frequency waves. 

One aspect of lateral-line studies which has received only cursory 

notation is that of correlating observed morphology with the habits and/ 

or ecology of the species involved. Garman (1888) noted in selachians 

and ratfishes that animals which were lethargic of habit possessed a much 

more abbreviated lateral-line system than those which were active swim

mers. Disler (194l)v in the Plagistomidae, and Tretyakov (1938), in fly

ing fishesv also concluded that the habits of these species .were related 

to the development of the lateral-line system in some way. Dijkgraaf 

(1952), after having observed many species, has shown .that fast-swimming 

species generally have a more extensive canal system than sluggishly

swimming fishes which have correspondingly more external neuromasts and 

fewer canals. Hoagland (1933a), contrasting a trout and a catfisho found 

that 0 in the sluggish catfish, the greater number of neuromasts were locat

ed anteriorly and in the active trout were concentrated more caudad. 
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According to Lowenstein (1957) the free-swimming fishes have, along with 

other modifications, their sensitive cupulae and neuromasts protected by 

canal systems whereas sluggish bottom-dwelling types (also Dijkgraaf , 

1952i Hoagland, 1933a) . and fishes which are intermittent swimmers (Dijk

graaf, 1952), such as Esox0 more often than not have primarily or second

arily reduced lateral lines. However, this system may remain highly de

veloped even in slow-swimming species or bottom dwellers if they inhabit 

fast-moving bodies of water such as the surf or mountain streams (Dijk

graaf, 1952; Lowenstein , 1957). Lepomis humilis has much inflated lateral

line canals and some other peculiarities which Moore (1956) considered as 

adaptations for living in the turbid streams of the American Great Plains ; 

he also reached similar conclusions while studying other sensory systems 

in some barbeled minnows (Moore , 1950). Tsukazu and Yoshiro (1957) have 

recently published a paper (not available for reference) which apparently 

deals with this subject. 

The centrarchi d lateral-line system has been utilized on several oc

casions for the purpose of constructing diagnostic keys (Hubbs , 1926; 

Moore, 1957) , and in one instance, as a geperic character (Allotis) (Or

tenburger and Hubbs, 1927). There have also been one or two passing re

marks on the function of the system in Centrarchidae <Noble . 1934). 

Otherwise 0 the knowledge concerning the system in sunfishes is slight. 

Allis (1904) presented a diagrammatic representation of the osseous ele

ments in Micropterus dolomieui and stated elsewhere (1889) that the lateral

line canal did not pass through the angular of this fish but through the 

articular. Likewi se, the work of Schufeldt (1884 , 1901). which has ap

parently been complete ly overlooked by many recent workers, and Gr egory 

(1933) are of such a general nature as to be of little use in the study 
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of lateral-line bones. Dineen and Stokley' s (1956) description of the > 

osteo1ogy in Archopli tes interruptus, with the exception of one minor er

ror, is useful because osseous affinities of the lateral line are clearly. 

delineated. The only published papers definitely concerned with histo

logical and external morphology in the Centrarchidae is that of Moore 

(1956), who compared the systems of Lepomis humilis, 1. cyanellus and 1. 

rnicrolophus 0 and that of Curd (1959) 0 who made some observations concern~ 

ing certain abnormalities in 1. humilis. The author (Branson, unpublish-

ed) considered the sys:tem in Elassorna zonatum. As far as can be deter

mined this is all of the work completed to date with direct bearing on the 

lateral-line system in members of the sunfish family. 



CHAPTER II 

MATERIALS AND METHODS 

With two exceptions the names used for the species considered. in 

this discourse agree with Moore (1957). Bailey (1956) uses j;haenobryt~ 

tus gulosus instead of ~. coronarius for nomenclatural reasons and the 

name El as soma okefenokee was not available when Moore's manuscript went 

to press. 

Methods of Collecting and Species List 

Obtaining specimens for study proved to be one of the mg,ire difficult 
\•,\;' 

aspects of this project. At present there are 30 valid species of centrar

chid fishes. However, since one species, Amhlop.lites cavifrons Cope ap:.:. 

pears to be extinct or so rare as to be seldom collected (E. C. Raney, 

personal commu111ication, 4:IV:1958), only 29 of the 30 are discussed here-

in. In obtaining specimens several techniques were used. Some were caught 

by hook and line, some were seined or trapped, and some were collected with 

the aid of rotenone. Many specimens were donated by interested fellow 

workers who employed one or more of the above methods in collecting them. 

Since the list is rather lengthy, these'data are presented below without 

comment. The number of specimens taken from each site is given in paren-

theses. 

Micropterus dolomieui Lacepede: (1), 27: VIII: 1953, Chenowetti s Fork, 

Sunfish Creek, Scioto River System, Pike County, Ohio (formalin), S. L. 

19 
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203.2 mm.; (5), 10 :V:1957, Spring Creek, Adair County, Oklahoma (P. F. A. ), 

S. L. 63.5 to 71.8 mm. 

Micropterus punctulatus (Rafinesque): (1), 28:VIII : 1947, James Fork 

Creek, Leflore County, Oklahoma (formalin) , S. L. 152. 4 mm.; (1), 29:VII : 

1956, Luksukelo Creek , 1 ~ miles north of Eagletown , McCurtai n County, 

Oklahoma (P. F. A. ), S. L. 61 . 8 mm. 

Micropterus treculi (Vaillant and Bocourt) : (3), 8: II: 1950, San 

Marcos River , 20 miles south-east of San Marcos, Caldwell Coun t y, Texas 

(formalin), S. L. 75. 9 to 231. 4 mm.; (1), VII : 1958, two miles north of 

New Braunfels , Comal County , Texas (P. F. A.), S. L. 72.1 mm. 

Micropterus coosae Hubbs and Bailey: (12), 15: III : 1950, Univers i ty 

of Alabama (formalin), S. L. 218 mm. 

Micropterus salmoides (Lacepede): (1), l:VI: 1955, Yost Lake , near 

Stillwater , Payne County, Oklahoma (formalin), S. L. 218 mm. i (8) , VIII : 

1957, Snedden Pond , 3 ~ miles west,~ mile north of Centrali a, Craig 

County , Oklahoma (P . F. A. ) , S. L. 78.6 to 330.2 mm. 

Micropterus notius Bailey and Hubbs: (6) , 3:IV: 1957, Univer sity of 

Florida, (formalin) , S. L. 102.0to277.0mm, i (15) , 28: I:1956, Santa Fe 

River , Ft . White , Flor ida (formalin), S. L. 200. 0 mm. 

Chaenobryttus gulosus (Cuvier): (8), 8:V:1948, Lake Murr ay, Murray 

County , Oklahoma (formalin) , S. L. 58. 7 to 111.3 mm.; (1) , 27: V: 1957, Mud

line Creek , three miles south of Eagletown, McCurtain County , Oklahoma 

(P . F. A. ), S. L. 118.6 mm; (12), VIII:1957, Snedden Pond , Craig County, 

Oklahoma (P . F. A. ) , S. L. 76. 2 to 118.5 mm. 

Lepomi s cyanellus Rafinesque: (1), 29: V: 1948, Gates Creek, Ft . Tow

son , Choctaw County , Oklahoma (formalin) , S. L. 11.0 mm.; (11 2) , 27:VIII: 

1957, Snedden Pond, Craig County, Oklahoma (P. F. A. ) , S. L. 10.0 to 
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228. 6 mm. 

Lepomis symmetricus Forbes: (3), 27:VII:1948, swamp three miles 

north-east of Eagle town, McCurtain County, Oklahoma (formalin), S. L. 

31.6,to 47.2mm.; (2), 27:VIId957, creek at Tom, McCurtain County, Okla

homa (Belly's fluid), S. L. 41. 0 mm. 

!,&.Pomis punctatus (Valenciennes): (121), VI: 1958, San Marcos Spring, 

San Marcos, Hayes County, Texas (formalin), s. L. 16. l to 72. 0 mm.; (l), 

IV:1957, a small tributary to the Neches River, highway 21, Texas (P. F. 

A.), S. L. 68.2 mm. 

Lepomis gibbosus Linnaeus: (11), 29:VIII:1958, Dixon Lake, Otsego 

County, Michigan (formalin, P. F. A. and Belly's), S. L. 101.6 to 113.4 

mm.; (11), 29:VIII:1958, Loon Lake, Ogemaw, Michigan (formalin, P. F. A. 

and Hellyts), S. L. 78.3 to 92.4 mm.j (1), 20:XII:1937, Washtel!'law County, 

Michigan (formalin), S. L. 118.2 mm. 

Lepomis microlophus (Gunther): (16), 2: VII: 1947, Lake Okmulgee, 

Okmulgee County, Oklahoma (formalin), S. L. 61. 6 to 152. 4 mm. 0 (3) , VIII: 

1957, Snedden Pond, Craig County, Oklahoma (P. F. A.), S. L. 138.2 mm. 

Lepomis auritus (Linnaeus): (2), San Saba River, Menard County, 

Texas (formalin); (22), VII: 1958, below Lake Austin, Austin, Texas (for

malin, P. F. A.), S. L. 38.6 to 142.8 mm. 

Lepomis marginatus (Holbrook): (143), 4:VI:1958, Massey Lake, Har

din County, Texas; S. L. 42.lto66.8mm.i (3), 27:VII:1957, creek five 

miles south of Tom, McCurtain County, Oklahoma (P. F. A.), S. L. 51.2. 

Lepomis macrochirus Rafinesque: (18), 20:VII:1948, Pennington Creek, 

U,, S. Fish Hatchery, Tishomingo, Johnston County, Oklahoma (formalin), S, 

L, 14.0 to 176, 8 mm.; (6), 27:VII: 1957, Waterfall Creek, south of Idabel. 

McCurtain County, Oklahoma CHelly's). 
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Lepomis megalotis Rafinesque: (12), 14:IV:1947, tributary to Little 

River, four miles north of Broken Bow, McCurtain County, Oklahoma (forma

lin), S. L. 20. 3 to 88. 3 mm.; (1) 1 27: VII: 1957, creek at Tom 0 McCurtain 

County, Oklahoma (Belly's). 

Lepomis humilis (Girard): (23), 25:IV:19550 Horse Creek, three miles 

east of Afton, Ottawa County0 Oklahoma (formalin), S. L. 20.6 to 75.6 mm.; 

(1), 25:VII:19590 mouth of Blue River, Red River0 Bryan County0 Oklahoma 

(P. F. A.), S. L. 63.5; (3) 0 27:VII:1957, creek near Harris 0 McCurtain 

County 0 Oklahoma (P. F. A.) 0 S. L. 46.2 to 76.2 mm. 

Enneacanthus. obesus (Girard): (12), University of Florida0 4.4 miles 

south of Baxter, Baker County0 Florida (formalin), (3), 8:XI:1952, one 

mile north of Trenton, Highway 47, Florida (formalin) o S. L. 51. 2 mm. 

Enneacanthus gloriosus (Holbrook): (7), 19:I:1947, ditch 1.1.miles 

north of Alachua, Alachua County 0 Florida (form~lin), S. L •. 29.8 to 43.3 

mm. ; (4), Brasenia Pond, 3.5 miles north of Sneads, Butler Road, Florida 

(formalin) • 

~esogopistius ch&~tgdop (Baird): (4), University of Floridao Flo

rida Lake, 1.5 miles north of Altoona, State Highway 420 Florida (forma

lin)0S. L. 31.6 to 42.0 mm. 

Ambloplites rupestris (Rafinesque): (4L V: 19570 Spring Creeko Mayes 

County O Oklahoma (P. F. A.) , S. L. 35. 4 to 52. 4 mm. ; (4), VII: 19580 San 

Marcos River, San Marcos, Hayes County, Texas (P. F. A.), S. L. 184.6 to 

256. 3 mm. 

Pomoxis nigromaculatus LeSel{·er~ (7), 18:VI!: 1950, Poteau River 0 near 

Shady Point, Leflore County, Oklahoma (formalin), S. L. 196.3 to 228.6 

mm.; (3), 27:VII~l957, slough near Harris, McCurtain County, Oklahoma 

(P. F. A.), S. L. 76.2 to 84.3 mm. 
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Pomoxis annularis Rafinesque: ClOO), VIII: 1957, Snedden Pond, Craig 

County, Oklahoma (formalin and P. F. A.), S. L. 50.8 to 206.8 mm.; (12), 

24:VIII:1946, small stream, Sequoyah County, Oklahoma (formalin)o S. L. 

77.2 to 192.6 mm. 

Acantharchus pomotis (Baird): (1). University of Florida, Dismal 

Swamp, north of Jerico Ditch, Norfolk Countyo Virginia (formalin), S. L. 

42.1 mm.; (2), V: 1914, Pocataligo River, Manning, South Carolina (forma

lin), 5. L. 38.1 and 41.0 mm. 

Centrarchus macropterus (Lacepede) : Cl) , ditch one mile north of 

Wamba, Bowie County, Texas (formalin), S. L. 76.2 mm.; (3), 27:VII:1957, 

creek five miles south of Tom, McCurtain County, Oklahoma (formalin and 

P. F. A. L S. L. 48.1 to 88. 7 nun. 

Archoplites interruptus (Girard): (15), 3 and 6:VII:1957, Carson 

River, , three miles north-north-east of Fallon, Churchill County, Nevada 

(formalin), S. L. 84.2 to 330.2 mm. 

Elassoma zonatum Jordan: (7), Magnolia Springs, near Millan, Jen

kins County, Georgia (formalin), S. L. 23.2 to 24.5 mm.i (50), 24:VIII: 

1956, Forked Lake, three miles south-east of Eagletown, .McCurtain County, 

Oklahoma (formalin, P. F. A. and Belly's), S. L. 17.2 to 31.6 mm. 

Elassoma eyergladei Jordan: (3), Alachua County, Florida (formalin), 

5. L. 20. 8 to 27.1 mm; (6), creek two miles northwest of Mullis, on Gunn 

Highway, Hillsborough, Florida (formalin). 

Elassoma okefenokee Bohlke: (13), Lewis Pond, Seminole County, Geor

gia (formalin), S. L. 22.4 to 26.8 mm. 

Fixatives, Fixation and Preservation 

A fixative is any substance used to preserve as faithfully as possible 
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the cytological, histological or gross morphological anatomy of a part of 

or a whole animal. In selecting fixatives for the material to be used 

some other considerations had to be met, namely the solution also had to · 

function as a killing agent and certain ,biological stains had to follow 

these fixatives well. As indicated above, three main fixatives were uti

lized in preparing specimens for study. Ten per cent formalin is a stand

ard fixing solution long used by ichthyologists (Hubbs and Lagler , 1958) . 

Belly's fluid was used because it fixes very rapidly (Dawson, 1934; Denny, 

1937). The third fixative indicated, P. F. A. 3, a modified Bouin's solu

tion, was originally designed as a cytological agent for insect material 

but has been found to fix neuromasts with very little shrinkage (Branson, 

in press). The formulae for all of these agents may be found in several 

handbooks of microtechnique (Jones, et al., 1950). 

After fixation the specimens were washed in running tap water if they 

had been treated with formalin, in 50 per cent ethanol if killed in P. F. 

A. and in several changes of 50 per cent ethanol containing a trace of 

iodine if fixed with Belly's fluid. All specimens were stored in 70 per 

cent ethanol until needed. An additional solution was used to kill and 

fix 11 specimens of Elassoma zonatum. These small fish were placed alive 

in a ten per cent formalin solution containing small amounts of the blue 

stain· thionine. These specimens were stored in the fixing solution . 

In addition to the specimens listed above, each of the following 

species were preserved in a saturated solution of table salt for use in 

skeletal work: Micropterus dolomieui, M. punctulatus and M. salmoides, 

all from the mouth of Little River, McCurtain County, Oklahoma; Chaeno

bryttus gulosus, Lepomis cyanellus, 1, megalotis, 1. macrochirus and 

Pomoxis annularis, all from Lake Texoma, Marshall County, Oklahoma; 
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Lepomis microlophus and 1. humilis from Boomer Creek, Stillwater, Payne 

County, Oklahoiilai Centrarchus macropterus, three specimens from Waterfall 

Creek south of Idabel, McCurtain County, and three from a small creek five 

miles south of Tom, ~lcCurtain County, Oklahoma; Pomoxis nigromaculatus 

f.rom Horse Creek 0 Afton 1 Ottawa County, Oklahoma; Ambloplites rupestris 

from the Illinois River east of Tahlequah, Cherokee County, Oklahoma; and 

bepomis auritus from the Austin City Lake, Austin 0 Texas. 

Sectioning, Staining and Mounting 

The lachrymal component of the infraorbital canal was chosen for the 

purpose of studying the histological nature of the lateral-line system. 

This choice had its basis in a cursory observation of the external morph

ology of various members of the family in which it was noted that the 

lachrymal bone was present in all species concerned (many components of 

the lateral line are absent in one species or another) and that the bone 

was easily removed. After removing these bones from both sides of the 

heads of fixed and preserved specimens and immersing them for 48 hours 

in two per cent hydrochloric acid for decalcification, they were dehy

drated and embedded in celloidin according to Walls (1932). This te~h

nique was modified slightly in the three species of Elassoma in which the 

entire head was removed and bilaterally split and processed. The speci

mens thus embedded were sectioned with a rotary microtome at five and ten 

microns thicknesso the sections being stored in 90 per cent isopropanol. 

From these sections certain ones were visually selected by using a dis

secting microscope and stained with l\tallory's triple connective tissue 

stain and a modified Heidenhain's iron hematoxylin method (Moore, 1933). 

The sections were cleared in beechwood creosote and mounted in piccolyte, 
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a synthetic resin. 

Preparations for Studying External Morphology 

Three of the thionine-treated specimens of j. zonatum and one skin 

from each of the following species, stained with borax carmine , erythro

sine or phloxine, were mounted in piccolyte for survey of external neu~ 

romasts and location of canal organs; Elassoma okefenokee, j. evergladei, 

Lepomis cyanellus, 1, gibbosus, Centrarchus macropterus , Micropterus 

dolomieui, Enneacanthus obesus , Mesogonistius chaetodon and Acantharchus 

pomotis. Observation of these specimens was augmented by inspection of 

formalin-fixed specimens. 

With the exception of Acantharchus, of which only three specimens 

were available, the canal systems of three specimens of each species were 

dried by jets of air and injected with black India ink. This procedure 

greatly facilitates the study of canal courses and has been used to ad

vantage in previous studies (Moore, 1956; Branson, in press; Illick, 1956). 

These observations were also augmented by inspecting non-injected, forma

linized fishes. 

The scales of the lateralis were studied by various means. In · some 

instances they were observed in situ after injection of the canals with 

India ink . In other specimens, strips of skin, bearing the scales, were 

stained and mounted as in the skins discussed above, the latter also being 

used for this purpose. Further observations were made upon intact, f~rma

linized specimens. 

Skeletal Preparations 

The specimens preserved in concentrated NaCl solution were gently 
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boiled, until the flesh fell away from the bones upon the touch of a dis-

secting needle or of the fingers. The lateral-line bones were removed 

one at a time, thoroughly dried, and marked for identification. Addi-

tional specimens were treated in the same manner, whether fresh or salt

preserved, whenever available. Dr. Kirk Strawn's large collection of cen

trarchid bones was used to augment our own collections for purposes of · 

illustration. 

To aid in proper orientation and identification. especially of the 

smaller osseous elements, one specimen of each of the more common species. 

and three to five specimen$·Of those_ which were not available for dissec-
. ' 

tion, were stained in toto by the alizarin method of Hollister (1934) as 

modified by Evans (1948). Some of the larger, more opaque species. such 

as Archoplites interryptus, Micropterys notiys and ,M. coosae, had to be 

dissected before the deeply-placed elements could be discerned even after 

· staining and clearing. 

Concomitant with the osteological aspects of the project an attempt 

was made to borrow fossil centrarchids for study. However, as much of 

the material is in a very poor state of preservation this venture produc

ed little results. Sixteen specimens of Qhaenobrytty§ kansasensis Hibbard 

were made available by the Museum of Comparative Zoologyv Harva,rd Univer

sity, and two specimens of the same species plus two of Pomoxis ,lanei 

Hibbard by the University of Kansas. All of the above mentioned material, 

mostly crushed and otherwise deformed, was in slabs of the diatomaceo.us

marl characteristic of. the middle Pliocene rocks of Logan County. Kansas. 

These specimens are virtual topotypes, most of them being less than 100 

mm. in standard length. 
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Counts, Measurements and Terminology 

All measurements of histological preparations were made with a filar 

micrometer mounted on a compound microscope. lVleasurement:s of fishes and/ 

or their parts were made with a pair of needle-nosed calipers and a steel 

scale calibrated to 0, 1 mm, 

Lateral·=line scale counts always started with the .first scale in the 

lateral series and continued caudad. The lateralis is termed .£.~ 

if every scale in the series bears a tube; incomplet~ when the series ends 

anywhere :short of the end of the hypural plate; and interrupte~ if there 

are intervals of scales in the series which do not bear lateral-line tube:sv 

even if only single scales are involved. 

The nomenclature herein utilized, in contrast to that of several 

other investigators, is not that of a single fellow worker. The names of 

" .. 
the several neuromast lines are those of Sato (1955a) and Stensio (1947), 

The canal names are modified from Hubbs and Cannon (1935) 0 Robins and Mi 

ler (1957), Illick (1957) and Branson (in press). 

In deciding upon a method of notation for pore counts there are sev-

e:ral factors to be considered. One of these, which prevents ci:s: from using 

the method of Hubbs and Cannon (op. cit.) is that the sunfish supratem ... 

ponll can is unlike that in Etheo:stominae. Anothe:r :aspect that should 

enter into any method of notation is that of embryology. As has been 

seen, the lateral=line canals begin to form near the eye and spread both 

caudad and cephalad from this position, It would seem, then, that 

most logical place to start counts would be somewhere in that re\Jio:n, 

fying this concept, however, is knowledge within any group under con= 

si :I.on, That is, pre-existing knowledge concerning the extent of 
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development of canals and their pores will dictate where counts should 

start and end. Nonetheless, it should be possible for one to subjectively 

delimit the canals so that a method would be utilizable in any group of 

fishes within a certain order. Thi s is attempted here for the order Per

ciformes. Since the lateralis system completes its development rather 

early in life, this notation should be as valid for small specimens (11.0 

mm. or so) as for large adults. 

The cephalic lateralis begins with the opening in the posterior edge 

of the upper end of the supracleithrum and extends to the point where the 

supratemporal canal exits. Its pores are numbered from the one in the 

posterior edge of the supracleithrum forward. When a pore is lacking in 

the canal system it is indicated thus by the interpolation of a "011 into 

the formula. The ,supratemporal . canal extends dorsad from its junction 

with the cephalic lateralis. In sunfishes this canal is never complete, 

so the pore count starts with the dorsal-most pore and is continued to 

its ventral junction. The postocular commissure extends anteriad from 

the junction of the supratemporal to the postocular sinus ; the latter 

term is discussed more fully in the text. The pore count begins at the 

posterior junction and ends with the sinus. If a pore arises directly 

from the sinus it is included in the count. The infraorbital canal ex

tends from the postocular sinus to the anterior end of the lachrymal 

bone and its pore count starts with the first pore below the sinus and 

continues to the dorsal pore of the lachrymal. The preoperculomandibular 

~ begins in a junction with the postocular commissure and the cephalic 

lateralis and extends the length of the preopercle and, except in Elassoma~ 

the articular and dentary bones. If this canal is not connected at the 

junction mentioned above the formula begins with (IN) 1. If it is joined, 
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but a pore occurs at the junction, then the junction pore is indicated 

by (JP), The supraorbital commissure is always complete, except in 

Elassoma, and begins in a coronal pore (CP) on the midline and extends to 

a junction with the supraorbital canal, its pore count starting with the 

coronal and continuing to the supraorbital junction. The supraorbital 

canal proper extends anteriad from the postocular sinus onto the snou'.t 

where it ends. The pore count for this last canal begi:ns with the first 

pore anterior to the postocular sinus and continues to the last one on 

the snout. Ectopic pores occasionally appear and some specimens abnor

mally lack certain pores. These will be noted in the text. Most of these 

terms are illustrated in Text Figure 1. 

Methods of Illustration 

Several kinds of illustrative materials have been prepared: some 

are simple, unscaled, line drawingsi others are stippled line drawings 

made by freehand methods, using a pair of calipers to obtain proper pro

portions. All of the bone drawings were made to scale by the last method 

and .. shaded with hard charcoal. All drawings of histological preparations 

were made with a camera lucida mounted on a compound microscope. 



CHAPTER III 

OBSERVATICl'IS 

During the investigations requisite to a clear understanding of the 

lateral-line system in the 29 species of sunfishes herein considered, a 

large amount of information has been gleaned. This mass of details, for 

the sake of logical order, is presented under three· captions: external 

morphology, osseous components and histological morphology. Under each 

caption one species is described in detail and followed by a comparison 

with other members in the family and with members of other taxa. 

External Morphology: Canal Systems 

Chaenobryttus gulosus. Text Figure 1. This species was chosen as 

a prototype for description for several reasons. Its morphology is prob

. ably near that of the ancestral lepomine stock (Bailey, unpublished), but 

Archoplites or Ambloplites would have been equally logical, or, in some 

respects, a more logical choice • 

. As pointed out in the section concerning terminology, the cephalic 

lateralis is a relatively short canal which extends from the posterior 

edge of the upper end of the supracleithrum to a point where the supra

temporal canal is given off dorsally. This canal is the connecting piece 

between the lateralis proper and the cephalic canals, the point of union 

being made between the surpacleithral opening and the first scale of the 

lateralis. From this point the canal is directed diagonally upward and 

31 
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forw~rd to the junct!o~ with the supratemporal. The connec~ion with the 

later_alis will be described in detail below, but an open pore is usu!illY 

lacking at this point. The only two pore~ occurring in this canal are at 

the ends of two rather short, posteriorly-directed tubes of connective 

tissue (Text Fig. 1). These connective tissue tubes are termed "external 

canaliculi11 (Tretyakov, 1938) because they are not enclosed in bone or 

scales. The pore formula for this canal is 2 CO + 2 + 0). The "2" in 

front of the parenthesis refers to the bilateral nature of the system. 

The supratemporal is a relatively abbreviated canal, which is slight

ly sigmoid in shape, bearing two round pores at the tips of caudally

directed canaliculi. The canal proper, in this species, is covered by 

scales, between which the external canaliculi exit onto the skin. The 

pore formula is 2 (1 + 1). Connection is made with the postocular eom

missure and the preoperculomandibular qanal at a junction in connective 

tissue, actually a sinus, where anothe_r posteriorly-directed canaliculus 

is formed (Text Fig. 1). As already stated, when such a pore occurs it 

is by definition a part of the preoperculomandibular system. 

The preoperculomandibular canal, as it leaves the above-mentioned 

sinus, becomes narrow but progressively increases in diameter until a 

point near the middle of the preopercle is reached. Anteriad from this 

area the canal very slowly decreases in diameter, becoming constricted 

at the anterior end of the preopercle where it is suddenly deflected 

downward for a short distance (when the mouth is closed), then diagon

ally extends the length of the mandible. The angularly-deflected por

tion of the canal is not enclosed in bone but in connective tissue which 

forms a flexible connecting piece, allowing the canal to straighten when 

the mou~h is opened. The formula for this canal is 2 (JPl + 10). All 
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Text Figure L External Morphology of the Lateral=liai.e System in 
Chaenobryttus quJosu_s. Standard length H8. r5 mm. 
ANP, anterior nasal pore; CP coronal poxeu IN. 
infraorbital canal; INP. inte:rorbital pore; P!'iiP, 
posterior nasal pore, POC, postocula:r com1Td S$U!'eu 
POM, preoperculomandibular canal; POS, postoeula:r 
sinus; PT, posttemporal; SC, sup:tao:rbHal cm1mds= 
sure; SCL, sup:raicleithxum; SO, sup:rao:rh.ital cmrnl; 
ST, supra.temporal c:a:naL India-=i:nk :injection. 
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of the pores are at the ends of short canaliculi, except the anterior-most 

one, which ope_ns directly forward near the symphysis of the dentaries. 

Canaliculi seven and eight are positively deflected (toward the head); all 

of the others are negative. 

The postocular commissure, with pore formula 2 (0 + 1), becomes in"."' 

creasingly narrowed from its origin at the supratemporal-preoperculoman

dibular junction. In India ink-injected specimens it appears as a very 

narrow black line. This is a very short tube which enters the enlarged 

postocular sinus Just behind the eye. This sinus is· externally covered 

only by skin and connective tissue. An inflated, caudally-directed can

aliculus arises from it and bears a smallish, round pore at its tip. 

Two other canals, the supraorbital and the infraorbital~ find origin 

in the postocular sinus. From the Junction with the postocular sinus the 

supraorbital canal, 2 CO + 3) follows the curvature of the head downward 

until it ends on the snout Just behind the lip sulcus. The canal main

tains a relatively constant diameter until the m_iddle of the eye is reach

ed where it is s~ddenly constricted. Just in front of this constriction 

a laterally-direc.ted canaliculus is given off, the interorbi tal canalicu

lus, which bears a very small round pore near the orbit. Distal to the 

interorbital pore the canal assumes a diameter very nearly that of its 

portion near the origin and curves downward and slightly ·laterad. Near 

the posterior r1ostril the canal opens into a vacuity covered by connective 

tissue. .A very short canaliculus (posterior nasal canaliculus) arises 

.. from this sinus which opens in a small pore near the posterior nostril. 

In front of this canaliculus the canal decreases in diameter and bends 

gently laterad to end in a pore opening directly from the end of the ca

nal. Near the posterior border of the eye the supraorbital gives off a 
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mesially-directed branch which nearly meets a similar branch from the op

posite side of the head. On the midline these two branches open into a 

sinus which gives rise to an unpaired, caudally-directed canaliculus end

ing in the smallo circular, coronal pore. This is the only canalular con

nection between the right and left sides of the body. The supraorbital 

commissural arms never bear additional pores so there is no need for a 

formula. 

The infraorbital canal, formula 2 (10), is also complete, with lat

eral walls composed mostly of connective tissue and presenting an aspect 

similar to a pea pod in which there are strong constrictions between each 

pea. Here the constrictions lie between each external canaliculus, cana

liculi eight and nine being the longest in the series. All of the canal

iculi are directed away from the eye. The infraorbital ends in front of 

the eye in a small pore direQted toward an area ·between the nostrils. 

All of the pores in the infraorbi tal series are small and nearly round 

except the slit-like ones of canaliculi eight and nine. 

In general, the external canaliculi are triangular in shape, the 

pores occupying the apex of the triangle. The exact positions of t~e 

can.aliculi are best understood when the osteological components, discuss

ed below, are known. 

The lateralis, communicating with the cephalic canals via an opening 

in the supraclei thrum, begins in a lateral-line scale located about two

thirds the width of a single scale below the posterior end of the post

temporal, about seven or eight scale rows below the middorsum. It us

ually is not completely covered by the "ear flap" and is obviously modi

fied in relation to the other scales near it. It is smaller than other 

scales of the lateral-line series and those of the general body. The 
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course of the lateralis is delineated as follows: from the connection 

with the supracleithrum it curves dorsad, for five or six scales, to a 

point seven scale rows below the origin of the dorsal fin then gently 

curves caudoventrad to a point three or four scales behind the posterior 

margin of the dorsal fin. Three or four scale rows below the middorsum 

of the caudal peduncle the line is directed in very nearly a straight 

line, ending on the penultimate or ultimate large scale in the lateral 

series. This point lies over the end of the hypural plate. Normally 

every scale in this series is pored, completing the lateralis. Occasion

al specimens may lack one or two pores on one side or the other. 

The lateral-line tubes borne by the scales are straight-sided or 

very slightly lagenated distally. The external canaliculi are very short 

and normally directed along the·axis of the mother tube. In very few in

stances were any of these found to be deflected from the major axis. 

Comparison of ~. gulosus with Other Centrarchids 

Cephalic Canals. The general course of the lateral-line canals is 

identical to that described for Chaenobryttus in all of the centrarids 

except Elassoma, which will be discussed presently, There are, however, 

many variations to be seen from genus to genus and within genera. It 

seems best to discuss these differences in related groups rather than 

cover the family as a whole. 

Centrarchinae--Ambloplitini, This taxon includes three genera and 

four species, Ambloplites rupestris, A, cavifrons, Archoolites interruotus 

and Acantharchus pomotis (PL I, Figs. 4, 5 and 6). The lateral-line ca

nals are about as capacious as those in the warmouth. In Chaenobryttus 

the posterior edge of the supracleithrum is not notched at the junction 
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with the lateralis. In Ambloplites and Archoplites there is a slight notch 

at this point; in Acantharchus the supracleithral junction is like that of 

the warmouth. There are, however, marked differences in the cephalic la

teralis. The pore formulae for the latter three genera are as follows: 

Ambloplites, 2 (0 + 2 + l); Acantharchus, 2 (0 + 1 + 0 + l)~ and Archo-

pli tes, 2 Cl + 2 + 1). In Amblopli tes and Acantharchus there is no open

ing at the posterior edge of the supracleithrum, In Archoplites and 

Ambloplites, as in the warmouth, there are two posteriorly-directed canal

iculi. In Acantharchus there is a single canaliculus which is comparable 

to the ventral-most component of the two in other species. As noted 

above in the formulae and in Figures 4, 5, and 6 (Pl. I), there is an 

element present in these three species which was not seen in Chaenobryttus. 

This is a ventrally-directed canaliculus near the anterior end of the ce

phalic lateralis. In 18 examined specimens of the rockbass, one specimen, 

117 mm. in standard length, lacked the fourth canaliculus on the right 

side. The cephalic lateralis is slightly longer in these three species as 

compared with that of the warmouth and nearly lacks lateral hard walls in 

Ambloplites and Acantharchus. In Archoplites, only the canaliculi are com

posed of connective tissue and in Acantharchus the cephalic lateralis is 

covered by large scales. 

The supratemporal canal and external canaliculi are essentially like 

those in Chaenobryttus. In Ambloplites the canal is composed mostly of 

connective tissue laterally, whereas in the other two genera it contains 

considerable bone. In Acantharchus the supratemporal canal, except the 

external canaliculi, is covered by scales. 

Observation of the preopercular elements disclosed some further dif

ferences. The canal begins at the same junction as that of the warmouth. 
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It will be noted in the figures that where two or more canals meetv or 

where external canaliculi are given off, an enlarged area covered by con

nective tissue is formed. This is true in all of the centrarchids and of 

fishes in general (Allis v 1904). Comparing the preoperculomandibular ca

n al formulae for these three species we find the following~ Ambloplites, 

2 (JP!+ 12); Acantharch!!.§., 2 (JPl + 12); and Archoplites, 2 (Thi 1 + 1 + 

11). In Chaenobryttus, which has a complete preoperculomandibular and 

junction pore, as in Ambloplites and Acantharchus, the first canaliculus, 

below the junction, is formed about one-third the length of the ascend-

ing arm of the preopercle below the upper end of that bone. In Acantharchus 

and Ambloplites a short canaliculus is directed backward immediately be-

low the junction canaliculus and a second one very near the upper end of 

the preopercle. In Archoplites the canal is not joined at the junction, 

therefore it is termed incomplete. Near the position where the first ca:

naliculus is formed in Acantharchus and Ambloplites a small canaliculus 

extends dorsally for a short distance then turns caudad and ends in a tiny 

round pore, A second canaliculus, immediately above this, opens directly 

downward at a point where the preopercular canal would attach if complete. 

The junction pore and tube are about in their normal positione and the 

remaining tubes and pores are homologous to those found in Acantharchus 

and Ambloplites. 

The postocular conunissure is a term recently introduced (Branson, in 

press) as a name for the connecting canal between the junction of the 

preopercular, supratemporal and cephalic lateralis canals and the post

ocular sinus. The reason for this introduction was simply to avoid use 

of the confusing terms °'lateral canal," "posterior end of the infraorbi tal 

canal," and other such terms. The term "postocular sinus'' was introduced 
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in the same work for the enlarged vacuity contained in connective tissue 

where the infraorbital, postocular commissure and supraorbital canals 

meet. This term refers to the same structure called the "tympanic re ... 

ceptacle" by. Tfetyakov Cl 950). which may lead to some confusion because 

of the word tympanic. 

In general. the configuration of the po~t.ocular sinus in these three 

genera agrees with Chaenobryttus. However, in Archoplttes the tanalicu

lus of the postocular sinus opens on the ventral side of the commissure 

rather than dorsal to it and, in the three specimens. available of 

Acantharchus, there was a minute canaliculus, possibly ectopic, opening 

anteriorly from the postocular sinus and deflected toward the eye (Pl. I, 

Fig. 5). The postocular canal of Acantharchus and Ambloplites contains 

very little bone in its lateral walls, but in Archopli tes the central 

part of the canal is composed of osseous material. 

The infraorbital canalicular formulae for members of this tribe are: 

Ambloplites, 2 (6 + 1 + 0 + 1 + 3) (occasionally complete with ten pores); 

Acantharchus, 2 (9); and Archoplites, 2 (5 + 1 + O + O + 1 + 3). In 

Anibloplites and Archoplites, as shown in the formulae, the infraorbital 

canal is incompleteo the break occurring between pores 7 and 8. In 

Ambloplites canaliculus 7 has been lost and in Archoplites both 6 and 7 

have disappeared. There are terminal pores on both sides of the inter

ruption. Al though the infraorbi tal has remained complete in Acantharchus, 

there seems to have been a loss of canaliculus 6. 

The supraorbital and supraorbital comrnissure are essentially as in 

Chaenobryttus. In one of 18 specimens of Ambloplites a minute ectopic 

canaliculus occurred at the point where the supraorbital begins to curve 

around the orbit. In one of three specimens of Acantharchus therewas a 
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very short canaliculuso probably ectopic, directed anteriorly from the 

junction of the two supraorbital commissural canals. 

Centrarchinae--Centrarchini. The tribe Centrarchini contains 

Centrarchus macropterus and the two species of Pomoxis (Pl. Iv Figs. 1, 

2, and 3). The external morphology of the canal systems areo againo simi-

lar to .that of Chaenobryttus and to the members of the Ambloplitini. The 

supracleithrum is deeply notched posteriorly and opens in a pore in 

Pomoxiso but is smooth and po:reless in Centrarchu~-. The pore formulae 

for the cephalic lateralis in Centrarchus is like that of Amblopli tes and 

is the same as Archoplites in Pomoxis. All of these formulae differ from 

that of Chaenobryttus. The external canaliculi, in addition to being ar

ranged differently, are also slightly larger. Furthermoreo pore 4 opens 

directly from a connective tissue sinus in the flyer and the black crappie 

rather than being at the ends of canaliculi. However, this is rather var

iable and short tubules do appear frequently in both species at this point 

(28 of 100 E. niaromaculatus and 6 of 31 Centrarchus>. 

The supratemporal is like that of the previously discussed species. 

The dorsal-most canaliculus is occasionally strongly deflected ventrally 

in Centrarchus (Pl. I, Fig. 2). In the last-named species the supratem

poral excluding the external canaliculi is always covered by scales. 

The preoperculomandibular canal in this group is characterized by 

the following pore formulae: Centrarchus, 2 CJPl + 10); Pomoxis 
I 

niqromaculatuso 2(JP1 + lO)i and f. annularis, 2 (IN 1 + l + lO)v which, 

excluding f. annularis, is identical to that of Chaenobryttus. At the 

upper end of the canal, near the point of union with the junction, a 

pinhole-like pore, which is inconstant in position, often occurs in all 

three species, but may be absent on one side while appearing on the 
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other. Inf. annularis, where the canal is incomplete (one of 25 specimens 

had the canal complete on the left side), the junction canaliculus and pore 

are normal in position and a slight canaliculus and pore occur at the upper 

end of the incomplete part of the canal. Pore 6 is directed dorsally rather 

than ventrally as in the warmouth and in all Centrarchini. 

The postocular commissure is like that of Chaenobryttus except that 

the anterior canaliculus is lacking in most specimens of P.l!ig,rQmaculatY--§o 

the pore thus opening directly from the postocular sinus. In 3 of 25 f. 

annularis a tiny pore opened from the lateral wall of the commissure (Pl. 

I, Fig. 1). 

The infraorbi ta! canal is interrupted in all three species, differing 

from the complete condition in the warmouth. The formulae are: Centrgr£b.Y.§.o 

2 (4 + l + O + O + O + l + 3); f. niQrornaculatus, 2 (4 + 1 + O + O + O + 

l + 3) i and in ,f • .s1nnularis, 2 (3 + 1 + o + o + o + o + 1 + 3) C\' Centrsirghus 

and .f. Jl,igromaculatus have lost three canaliculi whereas the white crappie 

has lost four during the process of reduction. The external canaliculi 

of Pomo~ii are very short and the pores often open directly into the canal 

walls. In one specimen off. nigromaculatus pore 10 was double. 

The supraorbi tal canal and its commissural branches are like those 

discussed above except that the posterior end of the main canal and the 

commissures are much more deeply covered by muscle. Thiso of course, is 

in consequence of the gibbous body. The coronal canaliculi are also 

lengthened as a result of the deeping of this part of the bodyf a general 

feature of gibbous centrarchids. 

Lepomin9e--Lepomini. (Pls. 1 and 2; Figs. 7, 8, 9, lOo 11, 12, 13, 

14, 15 and 16; Text Fig. 1). There are two genera, Chaenobryttus (al

ready described) and lepomis, and eleven species included in this tribe. 
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The cephalic lateralis pore formula given for the warmouth is the same for 

only Lepomis punctatus and 1. meqalotis. In 1, punctatus the entire supra-

cleithrum and the ventral half of the posttemporal are covered by the oper-

cular flap. Neither a notch nor a pore is found at the posterior edge of 

the supracleithrum in any member of the tribe. In the rest of the tribe 

there are two cephalic lateralis formulae: 2 ( 0 + O + 1 + 0) and 2 (0 + 

2 + 1). The first of these is found only in 1, svmme.tricu.§., which pos

sesses only the dorsal component of the two posteriorly-directed canali

culi seen in Chaenobryttus (Pl. l, Fig. 8). The remaining seven species 

possess a cephalic laterali s corresponding to the second formulao al though 

Moore (1956) indicated only a single posterior pore in 1, humiUso 1. 

cyanellus and 1. macrochirus and a tube through the supracleithrum was not 

seen. The last-named formula, it will be noted, is identical to that of 

Ambloplites. In 1, mirginatusv 1, cyanellus and 1, gibboSUJ, pore 4 is 

normally very tiny and occasionally may be lacking on one or both sides 

of the headi it opens directly into the canal wall, In!,. microlophuso 

1• hyrniliSo 1, auritU§ and 1, mgcrochirys the pores are at the ends 0~ 

ventrally-directed, short, canaliculi, but are sometimes directed upward 

on one or both sides of the fish. The supratemporal canal is like that 
' 

of Cbaenobrytt!!l except that it is strongly tilted forward in the deep-bod.ied 

species. In one of 100 1. macrochirus a third, ectopic canaliculus was 

observed (Pl. II, Fig. 14) and in one specimen of 1. megalotis breviceps 

(one of 27) two shorto anterodorsally-directed ectopic canaliculi were 

observed (Pl. II, Fig. 9). The canal is covered by scales only in 1, 

punctatus and Chaenobryttus. 

The interrupted nature of the preoperculomandibular canal noted by 

Moore (1956) in 1. humilis occurs normally only in that species. In all 
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other Lepomis the canal is complete. The pore formula given for the war

mouth also applies for 1. macrochirus, 1. punctatus and 1. marginatus. 

A very tiny, anteriorly-directed tube was noted in one bluegill (Pl. II, 

Fig. 14). There are three other formulae normally found in this tribe: 

2 (lN 1 + 1 + 10); 2 (JPl + 11); and 2 (JPl + 12). From what has been 

said the first of these obviously belongs to 1. humilist the second formu

la illustrating the condition in 1. meqalotis, ,b. auritus, 1. microlophus 

and 1. cyanellus. The extra canaliculus has arisen at a point just be

low the origin of the junction canaliculus. In addition to the normally

occurring tubes and pores an anteriorly-directed ectopic tube lying near 

the . preoperculomandibular-postocular commissure junction is seen in about 

one of each 50 specimens of 1. microlophus. In specimens of 1,p,Domis 

cyanellus which are lLO to 25.0 mm. in standard length a posteriorly

directed canaliculus is intercalated between the junction pore and the 

first preoperculomandibular pore (Pl. I, Fig. 7). By the time a fish at

tains a size of 75.0 to 100.0 mm. in length the tube and pore have both 

disappeared. Lepomis gibbosus and 1. symmetricus both possess preopercu

lomandibular pores which are represented by the third formula above. Two 

extra canaliculi, then, have been added over the same system in 

Chaenobryttus. One of these is located near the junction pore and the 

other is found near the upper end of the preopercle. 

In all of the species of Lepomis, except ,b. humilis, the next to the· 

last and third from the last pores (numbers 7 and 8 of Chaenobryttus) are 

directed toward the lip. In ,b. humilis the next to the last two (number 

8 and 9 of the warmouth) are so directed. Moore Cl 956) indicated that 

all of the preoperculomandibular tubes and pores were directed away from 

the lip in all three of the species mentioned above. 
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There are only two postocular commissural formulae in this tribe: 

2 (0 + 1) in Chaenobryttus, 1. symmetricus, 1. qibbosus, 1. marqinatus, 

1. humilis and 1. cyanellus;and 2 (1 + 1) in 1. pµnctatus, 1. meqalotis, 

1• auritus, 1. microlophus and 1. macrochirus. In one specimen of 1. 

microlophus. a blindly-ending tube was formed near the junction of the 

commissure with the supratemporal and in 1. punctatus a third ectopic 

canal is often (12 of 100) seen near the postocular sinus. Moore's (1956) 

observations are in accord with those described above. 

As in the last- described portion of the canal system there are two 

formula types found in the supraorbital canal. The one exhibited by 1. 

syrnmetricuso 1. macrochirus, 1. cyanellus and 1. humilis is 2 co+ 3), as 

in Chaenobryttus. In 1. aibbosus, 1. marginatus, 1, microlophus, .1., 

auritus, ~. punctatu5 and~. megalotis the pore formula for this canal is 

2 (1 + 3) , which is different than any species thus far discussed. The 

placement of the posterior canaliculi varies slightly from one species 

to the next. In 100 specimens observed from Horse Creek , near Afton, 

Ottawa County, Oklahoma, 331, humilis possessed a slender canaliculus 

(not observed by Moore , 1956) directed rostrally from the anterior edge 

of the sinus connecting the two supraorbital commissural canals (Pl . Il 0 

Fig. 16) . The coronal pore and commissural canals are otherwise· as in 

the warmouth. 

It is possible to write five different formulae for the infraorbital 

canal in the Lepomini. Five species, 1, cyanellus, 1. qibbosus, .1:. marginatus, 

L.-auritus and L. punctatus possess the same formula as Chaenobryttus , 2 (10). 

ln 1. auritus, one specimen of 37 observed had a small ectopic, dorsally

directed canaliculus (Pl . II, Fig. 11) located between canaliculus five and 

six. One other species, 1. rneqaloti s, has a .complete infraorbi tal 
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canal, but a different pore number than those discussed above. The pore 

formula for this species, 2 (13), obviously represents specialization 

since, if one counts only the normal-sized tubules the pore count would 

be the same as the other six members with a complete infraorbital canal. 

Three, very small canaliculi have been added, one between pore 1 and 20 

one between 2 and 3 and one between 6 and 7. It is not known how constant 

this condition is from one population to another. Our specimens were 

mostly all 1. m. breviceps and an unnamed subspecies from northeastern 

Oklahoma. There are three possible, usual formulae in species which pos

sess an interrupted suborbital series. In 1. synunetricus and 1. macrochirus 

the formula is 2 ( 5 + 1 + 0 + 0 + 1 + 3), indicating the loss of canali

culi 6 and 7. The bluegill, in about 25 per cent of the specimens, some

times has a second interruption occurring between tubules 4 and 5 so that 

the infraorbital has three segments instead of two. Moore (1956) illus

trated the bluegill as having a complete infraorbital, but the canal was 

definitely interrupted in over 100 specimens observed in this study. 

Lepomis microlophus has apparently lost only canaliculus 7 as its pore 

formula is 2 (6 + 1 + 0 + 1 + 3). In one instance the terminal end of 

the proximal segment had a second small pore (Pl. II, Fig . 13), Lepomis 

humilis has . lost three external canaliculi, 5, 6 and 7, but this is not 

so apparent at first glance because of the inflated nature of the canal 

systeni in this species. The terminal pore of the proximal segment is 

often doubled (Pl. II, Fig, 16), but the formula 2 (4 + 1 + 0 + 0 + 0 + 

l + 3) does not take this into consideraUon because the double condition 

is actually only a subdivision of a single opening and is not constant. 

Lepomis humilis is an abberant member of this series in that most of 

the 1ateral..:line pores, with : the exception of the lachrymal component, 



46 

are very large and slit-like, whereas other Lopominae have rounded pores. 

Bailey (unpublished) has also noted this condition. In fact, all of the 

canals are so enormously inflated that Hubbs (Ortenburger and Hubbs, 1927) 

erected a new genus (Allotis) for this species on the basis of the larg~ 

head canals. The width of one of the supraorbital canals is greater than 

the distance between the two canals. Moore (1956) has also commented up

on these large canals , inferring that they were an adaptation for living 

in the muddy waters of the Great Plains. The last author's pore counts 

for the infraorbital are in agreement with those made herein. The entire 

cephalic canal system of ,b. humilis possesses very little bone in the 

lateral wallsv being covered instead with connective tissue. In cer

tain populations (Curd, 1959) the lateral-line canals lose even the con

nective tissue covering and appear as open grooves. 

Lepominae--Micropterini. (Pl. III, Figs. 17v 18, 19, 20v 21 and 

22) . This tribe includes the six species of Micropterus, the blackbasses. 

The most obvious characteristic of the canal system in an adult Micropterusv 

when compared with the other members of the family, is the small diameter 

of the canals . Furthermore, the external canaliculi are very long and 

slender <much longer than the width of the canals which emit them) o and 

the pores are comparatively minute. 

The cephalic lateralis and supratemporal canals bear the same number 

of pores as in Chaenobryttus, with some individual variation. One speci

men of M, notius possessed a small opening into the canal at about the 

position of pore 4. One of the few available specimens. of M, coosae , in 

addition to possessing this ectopic pore, had only a single p~sterior 

canaliculus in the cephalic lateralis. This last-named canaliculus cor

responds to the dorsal component. 
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As far as the preoperculomandibular system is concerned there are 

two groups found in I\Ucropterus, thos.e eo.rresponding to Chaenobryttus 

and those which have the formula 2 (JPl + 11). Only two formsv ,M. dolomieui 

dolomieui and M. punctulatus,· fall into the first group. The second for-

mula characterizes .M. dolomieui veloxv. ,M. coosae, .re,. notiusv ,M. treculi 

and !f. salmoides. The extra canaliculUsv as seen above for Lepomi~ 

megalotisv is formed just below the junction pore. This pore is usually 

not borne at the end of a canaliculus in IJ. notius but opens instead di

rectly into the connective tissue connecting piece betweern the preopercle 

and the postocular commlssure. In one specimen each of]. salmoides and 

,M. dolomieui (Pl. Illv Figs. 17 and 22) the third from the last pore was 
,•' 

directed away from the lip instead of toward it. 

In the specimens observed during this·· study it was again possible to 

divide the Micropterini into two groups based,· this time, on postocular 

commissure morphology. Three species are similar to Qhaenobryttus (M. 

dolomieui ,r&9lomieuiv M· salmoides and !f. notius> and four speciesv ,M. 
' ' 

dolpmip~i ,Yelo;xv ,M. punctulatusv ,M. coosg,e. and Af. treculi, have the same 

formula as Lepomis auritus. Micropterus coosae and AJ. dolomieui are ex-

tremely variable in this respect, about 50 per cent of the specimens 

falling into the first category. 

The general plan for the supraorbital and its commissural branch de

scribed for the warmouth is found in the basses. The interorbital pore, 

however, is located at the end of a relatively long, slender, external 

canaliculus which is strongly deflected caudad. In .all species a small 

directly-entering pore is occasionally seen near the junction of the com

missural arm. An ectopicv anteriorly-directed tubeo similar.to the one 

described in Lepomis humiliso arises from the coronal sinus in one large-
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mouth bass. 

The infraorbital canal is complete in all six species and the basic 

plan of Chaenobryttus is found in ,M. treculi, ,M. punctulatusv ,M. salmoides 

and _M. coosae. One specimen of ,M. coosae was found to possess an abnormal 

lachrymal opening (Pl. III, Fig. 21) which caused an additional canaliculus 

to appear. Micropterus golomiaui and ,M. notius were again found to be ex

tremely variable. These two species ranged from nine to 11 eanaliculi 

and pore.s per side. This condition also varied from side to side in a 

single specimenv one side having 11, the other nine, ten or 11. The single 

formula which seems to be the most prevalent is 2 (9)v or one tube less 

than gggenobryttus and two less than the other members of the bass tribe. 

Lepominge--Enn1gcanthini. (Pl. III and IV, Figs. 23v 24 and·25). 

This tribe, comprised of Ennegcanthu1 gloriosus, J. obesus and 

Mesogoni§tip§ chaetodon, possess several specializations not seen else

where in the family. The cephalic lateralis is like that of Acantharchu1 

in having only the single posterior canaliculus. This element, instead 

of being a straight tubular structure, is bulbously inflated and occupies 

nearly the whole width of the p~sttemporal. In M@sogoni§UHI (Pl. IV, 

Fig. 25) a pore often occurs at the posterior edge of the supracleithrum. 

One specimen of J. obesua lacked any sign of a posterior opening in the 

cephalic lateralis. The supratemporal canal exhibits the same pore con

dition as other centrarchids, but it is a relatively larger canal than 

seen in the others, with the possible exception of ,L. humilh. The supra

temporal .and cephalic lateralis, except the external canaliculi, are 

completely covered 1by scales in all three species. 

The preoperculomandibular canal, 2 (JPl + 8), is likewise different 

than tha_t .of any of the other centrarchids. The loss of the canaliculus 
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corresponding ~o number 8 in Chaenobryttus seems to have occurred so that 

there is only a single canaliculus directed toward the lip on the mandi

bular arm. The other loss was probably the tube corresponding to number 

1 of Chaenobryttus. The preopercular portion of the canal is covered by 

scales between the external canaliculi in all three species. 

The postocular commissure is characterized by the same formula as 

that of the warmouth. It is extremely short in Mesogonistius , nearly 

completely enclosed in bone in all three members of the tribe 0 and is 

covered by scales in the two species of Enneacanthus. 

The supraorbital canal is difficult to characterize in this tribe 

because of extreme variation. It is interrupted in all three specieso 

but the amount of interruption is seldom the same from specimen to speci

men or from side to side. The anterior segment of the canal is v how

ever, morphologically constant and differs drastically from all other 

centrarchids. In other sunfishes, except Elassqma, there are two anteri

orly-directed pores in the lachrymal segment but in the Enneacanthini 

there is only one. This will be better understood when the osteology is 

compared. In all specimens observed the proximal portion of the canal 

extends downward past the middle of the eye in~. chaetqdqn and i. obesus, 

both having at least three pores, two canaliculi directed away from the 

eye and an anterior terminal pore. About 50 per cent or more of the 

Florida specimens of M· chaetqdon had five tubes (Pl. IV, Fig. 25), four 

laterals and the terminal one. Bailey (1941), in his discussion of the 

geographic variation of M. chaetqdon, did not consider the lateral-line 

system beyond stating that the head canals were "fairly well-developed. '0 

Over half of the specimens of~. gloriosus had only a single pore at the 

posterior margin of the eye. Some specimens (Pl. IV, Fig. 24) have a 
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brief tube a s:horl, distance below the one mentioned above, and in a few 

individuals the canal is continuous to just below and behind the middle 

of the eye. 

Elassominae. (Text Figs. 2, 3 and 4). This is a peculiar group o~ 

fishes which has unfortunately been retained as a member of the Centrar

chidae. Three species are presently recognized and a fourth is in the 

offing (personal communication, B"ohlke). All of the species examinedv 

Elassoma zonatum, J. evergkadei and J. okefenokee9 are nearly identical 

in their lateral-line morphology, the resemblence to that of the true 

sunfishes being very slight. The process of reduction has been extreme 

and the canals which are left are relatively large, being composed mostly. 

of connective tissue. 

The cephalic lateralis and supratemporal canals are represented by 

straight tubes which bear terminal pores. There are no external canali

culi, unless one wishes to term the canals such. The preoperculomandi

bular canal, a misnomer in this instance, could be represented by the fol

lowing formula: 2 (IN 1 + 1 + 0 + 0 + 3 + 0 + 0 + 0 + 0 + 0). This, com

pared with Chaenobryttus, would mean that the first two and the last five 

pores of the canal have disappeared. There is, then, no mandibular com

ponent in Elassoma. 

The postocular conunissure is a straight tube which does not bear ex

ternal pores or canaliculi, nor do such arise from the postocular sinus. 

The infraorbital is greatly interrupted, consisting only of a short 

tube behind the eye and the lachrymal component in front of the eye (Text. 

Fig. 2). As will be noted in the figures, the lachrymal differs from 

that of all other species in the Centrarchidae in lacking anterior cana

liculi. 
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The supraorbital canal is also strikingly different although it rough

ly follows the same course as in the other species. There is no interor

bital canaliculus and the commissure is never complete. There are two 

rather large terminal pores 0 one from either commissural brancho directed 

toward the midline of the fish (Text Fig. 4). The two nasal pores are 

rather normal in position except that the posterior nasal pore is in the 

posterior nostril. This has not been observed 0 at least not recorded in 

the literature, in any other fish. The supraorbital canals 0 actually the 

whole dorsal part of the head (Bohlke, 1956), is covered by scales in~. 

eve rg 1 ade,i. 

Lateralis 

The lateralis is the conspicuous line that usually extends along the 

sides of the body in most fishes. As has been intimated aboveo it commu

nicates with the cephalic system through the upper end of the supracleith

rum, a fact that has very often been overlooked in perciform fishes by 

recent investigators. Most authors illustrate the lateralis as being a 

posterior continuation from the dorsal or ventral canaliculus of the ceph

alic lateralis. It is also common practice to speak of the scales in the 

lateralis as the '°lateral series 0 " which may lead to some erroneous con

clusions. 

The scales of the lateralis bear small tubes of varying shapes and 

lengths according to the group observed. These canals are not isolated 

enti~ies but are connected to one another by certain linking mechanisms 

and by connective tissue similar to that which imparts continuity to the 

cephalic canals. As in the cephalic system there may be varying degrees 

of interruption or incompletness. There may be, as shown below0 some 
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lateral~line scales which are isolated from the others. 

In a typical centrarchid lateralis scale, such as the one seen in 

Fig. 27 (Pl. IV), it is seen that the neuromast (here represented by a 

stippled area) occupies approximately the center of the tube, implanted 

on the proximal wall. The tube is rather lagenate, or ampulla-like in 

shape, being smaller posteriorly than anteriorly. There are usually 

three openings per scale: an anterior and a posterior, terminal one open

ing on the outer surface and a subterminal one opening through the scale 

to the inner surface. Ectopic openings may occur anywhere on the scale 

and there may also be abnormal scales which have only twou one or no pores 

in the canals. There is usually a slight depression close to and paral

leling the lateral-line tube for its entire length. The apical or anteri-
.. 

or end of each lateral-line tube is peculiarly modified (Pl. IV1 Figs. 26 

and 28) to form a firmly united socket with the scale immediately anterior 

to it. The flat plate slips under the anterior scale and the elevated 

spino~s processes fit into a pair of socket-like structures located near 

the pore which opens on the inner side of the scale. Thus, the scales 

are rather rigidly held to each other. Furthermore, the connective tis

sue lateral-line canalu which passes into the scale tube through its lat-

eral surface and out through the proximal surface, insures continuity 

from scale to scale. The connection is achieved by the anterior pore 

being placed nearly directly under the inner opening of the subterminal 

pore of a preceding scale. (Pl. IV, Fig. 28). 

Apparently external canaliculi of the lateralis in North American 

fishes have never been discussed. These tiny tubules are of the same 

nature as those of cephalic canals, i. e., contained in the skin alone. 
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These usually originate from each scale canal at the posterior end, where 

two scales overlap and may be directed along the major axis of the lateral 

series as ·in Chaenobryttus (Pl. IV. Fig. 27) or be deflected from the axis 

as in 1. Gibbosus (Pl. IV. Fig. 28). The canaliculi open to the exterior 

by a small round pore. The length, diameter and general configuration of 

the external canaliculi are variable, but the picture for a given species 

is fairly constant. The external canaliculi of the Centrarchini 0 Microp

terini and Enneacanthus obesus, Lepomis symmetricus, 1. macrochirus, 1. 

humilis and' 1. marginatus are similar to those of Chaenobryttus, whereas 

the other centrarchids, except Elassoma, which lacks lateralis tubes com

pletely, bear canaliculi that exhibit some variation of the condition 

found in 1. qibbosus. In 1. microlophus the canaliculi range from very 

short to longer than the main tube and are nearly always deflected up

ward. Some of the tubes may be bent back so as to be directed toward the 

head. Most of those in 1. cyanellus are quite short and usually deflect

ed ventrally, but occasional tubes appear which are dorsally-directed. 

There does not seem to be any particular pattern of arrangement in l,. 

megalotis, 1· auritus, 1· punctatus, Enneacanthus gloriosus and 

Mesogonistius, the tubes following a course in either direction from one 

scale to the next. The canaliculi are usually very short in the first 

three of the last-named species and about one-half the length of the main 

tube. They are deflected at about a 90° angle from the main canal in the 

last two. 

Course .Qi.~ Lateralis Proper. It is possible to divide the Centrar

chidae, if the Elassominae are included, into four groups based upon the 

gross morphology of the lateralis, as seen in Table 1. There is no need 

for discussion of the Elassominae as the lateralis is lacking. The tabular 
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TABLE I 

COMPARISOO OF THE RELATIVE ~mRPHOLOGY OF THE 
LATERALIS IN THE CENTRARCHIDAE , ... 

Complete 

A. rupestris 
A. interruptus 
P. nigromaculatus 

L. 
L. 
L. 

Interrupted 

symmetricus 
megalotis (in part) 
cyanellus (in part 

Incomplete 

E. obesus 
E. gloriosus 
A. pomotis 
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P. annularis (in pari) 
C. macropterus 

P, annularis (in part) L. megaloth (in part) 

L. punctatus 
L. macrochirus 
L. humilis 
L'.' rnarginatus 
L. auritus 
L. rnicrolophus 
L. gibbosus 
L. cyanellus 
L. megalotis (in part) 
Micropterus 
M. chaetodon 

As is true in all of the species with a lateralis, the first scale 

is a modified one. Its position is always the sarnev i. e. v just below 

the posterior end of the posttemporal abutting the supracleithrum. In 

Chaenobryttus this point lies seven or eight scale rows below the middor

sum~ but .this varies with the scale size in individual species. In 

Ambloplites, rupestris it is 13 to 14 rows; Archoplitesv 11 or 129 in .f. 

lligromaculatusv Lepomis punctatus, 1, gibbosus, 1, symmetricusv ]. 

salmoides and Enneac~pthus, six or seven; in Centrarehus, ,L. microlophus 

and .f. · annulari s five or six; in .b, macrochirus and ,M. notius 0 eight or 
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nine; in 1. ~. 1· m.arginat!!§., JI!!. t.:r.eculi. !1J. pi.mc_lulatl!§. a:nd 1· 

megalotJs, sevelrl or eight; in 1. auritus~ seven to nine~ in 1• £,Yalll~ll~L§, 

nine or tenu ten to 12 in }.11. soosae; 12 or 13 in 1-J. dolQfili~J.1 arnd .four 

or five in ~~u1aa1:rJY!.!§,. This first scale is partially or wholly c«)ve:.r,B·d 

by the opercular flap :in J;1, il*"!i!l.'?~ll!J.§., 1. :QID1ctatus. ,M. ~V~i~mi .11• 

,12omotis, £. ~ill. and ,~Uln€2i£@:tilJ!§.. However. this c,mdit:Kon is q~i.ite: 

variable in .M. ~todon arr1d some specimens are to be found in wh:foh t.:IH:J 

scale is complet,~ly '¥isiblie,. 

Th~ size of the lateralis scales, in relation to other body scales, 

also· varies from species to species. They may be equal in dze to the 

epaxial and. smaller than the hypaxial scales, a1:;; hi Amhlo.!!1.!!.s1.§., equal t,n 

the rest of the body seal EH'» in size 9 a~. in most of the Lepomimi O o:r smaH<-

. er than those ab«nre or below them. as in the Micropte:ri:ni and E11meac:anthirr1.L 

The general co1.une of the lateralis, like other aspects of the system, 

· varies from species to species. In all species, except the bass·as, the 

·· · lateraliS 11.ni.rves upward fo:r. sevaral scales from its poi:nt of origin, gently 

in the more p:a:rallel=sided forms, and declivi tously in the deep=bodied 

cies •. :Cn Mi.C~I~~ the la.teralis first loops downward for two o:r th:ree 

gcales, then gently slopes upward for three to eight scale :rows f:ir(Om which 

. pClillt it extendr» iri a nea:dy straight. diagonal line to its te:rrni1ni.t.imi c:n 

one c>f thH last fou:r noirmal-·sized Sf:ales in the lateral series. E"ve:ry 

stale in the late.n::ilh is usually tubed. but there may be short stret«:,hes 

of fncompleteness a.110Mnti1ng to one or two scales in length. l<~o:i:- all 

tfcal purpose£ the :gem1s ,.Mic):'OQ.tel]!§. is considered to possess a. c(rn1p 

lateralis. 

In othe:r su.ITTf'hhes ~ except .:romoxiJi and &nblQP~.~ the canal l 

intrllediately begirris cu:nd:ng upward and continues to do so for fomr '\I:.(() R1irr1e 
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scales. In AmbJ.9,Jllit_e,j_ the length of the descent is from ten to 11 scales 

and in ~. which is variable for this character, the number o:f scales 

involved is from five to 11. The point where the curvature becomes nega

tive lies at va:rying- dis:tak1ir;t~S below the do:rsum. lll1 all sped es~ except 

J\rchoplites, this point lies nearly directly below the or:n.gilTI of the spi= 

nous dorsal fin. In the 15 specimens of Archoglites, the lateralis be

gan to curve downward steve1n or eight scahi :rows below the fourth spine of 

the dorsal fin1o In the greatell'.' number of the r<f~rnai!fliillg species the nega= 

tive curvature begins et a point five to seven scale rows below the dorsal 

origin. In Mesogoni~ti.ll!§ arad lj;. Gloriosus it starts at four or five rows 

and in Amblopli tes eight or nine rows below the origin. Most of the cen= 

trarchids, excluding the basses, then, :resemble _t!haenobx~ttll/L~ in this re-, 

:spect. 

The negative curvature in the species with a complete lateralis, again 

excluding the basses. since they have already been discussed, ends either 

at the posterior end of the dorsal fin. one or two scales befow the dorsum 

and proceeds directly ceudad from that point, or the line curves to the 

posterior end of the dorsal base, three to five scale rows below the dor= 

sum, a1nd then abruptly drops down from one to six scale rows and e:Ktell1d:s 

straight back ~rn in 1. l!J!mili:s. 1. mic:rofophus or .b,. gibbosus. !111 othe:r 

species with a complete lateral is the series declines to a poi11J.t from two 

to six :scales behind the posterior end of the dorsal base, two to five 

scale rows below the caudal peduncle dorsum, from which point the lhrn 

straightens and extends, as in the other species, to one of th,e last 

three no:rmal~5ized scales. In some specimens of 1. pmcrochlrus, 1. 

cyanellus, 1. au:ri t:us and &, microlo12hus there was a very ~,m:all l:at:e:ral=

line tube on the first small scale behind the last no:rmd latend=,lhH.\' 
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scale. It will be noticed in Table I that!,. cyanellus. 1· meJ1,glotis and 

E. annularis have been included in more than one column. The reason for 

this is that the species are variable and exhibit more than one lateralis 

phenotype. The variation observed in the other species possessing a com

plete lateralis was not great. Short interruptions of one to three blank 

scales were noted in most of the species and in certain regions of the 

lateralis where blank scales occurred there was a tuhe obse:nred on a scale 

above or below the main course of the normal series. 

Those species which possess a markedly interrupted lateralh are fewg 

Lepomis symmetricusv 1. meqalotis (in part), 1. cyanell.!!.§. (in part) and 

Pomoxis annularis (in part). The point of interruption amd of recovery is 

variable. In 1. symmetricus the break usually occurs mine to 15 scales 

posterior to its beginning. Following the interruption there is a stretch 

of scales 0 averaging 20 to 21 in number 0 which may completely lack lateral

line tubes or possess a few anomalous tubes scattered through the 20-odd 

scales. The series then recommences four or five scale rows behind the 

posterior end of the dorsal base and extends to the last large scale of 

the series. In specimens of 1. cyanellus the interruption may occur al-

most anywhere in the lateralis and varies from two to eight or nine scales· 

in length. .All'lother condition seen in this species is that of mruty of the 

tubes in the series are staggered above and below the main course of the 

lateraliso giving it a sinuous appearance. Lepomis megalotis, as noted 

in Table I, is an extremely variable species. The interrupted areao in 

specimens with such a condition 0 may be only two or three scales in ex= 

tent, or may be 12 or more scales in length. The series may end near the 

posterior extremity of the dorsal base and the last three normal 5cales 

of the lateral series bear tubes. or there may be several gaps of two or 
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three scale lengths along the canal system. In some specimens of .f. 

annularis the interruption occurred any place from Live to eleven s.cales 

from its commencement followed by a gap of 18 to 25 tubeless scales (an 

occasional tube or two occurs within the blank area in some individuals) 

then takes up again. ending on the penultimate large scale in the lateral 

series. In other specimens the interruption amounts to one to four or 

more short blank areas of two to four scales in length. This was not ob= 

served inf. nigromaculatus. 

There are likewise four species which have or sometimes exhibito as 

in 1. megalotis. an incomplete lateralis. In addition to the above specieso 

the two species of Enneacanthus and Acantharchus pomot.i.§ also have an in

complete lateralis. In the variable 1. megalotis the degree of incomplete= 

ness ranged from only one scale short of the end of the hypural plate to 

the series ending near the middle of the dorsal base. In Acantharchus the 

end of the lateralis may be found from two to six scales behind the poster

ior end of the dorsal base 0 three to four scales below the dorsum of the 

caudal peduncle. There are usually only six or seven tubed scales behind 

this point. The degree of incompletness is likewise variable in 

Enneacanthus. The series may end seven scales before the end of. just 

below the end of or two to four scales behind the posterior end of the dor

sal fin or may be within two or three scales of being complete. In our 

specimenso it most usually ended near the posterior end of the dorsal 

base. 

The lateralis tubes are rather variable in all of the species :and may 

be straight-sided or slightly lagenate. In 1. punctatus they are attenuate

l?genate. Some of the abnormalities which were observed are as follows; 

several tubes in ,b. cyanellus were found which occupied parts of two 
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different scales; in 1. humilis a few of the canals were bifurcate poster= 

iorly and in a few instances there were two canals on single scales; in .,b. 

auritus some small abnormal scales were formed over the lateral-line 

canals in some areas of the lateralis; and in Mesogonistius several canals 

on the caudal peduncle did not have lateral walls 0 but appeared as open 

grooves. In Archoplites and Acantharchu§ the anterior lateral=line scales 

are so strongly imbricated by the body scales above and below them that 

only the lateral-line canals are free. 



CHAPTER IV 

DISTRIBUTI~ OF EXTERNAL NEUROMASTS 

With the exception of the genus Elassoma no adult centrarchids have 

extensively-developed neuromast lines. Consequently, the distribution of 

these external lateral-line organs will be described in Jo zonatum and corfl=, 

parison made with the other members of the family. 

Elassoma zonatum. (Text Figures 2, 3 and 4). The l!leuromast lines of , 

~. Zonatum, with a few minor variations, are quite like those in the other 

two species of the genus. Of Stensio 's (1947) six cheek lime:s only four 

are represented in the adult of this species: the infraorbi1l:.al lillle, the 

oral line, the mandibular line and the postmaxillary line (Text Figo 2). 

The other lines have either been included in canals or they never develop. 

The infraorbital line is represented by a continuous row of neuromasts 

from a point just behind and above the middle of the eye to an anterior 

terminus just in front of and above the middle of the eye. The number of 

organs in the series averages 27 but in some specimens it seems that one 

or more of the primary neuromasts occasionally undergoes division to form 

secondary organs above and/or below the main line. This line usually pos

sesses, at its anterior end, two or three neuromasts which are located in 

the skin covering the much reduced lachrymal bone, and about four of these 

organs between the eye and the lachrymal. Only the infraorbital proper is 

developed, the postorbi tal segment is included in the short canal behind 

the eye. 

60 
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The mandibular line is a ventral continuation of the preopercular 

line. The preopercular line has been included in the preopercular canalv 

but its mandibular extension is very well-developed, replacing the canal 

of this segment (Text Figs. 2 and 3). This line, unlike the inf:raorbital 
0 

series discussed above, does not take up at the point where the canal 

ends, but starts somewhat below this junction and extends both anteriorly 

and posteriorly. The posterior continuation is doubtless the result of 

division and migration of the primary organs. The anterior part of the 

line extends onto the lower jaw and is continuous with the line from the 

other side of the head (Text Fig. 3). The caudally-directed portion ex= 

tends backward to a position below the middle of the ventral arm of the 

preopercular canal. There are usually 54 organs in the line, 27 on ea.ch 

side of the head. 

There are usually four or five neuromasts located just above the ven-

tral arm of the preopercular canal. Their position indicates that they 

are rudiments of the postmaxillary, a connecting line between the anterior 

and posterior supramaxillary linesv when these are present. Actually the 

supramaxillary and postmaxillary lines are only different reduced parts 

of the same morphological line in different fishes. In Elassoma the only 

part of this complex line remaining is the postmaxillary portion and per-

haps a small segment on the opercle (Text Fig. 2). 

The ventral opercular line, represented in Text Figure 2 by five black 

dots (neuromasts), is possibly the remains of the supramaxillary line of 

Stensio. 

Three or four small neuromasts were observed posterodorsal to thee V®lfl= 

tral angle of the mouth. It is thought that these organsv which are of 

very common occurrence in teleost fishes (Stensio, 1947), represent an 
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oral line, actually only another segment of the postmaxillary line. Thi s 

is especially probable since the mandibular canal is lacking. 
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Imm 
Text Figure 2, Lateral View of Cephalic Canals and Neuromas t 

Lines in Elassoma zonatum. IN , infraorbital 
line; LL, lateralis ; ML 0 mandibular line , N0 

canal neuromast; OL, oral line: PML, post
maxillary line; UPL, upper opercular line; 
VOL, ventral opercular line. 



The upper opercular line varies from three to six neuromasts in 

length and is directed posteroventrally on the upper part of the oper

cle. This line is obviously only a ventral continuation of the supra= 

temporal neuromast line. 

The neuromast lines on top of the head are considerably less well 

developed than those on the cheeks (Text Fig. 4). Sato Os (1955a) nasal 

line is a very short one, two neuromasts occupying the a:rea between the 

nostrils. · 
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The supraorbi tal line, al though most of it has been b1clll!ded in the 

supraorbi tal canal, consists of three neuromasts on the alllte:rmnesial margin 

of the supraorbital canal. Sato' s medial supraorbital lime i:s nothing 

more than a subdivision of the supraorbital line and is he:re :rep:resented 

Imm 

Text Figure 3. Ventral View of Head 
in ,!;;. z·onatum show.
ing Mandibular line. 

by two neuromasts situated on each side of the median line, between the two 

supraorbi tal lines. There is no· rostral commissural line. 

As previously indicated,· the supr~orbital commissural canal is 
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incomplete. Howeveru a row of neuromasts, on each side of the head from 

the posteriorly directed pores O are in a position comparable to Sato~ s 

(1955a) extrascapular line and are obviously a continuation of the supra-

orbital-commi ssural canals. The former row0 usually comp:r.ised of eight 

organs per line, is directed caudad to a point near the medial ends of the 

supratempo:ral 1 discussed below. 

The supratemporal canal is al.so much :reduced but is U:llrit:B.rnued do£= 

sally by four or five neuromasts on each side of the bead. 

MSL 

Imm 

Text Figure 4. Dorsal View of Cephalic Canals and 
Neuromast Lines in~"~" 
medial extrascapular line; M:SL, 
median supraorbital line; N, nasal 
line; S, sup:iratemporal li:ne; SOL, 
supraorbital line. 
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There are no pitfields and only occasional,compounding in the ceph

alic neuromast lines of~. zonatum. As shown below, there has been some 

subdivision of primary neuromast lines and the formation of some small 

pitfields in the caudal parts of the lateralis. 

The lateralis is the most extensively developed of the neuromast 

lines, both in lelllgth and in number of individual organs. The line com

mences in a neuromast, which is approximately twice the size of' any other 

external lateral-line organ on the body, at the posterior end of the cephal

ic lateralis and extends to the morphological base of the caudal fin. These 

neuromasts, averaging 44 in number 9 are not arranged in a single :straight 

line, but occupy a band about two organs deep along the sides of the fish 

back to about the end of the soft dorsal. From this position caudad the 

neuromasts are arranged in a small pit field consisting of 18 to 20 organs. 

Comparison with Other Centrarchids 

The external neuromast lines of~. zonatum, and the other members of 

the family, with few exceptions, represent regions where the lateral-line 

canals have been reduced during phylogeny~ or 0 in the instances of the su

praorbital0 median supraorbital 0 nasal, postmaxillary, oral airid the two 

opercular neuromast lines, represent vestigial lines which never were in= 

eluded in a canal. As indicated 0 neuromast lines are rare in the centrar= 

chids with well-developed canal systems. 

Elassominae. The infraorbital line in E. everdladei and~. okefenokee 

varied slightly from that of E. zonatum. In the former two species the 

neuromasts are formed in a continuous series from the posterior origin to 

the anterior terminus 0 with none of the organs out of line. The maximum 

number of organs observed was 23 per side in E. eyergladei alrld the minimum 
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21 in~. okefenokee. 

Only in the anterior portion of the mandibular line was seen in the 

other tw6 Elassoma and the organ series started not below the canal as in 

i. zonatum, but at the anteriorly-directed terminal pore of the preopercu

lar canal. The series was again found to be continuous from one side of 

the head to the other. A total of 18 organs, or nine pe:r side, waiS found 

in i. &.,vergladei and ,E. okefenokee, or less than half the numbe:r found in 

~. zonatum. 

The oral line is essentially the same in all th:ree species of Elas§Offil\, 

consisting of three organs. 

The postmaxillary is apparently a variable line, but was consistently 

composed of at least five neuromasts in all three forms. The ve!l'ltral op

ercular line is often represented by only a single organ and is sometimes 

altogether absent. 

The supratemporal line was not observed in]. evergladei and E, 

okefenokee, but, because of the inadequate sample of these two species, 

may be found when a longer series is examined. The ventral continuation 

of this line, or the upper opercular line, was invariably found to be pre

sent but was never composed of more than three neuromasts. 

Considerable differences between the neuromast lines on the head 

dorsums of Eo ionat!!!!! and _Eo evergladei, but similarity lbetweerm the former 

and E. okefenokee were observed. The nasal line of E, evergladei contain= 

ed five or six organs per side (only two in E, zonatum) and the supra= 

orbital and median supraorbital lines were completely lackingo The reason 

for the absence of these two lines may be linked to the fact that the 

head is fully scaled in ,Eo evergladei and naked in the other two specieso 
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With the exception that only five or six organs per line were observ

ed, in the two species compared with g. zonatum, the medial extrascapular 

line is like that of the latter. 

In three examples of Elassoma evergladei , an additional line of four 

neuromasts was observed in a position above the postocular commissural 

canal. This line is interrupted as a modified portion of the supratempo

ral line and i s probably quite variable in nature. 

The lateralis line is alike in all three forms but varies from 31 

to 59 in the number of organs contained. 

Centrarchinae--Centrarchini. The only external neuromasts observed 

in this tribe were in the two species of Pomoxis (Pl. I, Figs. 1 and 3). 

These neuromasts occur in the gap between the two ends of the interrupted 

infraorbital canal . Inf. annularis there was usually one neuromast 0 oc

casionally two , in this position. This number varied from one to three 

in specimens off. niqromaculatus. 

Centrarchinae~Alnbloplitini. External neuromasts were not observed. 

Lepominae--Enneacanthini. Mesoqoni stius chaetodon (Pl. IV, Fig. 25) 

possesses several remnants of neuromast lines not seen in Enneacanthus. 

In the interrupted infraorbital canal, between the lachrymal and the an

terior terminus of the proximal part, two neuromasts are usually found. 

Both of the opercular lines are represented, the upper one possessing 

two or three organs and the lower one, one or two. Three neuromasts were 

observed in the same position as the postmaxillary line in Elassoma, one 

in the position of the oral line and one near the leading border of the 

supratemporal canal. 

Since the specimens of Enneacanthus were not optimally f ixed for 

observation of the external organs it is possible that these same lines 
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are present but in such a state as to escape observation. 

Lepominae--Micropterini. In the Micropterini external neuromasts 

were observed only in Micropterus punctulatus (Pl . III , Fig. 18). A line 

of six organs was seen in the position of the ventral opercular line. 

Lepominae--Lepomini . Scattered or symmetrically-distributed neuro

masts were observed in eight species of Lepomis . In most specimens of ,b. 

macrochirus from one to five small organs were counted just behind the 

eye, between the infraorbital and preoperculomandibular canals. These 

may be secondary neuromasts budded off from the postocular series. Two 

neuromasts , in very close approximation to each other, bridge the inter

ruption of the infraorbital canal in 1. sylIIDetricus, 1. micro lophus and 

possibly in other species. 

Lines or groups of neuromasts, one or three in 1. cyanellus (Pl. I , 

Fig. 7) and nine or ten in 1. qibbosus (Pl. II, Fig. 15) represent the 

supratemporal line. In Lepomis gibbosus an additional line of four organs, 

which may represent a posterior continuation of the supratemporal, was ob

served in a few specimens. The ventral continuation of this primitive 

line, the upper opercular line, was found to be well formed in the pump

kinseed and the green sunfish. In 1. qibbosus, the line is continuous 

with neuromasts which are in the position of the ventral opercular line. 

The entire line is comprised of eight organs, whereas that same line pos

sesses five organs in 1. cyanellus. A group of four or five organs, lo

cated on the opercle near the posteroventral edge of the preopercle, are 

probably the vestiges of a ventral opercular line in 1. cyanellus. and a 

straight , dorsoventrally dispersed row of neuromasts, six in 1. punctatus 

and seven in 1. megalotis breviceps, situated just behind the ventral arm 

of the preopercle, are probably members of the same element . 
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The tubes of the scales in the lateral series are usually accompanied 

by accessory neuromasts (pit organs) in four lepomine species. In 1. 

auritus only a few of these appear on each side, but in the other species 

involved there are usuaJly 40 to 50 of them and sometimes more. 

Some observations made upon a five-specimen series of Lepomis 

cyanellus , 10.5 to 76.0 mm. in standard length, may be instructive as to 

the origin of these "extra" neuromasts. In the 10.5 mm. specimen 0 the 

anterior lateralis tubes had not become completely covered laterally and 

appeared as shallow, open grooves. The canal organ was clearly visible 0 

implanted on the proximal wall at about the center of the scale. A sec

ondary neuromast appeared above and/or below the presumptive canal. Near 

the posterior end of the lateralis no tubes were formed and the neuromasts 

were arranged one above the other in a vertical line. In specimens above 

15.0 mm. in length the canals are completely roofed, leaving the one or 

two external neuromasts free on the skin covering the scales. In adult 

specimens , with few exceptions, there was at least one of these secondary 

organs on each scale in the lateralis. From the foregoing it seems clear 

that these secondary neuromasts are the product of subdivis ion of the pri

mary organs before the canals start to form. The accessory neuromasts of 

the lateralis in 1, qibbosus are variable in number from scale to scale 

and in position on the scales. There may be single neuromasts above and/ 

or below the tube, one above and two below, or vice versa. Sometimes the 

scales are barren of external neuromasts. The distributional pattern of 

these free organs in 1. punctatus is similar to that of 1, gibbosus 



CHAPTER V 

COMPARISON WITH OTHER TAXA 

Cephalic Canals 

Although various orders of fishes have innovated their own peculi

arities as regards the cephalic lateral-line system, the course of the 

canals 9 as seen externally, is very similar in all Teleostt0mi. This basic 

pattern has been retained by the Centrarchidae. 

Very early fishes9 such as the Coelacanthiformes (Stensi'o, 1922i Moy= 

Thomas, 1937) 9 apparently possessed the same canal lines as more :recent 

forms9 but were characterized by very complex systems of external canali

culi and tremendous numbers of pores. The preoperculomandibular canal may 

have anastomosed with the infraorbital canal rather than with the postocu

lar canal as in the centrarchids. The supratemporal canal was nearly al= 

ways complete across the back of the head, as it is in several groups of 

recent forms. It is difficult to say whether or not the supraorbital com

missural canal was always complete 9 but there was a complete rostral com

missure in many forms. The last-named canal has been obliterated in most 

of the recent species of teleosts, but is represented in a few as a rostral 

neuromast line. The major difficulty in dealing with the coelacan ths is 

that the lateral-line canals most often did not penetrate deeply into the 

bones but were probably connective tissue in nature 1 the course of the 

canals being indicated by slight to deep grooves in the bones over which 

the canals traversed. This last condition is considered to be a holocephalan 

' 70 



character, but it is also found in such fishes as suckers and some cat

fishes (personal observation). 
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Canal organization in the acipenseriform fishes. although remaining 

quite complex in the large number of external canaliculi Cmany of which 

have become terminally bifurcated) , is considered to be an advancement 

over the condition observed in the coelacanths. The preopercul ar canal 0 

as in most of the higher groups , no longer effects a communication with 

the infraorbital, but is directed upward toward the cephalic canals 0 as in 

Acipenser (Allis , 1904; Norris. 1924) and connected to the cephalic later

alis in Polyodon <Nachtrieb, 1912). This condition p~rsists~ except 

where secondarily reduced, in the sunfishes and other percomorphs. 

The course of the cephalic canals delimited in Amia calva by Allis 

(1889) and in Sinamia zdanskyi by Stensfo (1936) is the basic bluep.rint 

followed in the Centrarchidae and other more highly evolved groups. Con

sequently, the centrarchid system will be compared, canal by canal, with 

those of several of these taxa. 

Cephalic Lateralis 

The sunfish lateralis canal series communicates with the cephalic 

lateralis through the supracleithrum as it does in Amia, salmonidae (Berg o 

1940), Aphredoderus and Serranidae (personal observation), Percidae 

(Allis, 1904) and Cichlidae (Branson, in press). However, in many fishes, 

such as the ganoids (Allis, 1904), Clupeiformes (Tretyakov, 1950) . Ostari

ophysi (Lekander, 1949) and Cyprinodontidae (Denny, 1937; Techernavino 

1946), the connection is made directly with the posterior end of the post

temporal opening which ends in one or two pores in the centrarchids. In 

many of the fishes mentioned above, especially in Lepisosteu s (Collinge, 
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1893) and clueids (Brarnford, 1941), there are extensively-developed exter

nal canaliculi and pores in this region. It will be recalled that the 

centrarchids never possess more than five external pores in this canal 

line , which i s essentially as found in the Cichlidae (Branson 9 op. cit.). 

Supratemporal Canal 

The supratemporal canal is another of the more or less constantly per

sistent canals in fishes (Stensio, 1947; Allis, 1904). However 9 its rela

tive length varies from group to group. It is always complete in Amia 

'(Allis, 1889), Lepisosteus (Collinge, 1896) and in several siluroids (Pol

lard, 1892). In other taxa this canal may be complete in some species and 

incomplete in others, as in the Percidae (Hubbs and Cannon 0 1935) and 

Cyprinidae, (Illick, 1956). The canal has completely given way to a line 

of neuromasts in such fishes as the Cyprinodontidae (Gosline , 1949i Denny , 

1937). The canal is never complete in the Centrarchidae and there are 

usually only two pores in its walls. Suckers, clupeids , Amia and 

Lepisosteus possess numerous pores in this canal. 

Postocular Commissure 

This connecting piece is of rather simple design in most teleost 

fishes. The two-or three-pored tubes seen in sunfishes are similar to 

those in Aphredoderus (Moore and Burris, 1956), Chichlasoma (Branson, op. 

cit.), Hololepis and Villora (Hubbs and Cannon, 1935) 0 Cobitis taenia 

(Lekander, 1949) and some catfishes (Pollard, 1892) . In many 0 supposed

ly less advanced groups 9 the canal is even simpler than in the above 

species. Menidia notata and ,M. qracilis, for example, have no pores in 

the canal and in many cyprinodonts (Gosline, 1949; Denny, 1937; and 
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Tchernavin, 1946) the canal does not exist, having been replaced by exter

nal neuromasts. In the Cyprinidae (Illick, 1956) there seems to be con

siderable variation in this character from group to group. Some species , 

such as Orthodon microlepidotus (Ayres), have as many as ten pores 9 opening 

directly inio the canal walls, whereas others have fewer , five in 

Pdgonichthys macrolepidota (Ayres) and three in Agosia chrysogaster 

Girard. In Iotichthys phlegethontis (Cope) there are three pores but the 

canal is interrupted and very incomplete, which, of course , is to be con

sidered a result of specialization. In still lower-grade fishes, i. e. 0 

Lepisosteus and Clupeidae, the postocular commissure is not simple , in 

fact the degree of complexity in all of the canals of these fishes is amaz

ing. The external canaliculi in the gar are very numerous but can be 

traced (Collinge, 1893), In the clupeids, if the representations of Bam

ford (1941) and Tretyakov (1938, 1950) are exact, this canal is so complex 

that the task of tracing the ramifications, which actually extend downward 

and backward over the branches of some other canals, would seem a most dif

ficult task. 

Postocular Sinus 

In all fishes in which the postocular commissure, supraorbital and 

infraorbital canals coalesce just behind the eye there is found a cavity 

of variable size in connective tissue. As pointed out above, this is term

ed the postocular sinus (tympanic receptaculum of Tretyakov, 1950; poste

rior dilation of Bamford, 1941). In all of the perciforms , Anlia, siluroids 

(Pollard, 1892), Lepisosteus (Collinge, 1893) and many others this is a 

generality. The structure has become tremendously inflated and complicat

ed in the herring-like fishes, giving rise to some highly dendritic branches 
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(Bamford, 1941; Tretyakov, 1950). Bamford (op. cit.) found in Clupea that 

the sinus opened into the cranial cavity near the optic lobes, the only 

separation of the lateral line from the brain being effected by the dura 

mater and the basement membranes of the lateral-line canal . 

In Cyprinodontidae (Denny, 1937; Gosline, 1949), and Cyprinidae (Ill

ick, 1956), except the carp and goldfish, Catostomidae and a few others 

(Allis, 1904), there is no postocular sinus because the supraorbital does 

not conununicate with the postocular conunissure. 

Supraorbital Canal and Conunissure 

There are many differences between fish taxa with regard to the supra

orbital complex. The supraorbital canal conununicates with a well-formed 

postocular sinus in the cichlids, very much the same as in centrarchids, 

APhredoderus (Moore and Burris, 1956), .Amii {Allis, 1889), Medidia {Her

rick, 1899) and darters of the subgenera Hololepis and Villora (Hubbs and 

Cannon, 1935), The canal usually ends in front of and lateral to (in a 

few, mesial to) the anterior nostril. The supraorbital conunissure, which 

Allis (1904) does not consider to be a true commissure because of its bi

lateral origin, may be incomplete, as in Elassoma. or complete as in all 

of the other sunfishes, many percids, .&ni,a and others. One major differ

ence between the higher percids and lower fishes is that external canalicu

li ~re very few or absent in the former. In the ganoids {Allis, 1904 ; 

Collinge, 1893) and Amia (Allis, 1889) the supraorbital is unique in pas

sing between the nostrils and joining the infraorbital, either by the ter

minal pore or by a side branch. This does not occur in any other known 

group of fishes. The most striking dissimilarity between the Centrarchidae 

and other taxa is found in the Ostariophysi and cyprinodont s. In these 
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taxa (excluding the exceptions mentioned above) the supraorbital does not 

communicate with the postocular canal at all. In Fundulus (Gosline, 1949) 

the . canal may loop downward behind the eye, occupying a region similar to 
I 

that of the upper infraorbital and postocular canals, but in the Cyprinidae 

(Illick, 1956) the supraorbital extends nearly straight back, paralleling 

the postocular commissure to its posterior terminus. In some species of 

Fundulus (Gosline, op. cit . ) and Hybopsis (Illick, 1956) the canal is in-

terrupted in several places, and in jotichthys the structure is nearly 

lacking. Furthermore, these fishes do not possess the slightest indica-

tion of a supraorbital commissure. 

Infraorbital Canal 

Although the pore counts and degree of interruption vary, and in some 

groups secondary complete reduction occurs, the general infraorbital mor-

phology of the sunfishes is very similar to that of most percomorphs, 

siluroids (Pollard, 1892), clupeids (Bamford, 1941; Tretyakov, 1938, 1950) , 

.dmi.B (Allis, 1889), Polypterus and other ganoids (Collinge, 1893), except 

for the anteorbital connection with the supraorbital in the last three 

taxa. In Clupeidae (Tretyakov, 1938, 1950) this canal, as well as all of 

the others in these fishes, is very complex and often sends dendritic 

branches downward and caudad, which may overlap other canals as in Alestes 
(Allis, 1904) , In Fundulus (Denny, 1937i Gosline, 1949) and several co

bitids (Miyadi, 1929) the infraorbital is quite lacking, being similar in 

this respect to Elassoma. In minnows and suckers the canal curves upward 

and backward to fuse with the postocular commissural line. 
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Preoperculomandibular Canal 

In one form or another this canal, or parts of it, is present in all 

fishes. However, the simplicity found in 'cichlids, centrarchids, catfish

es, Amia and percids in general, is vastly different from the complex or

ganization of the system in some ganoids (Collinge, 1893), clupeids (Tre

tyakov, 1938, 1950) scombricids (Tretyakov, 1941b) and flying fishes (Tre

tyakov, 1938b). In Polypterus the canal is relatively simple but in the 

gar (Collinge, 1893) there are many small anastomos ing tubules. The ex

ternal canaliculi of the preopercul•r canal of the flying fish, Exocetes , 

have become much enlarged, elongated and branched at the angle of the pre

opercle, as in Scomber. The mandibular component is rather unmodified in 

appearance and does not bear the aberrant bi- or trifid canaliculi seen at 

the position mentioned above. The greatest complexity in this canal occurs 

in the Clupeidae, in which the external canaliculi may become so highly 

anastomosed and branched as to cover the entire side of the head. In a 

species of anchovy there is a massive connection with the infraorbital 

canal and such connections also occur in some herrings. As far as can be 

told from Tretyakov's drawings, the mandibular component is not involved 

in this extensive development. 

In all of the sunfishes, except Elassoma, the preoperculomandibular 

canal extends the length of the preopercle and mandible, though, as in 

most groups of fishes, there may be a break at its upper end. Elassoma, 

in lacking a mandibular canal resembles some species of Fundulus (Gosline, 

op. cit.) and members of the Clupeidae (Tretyakov , 1938b, 1950). Cyprinids , 

which usually have the canal ·free at its upper end, always have at least 

a part of the mandibular canal, but the preopercular portion may be very 

short, as in Phoxinus (Lekander, 1949), or absent, as in some specimens 
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of Tiaroga (Illick, 1956). 

Some fishes, i. e., Lefua echigonia and 1, nikkonia (Miyadi, 1929) 

completely lack canal systems, others may have the canals reduced to open 

grooves (some cyprinodonts, Gosline, 1949) and a few peculiar muraenids, 

(Allis, 1904) possess well-developed canal systems but lack external can

aliculi and pores. In other groups, such as suckers (Moxostoma, All is, 

1904) and catfishes (Pollard, 1892) the lateral-line canals are mostly not 

enclosed in bone , but are attached to the osseous components by connective 

tissue. 

When compared with the lower percoid fishes {Tretyakov, 1944) the cen

trarchids are seen to be much modified in the external anatomy of the 

lateral-line system. The lower forms possess much longer and more numer

ous external canaliculi. 

Lateralis 

In many teleostomian fishes the course of the canal series of the 

lateralis is very similar to that of the Centrarchidae and Amiidae. How

ever, there are several examples in which this is not true. The peculiar 

· situation of the lateralis in cichlids has been noted elsewhere by this 

author (Branson, in press) and others. In this group of fishes the later

alis is anteroposteriorly continuous to a point near the middle of the 

soft dorsal where it ends. Two or three scale rows below and in front of 

the upper terminus, the series is resumed to continue to the end of the 

hypural. Many flatfishes, probably as the result of embryological trans

figuration, possess two lateral canal series. The lateralis may also vary , 

within any group, from entirely lacking to complete, a condition remini s

cent of sunfishes. As in Elassoma, several fishes, including Fundulus 
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CDenny, 1937), several cobi tids (Miyadi. 1929) and some species of Menidia 

(Herrick, 1899), completely lack tubiferous scales in the lateral series. 

In a few aberrant species, such as Trachurus (Tretyakov, 1938). the later

alis series is complete, but is not connected with the cephalic canals at 

all. This seems to be an exception to Miyadi 's law0 which states that 

" ••• when the degeneration of the canal system takes place , it is in the 

anterior portion of the trunk that this process occurs last of all." In 

general the mode of progressing from one scale to the next in most fishes 

is similar to that described above for the Centrarchidae 0 in Amia (Allis. 

1889) and Lepisosteus (Collinge, 1893). However, there are other fishes 

, in which differences have been observed, In Cichlasoma cyanoguttatum 

(Branson, in press) it appears that each scale canal is a separate entity, 

and in some Etheostoma the connective-tissue tube passes directly from one 

canal to the next {Vaillant, 1874). 

The connection of the lateralis with the cephalic canals is made in 

two main ways, directly with the end of the posttemporal part of the ceph

alic lateralis, as in suckers and minnows, or indirectly through the supra

cleithrum, as in the centrarchids and .&:ni.§. In Amia {Allis. 1889) this 

union is marked by the largest pore in the canal systen ,as it is in Pomoxis 

and Cichlasoma and some other surtfishes, though the pore is usually some

what smaller in the latter fishes. In the last-named fishes the pore is 

usually at the end of a small external canaliculus. 

The tubes borne by the scales of the lateralis are not, as suggested 

by Rode and Rabaud ,.U 926), simply raised folds on a longitudinal series of 

scales. As a matter of fact, these tubes appear, and often ossify when the 

scales are absent , as in some catfishes. Usually the lateral-line tube is 

fused immovably to the flat plate of the scale, but in some fishes, 
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Granunistes and Ryptieus (Vaillant, 1874), the tubes lie free in the skin 

covering the scale. In percids, however, the arrangement is as shown 

above. 

The external canaliculi described for centrarchids are quite simple 

when compared with those in certain other species. There are apparently 

two kinds of branches formed from lateralis tubes, those enclosed in the 

same substance as the mother canal and those which are composed only of 

connective tissue. The first type is found in some species of Lutjanus 

and Serranus (Vaillant, 1874). These bony branches probably come about by 

subdivision of the connective-tissue procanal before ossification has oc

curre9, as do some of the external canaliculi in Clµpe~ (Bamford, 1941). 

Some abnormal bony branches from the main canal are often seen in regen

erated lateral-line scales (Takebe, 1934). The second type of external 

canaliculi are widespread in most groups of higher fishes but seldom have 

been the object of investigation. Nachtrieb (1912), who called these sec

ondary canals "branchlets" or "pore tubes," observed as many as eight can

aliculi per single mother canal in Polyodon, and Allis (1889) noted that 

the main canals on the scales break up into a fan of smaller tubules on 

the posterior margin of a scale in an.iJl. A single paper CTretyakov, 1938) 

presumedly 1s the only work dealing specifically with this facet of lateral

line study. Although he made a few observations concerning these structures 

in other fishes, this work is mainly concerned with the morphology of the 

canaliculi in Clupeidae. In the species studied the tubules varied from 

three or four simple tubes to many dendritically-branched ones. 

The interruptions and incompleteness noted above in several sunfishes 

occurs in almost every taxon of fishes which has been studied in detail . 

The variability within a species, in which short gaps occur where one or 
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two scales lack lateral-line canals, may be explained in one of two ways, 

both being correlated with the absence of branches from the vagus nerve. 

If a branch from the vagus lateralis fails to develop embryologically then 

a neuromast and consequently the tube, will fail to develop. On the other 

hand, if one or more scales are lost accidentally (Mori, 1931) regenera

tion of the scale may or may not involve replacement of the canal 0 ac

cording to whether the nerve was destroyed or left intact by the injury. 

External Neuromasts 

Although Cole, according to Herrick (1899), considered naked neuro

mast lines to be an indication of primitiveness, there is general agree

ment among modern workers that this condition represents specialization 

(Stensio, 1947i Herrick, 1899; S~to, 1955a). As seen in the above dis

cussion, one or more of the cephalic canals may become degenerate in phy

logeny and disappear. The ancient course of the canals, when critically 

observed, is usually replaced by external neuromast lines. We have made 

the generalization that fishes with well-developed canal lines usually do 

not have equally well-developed neuromast lines, but there are exceptions 

to this statement. Sato (1955c) and Moore and Burris (1956) have ob

served both well-developed neuromast lines and canals in the carp and 

pirate perch respectively. The opercular lines, whicho according to 

Pehrson (1945), have escaped notice, except in Menidia (Herrick, 1899), 

!12.2' and Gymnarchus niloticus (Pehrson, op. cit.), are actually much more 

widespread than the above records indicate. Pehrson overlooked Bamford's 

(1941) work on the herring (Clupea harengus), in which ten neuromasts 

were clearly illustrated on the opercles and subopercles of that species , 

and Denny's (1937) discourse on Fundulus heteroclitus, in which she showed 
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four or five surface organs on the opercles. Moore and Burris (1956) de

monstrated 73 neuromasts on the opercles (and hundreds elsewhere on the 

head) of Aphredoderus, and they are recorded herein for Elassoma and sev

eral of the true sunfishes. 

Reports upon the neuromast lines of the body in fishes ar~ only oc

casionally published. The condition observed in El as soma, in which the 

series of naked neuromasts start out as a thin line, then extend caudad 

to end in a pit field is apparently not the usual condition. In Fundulus, 

Denny (1937) showed the line commencing in a field of scattered pits and 

ending as a single-file series. The initial large neuromast of the seriesv 

mentioned in the pygmy sunfish, is not of uncommon occurrence. Herrick 

(1899) observed the same phenomenon in .M,e.nidia. The accessory organs ac

companying the lateralis canals are of very common occurrence in fishes 

(Allis, 1899i Herrick, 1699). 



CHAPTER VI 

OSTEOLOGICAL COMP~ENTS OF THE LATERAL-LINE SYSTEM 

In recent years there has been a tendency to overlook the osseous 

affinities of the cephalic canals in lateral-line studies. This is a 

definite shortcoming because the true nature of the canals and of their 

external canaliculi is known only when the internal bones associated with 

them are understood, The rockbass, Ambloplites rupestris, has been cho

sen as a subject species for the same reason that the warmouth was used 

in describing the external morphology. 

Amhlop u te s rupe s tris. 

The cephalic lateralis canal (Text Fig. 5) is associated with two 

bones, the supracleithrum and the posttemporal. The supracleithrum, a 

compound bone having anasmestic and lateral-line elements, is the second 

from the last dorsal element in the pectoral girdle and is articulated 

dorsally and mesially with the posttemporal by ligaments. The lateral

line canal passes diagonally downward in an anteroposterior direction 

through the bone, to end in a small foramen at the posterior edge where 

connection is made with the lateralis. The point of departure is marked 

by a slight notch. The anterior entrance into the supracleithrum, indi

cated by a dotted line in the figure, opens on the lateral ·aspect and 

lies in direct contact with the ventral opening of the posttemporal. 

The passageway through the supracleithrum, not markedly raised above the 

82 
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surface of the bone, apparently bears no nerve foramina. 

As shown below, the posttemporal is also a compound bone. The prim

itive function of this element is to hang the pectoral girdle to the skull 

by two prongs (Text Fig. 5), a dorsal one articulating with the dorsal 

surface of the epiotic and the ventral one with the opisthotic by a strong 

ligament. The lateral-line element has become welded to the posttemporal , 

which, in the rockbass, appears boat-shaped in lateral view. The large 

groove thus formed is depressed anteriorly, elevated caudally and is cov

ered laterally by connective tissue. From the posterior end of this 

groove the more dorsal of two caudally-directed external canaliculi opens. 

The ventral external canaliculus finds origin at the end of a very short 

canal, completely enclosed by bone, on the ventroposterior margin of the 

posttemporal. At about the middle of the ventral edge of the large groove 

a small opening marks the beginning of the commissural canal to the supra

cleithrum. This small branch is also completely enclosed by bone. The 

edges of the posttemporal lateral-line complex are strongly raised above 

the body of the bone and a small nerve foramen pierces the anteroventral 

portion. 

In life the cephalic lateralis canal progresses anteriorly from the 

posttemporal, enclosed only by connective tissue, from which the last can

aliculus of the cephalic lateralis emerges to enter a small, inverted, T

shaped bone embedded in tissues over the lateral aspects of the parietal, 

between the posttemporal and pterotic bones. This small ossicle is the 

supratemporal-intertemporal and is the first member of the supratemporal 

canal. As seen in Text Fig. 5, the dorsally-directed leg of the "T" is 

tubular in nature and is slightly asymmetrically flared at the dorsal open

ing. The arms are incompletely tubular, the lateral wall being absent. 
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The posterior arm, which receives the canal from the posttemporal, is of 

uniform diameter, but the anterior arm is slightly inflated above, and 

strongly below, so that the canal may exit to make connection with the si

nus that occurs at this junction. The dorsal portion is tilted forward , 

allowing the canal to pass into the small bone (lateral extrascapular) 

above it. The mesial and anterior walls of the dorsal part of the supra

temporal-intertemporal are ligamentously attached to and nearly touch the 

lateral extrascapular, but the lateroposterior wall is much reduced. A 

small nerve foramen penetrates the mesial wall near the point of bifurca

tion of the ventral arms. 

The lateral extrascapular is the second of the two osseous elements 

of the supratemporal canal. This is a very small tubular bone which is 

bent in the middle so that its two openings, dorsal and ventral, are di

rected slightly caudad, Portions of the lateral and posterior walls, ad

jacent to the apertures, are absent, causing the ends to be notched. The 

nerve foremen opens through the mesial wall near the center of the bone's 

length. The dorsal external canaliculus of this canal arises directly from 

the end of the lateral extrascapular then bends sharply backward; the ven

tral canaliculus arises from the connective tissue which covers the open 

area between the supratemporal-intertemporal and the lateral extrascapu

lar. Both of these are pure lateral-line bones. 

Immediately in front of and slightly below the supratemporal-intertem

poral is the pterotic, the only osseous element containing the postocular 

commissural lateral-line canal. This is a compound bone consisting of a 

lateral-line element, the dermopterotic and a cranial bone, the autoptero

tic. The autopterotic articulates with the sphenotic anteriorly, prootic 

anteromesially, the opisthotic posteromesially and the exoccipital post-



Text.Figure 5. Osteological Components of the Lateral-Line System iITT 
Ambloplites rupestrjs. A0 articular ; D. dentary ; 
OTO, dermosphenotic (suborbital 7) ; FQ frontal ; J 0 

jugal 0 L0 lachrymal; LE 0 lateral extrascapular; N, 
nasal; PToposttemporal ; PTRo pterotic; SCo supra= 
cleithrum; 51 0 supratemporal-intertempo:ralo III-
VI0 suborbitals 3 through 6. 

85 

eroventrally. The dermopterotic 0 which is immovably fused to the cranial 

element o forms the lateral aspect of the pterotic complex. It is open 

laterally for its entire length and the posterior end 1~ moderately de= 

pressed below the level of the anterior. The posterior opening is slight-

ly turned upward toward the anterior end of the supratemporal, but the two 
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bones are not in physical contact. In life, the lateral-line tube opens 

into a connective tissue sinusv formed at this pointv which also connects 

with the preoperculomandibular canal. The anterior end of the groove is 

slightly flared and is almost in direct contact with the dermosphenotic. 

A foramen of moderate size penetrates into the lateral-line canal near th~ 

posterior end of the bone on the ventromesial border. 

There are three bones associated with the preoperculomandibular ca

nal; the preoperclev articular and dentary. As pointed out abovev the 

upper end of the preopercle opens into the connective tissue sh1us in 

common with the supratemporal-intertemporal and dermopterotic. It is 

rather L-shapedv the lower arm forming an angle of 100 to 105° with the 

upper. The upper two-thirds of the ascending arm is tubular except for 

.its posterior margin (Text Fig. 5). The bony canal of the inferior one

third of the upper and the entire lower arm is fused to a somewhat flat

tened mesial plate which bears 25 to 30 relatively strong spine-like ser

rae, with some striae above them on the plate of the preopercle. These 

serrae are distributed along the entire ventral edge of the bone. Six 

to ten similarv but weaker, striate serrae are found along the poster

oventral one-fourth of the ascending part of the plate. The incompletev 

slit-like posterior edge of the tubular portion of the preopercle is ex

tended downward for approximately two-thirds of the total length of the 

ascending arm, from whence a thin lamella of bone is inserted between 

the lateral wall and the flat plate that is continuous to the angle of 

the preopercle. A slight carina on the lateral wall marks the length of 

this lamella. The canaliculus, which we have termed the junction pore, 

arises directly from the sinus at the upper end of the preopercle and the 

next three external canaliculi (Pl. I, Fig. 6) arise from the unossified 
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part of the ascending arm. At the preopercular angle~ a U-shaped opening 

into the wall of the completely tubular, bony passageway of the lateral 

linev is found a short distance in front of the posterior edge of the flat 

plate. Canaliculus 5 emerges here and extends nearly to the margin of the 

bone. Its course, as well as the one just anterior to it, is marked by a 

shallow depression in the preopercular plate. The next opening is W-shaped 

(Text Fig. 5) and gives rise to canaliculus 6, located midway between the 

two extremities of the horizontal arm. The anterior aperture of the pre

opercle opens directly forward into a connective tissue sinus. In this 

region the wall of the preopercular canal is free on three sidesv appearing 

as a shelf which extends anteriad over the mesial plate. The sixth canali

culus leaves the sinus between the preopercle and the articular, extending 

directly ventrad. There are six nerve and/or blood vessel foramina into 

the preopercular canal, all of them being located on or near the leading 

edge of the bone. The first of these is located just below the upper end, 

the second is found about one-third the length of the ascending arm below 

the upper endv the third near the middle of the ascending arm, the fourth 

on the anterior edge in front of the preopercular angle, the fifth a short 

distance anterior to the fourth and the sixth near the middle of the ho

rizontal arm. The preopercle is a compound bone, the anasmestic element 

being represented by the mesial plate. 

The articular represents a bone composed of a lateral-line segment 

fused to the suspensory element of the lower jaw. A dorsalv laterally

compressed prong fits into Meckel's canal effecting articulation between 

the dentary and quadrate. The small, triangular angular is firmly at

tached to the posteroventral margin of the articular. The lateral-line 

canal passes diagonally downward through the middle of the articular and 
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its anterior opening, slanted backward, lies.below the posterior end of 

the maxillao The posterior opening is shaped s6Diewhat like an eye cup 

and is of considerably greater diameter than the anterior one. The nerve 

entrance lies near the middle of the bone through its mesial walL 

Canaliculus 8 opens to the exterior from another connective tissue 

sinus found between the anterior end of the articular and the caudal end 

of the dentary. The dentary is a triradiate bone with a long, tooth

bearing anterior ramus and a caudal bifurcation, the dorsal and ventral 

ranli; The lateral-line canal passes through the middle of the ventral 

part of the bone, the caudal entrance being deeply notched laterally with 

the apex of the notch directed anteriado Below the anterior edge of the 

mecklian opening. near the ventral e4'ge 'of th'e lateral-line canular bulgeo. 

lies the next opening. This aperture is peculiarly formed, appearing as 

two inverted V-shaped structures, their apices directed away from each 

other,.· the dorsal arms of the posterior "V" being partially covered by the 

caudally-directed dorsal arm of the anterior one (Text Fig. 5). The two 

ventral arms fall s~ort of each other so that a short diastema is formed 

on the dentary plate between them. This is the point of exit for canal

iculus 9 which is directed toward the lip, as is the one just anterior 

to it. The opening underlying external canaliculus 10 is located nearly 

in the center of the canal and is suboval or round in shape. The exit 

for canaliculus Ii is likewise round .and lies very near the ventral mar

gin of the jaw. Anterior to this point the canal becomes very constrict

ed, being of much lessened diameter than the part behind it. The anterior 

portion of the canal is not elevated above the general contour of the den= 

taryv and is iatber steeply bent upward,. ending in a liny pore situated 

near the mandibular symphysis. The dentary, then, is another bone composed 
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of fused elements. Four foramina, approximately one-fifth the diameter 

of the lateral-line openings, penetrate the canal through the inner wall. 

The smallest of the four enters the canal near the dentary symphysis. The 

next three foramina enter the canal opposite the next three lateral-line 

openings respectively. 

Whether the canal is complete or interrupted the infraorbital series 

consists of seven individual ossicles in this species. The peltate, an

terior element is the lachrymal, which possesses four openings 0 two termi

nal ones (dorsal and ventral) and two anterior ones. The posterior margin 

of the lachrymal fits the curvature of the eye , forming the anterior rim 

of the orbit. The main course of the lateral line through this bone lies 

approximately over the center of the flattened lachrymal plate. The bone 

is about as wide as high with a raised tube passing through it. The tube 

is bent in the middle so that the dorsal and ventral ends seem to be 

pulled back. The posteroventral margin of the plate bears 12 to 15 short, 

blunt serrae ·with striae above them. Canaliculus 10 or 11, according to 

whether the canal is complete or incomplete, arises directly from the end 

of the dorsal extremity of the lachrymal and 9 (10) and 8 (9) from the 

two anterior openings respectively. As shown in Text Fig. 5, these two 

openings, borne at the ends of two side branches entirely surrounded by 

bone , are deeply notched, the apex of the notch being directed toward the 

orbit. The ventral aperture, which receives the lateral~line tube from 

the ossicles behind it, is broadly U-shaped and deeply cleft laterally 

and mesially (Text Fig. 5). Five blood-vessel and nerve foramina enter 

the posterior edge of the lachrymal, one near the posterodorsal tip, one 

just in front of it, and three evenly-spaced ones in a dorsoventrally

dispersed line. Then the canal is interrupted, a short 0 caudally-directed 
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· teaijc1ttlicµlus appears from the ventral opening; but whem completieo this a.pier= 

ature opens into a sinus between suborbital 2 (jugaU and the lach:rymalo 

from which the canaliculus shown in the drawing arises. Actually this cam 

be stated as a generality for all of the external canali~uli in the imfra= 

orbital CID'lalo they all arise between the ends of two suborbital bones. 

except tho$e of the lachrymal. and open ventrally or caudally o accordimg 

to their position in the series. The jugal is a tiny bone which is usual= 

ly attached to the hyomandibula by a ligament. The shape of thit element 

is best described as a flat sheet which has the edges rolled upward but 

not meeting over the center of the groove thus formed. Suborbitals 3 

through 6 present varying degrees of completeness on the lateral margin. 

element 4 very often possessing a thin strap of bone transversely across 

its center (Text Fig. 5)" The posterior end of 4 and the anterior end of 

5 are U$ually in contact 0 which is probably the reason that these two 

bone$ are fused in many teleost fishes. The last suborbital (7)o or the 

dermosphemotic 0 is funnel-shaped and lies in a receptacular groove im the 

autosphenotic at the posterodorsal margin of the eye. It is flared out 

dorsally and bent around the orbi t 0 making it possible for the infraor= 

bi tal canal to open into the postocular .sJpus. 1'· 

The inf:raorbi tal ossicles are purely lateral line bm1es 0 _ although in 

a few cases they may have some extraneous secondary limy deposits on them. 

such as a flat mesial plate 0 which develops in older individuals. A tiny 

nerve foramen usually penetrates each ossicle 0 including the dermosphenot= 

ic. through the center of the mesial wall" 

The frontal 0 obviously a compound structure" covers a large percent= 

age of the skull dorsum and is the largest lateral=line bone in the skele= 

tom. This is the only osseous member of the supraorbital canal and 
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commissural branch, except the nasal. The frontals are strongly articulat= 

ed posteriorly with the parietals and supraoccipitalo posterolaterally 

with the sphenotics and anteroventrally with th~ mesethmoid. There are 

some strong cartilages below the frontals. These bones are slightly curv

ed in all directions and the lateral margin forms the dorsal part of the 

orbit. 

The frontal lateral-line segment is raised above the general surface 

and opens posterolaterally into the postocular sinus (Text Fig. 5). The 

opening in this position is usually very deeply cleft dorsally and ectopic 

canaliculi occasionally arise at this point. From this beginning the ca= 

nal curves around the orbit, gives off the very short commissural branch 

toward the midline and extends the length of the frontal 0 gradually increas

ing in diameter. About one-fourth of the width of the orbit f r om that 

structure's posterior margin, an opening is found in the lateral wall of 

the canal which in life opens into the interorbital canaliculus. The 

frontal canal becomes mesolaterally and dorsoventrally flared just in 

front of the orbit , where it ends. The lateral-line canal here connects 

with a sinus 0 between the frontal and nasal bones. which emits the poster

ior nasal canaliculus 0 then enters the last ossicle of the supraorbital 

canal, the nasal. 

The commissural canals meet near the midline at the posterior margin 

of the frontals. Their anterior and dorsal edges form an elongateo U

shaped sinus but are not articulated. The coronal canaliculus or iginates 

from this sinus. 

There are usually four obvious foraminal penetrations into the fron= 

tal lateral- line canal, three ventral and one dorsal . The very tiny dor= 

sal foramen is located on the mesial side of the canal. a short distance 

. ' 
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in front of the commissural branch. A relatively large one enters the 

canal floor almost directly under the posterior nasal openingt a second9 

but smaller one enters the floor near the point where the coDBnissural ca= 

nal is given off and the last one.penetrates the commissural canal slight= 

ly behind the last-mentioned foramen. 

The nasal bone lies free in the tissues of the dorsal rostrum. It 

is moderately flexed near the middle so that the anterior end is deflect

ed lateraqo The bone is widely flared posteriorly, in which region the 

dorsal wall is marked by a small notch. The anterior diameter is less 

than the posterior and the dorsoanterior wall is usually narrowly but deep= 

ly clefto The two n.en~ foramina penetrate the floor of the );>one a short 

dist~c.e an.teriad to the posterior lateral-line opening. 



CHAPTER VII 

COMPARIS~ OF AMBLOPLITES WITH OTHER CENTRARCHIDAE 

Although many differences exist between the various groups of cen

trarchidsQ in regard to lateral-line bones 0 no extensive deviations from 

the rockbass pattern were noted except in the aberrant species of 

filassoma. 

Centrarchinae--Amblopli tini 

Dineen and Stokely (1956) have described the osteology of the 

Sacra~ento percho Archopliteso in considerable detail and in a gener al 

way delimited the course of the lateral-line through the bones. However 0 

these bones were not considered in detail and cannot be used for compara

tive purposes. In addition, there are several points . mostly of a minor 

nature 0 in which this author differs with Dineen and Stokely. Tberefore0 

before comparing Archoplites and Acantharchus with Ambloplites. some points 

will be di scussed briefly. 

Dineen and Stokely. following a rather conmon practiceo described 

the canal system as "extending over the dorsal and lateral surfaces of the 

heado" but these canals actually penetrated and progress through the bones 

with which they are associated. The nasal bones are not continuations of 

the f rontal canals, although a continuance of the lateral-line canal pas= 

ses through themo but are separate 0 well-defined lateral- line bones. The 

lateral-line canal does not extend from the sphenoti;c to the pterotic 0 

93 
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since the former bone does not bear a lateral-line tube. The connection 

is made as described in Ambloplites. The '0Y"-shaped bone mentioned by 

Dineen and Stokely , but left unnamed, between the epiotic and pterotic is 

the supratemporal-intertemporal. The bone above this one 0 likewise un

named, is the lateral extrascapular. 

Supraclei thrum 

The upper ena~·, o-f the supraclei thrum in Archoplites and Acantharchus 

h similar to -tltat of Ambloplites . Howeverv some differences were oiF 

served. In Archoplites the posterior edge of the upper one=fourth of this 

bone bears some rather heavy serra (Pl. V, Fig. 29) which are not found 

elsewhere in t he familyo and the anterior opening is not completely cov

ered by the posttemporal in either of the compared species. In this they 

differ from the rockbass. In the mud sunfish the canal is nearly straight 0 

very shor t and bu l bously inflated. The posterior opening is notched in 

Archoplites. 

Post temporal 

There is considerable difference between the other two members of 

this tribe and Ambloplites as concerns the posttemporal bone. Some very 

strong. spine- like serra (11 to 14) ornament the posterior and postero

dorsal one=fifth of the bone in the Sacramento perch . With the exception 

of ·the three species of the tribe Centrarchini, the posttemporal is as

pinose in all centrarchid fishes. The anterior and posterior end of t he 

posttemporal is tubular in both species compared with Ambloplites, but a 

relatively l arge 0 unevenly-walled vacuity occurs in the middorsal section 

of the canal in Archoplites. The dorsal, posteriorly- di rected canaliculus 
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springs f:rom this.region in the Sacramento percha illlll!Dediately behind whicho 

11md a short distance belowo a third aperture occu:rs. This is the opening 

for the exit of the ventral canaliculus. The middle opening is lacking 

in Acantha:rcbuso allld the only eanaliculus present in that species arises 

from the single posterior breach. This is supporting evidence for the 

statement (see discussion of external morphology) that this canaliculus 

is the ventral-homologue rather than. the dorsal. The conspicuous com

missural canal seel!I in AmblopU,tes is lacking in Archoplites and is much 

:redmeed in Acantharchau. In the Sacramento perch the opeming for the p_as= 

;age of the lateral=line canal in_to the supraclei thrum is a simple hole 

in the vent:ral floor near the posterior end of the home (Pl. Vo Fig. 29) 

and in two specimens (2 of 15) an ectopic opening occu:rred in the lateral 

wall of the canal. The p:roximal opening of the commissural canal of 

Acantharchus is very large and opens through the floor of the boneo mid= 

way between the anterior and posterior openingso into the sho:rt canal 

which quickly funnels posteriad to a relatively small ventral ape:rture 

that communicates with the supracleithrum. 

Supra temporal= in tertemporal 

Unlike the ossicle of Amblgplite1 the supratemporal=intertemporal 

(including the ventral arms) of the mud sunfish and Archoplites is almost 

completely tubula:r. B0wever0 like Amblopliteso the anterioro vemtl'al arm 
! 

is of greater diameter ~han the posterior. In Acantharchus both of the 

ventral arms are deeply notched at their extremities and the dorsal arm 

possesses a lowo lateral keelo directed diagonally doWl!lward toward the 

leading arm. In both of the species now being compared with .Ambloplite§o 

the pQsterio:r arm h dovetailed into the anterior opening of the posttem= 
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poralo 

Lateral · Extrascapul.ar 

This small bone is about like that of the rockbasso but it is complft= 

ely .tubular and unriotched •.. 

Dennopterotic 

Thi5 element differs markedly fr.om the observed morphology of 

Amblopliteso In Arg;hoolites the bone taJces the form of a halfmtubeo being 

completely uncovered9 · except by connective tissue. dorsally (PL Vo Figo 

40)o Near the -posterior on~third of the bone a gap is seen in the lat

eral wall which allows the junction canaliculus (JPl) to leave the canaL 

In Acantharchus t_he form is even more divergento Instead of being an opegi 

sulcus . the bone i.s tubular 0 but very thinly soo which 0 in an India-ink in

jected specimen 0 causes the canal to appear to be open laterally0 except 

at the posterior end9 where a deep dorsal and ventral notch occurs. These 

notches allow connection between the supratemporal ... intertemporal and pre= 

opercular Junction respectivelyo The bone is very . strongly declined post

eldad. 

Preoper~le 

Im stead of possessing the very long upper slit seen in the ascending 

arm of Amblooliteso there ha. short open space at .the upper end of the 

preoperde in Archoplftes (Pl. VII. · Figo 49). from which the_ first two .· 

canaliculi arise. whereas the ones below them have individual apertures. 

The leading edge of the bone is slightly wrbik.led in front of this dors al 

s lit. The anterior breach of the· horizontal arm i .s subdivided by a . thin 
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lamina of boneo making a total of six lateral-line apertures in the pre= 

opercle of Archopli tes as contrasted with the four of Amblopli tes and 

seven of Acantharchus. The posterior edge of the lower three-fourths of 

the ascending arm is moderately spinose and the horizontal arm. from just 

above the angle forward. is very heavily serrate in the Sacramento perch 

(PL VII 0 Fig. 49). The lower arm forms an angle of almost 90° with the 

upper. being less depressed than that of the rock bass. The preopercular 

openings in the last-named species are less capacious than in the other 

tWOo Dineen an.d Stokely (1956) did not illustrate this boneo 

The preopercle of Aciµ!tharchuso when compared with that of Amblopli tes 

or A:rchoplites, is an aberrant-looking structureo It is boomerang=like 

in general appearanceo the lower arm being ne'arly equal to the upper in 

length allld forming an angle with it or 110° or moreo . The whole bone is 

considerably more compact than either of the others and the lateral=line 

canal 0 except for the seven ope,nings for canalicular exit, is entirely 

tubularo There is no open di t on the posterodorsal margin of the as= 

cending anno Instead. there is a slightly notched do:rsal pore and a 

smaller one immediately below it (PL VII. Figo 50)o The hinder edge is 

entirely aspinose and the upper end is very strongly bent.toward the eye 

in lifeo 

Articular· 

The articular lateral~line canal is very sj.milar to that of Amblopli tes 

in both of the compared species. but in Acantharchus it is not so strongly 

cupped posteriorlyo 

. Dentary. 

The dentary of Archoplites is like that of Ambopli tes in shape and 
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number of openingso Dineen and Stokely fop. cit.) erroneously illustrated 

the dentary of_ '!:,he Sacramento perch as possessing four lateral-line open= 

ing:s. Acantharchus and 0 except Elassoma and the Snneacanthini o most cen= 

trarchids have five openings. In Acantharchus the bone is more like that 

of a sho:rt-j awed Lepomis in shape than the rockbass or Archopli tes. 

Suborbital Series 

The number of :suborbital ossicles in Acantharchus is five and :six 

in Archoplit~, Acanthatchus thus differing from Ambloplite:s. The dermo= 

sphenotic of both compared species is unlike that of the rockbass. In 

the mud sunfish the bone is not curved around the orbit 0 but is very shortu 

straight" funnel-shaped and does not have open areas in its walls. In 

Archopliteso the bone is curved around the orbit and dorsally flared as 

in the rockbass 0 but is is also flared at the ventral end and constricted 

in the middle. Near the constriction a small strap of bone extends trans= 

werEely across the middle of the groove, or the entire anterior half of 

the bone becomes tubular. The five ossicles anterior to the dermospheno= 

tic are usually of equal length and diameter and are either simple groov~= 

lar bones or hm1e a thin strap of osseous material across the lateral as= 

pect of the open area. All, or any one of the small bones may, and usu~ 

ally do bear ventrolateral spines (Pl. VIII, Fig. 80). In very large in= 

dividuals some of these ossicles may become tubular in their central parts. 

The jugal is about like that of Amblopliteso 

The reduced number of suborbitals in Ac'antharchus is probably the re= 

sult of the extensive shortening of the rostrum, for, although there are 

oinly five os·sicles in the suborbital series, the infraorbi tal canal is 

complete. The suborbitals of this species are the heaviest in the familyQ 
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often bear denticulations similar to those described in Archopliteso ruid 

are all usually groovular, or are only tubular near their centero All of 

the bones appear to have been physically shoved one into the other at their 

anterior and posterior ends 0 accounting for some of the shortening of the 

lineo There is no true jugal, since a ligamentous attachment of the first 

ossicle behind the lachrymal with the hyomandibula is lackingo Ossicles 

3 and 4 have become a~kylosed and a short grooviform0 ventrally=directed, 

bony branch occurs where external canaliculus 5 ariseso These last facts 

account for the additional shortening derived from the pushing upward of 

the moutho which is nearly terminal. 

Lachrymal 

. The lachrymal of Archoplites is essentially the same as that of 

Ambloplites, but the spination, which is localized in the same region 0 is 

intensely heawyo The first suborbital of Acantharchus 0 howewer 0 differs 

greatly from that of the other two members of this tribe. It is aspinose 0 

and about twice as long as wide (PL VIII 0 Fig. 77). The bone lies in a 

nearly vertical position before the orbit, being only slightly curved be= 

hind. Its canals are inflated, roundly tubular. and the two anterior 

branches are quite short. These changes are likewise apparently a modi

fication for the abbreviated rostrum and terminal mouth. 

Fro,ntal 

In Archoplites the frontal canal is T-shaped but otherwise very simi= 

la.:r to Amblopli t~. whereas in the mud sunfish the same bone is mo.re like 

that of a Lepomis. In Acantharchus the commissural arm is very short, 

bulbously inflated and of a much greater diameter than any of the other 



frontal cairu1.ho The anterior opening is slightly deflected laterad. 

Nasal 

All members of the tribe Amblopli tini are alike in this respect. 

Centrarchinae--Centrarchini 

Most of the lateral-line bones in members of this tribe are more 

flattened than in the preceding tribe. 

Supraclei thrum 

100 

The supracleithrum (Plo VP Figo 32) is identical in the two species 

of Pomoxis. agreeing with the findings of Hofstetter. Dineen and Stokely 

(1958), which showed very few consistent skeletal differences between the 

two crappies. Centrarchus is like Pomoxis and all three are very similar 

to Ambloplites, but the anterior pore is not covered by the posttemporal 

and the posterior edge of the bone is notched. The canal, instead of 

pas:sing diagonally downward in the supraclei thrum, passes almost directly 

backward. 

Posttemporal 

In the species of Centrarchini the posterior end of the posttemporal 

is serrate as in Archooli tes. These serrae are quite strong i111 Centrarcchu~ 

{PL V0 Fig. 30), especially in young fishes, but rather weak or obsolete 

in Pomoxis (Plo V, Figo 32). The bone is nearly always widely open dor= 

sally in the flyer, with the exception of narrow straps of bone anterior= 

ly 0 from which groove the two external canaliculi open. The commissural 

canal is represented by a simple hole in the floor of the groovular portion 
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near the middle of the bone. 

The posttemporal of Pomoxis is more like that of Archoplites than of 

Ambloplites, but a short commissural canal is found near the posterior 

one=third of the bone. The degree of dorsal covering is variableo but 

the posterior end is nearly always covered by bone in the white crappie, 
-

the condition being reversed in the black. In 38 of 100 specimens of 

£'.. an:nula:ris the anterior one=sixth of the dorsal canal was open; the re= 

maining 62 specimens exhibited a completely covered canal as seen in 

Fig. 1 (PL I). In both species, when the entire canal is covered by 

bone, the origin of the two external canaliculi is indicated po£terio:rly 

by short raised areas in the bony covering. Ectopic openiITTgs are of eom= 

mon occurrence in both crappies. 

Supratemporal=intertemporal 

This small bone is of the usual shape but is entirely tubular, except 

for the deep notches in the lateral walls of the three open encls 0 rather 

than being an open gutter as in Amblopli te:s. The posterior arm is cfos:s= 
' 

ly applied to the anterior opening of the posttemporal in Centrarclrns, 

which simulates the condHion seen in Enneacanthus. In fQ_moxis the rnor'= 

phology of the supratemporal=intertemporal is variable. Ectopic open= 

fogs into its walls are common and in one specimen of f. amrnlari s the 

poste!'ior a:rm was entirely free from the rest of the unit so that the 

bone was composed of a J-shaped part and a short straight segment be= 

hind. In :another specimen of the same species the posterior opening w.3.s 

subdi z;ided by a thin bony lamina. 
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Lateral Extrascapular 

With the exception of flattening of this element in Pomoxi:s. it is 

similar to the one in Ambloplitini. 

Dermopterotic 

Mo:rphologically 0 this bone is like that in Ambloplites in being open 

laterally (in a few specimens it becomes tubular at the extreme anterior 

end) but differs from that species in being T-shaped at the posterior endo 

The dorsal arm of this "T" is twisted toward the anterior opening of the 

supratemporal=intertemporal and the ventral segment is skewed anteriad so 

that deli very of the lateral-line to the upper end of the preopercle can 

be effectedo The preoperculomandibular canal off. annularis is interrup

ted dorsally (Pl. I. Figo llo The osteological basis for this interrup

tion is seen in the dermopterotic, in which the vent:ral arm of the ""T0u is 

lacking, the sides of the canal in this region being completely filled in 

with boneo 

Preopercle 

Ihe upper one-third of the preopercle is open on the posterior edge 

and an additional five openings occur ventrally (Plo VII, Fig. 57)0 The 

lower one=thir.d of the ascending and nearly the entire length of the hori= 

zontal arm are deeply serrate, the individual denticulations being striate 

aboveo The horizontal arm describes an angle of about 90° with the as= 

cending oneo In 108 specimens each of both species of Pomoxis the upper 

half of the preopercle was narrowly open posteriorly. In 12 specimens of 

fo nigromaculatus and 14 of g" annularis the vertical wall separating the 
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next to the last and third from the last openings of the horizontal arm 

were incompletely formed. In these specimens the preopercle possessed a 

long open dorsal slit. a raised tube at the angle and a slit-like aperture 

anterior to the angle. the latter being separated from the anterior termi= 

nus by a raised keel from the floor of the bone. 

Articular 

The articular canal in the crappies is slightly longer than that of 

Amblopli tes. otherwise in this tribe it closely approximates that of the 

Ambloplitini in shape. 

Dentary 

The dentary of Pornoxis approaches that of the rockbass in shape. but 

the flyer posse$ses a shortened bone in this position which is more like 

one of a short=jawed 1._epomis. In addition, ~he symphyseal opening in 

Centrarchus is the largest observed in the family. 

Suborbital Series 

The suborbi tah are similar to those of Amblopli tes in shape. vary

iillg from open grooves, or narrowly-covered grooves. to tubular st:ructu:res 0 

which are flared at each end. Including the dermosphenotfo 0 which is like 

that of A:rchoplites 0 there are six in Centrarchus. usually five in 

£. nigromaculatus (rarely four and occasionally six) and usually four in 

g. annularis (occasionally 5). The jugal 0 correlated with the interrupted 

infrao:rbital canal. is lacking in all three species. 

Lachrymal 

In shape 0 suborbital one is similar to the same bone in Ambloplites, 
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but the openings are relatively much longer and the spine$ much more nu= 

merous and longer. In Centrarchus these serrae are mostly restricted to 

the area between the ventral-most opening and the one just above it. In 

Pomoxis the spines extend along the lower one-half of the leading edge 

and ectopic openings are very common in the lateral walls of the canal 

(Pl. VIIo Fig. 62)o 

Frontal 

In general. the frontal elements are of a smoother texture and the 

late~al~line openings into them of considerably larger diameter than in 

the Amblopli tinL The posteroventral opening is usually not deft as in 

the rockbass 0 and the very large posterior nasal opening (Pl. VI. Fig. 

41), instead of opening into the lateral wall of the canal. opens di= 

rectly through the dorsal wall. 

Nasal 

These bones are generally more dor:soventrally flattened a:nd flar,2;d 

than in the Amblopli ti11L 

Lepominae==Enneacanthini 

There a.ire :several l:ateral=line peculiarities which distinguish the 

Eh:neacanthi11:i from all other sunfishes. There is ve:ry close rapport. be= 

tween E:rmeacanthus ..9.lorio:sus and .!;;. obesus in :regard to morphology of the 

late:ral=line bones and, in general, great :similarity between these two 

aind Mesogonhtiv..s. Although the :same elements are involved. there is 

considerable divergence exp:ressed in these elements when compared with 

the Cent:rarchinae. All late.:ral=line bones are irnfh.ted in this tr.Jl.beo 
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Supraclei thrum 

Unlike Amblopli tes, the supraclei thral canal i!il this tribe is bulb

ously expanded anteriorly and reduced posteriorly (Pl, V, Fig. 33 amd 35), 

In Enneacanthus the anterior opening is in contact with the postternporal 

aperture but separated from it by a short diastema, In Mesowistius the 

posttemporal covers the opening. 

Post temporal 

As car. be seen in Figs, 33 and 35 (PL V), there is considerable dis

similarity between the posttemporals of the Enneacanthini and any of the 

species thus far discussed. In Enneacanthus the posterior openings cover 

about two-thirds of the bone's width and the canal narrows only slightly 

anteriorly. The anterior opening is tubular except at the ventrolateral 

margin, where a prong of bone (Pl. v. Fig. 35) extends cephalad.. About 

one=third of the total length of the bone. from the posterior end, a rela= 

tively large. but short. commissural canal is given off. In Me:sogcnisti,M,s 

the posttemporal is entirely different (Pl. V, Fig. 33), The lateral=line 

component is not unlike one of the valves of the great clam. Tridactna, 

the whole complex being widely open. There is a V-shaped depression near 

the middle of the mesial wall and the anterior end is ventrally co11strict= 

ed and gently depressed. A commissural canal is lacking, connectic,:n being 

made with the sup:raclei thrum by a simple hole in the posterior floor of 

the groove. 

Supratemporal-interternporal 

Compared with other centrarchids this bone is huge, being as large 
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or larger than the post temporal. In Mesogoni stius the posterior arm is 

not in direct contact with the anterior end of the posttemporal but is 

otherwise like that of E. gloriosus. In the last-named species the bone 

has the shape of an asymmetrical "Y" (Pl. V, Fig. 35), the posterior arm 

being as long as the dorsal one and nearly twice as long as the anterior, 

ventral arm. The greatest diameter of the upper arm is found at the dor

sal extremity, from whence it funnels downward to the point where the 

lower branches join it. The long posterior arm is in direct , very inti

mate tandem with the anterior end of the posttemporal. The ventral pro

jection, mentioned above, from the last-named bone fits neatly into a de

pression on the ventral side of the supratemporal-intertemporal and a V

shaped prong from the last bone enters the posttemporal. This is the only 

centrarchid genus in which such a connection was observed. The anterior 

arm is largest anteriorly and is definitely deflected downward toward the 

dermopterotic. 

Lateral Extrascapular 

Like the others, this lateral-line bone is inflated. It is pipe-like 

and closely abuts the upper end of the supratemporal-intertemporal in 

Enneacanthus, but is slightly removed from that junction in Mesogonistius. 

It is completely tubular in all three species. 

Dermopterotic 

This bone is morphologically similar in the three enneacanthine 

species but differs from that of Ambloplites. The ossicle is a closed , 

tubular structure, except for its lateral-line openings , an d i s Y-shaped 

posteriorly. There is no osseous connection with other lateral-line 
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elements posteriorly, but the anterior opening lies in direct contact 

with two bones. The dermopterotic is notched ven trolaterally, the dor

soposterior edge of the dermosphenotic fitting into the notch. Antero

mesially the bone touches the ventromesial tip of the frontal~ forming a 

postocular sinus closed on three sides. 

Preopercle 

As in the other elements discussed above, the preopercle is very 

similar in these three species and differs from Ambloplites and its allies. 

The lateral-line diameter is relatively larger than in the rockbass and 

the upper end is equal to the lower in this respect. The angle between 

the two arms is about 90°. Except for the five lateral-line apertures 

the entire bone is tubular and aspinose on the posterior margin (Pl. VIII, 

Fig. 57). The mesial, flat plate nearly extends the entire length of th'e 

canalular portion. 

Articular 

The lateral-line segment of this bone is about like that of any other 

centrarchid, but runs directly through the bone rather than diagonally 

downward as in Amblopli tes. 

Dentary 

The lower tooth-bearing jaw bone in this tribe is very different from 

t~1ose of other centrarchids, shaped as in a short-jawed }.,epomis, but with 

only four lateral-line apertures including the terminal pores. 

Suborbital Series 

In contrast with the sunfishes thus-far discussed, there are never 
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more than three suborbi tals present per side in the tribe Enneacanthini. 

The dermosphenotic is usually present (sometimes lacking in E. gloriosus) 

and is a short funnel-like bone. In Mesogonistius the two suborbitals 

anterior to the dermosphenotic are most often pipe-like bones notched at 

either end. These two elements are rather long and slender in E· obesus, 

extending slightly beyond the middle of the eye. The most variability, 

with respect to this series, was observed in~- gloriosus. The suborbital 

immediately below the dermosphenotic is usually a tiny , flattened, scale

like particle and the ossicle anterior to this, probably number 4, varies 

from a well-formed tube to a U- or V-shaped open gutter. In about 50 per 

cent of the specimens observed all of the suborbitals, except the dermo

sphenotic were lacking on both sides of the head in E· gloriosus. 

Ju gal 

This bone is always lacking in the tribe Enneacanthini. 

Lachrymal 

This peltate bone diverges sharply from the morphology of all other 

sunfishes and observations of it, as with other elements of a gross morpho

logical nature , give some insight into the reason for the peculiarities 

of the external anatomy mentioned earlier. The bone, in all three species 

of the tribe, is smooth, its uppe·r end being broadly V-shaped. The lateral

line tube possesses only three openings (Pl. VII, Fig. 71), dorsal, ventral 

and anterior. One specimen of E, obesus from Gilcrest, Florida lackep the 

anterior branch of the right lachrymal. 

Frontal and Nasal 

The general configuration of these bones is similar to those in the 
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rockbass. 

Lepominae--Micropterini 

Although Allis (1904) illustrated the lateral-line bones in Micropterus 

dolomieui, his figure does not portray the anatomy of these bones in such 

a way as to be usable for comparative purposes. The same is true of Gre-

gory's (1933) figures. The most outstanding feature of the lateral-line 

habitus in the Micropterini is the relative smallness of the canals when 

compared with those in the Ambloplitini and Enneacanthini. 

Supracleithrum 

The supracleithrum of the black bass is not markedly different from 

that of Ambloplites. The canal is of greater diameter posteriorly than 

at the anterior opening, which is covered by the posttemporal. In 

Micropterus salmoides and ,M. punctulatus the canal does not attain the 

trailing edge of the bone, but opens on the mesial side a short distance 

anteriad to it. From this point the canal continues caudad as a connec

tive tissue tube where connection is made with the lateralis. This course 

is indicated on the bone by a shallow groove. 

Post temporal 

There is some variation from the condition seen in Ambloplites in 

that this bone is always at least partially tubular in nature. The ante-

rior portion is generally tubular, whereas the remaining part is often a 

short ~pen groove. At the posterior end of the groove a dorsal element, 
\ 

which in life gives rise to the dorsal external canaliculus, originates 

md continues as a rather deep, open furrow to within a short distance of 
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the posterior edge of the bone, or as a furrow proximal to its origin. 

In some specimens the entire branch is tubular throughout its length. 

The ventral canalicular branch is subject to the same kind of variation 

as the dorsal one and is about one-third shorter than the branch abovev 

except in ,M. punctulatus, in which the ventral branch is usually slightly 

longer than the dorsal one. This tube is unlike any in the other cen

trarchids in that it does not originate from the main canal but as a 

ventral diverticulum from the dorsal branch, the point of origin varying 

from near the origin of the dorsal one to a point close to the middle of 

that branch. The commissural canal is similar to that in other sunfishes 0 

always tubular and short, but diff~rs from other members of the family, 

except Lepomis, in arising as a diverticulum from the ventral canalicular 

branch rather than from the main canal, as in Ambloplites and Enneacan

thini. 

Supratemporal-intertemporal 

This small bone has the usual Y-shape and is entirely tubular except 

for the lateral notches at the openings. As shown by Allis (1904) the 

posterio r end of the arms of the ."Y" is in direct contact mesially with 

the posttemporal and is longer than the anterior one. The anterior end 

is separated from the dermopterotic by a short gap. 

Lateral Extrascapular 

Contrary to Allis' (1904) figure, the lateral extrascapular is not 

a straight bone but is slightly sigmoid. When the bone is entirely tubu

lar both of the openings are flared and notched laterally but it varies 

from an open gutter to a pipe- like structure. 
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Dermopterotic 

In most respects this bone is very similar to that of Ambloplites, 

but it is Y-shaped where communication with the supratemporal-intertem-

poral ~d the preopercle occurs. The "Y" is always open and cup-shaped, 

but the rest of the c~al varies from a narrowly-open, V-shaped slit to 
-

a bone with a tubular anterior portion ~d an open posterior part (or 

vice versa). Thin straps of bone may occlude lateral areas anywhere 

along the bone's length. The anterior opening, as in the tribe immed-

iately above, touches the frontals and dermosphenotic to form a postocu

lar sinus completely closed by bone on three sides (Allis, 1904). 

Preopercle 

The shape of the micropterine preopercle is strongly suggestive of 

Acantharchus, e, g., boomer~g-shaped, ~d the posterior edge is always 

smooth, An angle of 100° to 105° is formed by the horizontal with the 

vertical arm, the leading edge of the mesial plate nearly always being 

wrinkled opposite the angle of the bone. Tri~gular depressions opposite 

the three middle apertures of the lateral line mark the exit of external 

canaliculi)(Pl. VII, Fig. 52). Normally there are two terminal and three 

middle openings, one each above and below the angle, and one at the angle 

of preopercle. However, the anterior terminal pore may become subdivided 

by~ additional bony strut, in which case six exits are formed. These 

observations are in agreement with Allis (1904). 

Articular 

The articular canal is generally like that of the other species, ex

cept that the entire posterior part of the canal is sharply deflected 



112 

upward to receive the lateral-line canal from the preopercle. 

Dentary 

The dentary canal, as in all centrarchids except the Enneacanthini 

and Elassoma, possesses the typical five lateral-line openings. Although 

the bone is greatly prolonged, these exits retain the same relative posi

tion, but are considerably smaller than in other species. Most of the 

elongation of the jaw seems to have occurred between the posterior end 

of the bone and the third opening of the dentary canal. This observa

tion also applies, as seen in Table 3, to the long-jawed species in the 

tribe Lepomini, such as .la,. cyanellus (Pl. VI, Fig. 44). 

Suborbital Series 

In adult Micropterus there are almost invariably seven suborbitals, 

if the dermosphenotic and jugal are counted, but there is some evidence 

that ossification is not complete in the series before a size of 100 to 

150 mm. in standard length is attained. This matche·s the largest number 

of ossicles found in the Centrarchidae and is the same as found by Allis 

(1904) in ,M. dolomieui. The dermosphenotic is usually funnel-shaped and 

is either an open gutter or a tubular pipe. All of the suborbitals are 

variable, but large adults tend to have tubular bones, deeply notched at 

each end and resting on a flattened plate. This latter condition is il

lustrated by the jugal of ,M. salmoides (Pl. VII, Fig. 65). The bones 

fi~ together end to end like a series of tile pipes, the V-shaped notches, 

their spices directed away from each other, leaving a spindle-shaped open

ing through which the narrow external canaliculi communicate with the ex

terior. 
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Jug al 

In all of the basses the jugal is present and similar to that drawn 

,,: for ,M. salmoides. However, in ,M. coosae, the jugal sometimes fuses with 

the suborbital behind it to form a compound bone like the one in Fig. 79 

(Pl. VIII). Since only a few specimens of this species were observed, 

no data as to the frequency of this fusion are available. An ectopic 

aperture is also shown in the figure. 

Lachrymal 

The shape of the bass lachrymal is different from that of Ambloplites, 

being narrower at the ventral end than dorsally as in that species. In 

the other species-groups thus far discussed almost the entire posterior 

margin of the lachrymal has been involved in forming the anterior orbital 

rim, but, as seen in Fig. 78 (Pl. VIII), only about the upper one-half of 

the bone is thus involved in Micropterus. Contrast.ed with the Amblopli tini 

(except Acantharchus) and Centrarchini, the bass lachrymal lacks serrae 

completely. From a lateral view the highest ·part of this bone is the 

anterodorsal corner, i. e., the bone is prolonged, As is usual, the ven

tral aperture is the largest and opens near the margin of the bone. The 

other openings, at the ends of fairly long, slender branches fall quite 

short of the margin (Pl. VIII, Fig. 78), Their lateral walls are very 

deeply cleft and the flat plate before them bears shallow grooves. The 

shape of these grooves corresponds to that of the external canaliculi 

which occupied them during life. 

Frontal 

The frontals of Micropterus are much flatter dorsoventrally than in 
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most of the other centrarchids, especially at the posterior end. In 

other species the posterolateral portion of the canal is curved around 

the orbit, but in basses the canal is nearly straight in this region and 

suddenly inflated where it contacts the postocular sinus. The entire 

frontal complex is strongly Y-shaped posteriorly, the arm discussed above 

extending nearly straight backward and downward. The cornrnissural canal v 

except in ,M. treculi, with arms of approximately of equal length , is 

about one-half the length of the other, and bends forward to end in an 

opening near the midline. The coronal opening is protected by a slightly 

raised, thin bony lamina. The interorbital opening opens into the dorsal 

wall of the canal, but is p~culiar in that it is covered dorsally by a 

rampart (Pl. VI, Fig. 46), The anterior portion of the canal continues 

forward and widens to empty into the sinus between the frontal and the 

nasal. 

Nasal 

Although the nasal canal is relatively small, the bone itself is fair

ly large (Pl. VI, Fig, 48), Unlike most other centrarchid nasals, which 

are circular or subcircular in section, the bass counterpart is flattened, 

very widely flared posteriorly, and is nearly straight rather than being 

curved outward. 

Lepominae--Lepomini 

There are some distinctive characteristics of the lateral-line ele

ments in the tribe Lepomini which are pointed out below. 

Supracleithrum 

There are two morphological groups in the Lepomini as regards this 
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bone, those with a short, broad supracleithrum and those with a long slen

der one. These relationships are shown in Table 2. The anterior supra

cleithral opening is covered by the posttemporal in ,b. auritus, ,b. megalotisv 

,b. microlophus, ,b. cyanellus and ,b. gibbosus; in the remaining species it. is 

partially free from the posttemporal. The canal, as is usual, passes 

through the supracleithrum to open on the mesial side of the bone a short 

distance in front of the posterior edge. In most of the species the canal 

is only slightly inflated, but in .b, humilis, in which the canal extends 

nearly straight back instead of declining, it is two or more times great-

er than in any other centrarchid and bears a notch near its origin. The 

supraclei thrum of ,b. cyanellus possesses the most acutely depressed 

lateral-line canal in any of the Lepomis (Pl. V, Fig. 31). In this spe

cies the supracleithrum is many times higher than. wide, having a height

width index of 4.00 (Table II). Other peculiarities observed in this tribe 

concerning this bone are: low keel marks the course of the lateral-line 

canal in ,b. symmetriCUSj in ,b. rnictolophus, a second short branch opening 

freely on the skin, is occasionally found; few spines (2 or 3), located 

posteroventral to the posterior lateral-line aperture, are often seen in 

specimens of 1. megalotis breviceps. 

Post temporal 

The posttemporal is similar to that of Micropterus in general char

acter, but there are some specific differences. The bone is seldom boat

shaped, as in Arnbloplites, except in immature forms and exceptional speci

mens of ,L.. humilis (Curd, 1959). The canal is usually proximally tubular 

(Pl. V, Figs. 34 and 37), the tubular part being followed by an open area. 

It is from this central open region that the dorsal canaliculus originates, 



116 

differing in this regard from the basses. Another point of divergence 

from Micropterus and other centrarchids is the mechanism giving rise to 

the ventral canalicular branch. In the Centrarchinae the branch origi-

nates as a continuation from the main canal; in Micropterus a branch from 

this canal forms the commissural canali and in the Lepominiv this last 

condition is reversed, i. e. 1 the ventral branch is a diverticulum from 

the commissural canal. The ventral canalicular branch is of variable 

length, being long and slender in 1. auri tus (PL V, Fig. 37) and short 

in ,b. microlophus (Pl. V, Fig. 34) and Chaenobryttus. In the last-named 

form and ,t. macrochiru§ the ventral canal is very often subobsolete and 

in one specimen of the bluegill (one of 18) was completely lacking. 

TABLE II 

LENGTH/WIDTH RELATIONSHIP OF THE SUPRACLEITHRUM IN THE 
LEPOMINI. WIDTH AT WIDEST POINT. N = 50 

Species 

Chaenobryt tus 
L. mac roe hi rus 
L. auritus 
L. punctatus 
L. marginatus 
L. megaloti s 
L. microlophus 
L. humilis 
L. symmetricus 
L. cyanellus 

Length/Width 

3.50 
2.25 
2.50 
2.67 
2.25 
2.33 
2.90 
3.00 
3.67 
4.00 

Usually, the commissural branch originates as a simple hole in the ventral 

wall of the posttemporal canal at about the middle of the bone and continues 
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diagonally downward to meet with the supracleit~rum. The ventral canali

cular branch originates from about the middle of the posterior edge of 

the commissural branch, except in 1,. microlophus (Pl. V, Fig. 34), in 

which the very short canal arises at the extreme posteroventral edge of 

the tube, and ,.b. auritus, in which the long slender branch originates 

near the point of divergence from the main canal of the commissural 

branch. A second, ectopic commissural branch, of much smaller size than 

the normal one, is sometimes seen in the orangespotted sunfish, where the 

canals are enormously inflated (Pl. VI, Fig. 42). 

Supratemporal-intertemporal 

This bone, as in the other sunfishes, is Y-shaped. In 1. microlophus 

the lower arm is longer than the dorsal one. The anterior branch is about 

two-thirds longer than the posterior one and is about twice the diameter 

of the latter. All three openings are usually moderately notched lateral

ly. The posterior opening is separated from the anterior aperture of the 

posttemporal by a short gap as is the anterior one from the posterior 

opening of the dermopterotic. Other members of the tribe follow closely 

the description of the redear sunfish, except the warmouth, 1. humilis, 

1, symmetricus and 1,. punctatus. The description of the supratemporal 

elements fits very nicely the condition in Chaenobryttus and Lepomis 

symmetricus. Recalling this bone in Enneacanthus one is struck by the 

similarity of size in 1, punctatus and 1. humilis, although the bone does 

not quite attain proportions equal to the posttemporal in Enneacanthus. 

Lateral Extrascapular 

The whole bone is slightly tilted forward, usually touching the 
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dorsoventral tip of the supratemporal-intertemporal (this bone is dove-

tailed into the upper end. of the supratemporal-intertemporal in l,. 

punctatus), and is moderately sigmoid in outline, except in 1. symmetricus 

where it is shaped like a boomerang. In most of the species the ventral 

opening is slightly flared, so that the bone is wider ventrally than dor-

sally. The bone is mostly tubular in nature, but in 1, gibbosus it is in 

the form of an open gutter and in l,. auritus it is lateromesially flat-

tened in the dorsal one-third. The upper and lower apertures are cleft 

ventrally. 

Dermopterotic 

The shape of this bone is like that of Micropterus and is mostly an 

open groove, over which thin transverse bony straps may occasionally be 

found. In. 1, microlophus the canal is tubular posteriorly (except the 

"T" arms) but groovular anteriorly. It is almost entirely tubular in the 

green sunfish (Pl. V, Fig. 38). An additional unique feature in j... 

cyanellus is a thin lamina of bone extending laterally outward from the 

bone. Three species, ,b. macrochirus, 1, microlophus and 1, punctatus, 

have the bone so situated that the canal appears strongly depressed from 

the vertical. In ,1. punctatus, .b, microlophus and 1, humilis a thin strap 

of bone extends across the open groove near its anterior end and another 

just in front of the posterior end. In these areas the canal is slightly 

constricted, leaving a central, gently bulging seg,ent. In the last three 

species the receiving end is in the form of a c·up with a sulcu·s in its 

dorsal (to receive the lateral-line from the supratemporal-intert~mporal) ., . 

and ventral (to accommodate the upper end of the preopercle) walls. The 

anterior end of the inflated bone in the orangespotted sunfish is flared 
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outward funnel-like. The dermopterotic of Chaenobryttus is similar to 

that of Pomoxis. 

Preopercle 

The general shape of the bone is essentially that of Ambloplites. 

The angle formed by the vertical and horizontal arms is about 90° , ex

cept in l,. symmetricus where the angle is 110°to 115°. The posterior 

margin of the ascending arm and the lower margin of the horizontal one 

bear serrae in most of the species, but the number and size of the serrae 

are variable from species to species. In l,. auritus (Pl. VII, Fig. 53) 

and .l.t, synunetricus (Pl. VII, Fig. 61) the serrae are not striate above , 

wherea·s in the remaining species, including the warmouth, they are marked 

above by weak to strong striae. In .L,. symmetricus, J... cyanellus (Pl. VII, 

Fig. 60), J... qibbosus and Chaenobryttus the spines are restricted between 

an area slightly above to slightly below the preopercular angle. In ,b. 

humilis (Pl. VII, Fig. 56) the spines are localized in the area extending 

from the upper edge of the opening at the angle to the posterior margin 

of the anterior-most aperture of the preopercle. In the remaining species 

the denticulations usually occupy the lower half of the ascending and near

ly the entire ventral length of the horizontal arm. In all of the species , 

the adult spination varies from mere undulations to a heavy saw-tooth con

dition. In the bluegill (Pl. VII, Fig. 55) there seems to be an alter

nation of patches of large serrae with patches of smaller, striate ones. 

In the adult condition there are no long open gaps such as seen in 

Ambloplites and the modal aperture number is six, although specimens with 

five, because of failure of certain of the separating bars to develop, or 

seven pores, due to the subdivision of a normally single opening, are not 
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uncommon in any of the species •. · Lepomis cyanellus (Pl. VII, Fig. 60) nor

mally has seven pores, an extra bony tube being found near the dorsal tip 

of the bone. In only six specimens of 118 was this opening lacking. 

Lepomis humilis is variable for this character, the ratio between specimens 

with six and those with seven openings is about one to one. 

With the exception of the lateral-line openings and the aberrant .,b. 

pumilis, the preopercle is a completely tubular bone. The tubes of the 

horizontal arm are arranged in tandem, two at the angle and two directed 

anteriad (again, except 1. Humilis). ·The anterior two openings are sepa

rated by a shallow longitudinal sulcus. In the orangespotted sunfish the 

canal is, like all others in this species, enormously enlarged ando except 

for very narrow straps of bone extending from the flat plate to the lead

ing wall, the canal is a U-shaped groove (Pl. VII, Fig. 56). The las.t 

and next to the last two of these straps are usually sulcate and bifur

cated at their insertion upon the plate. This bone, as well as others, 

may, in some populations, be found as a completely open gutter (Curd, 

1959). 

Articular 

The angle of descent and shape of the lateral-line tube through this 

element is similar to that of Amblopli tes. The canal passes almost 

straight through the bone in !,. cyanellus, rather than diagonally o and 

in 1, humilis it is little more than a hollow shell. 

Dentary 

As far as the dentary is concerned there are two series in the 

Lepomini, those with a long jaw and those with a short jaw. In the first 
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group, comprised of Chaenobryttus, -6. cyanellus (Pl. VI, Fig. 44) and 1, 

humilis, the canal axis is nearly straight. In the remaining species , 

from the next to the last anterior opening to the terminal one, the canal 

is strongly deflected upward, as in 1, macrochirus (Pl. VI, Fig. 43). The 

depth at the posterior end of the bone is equal, or nearly so, to the 

length of the dentary in the last group, but in the long-jawed forms the 

ratio of length to depth is about 1. 75. Another difference between the 

two types of jaw bones is the relative size of the masseter muscle scar, 

which is quite extensive in the short-jawed species and considerably small-

er in species like the green sunfish and rockbass. This is explainable 

by the physical laws of levers. A long lever, in this instance a dentary 

bone, if the fulcrum remains in a constant position, requires less force 

for movement than does a short one. Most of the shortening of the jaw has 

ipvolved the lower ramus, from the posterior end to about the middle of 

its length. The upper ramus has become bent . upward and forward to com-

pensate for the loss of length in the lower. 

TABLE III 

COMPARISON OF AVERAGE DISTANCES BETWEEN LATERAL-LINE OPENINGS IN 
LONG AND SHORT DENTARY BONES OF LEPOMINI, EXPRESSED 

AS PARTS OF TOTAL DENTARY LENGTH 
\ 

Lengths Compared 

Posterior End to Aperture one 

Posterior End to Aperture Two 

Posterior End to Aperture Three 

Long Jaw 

2.8 

1.4 

1. 1 

Short Jaw 

3.4 

2.0 

1. 4 
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All species possess five lateral-line openings, which are disposed 

in positions shown in Figs. 43 and 44 (Pl. VI). Concomitant with the 

shortening of the lower ramus there has been a relative decrease in the 

distance between the posterior opening and the two apertures immediately 

in front of it (see Table III). These two last-mentioned openings are 

peculiarly formed by an arch of bone anteriorly an d a U-shaped opening 

behind. 

In the orangespotted sunfish the dentary canal occupies almost the 

entire width of the bone and the openings into it are very large. In 

some abnormal specimens the canal may appear as an open channel with un

dulating sides (Curd, 1959). Because of the extreme aperture size, the 

indices given in Table III will not hold for this species. , 

Suborbital Series 

In the Lepomini the infraorbitals range from six to eight. ,i_. 

microlophus possesses six of these small bones, all of which are usually 

tubes laterally notched at either end. These tubes are often dovetailed 

together to form a continuous line. The second ossicle beh ind the lach

rymal (probably a fused element) is about twice the length of the others 

and occasionally bears a short ventrally-directed tube near its center. 

The jugal is a very small scale-like particle. In J... megalotis the num

ber of suborbitals varies from six to seven (usually seven). The jugal 

and all of the elements posterior to it, except the dermosphenotic, are 

usually open grooves, but some bear a narrow bony strap near the center. 
J 

Suborbitals three, four and five are often dovetailed together. Lepomis 
• 

humilis, 1. auritus and 1. symmetricus also possess six suborbital bones, 

but the six remaining species in the tribe bear seven. In the last two 
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species the dermosphenotic is of the usual shape and the others , except 

for thin straps near their middle, are mostly open V-shaped or U-shaped 

bones. The jugal, which is lacking in 1. symmetricus, is always a minute 

bone similar to that of J... gibbosus. The middle members of the series are 

usually associated together like tile pipes. 

The dermosphenotic of 1,. humilis is shaped like a funnel with the 

stem opened widely and, with the exception of the jugal, is the shortest 

in the series. The bones normally vary from shallow, open troughs to 

those with only a thin bony strip across the middle, as in Curd's (1959) 

anomalous specimens. The jugal is either completely lacking or represent

ed by a minute particle of ossified material. 

In species usually containing seven suborbitals, the jugal is always 

a very small, nontubular ossicle. Such a bone is illustrated for Lepomis 

gibbosus (Pl. VII, Fig. 59). The dermosphenotic and the two suborbitals 

immediately anterior to it are very often tubular in nature, but deeply 

cleft at their anterior and posterior ends. The others are mostly in the 

form of shallow gutters and the middle three are usually coupled as des

cribed above. 

Lachrymal 

Since there is considerable difference between all the members of the 

tribe Lepomini, this bone will be described briefly and compared with that 

of Ambloplites and with each species within the tribe. There are four 

openings in all of the species, as in all of the forms except Elasspma 

and EnneacanthMS and Mespgoni,stills. There are several similarities between 

AmblQplitu and the Lepomini. The upper and posterior margins of the bones 

are saddle-shaped in a facial view, except in 1,. symmetricu~ (Pl. VII , 
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Fig. 68), in which t he posterior margin is nearly straight. Another simi-

larity is seen in the serration, which, like that of the rockbass, is usu-

ally found at the anteroventral margin. These serrae may or may not be 

striated above. The length-width relationships of this bone in the vari-

ou s species are shown in Table IV. 

TABLE IV 

COMPARISON OF GREATEST LENGTH/GREATEST WIDTH OF THE LACHRYMAL 
BONE IN LEPOMINI. N: 25. SPECIMENS 75 mm. OR 

Species 

Chaenobryttus 
L. humilis 
L. cyanellus 
L, megaloti s 
L. mo.crochirus 
L, marginatus 
L, auri tus 
L. microlophus 
L, symmetricus 
L. puncto.tus 

Gbaenobryttus. 

MORE IN STANDARD LENGTH 

Length/Width 

l. 37 
l. 45 
l.16 
l.03 
l,28 
l. 25 
ldB 
l. 24 
l,Bl 
l.52 

The lachrymal of the warmouth is like that of 

Ambloplites and unlike those of other members of its own tribe, in bear

ing a notch posteroventrally at the point where the infraorbital canal 

enters the bone (Pl. VII, Fig, 63), At the posterodorsal and anterodorsal 

edges the bone bears some salient prong-like processes, the anterior one 

being narro~ and sharp pointed. All of the openings are capacious and 

the upper one is surrounded by a shallow depression. The anterior branch-

es are only slightly demarcated. Ectopic openings may occur anywhere in 
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the lateral walls and the orbital edge of the bone is often crenulated. 

The spines are restricted to the anteroventral edge. 

Lepomis humilis. In the orangespotted sunfish the lateral-line tube 

of the lachrymal is very large and the two anterior openings are more 

often .confluent than not (Pl. VII, Fig. 75). These arms are usually not 

demarked at all, or if they are, it is only at their anterior extremities. 

The sharp prong at the dorsoanterior tip was illustrated by Curd (op. cit). 

The lateral walls may be partially or wholly lacking in any sample of 

specimens observed and, as seen in a population from the Verdigris River, 

Oklahoma, may involve a large percentage of the individuals. This may be 

a genetically variable characteristic in this species, but more work needs 

to be done before any generalization can be made. Spination varies from 

entirely lacking to 10 to 15 sharp serrae localized just in front of the 

lowest of the anterior pores. The ocular rim is usually smooth and the 

bone is widest in the dorsal third, 

Lepomis cyanellus. The ventral aperture of the green sunfish lachry

mal is in the form of an elongated slit (Pl. VII, Fig, 64), a character 

which is shared with 1,. microlophus and~. auritus, In shape, the bone 

is rather parallelogrammatic and not peltate as in Ambloplites and a few 

others. The dorsal and ventral parts of the canal seem to be pulled back 

toward the eye and the middle is pushed forward. All of the openings are 

flared, giving the canal the appearance of a series of pyramidal structures 

attached at their apices. Cancellate bone usually fills the spaces be

tween the anterior branches, and the ocular rim is usually ragged, The 

serrae are restricted to a small area just in front of the anteroventral 

opening, or completely lacking, in specimens of 100 mm. or more in stand

ard length. The lachrymal of young 1, cyanellus is further discussed 
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below. 

Lepomis megalotis breviceps. The bone in this form, with some quali

fications, is similar to that of the rockbass. The general contour of 

the canal is like that of .b, cyanellus, but the dorsal-most pore is the 

smallest of the four openings and the bone is widest at its ventral end, 

where the anterior corner is prolonged. The few spines (six or seven) 

that are present are fairly large and are restricted to the small area in 

front of the more ventral of the two anterior openings. The longear sun

fish, and three other species (b.. macrochirus, .b, marqinatus and .b, auritus), 

differ from other Lepomini in the arrangement of the anterior arms. The 

dorsal one is slightly depressed from the superior edge (Pl. VII, Fig. 73) 

whereas the ventral branch is angled directly toward the anteroventral 

corner. The ventral arm is nearly twice the length of the upper one. 

There is very little porous bone between the branches. Unlike any other 

member of the tribe, the opening conununicating with the rest of the infra

orbital canal is near the center of the ventral edge of the bone; in the 

other species this opening is normally found near the posterior corner. 

The ocular rim is usually smooth. 

Lepomis rnacrochirus. As seen above, the ventral branch of the anter

ior two is considerably longer than the dorsal component and the spination 

is localized in the same general region. The ocular margin is usually 

smooth and the areas between branches are often filled in with osseous 

cement. The shape of the canal is not like that of the rockbass and the 

green sunfish. The lower two-thirds of the posterior edge of this ossicle 

is nearly straight and the upper end is deflected backward for a short 

distance before it terminates near the middle of the upper edge. The blue

gill (100 specimens) possesses a large process from the upper posterior 
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corner of the lachrymal (Pl. VII, Fig. 70) which seems to be peculiar to 

the species. 

Lepomis marginatus. The general form of the lachrymal of 1. marginatus 

recalls that of the longear sunfish. However, it is not as wide ventrally 

nor is the canal so capacious, nor is the ocular margin so strongly pro-

curved. Cancellate bone between branches is scarce. The area of serra-

tion is restricted to the same region (Pl. VII, Fig. 66) , but the spines 

are very few and nearly or sometimes completely obsolete. 

Lepomis auritus. The yellowbelly sunfish possesses a most distinct-

ive lachrymal. It is entirely aserrate, even in very young individuals, 

which is in itself pe·culiar. It is richly supplied with cancellate bone 

between the branches and is the only member of the Centrarchidae which 

has a large prong-like process, bearing a small keel near its center, at 

the posteroventral corner (Pl. VII, Fig. 72). The general shape of the 

canal is otherwise much as it is in 1,. cyanellus. 

Lepomis microlophus. In canal and shape the lachrymal of the redear 

sunfish is most like that of 1,. cyanellus. The ventral-most of the anter-

ior arms, however, is not directed toward the anteroventral corner, but 

slightly above this point and, in the adult, serration is usually reduced 

to a mere undulation, just below the ventral anterior opening. It is 

fairly well developed in specimens 25 to 30 nun. in standard length, 

Lepomis svmmetricus. The lachrymal is nearly two times longer than 

wide in this species (Table IV), being considerably wider dorsally than 

ventrally, The anterior arms open near the leading edge of the bone and 

the spination is restricted to about the same area as in the green sunfish • 

. Lepomi~ punctatus. The similarity in proportions between the redspot

ted sunf!°sh · and .b, sypunetricus is obvious from Table IV, the bone being 
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about one and one-half times taller than wide. In this species the lach-

rymal is strongly parallelogrammatic, except for the posterior upper half, 

which curves backward (Pl. VII, Fig. 76). The two anterior branches, in-

stead of opening near the leading edge, open near the center of the bone. 

A shallow sulcus extends from the ventral anterior opening to the antero-

ventral corner, where the moderately developed serrae are situated. 

Frontal 

The Lepomini are divided into two groups, those with four and those 

with five openings in the frontal bone. The first group is comprised of 

Chaenobrvttus, 1. cyanellus, 1.. symmetricus and 1. macrochirus, which are 

usually like the rockbass. There were four apertures in 72 of 100 speci

mens of .L,. symmetricus and in four of 22 specimens of .. young 1. cyanellus 

(22.0 to 25.6 mm. in standard length) possessed an additional opening. 

This fifth opening was not observed in any adult ,L.. cyanellus. 

The frontal bone is similarly shaped in most of the lepomine species, 

being more convex in species with short jaws and flatter in the long-jawed 

forms. The lateral-line canal is roughly Y-shaped, the anterior opening 
J 

being largest, and the lateral arm about three times the length of the 

mesially-directed commissural arm. The latter arm is rather strongly 

curved mesiad and slightly anteriad, The four openings, in species with 

this arrangement, are disposed as follows: one at the anterior end of the 

bone, one about a third of the total canal length behind the first one, 

one at the coronal suture, near the posteromesial edge, and one near the 

posterolateral margin. In species with five openings, as in ,L.. auritus 
(Pl, VI, Fig. 45) an additional pore is formed somewhere between the later

al one and the point where the commissural branch issues. In large 
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specimens the edges of the canals are usually flanked by massive deposi

tions of cancellous bone and a large transverse keel may be formed across 

the posterior arms. In some specimens a high boss overlies the canal ad

jacent to the mesial pore. In ten of 100 specimens of _b. symmetricus an 

additional opening appeared immediately laterad to the usual mesial one, 

and in 14 of 100 fish there were one or two tiny ectopic openings in the 

crotch of the "Y". 

The following species usually possess five openings into the fronta l 

lateral-line canal: J... auritus, J... marginatus, J... megalotis, J... gibbosus, 

,b. humilis, ,b. punctatus and ,b. microlophus. The fifth opening, as shown 

in Lep9mis auritus (Pl, VI, Fig. 45), lies in the arm which communicates 

with the postocular sinus. Concerning this skeletal element, J.., marginatus 

is reminiscent of the J... auritus condition, but one of nine specimens lack

ed the fifth aperture. In the pumpkinseed and longear sunfish, the sagit

tal suture is marked by an elevation of the bone in that region ; this 

causes the com111issural arm to appear considerably straighter than that of 

Arnbloplites and J.. , auritus. In J.,. microlophus of 150.0 or more mm. in 

standard length the interorbital opening is often at the end of a very 

short bony tube, usually directed gently caudad, from the side of the 

mother canal. Although the redspotied sunfish has five frontal openings , 

the shape of the bone is more like that of J.,. cyanellus. As pointed out 

by Curd (1959) the frontal canals of J.,. humilis are huge in comparison 

with other members of the family. These canals occupy about two-thirds 

or more of the width of the frontal. The interorbital opening is twice 

the size of any other one and is nearly round in shape. The fifth open

ing was present in 75 per cent of the specimens observed, whereas, in the 

other 25 per cent, later deposition of aerolated bone had completely, or 
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nearly, obliterated the pore. The fifth pore may have failed to develop 

in some of the specimens; but there is probably no way of verifying the 

latter statement. Curd's (op. cit.) normal specimens only had four aper

tures and many of the abnormal ones possessed roofing bone only from the 

anterior edge of the interorbital opening forward. 

Nasal 

The nasal bone is sigmoid (laterad anteriorly, mesiad posteriorly) 

in!,.. auritus, !,.. gibbosus, and 1. megalotis, but straight posteriorly 

and gently curved laterad in the remaining forms of the tribe, thus cor

responding to the condition of Ambloplites. 

Remarks on Ontogeny of the Lateral-Line 

Ossicles of Lepomini 

During the course of this study it was possible to take a few notes 

from a series of green sunfish ranging from 11. 0 mm. to over 300. 0 mm. in 

standard length. In a specimen of 11.0 mm. length all of the scales are· 

of the cycloid type and none of the lateral-line bones bear serrae. The 

latter begin development sometime between the attainment of lengths of 

15.0 to 25.0 mm. In the earliest stage observed the passageway of the 

supracleithrum is represented as a small round hole which becomes the 

posterior opening in the adult. The tube of this bone gradually begins 

formation from both sides, near the posterior edge of the bone, and grad

ually fills in the spaces until the tube is completed at about 30.0 mm. 

length. 

At 11.0 mm. the posttemporal canal is completely uncoveredv but, e%

cept for the dorsal canal, which never closes, it is covered by the time 
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a length of 35.0 mm. is reached. In the 11.0 mm. fish both the supratern

poral-interternporal and the lateral extrascapular are small flat bones 

with the edges turned upward. These bones also attain the adult condition 

by 35.0 mm. The dermopterotic has been completed by 11.0 mm., except for 

the lateral walls which appear sometime before the 35.0 mm. stage. The 

preopercle of an 11.0 mm. fish is a simple folded bone, looking very much 

like the adult preopercle of Elassoma. This bone is one of the last to 

complete development 'and juvenile characteristics (lack of septa between 

apertures) were found in specimens of 100.0 to 125.0 mm. length. The 

articular and dentary canals appear much as they do in the larger speci

mens, but the openings are relatively larger. The lachrymal (Pl. VII, 

Fig. 67) of the 11.0 mm. specimen approaches the adult type, but it is 

nearly twice as high as wide. The septa which subdivide the original 

large orifices develop from the flat lachrymal plate and grow toward the 

roof of the canal to effectively cause the formation of the openings. One 

of these spicules of bone is seen in Fig. 67 (Pl. VII). At this stage the 

lachrymal looks like that of bepomis symmetricus, but by the 35.0 mm. 

stage the canal attains the adult configuration. However, bone continues 

to accumulate at the dorsal, anterior and ventral edges, as well as be

tween the anterior branches, until the fish is 300.0 mm. in length, and 

possibly longer. At 11.0 mm. the first three suborbitals are lacking and 

all of the others are open channels. By 35.0 mm. the only suborbital 

lacking is the jugal, but all of the bones, except the dermosphenotic, 

are still open laterally. By 48.0 mm. all of the ossicles are present 

and the two just anterior to the dermosphenotic have ossified while the 

others remain open. In a specimen 75.0 mm. long all of the suborbitals, 

except the jugal, which never assumes this form, are at least partially 
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tubular (deeply notched at either end). In our smallest specimen the na-

sal bones, which assume their adult state sometime before 35.0 mm., are 

represented as open troughs. The frontals have already assumed their 

final configuration, but they are very smooth and the foamy-appearing bone 

is lacking along the edges of the canals. The anterior roof of the frontal 

has not yet contacted the roof of the canal posterior to the interorbital 

opening, which probably means that these two segments of the covering are 

developed from separate ossification centers, Judging from Curd's (1959) 

figures, which c.ontrasted 22.0 mm. and 57.0 mm, specimens of 1, humilis, 

this last statement should also apply in that species. 

Elassominae 

The genus Elassoma possesses so many osteologi,cal characters which 

are very dissimilar to the bones in the rest of the family, as now con-
, I 

strued, that each bone will be brieflY, described. All three species are 

nearly unvaryingly ~like in this regard. 

S.upracleithrum 

Although the supracleithrum is in contact with the posttemporal, it 

is not penetrated by the lateral-line canal. 

Post temporal 

The post temporal element of the lateral-line (Pl. V, Fig. 39), is 

unlike any sunfish and is in two parts. The girdle element lies in the 

usual position, but the lateral-line element floats in the tissue over 

it. An occasional specimen of E, evergladei possesses a thin strap of 

bone over the middle part of the open trough. 
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Supratemporal-intertemporal 

This bone is not T- or Y-shaped, as in all other centrarchids, but 

a simple grooviform bone which is slightly spatulate near its bese. 

Lateral Extrascapular 

Elassoma is the only member of the Centrarchidae wh.ich lacks this 

bone. It will be remembered that the supratemporal canal, in other cen

trarchids, occupies the two last-named bones. 

Dermopterotic 

This small bone is in the usual position and is an open groove. It 

slightly overlaps the posterodorsal margin of the sphenotic (not dermo

sphenotic) anteriorly. 

Preopercle 

The preopercle reminds one of a fish in very early ontogeny, for the 

en tire length of the bone is a V-shaped groove (Pl. VII, Fig. 54), wholly 

unlike any true sunfish in nature. 

Articular 

Unlike any other centrarchids, there is no mandibular canal because 

the lateral-line does not penetrate the articular nor the dentary. 

Suborbital Series 

None of the suborbitals, including the dermosphenotic, are developed. 
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Lachrymal 

The lachrymal seems very strange when compared with any of the other 

sunfishes (Pl. VIII, Fig. 74). It is a simple boat-shaped bonea situated 

in front of the eye with the open part directed anteriad. 

Frontal 

In Elassoma okefenokee (Pl. VI, Fig. 47) and E, zonatum the lateral 

line forms an L-shaped groove similar to Curd's (op. cit.) abnormal speci

mens of ,1. humilis. In E. evergladei a low wall often extends about one

third the length of the anterior half of the frontal bone between the 

coronal suture and the lateral-line. groove. In one specimen the wall 

possessed a slight curvature toward the lateral wall. 

Nasal 

Like the other lateral-line bones, the nasal is an open groove. It 

is wider posteriorly than anteriorly and is only slightly shorter than 

the anterior part of the frontals. 



CHAPTER VIII 

COMPARISON OF CENTRARCHID OSTEOLOGICAL COMPrnENTS 
WITH THOSE OF OTHER TAXA 

Osteological studies carried out on the perciform skeleton have 

shown the osseous components of the lateral-line system to be very much 

as they are in the Centrarchidae. In the sciaenid, Aplodinotus grunniens 

Rafinesque, the lateral line (Green, 1940) courses through exactly the 

same skeletal parts as that of sunfishes, but the bones involved are very 

unlike the bones in centrarchids, although some of the ossicles super-

ficially resemble those of!,. humilis, as they are greatly inflated and 

the connective tissue tube is covered by mere struts of bone. Branson 

(in press) has pointed out some similarities and dissimilarities between 

serranids and cichlids and the centrarchids. The lateral-line system of 

many members of the Serranidae is easily identified with sunfishes, being 

especially similar to Archopli tes, and such observations can be repeated 

in percids such as Perea (Allis, 1904) and Stizostedion. The most ob-

vious evolutionary tendencies in all of these fishes, when compared with 

lower forms, is progressive degeneration in the amount of branching, the 

number of diverticula from the main canals (Tretyakov, 1944), and the 

widening of and reduction in length of some of the canals. 

The generalized path of the lateral-line in non-perciform groups is 

also very similar to the one del.imited for the Centrarchidae, but there 

are some important differences to be noted. The supratemporal canal, 
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which in sunfishes occupies·the lateral extra.scapular and supratemporal

intertemporal, courses through the parietals in characids, cyprinids 

(Allis, 1904i Harrington, 1955). and some other ostariophysine fikhes. The 

Salmonidae (Allis, 1884) and Umbridae (Dineen and Stokely 0 1954; Chapman, 

1934), however, follow the same plan as the sunfishes. The supratemporal 

canal becomes highly dendritic in the gar (Collinge 0 1893) and involves 

some peculiar bones known as tabulars at the posterior part of the skull" 

Another difference between the percomorphs and other fishes is that the 

cephalic lateralis does not penetrate the supraclei thrum in many members 

of the last group. The ostariophysine skeletal elements are otherwise 

much the same as in the Centrarchidae as far as lateral-line course is 

concerned (Harrington, 1955). 

The preoperculomandibular canal penetrates the dentary bone 0 not 

through the articular as in most percids, but through the angular in such 

forms as Amia and Polypterus (Allis, 1689i 1904; Collinge, 1893). Further

more, the mandibular canal is complete in several of the ancient forms, 

rather than ending near the mandibular syrnphysi s. 

The infraorbital canal of Amia (Allis, 1889) and Polypterus (Allis, 

1904i Collinge, 1893) is quite distinct from the percomorph type in join

ing the supraorbital canal through the antorbital, or prefrontal (auct.) 0 

a bone which is without counterpart in the percids and their immediate 

congeners. Allis (1889) and Collinge (1893) pointed out another differ

ence in Amia and£. bichir, which is actually a character of the Selachii 

(Allis, 1904). In these fishes the infraorbital, after passing through 

the "antorbi tal, '' enters the ethmoid and anastomoses with the canal from 

the other side of the head. 

The external canaliculi arise in most fishes as they do in the 
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Centrarchidae, from connective tissue sinuses between the ends of bones 

(Allis, 1904; Pollard, 1892). 

The shape and arrangement of lateral-line bones varies considerably, 

as is to be expected,. from one perciform taxon to another. The centrarchid 

bones are compared with several of these fi ,shes. 

Supraclei thrum 

The shape of this element varies from a simple blade-like ossicle in 

the Serranidae and Centrarchidae and Pomatomus (Allis, 1904) to a trirad

iate (in Cottus; All'is·, 1904) or triangular structure (in Cichlasoma; 

Branson, ,in press), but in all of these forms the canal passes through 

the upper end of the bone. 

Post temporal 

The posttemporal is heavily serrate in many of the true basses, simi

lar to the condition seen in Archoplites and the Centrarchinae, but is 

smooth in sotne · cichlids (Branson, in press), Archosarqus, Percidae, Cottus 

and many ot.hers (Allis, 1904). In most of the forms, including the perches 

and cichlids, the bone is similar to that of sunfishes, i. e., in possess

ing two articulating prongs anteromesad. However, the cottid posttemporal 

(Allis, 1904) ' i's redueed · in this regard. The apertural arrangement of the 

Centrarchidae, in which there are two openings for external canaliculi, 

eX;~ept in Mesogon"istius, Enneacanthus and Elassoma, is very similar to the 

serranid and percid condition. In Archosargus there are two primary 

branches which often become bifurcated distally. Bifurcation is not known 

in the higher serranids, percids, centrarchids and cichlids, The single 

opening of the centrarchid forms mentioned above reminds one of the distal 
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end of the posttemporal in some surfperches, cottids (Allis, 1904) and 

cichlids (Branson, in press). 

Supratemporal-interte~poral 

This small bone is Y-shaped in most teleost fishes (Harrington 9 1955) 

but may be a simple , straight , or slightly flexed tube i n some cott ids 

(Allis, 1904). In the Centrarchidae the bone is very often an open gut

ter, as it is in several percids (Allis , 1904), although it is a closed 

tube in the greater number of species. 

Lateral Extrascapular 

The percids (Allis, 1904), Amia (Allis, 1889), serranids and cichlids 

(Branson, in press) and others have separate, tubular extrascapulars , as 

do the sunfishes, but some forms, i . e., Cottus, possess lateral extra

scapulars Crnesial extrascapular, auct.) which are fused to the parietals , 

and Archosargus, where the supratemporal canal is complete, has a third 

bone, on each side, in the series. 

Dermopterotic 

The Y-shape of the centrarchid dermopterotic (pterotic or squamosal 9 

auct.) is of common occurrence in perchids (Allis, 1904), serranids and 

chiclids, but is just as often a straight tube with an opening at either 

end, as in Cottus, or with several apertures, as in Pomatomus or Archosargus. 

In many fishes there is no common sinus for the union of the preoperculo

mandibular, dermopterotic and supratemporal-intertemporal components, but 

independent arms and openings in the dermopterotic for communication with 

the other two bones, and in Cottus (Allis, 1904) there is an ossicle 



139 

intercollated between the preopercle and dermopterotic. 

Preopercle 

Serranids, percids and sciaenids, as well as others, typically have 

a serrate preopercle similar to the ones herein illustrated for Archopliteso 

Centrarchinae and some Lepomis. In many groups, such as the Cichlidaeo 

there are no serrae. Furthermore, the shape of the bone in perches and 

serranids, especially in the latter, is like that of the Ambloplitini, 

Centrarchini and some Lepomini. Comparatively, the preopercle becomes 

aberrantly shaped in such highly modified fishes as Cottus , in which it 

is triradiate. The arrangement of apertures on the bone is likewise vari

able. In Pomatomus, possessing two terminal and three side brancheso all 

of the diverticula are restricted to the horizontal arm. Archosargus is 

peculiar in having as many as 17 apertures in this canal, and some of them 

are bifurcate. In all of the percomorphs the apertures into the preoper

cular canal open on the ventral side of the bone. 

Articular 

The articular vary rarely bears more than two lateral-line apertures 

and most often the canal passes through the bone as it does in nonmicrop

terine sunfishes. The shape is usually similar to that of sunfisheso es

pecially in serranids, cichlids, sciaenids and percids. In Archosargus 

and its close relatives the bone is a rather wide element which has a 

much reduced anterior articular facet. The lateral-line canal usually 

possesses a third aperture somewhere between the terminal ones. 

Dentary 

In most percids and serranids this mandibular element is similar to 
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that of most centrarchids, both in shape and in number of lateral-line 

openings. In retrospect, the primitive sunfishes have five apertures in

to the dentary canal, whereas some of the more advanced forms have only 

four, the latter being similar to Cichlasoma. Most of the Serranidae , 

many perches, such as Perea fluviatilis Linnaeus, Pomatomus (Allis, 1904) 

and others have five apertures, although Woolcott (1957) illustrated only 

four openin~s in American species of Roccus and Morone. Some of the more 

highly specialized forms, like the sheepsheads and sculpins, have a sec

ondarily increased number (which also may be decreased) of openings into 

this lateral-line bone. In all of the fishes thus far referred to, the 

apertures open either directly into the canal or from its ventral margin , 

as they do in sunfishes. 

Suborbital Series 

The dermosphenotic lies in approximately the same position as it does 

in most percomorphs, but in some it is strongly fused with the underlying 

autosphenotic. In percids, cichlids and many others these elements are 

simple, pipe-like ossicles which, except for the lachrymal (discussed be

low), do not bear apertures in addition to the terminal ones . Flat plates 

of bone, mesad to the lateral-line tube, and arranged parallel to the side 

of the head, are commonly observed in all percomorphs. In some peculiar 

forms, Cottus and Archosargus, the suborbitals are very dissimilar to 

those of sunfishes, serranids and cichlids. In the sheepshead and other 

sparids there is progressive enlargement of the suborbitals from the der

mosphenotic anteriad. In this fish suborbitals four and five are very 

similar to the lachrymal in shape and in number of side branches , all of 

them having four anterior apertures. Some of these apertures are at the 
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ends of tertiary branches formed by bifurcation of secondary diverticula. 

This is considered as a specialization and is not seen in any of the fish

es most closely related to the Centrarchidae, although fusion of some sub

orbitals may induce the formation of single side branches as described in 

Micropterus coosae and in Cichlasoma cyanoguttatum CBransonv in press) . 

Reduction in number of suborbitals, although not carried to the ex

treme of Elassoma and the Enneacanthini, is a common phenomenon in percids. 

This comes about either through a loss of elements or through fusion of 

two, or more preexisting ones. In the cottoids and Gasterosteiformes 

(Berg, 1946) one of the infraorbitals is usually united with the peroper

cle and fusion of several suborbitals takes place in Triqla (Allisv 1909) 

to form a single large plate anteriorly. The third suborbital of Cottus 

octodecimospinosus is the ossicle which is involved in the suborbital

preopercular union and the first two bones, in this seriesv posterior to 

the lachrymal are nearly identical to the lachrymal in having a side branch 

like that of the jugal-suborbital fusion of Micropterus. In most percids 

and serranids five or six suborbitals are generally present, excluding the 

lachrymal. 

Lachrymal 

The peltate shape is retained in most percomorph fishesv even when 

the other suborbitals become highly aberrant. This bone is nearly always 

present, often being "normal" in shape <compared within the matrix of the 

group of fishes to which a given species belongs) when the rest of the 

suborbitals have disappeared or become otherwise modified. The centrar

chid arrangement, e. g., the lachrymal situated in an almost vertical po

sition before the eye is similar to serranids and Perea, but unlike the 
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situation in Cichlasoma and Cottus, where the bone lies in a nearly verti

cal plane. In other perciformes the morphology of the lachrymal lateral

line canal is essentially like that seen in the Centrarchidae. The four 

openings, two terminal and two at the ends of anteriorly-directed branches, 

is repeated again and again in sciaenids, percids, cottids and cichlids. 

In sparids, where the anterior branches often bifurcateo the pore number 

is sometimes six or more; however, if the bifurcations are ignored, the 

number of branches is reduced to two, except in Archosargus (Allis , 1904) , 

where there are five. Some cottoids, like the Enneacanthinio possess 

only three apertures, and some surfperches have five unbranched apertures. 

Preopercular serration is common in the percomorphs , but is not uni

versal. Whole families and sections of families lack these spines, but 

most of the drums and serranids bear very numerous serrae on this bone. 

The serranid lachrymal, as in Roccus chrysops , is markedly similar to 

Archoplites in this regard. 

Frontal 

The usual apertural number for the frontal lateral-line canal of 

cottids, percids, sparids (Allis, 1904), and serranids is four. The canal 

of this bone, the largest of all lateral-line elements, is usually quite 

superficially placed, as it is in the Centrarchidae. However, in the 

cichlids (Branson, in press) the canal is very deeply imbedded in bone 

and there is an additional aperture, at the end of a raised tube, between 

the interorbital opening and the posterior nostril aperture, a condition 

seldom observed in any perciform. Another difference and peculiarity 

noted in the cichlids is that of the coronal suturing mechanism and mode 

of formation of the supraorbital commissural canal. In the Centrarchidae 
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this last canal is a simple branch from the mother supraorbital canal 

which opens near the midline on each side near the posterior margin of 

the frontal bone. In Cichlasoma, Tilapia and other cichlids the com

missural arm burrows deeply into the frontal to an opening near the basal 

part of the bone near the coronal suture. A high crest extends almost 

the entire length of the suture , being involved in t he suture for i t s 

total depth, and a half-tube is formed in the crest (on each si de) which 

is nearly as long as the supraorbital canal . This is possibly a charac

teristic not found elsewhere in percomorph fishes. 

Nasal 

The percid and serranid nasal resembles its counterpart in the Cen

trarchidae, but the same bone is dissimilar to that of fishes in some 

other taxa. According to Allis' (1904) figure these bones may become an

nexed by the ethmoid to form a complex structure not seen in most of the 

higher forms. In the Cichlidae the bone is very solidly constructed and 

is positively curved in two directions, convex upward and both ends de

flected laterad. 

El as soma 

The greatly reduced lateral-line system and other unusual characters, 

discussed below, of the pygmy sunfishes pose a very annoying problem. Al

though lateral-line systems are conunonly reduced, Elassoma presents a re

duction so extensive as to be nearly unique. Bertin (1942) made some ob

servations on the osteology of Avoceltinops resulting in the discovery of 

a moderate degree of disossification, which was considered to be morpho

logical indication of neoteny, a position upheld by Myers (1958). The 
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latter worker, reasoning along the same lines, considered a reduction or 

suppression of the lateral line and/or simplification of the supraorbital 

crest to be of a neotenic nature. Furthermore, he considered a small 

species, belonging to a taxon which contains predominantly moderate to 

large forms, to be additional indicative evidence for neoteny. Eaton 

(1956), therefore concluded that the peculiarities of Elassoma could be 

regarded as evidence of neoteny. 



CHAPTER IX 

HISTOLOGICAL OBSERVATIO.\IS 

External Neuromasts 

External neuromasts are relatively scarce in most adult sunfishes 

and when present are often absent from the lachrymal region except in 

Elassoma. For this reason it has been possible to observe the histology 

of these organs in only a few species. Since Elassoma is the only mem

ber of the family with well-developed neuromast lines, almost every sec

tion having at least one organ, one of its neuromasts will be described 

and compared with the data that are available for other forms. However, 

it must not be concluded that the external organs of the pygmy sunfishes 

are typical of the whole family. 

Elassoma 

The distribution of these organs has already been discussed. All of 

the external neuromasts of these tiny fishes are more or less sunken into 

pits or crypts, from which the distal end of the organ protrudes. In all 

three species the organs are bell-shaped, ranging from 31.0 to 44. 3 microns 

(average 37.8) in diameter at the base, 11.0 to 25.1 microns (average 14.6) 

at the apex and from 27. 0 to 45.0 microns (average 37. 2) in depth. Text 

fig. 6 shows that the neuromasts consist of two kinds of cellular ele

ments, sustentacular and receptive or sensory cells. The figure, which 
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is a camera lucida drawing from a facial sectione shows the latter cells 

couched among some supporting cells. Such an illustration may be mislead-

inge for the supporting cells of an intact organ actually completely sur-

round the sense cells. Furthermore. although many authors have thought 

otherwise 0 the central supporting elements do not end at the proximal ends 

of the sensory elements but penetrate upward. as slender processes. be-

tween the latter cells. In the region of the ~istal (outer) sustentacular 

cells. the outer supporting elements extend beyone the tips of the sense 

IO }J 

Text Figure 6. External Neuromast of E. zonatum. 
S, sense cell; SC, supporting cell; 
SHo sensory hair; T, tremognostic 
cavity. 

cells and curve toward the center of the organ (Text Fig. 6). The sup= 

porting cells thus form a cavity around the receptive ends of the sensory 

cells herein called the tremoqnostic chamber. This cavity measures 2.3 

to 4.4 (3.5) microns in depth and 9.5 to 11.9 (10.8) micron$ im diameter , 
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the last figures corresponding closely to the area circumscribed by the 

sensory surface of the organ. As far as known, the only other species 

in which the neuromasts are so modified are those of the Enneacanthini. 

In situ, the neuromasts are depressed into their crypts to the level of 

the upper ends of the sense cells, the rest of the organ extending freely 

from the surface of the skin. In a surface view one observes an organ, 

surrounded by a moat, which is penetrated by a smaller opening, the tre

mognostic aperture. 

Sustentacular Cells 

The supporting cells of the external neuromasts are attenuate

rhopaloid or club-shaped, a generality in all fishes. They measure 23.0 

to 36. 7 (32.1) microns in length and average 1.2 (0.8 - 1.5) microns in 

apical diameter. The nucleus nearly fills the basal extremity of the 

cell and it is nearly impossible to measure the diameter of these oval 

bodies without also measuring the diameter of the cells in that region . 

Consequently, these two diameters are herein used interchangeably. This 

diameter was found to be 1.8 to 3.1 (average for all three species, 2.5) 

microns. However, in];. okefenokee the average nuclear diameter was 3.1 

(2.8 - 3.1) microns, whereas in the others it was 2.1 to 2.3 (1 .8 to 2.3) 

microns . This discrepancy may be the result of formalin fixation which 

has a tendency to cause hypertrophy of some cellular elements if the form

alin is not buffered. Since the specimens of];. zonatum were fixed in two 

different cytological fixatives, and since there is general agreement be

tween the last species and];. everqladei, the nuclear diameter of the 

supporting cells of Elassoma is thought to lie somewhere between 2.1 and 

2. 3 microns, the range of averages for the last two species. The support-
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ing cells rest upon a thin basement membrane (2.0 to 5.0 microns thickness) 

which stains pale blue with Mallory's triple connective tissue stain and 

intensly purplish-black with iron hematoxylin. This membrane marks the 

outer limits of the corium. The cytoplasm of the sustentacular cells is 

of a homogeneous nature and stains bluish-gray with hematoxylin and light 

red with Mallory's (Mallory's will henceforth be used for Mallory's t riple 

connective tissue stain and "hematoxylin" for Heidenhain 's iron hematoxy

lin). There are no inclusions nor the slightest indication . of intracellu

lar fibers. These cells do seem to have a thin intercellular cement be

tween them which recalls the substance between the epithelial cells of mam

mals. No tonofibrilles or intercellular bridges were noted. 

The oval-shaped supporting cell mucleus, as mentioned above, is bas

ally located (Text Fig. 6). In staining reactions these bodies exhibit 

both acidophilic and basophilic properties. The membrane, which is thick

ly clumped with basochromatic susbtance, presumedly chromatin, stains very 

darkly with hematoxylin and Mallory's. Some centrally-placed endosomes 

are connected to the thickened membrane by thin strands and all of them 

stain with the same intensity as the material found on the nuclear mem

brane. These bodies average 0.8 (0.5 - 0.9) microns in diameter, and the 

vesicular nuclear sap in which they are embedded stains very faintly. Some 

tiny acidophilic granules may also be seen in the nuclear sap. 

Sensory Cells 

The receptive cells, in a frontal section, are few in number (five 

or six) and, unlike the supporting elements, are strongly polarized. The 

distal end bears a single hair-like structure, usually termed a "sense 

hair," averaging 1.9 (1.6 - 2.3) microns in length. This "hair" extends 
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from the tip of the setiferous cell into the tremognostic chamber, which 

may or may not be ensconced by cupular substance in life. The latter 

structures, although common over lateral-line organs, were not observed 

in the external neuromasts. The sensory cells are tenpin-shapedo taking 

more stain distally and progressively less basally. Critical observation 

reveals a tiny blepharoplast-like body just below the insertion of the 

hair into the cell. Since the upper end of the cell and this small body 

both take stains deeply, it was not possible to obtain enough resolution 

to determine whether a connection exists between the sense hair and the 

granule. The cell appeared to be striated (fibers) below the upper mem

brane, and the cytoplast, in areas which stain less intensely, appears to 

possess some very fine fibrils, especially near the nucleus. Near the 

base of the cell a few irregular, dark-staining bodies of less than 0.5 

microns were seen. The sensory cells measure 1.8 (1.6 - 2.3) microns 

apically, 3.4 (2.9 - 5.0) microns at the base and 17.3 (15.0 - 19.0) mi

crons in length. 

The nearly round sensory nucleus is almost in a central position and 

somewhat larger, 3.2 (2.4 - 4.1) microns in diameter, than the supporting 

nuclei below. Like the sustentacular cell nuclei, their membranes are 

thickened by dark-staining chromatin and some endosomes of a size equal 

to the ones measured in the supporting cells are seen in the vesicular 

nuclear sap. 

In the Rio Grande perch, Branson (in press) described some terminal 

bars between the sensory cells. Similar structures again were encountered 

in studying the sensory elements of Elassoma and, to this writer's know

ledge, these elements have not been alluded to elsewhere. 
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Comparison of Elassoma with Other Centrarchidae 

According to Herrick (1901) there are two kinds of external neuromasts, 

large ones and small ones, the distinction being that the former are ob

servable with the unaided eye. Using this criterion, all of the centrar

chid external neuromasts are of the small type. Herrick further distin

guished between external organs as "naked" or "sunken," according to wheth

er they were depressed into pits or situated free on the skin. The sunken 

variety are termed pit organs by most recent workers, although Sato (1955a) 

has shown these two types to be nothing more than developmental stages of 

the same organ, the raised variety being the initial stage. All of the 

organs in sunfish are pit organs, but in very young specimens the neuro

masts are probably of the naked type. 

Centrarchinae 

There were no histological observations made, but the shape of the 

external sense organs are like those in Lepomis and Micropterus. 

Lepominae - Enneacanthini 

Although the neuromasts are of slightly different shape and propor

tions, there is an immediately recognizable resemblance between the spe

cies in this tribe and those of the genus Elassoma in this regard (Pl . X, 

Fig. 114). One tremognostic chamber of~. gloriosus measured 5.9 microns 

in depth and 11.8 microns in diameter, being slightly deeper than those 

described in the pygmy sunfishes. The entire organ was also larger, 

measuring 41.5 microns at the base, 18.2 apically and 41.5 microns in 

length. The cellular elements, while being comparable, differed in t.heir 

proportions. The sensory cell was found to average 18.8 (17. 6 - 20.2) 
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microns in length, 2.8 (2.6 - 2.9) microns apically and 4.4 (4.1 - 5.1) 

microns at the base. Their nuclei, reacting identically to the stains, 

were 3.4 (3,2 - 3.6) microns in diameter and bore endosomes of about the 

same dimensions as those in Elassoma. The single sense hairs averaged 

3.1 microns in length. 

The only observable difference between the sustentacular cells of 

Elassoma and Enneacanthus, or for that matter, any of the Centrarchidae , 

is one of relative measurements. These cells in E, gloriosus averaged 

34.9 (33.0 - 36. 7) microns in length, thus broadly overlapping the men

surable characteristics of Elassoma. The same is true of the apical 

diameter, 1.4 (1.3 - 1.5) microns, but the nucleus averages somewhat larg

er, being 2.6 to 3.4 (3.0) microns in diameter. The nuclear endosomes 

are like those of Elassoma. 

Lepominae - Micropterini 

The external neuromasts of the black basses are not like those of the 

Enneacanthini and Elassoma, either in shape or arrangement in the skin. 

In this tribe the organ is rather cigar-shaped (Pl. IX, Fig. 93; Pl. X, 

Fig. 105) and is sunken very deeply into the skin, with no part of the 

neuromasts extending above the surface. As seen in the figure a narrow 

tremognostic canal extends downward to the distal end of the neuromast. 

Comparing the organ with those briefly discussed above, it is found to 

measure only 26.5 microns proximally and 10.2 microns apically, consider

ably smaller than either of the others. The total length of the neuromast 

was found to be 32.6 microns, also less than the others, but the length 

of the cellular elements was not unlike those already discussed. The 

sustentacular elements are 31. 7 (30.8 - 32.5) microns long, whereas the 
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sensory ones measured 16. 6 microns. The apices measure 1. 9 (1. 8 - 2. 0) 

and 2. 6 (2. 3 - 2. 9) microns re spec ti vely for the supporting and sensory 

cells, being longer than those parts in the other measured species. The 

sensory cell base was found to be of intermediate size between those of 

Enneacanthus and Elassoma, measuring 3.8 (3.5 - 4.3) microns. The sus

tentacular nucleus, and thus the proximal end of the cellsv is much larg

er in the basses than in either of the other two tribeso 3.7 (3.l - 4.0) 

microns, but its endosomes are similar in being 0.6 to 0.9 (0.8) microns 

in diameter. The sensory nucleus, endosomes and general cytoplasm are 

very similar to those cited for Elaasorna and Enpeacanthus9 but the nucleus 

is slightly smaller in the last-named form9 averaging 3.0 (2.7 - 3.1) mi

crons. The sensory hairs in the Micropterini are nearly twice as long as 

those of compared speciesv 2.8 microns in average length. 

Lepominae - Lepomini 

If Moore's (1956) figure is representative of all of the species in 

this tribe, then the external neuromasts of Lepomis and Chaenobryttus 

are very similar to those in l'ilicropterus. No histological data are 

available at this time. 



CHAPTER X 

COMPARISON OF CENTRARCHID EXTERNAL NEUROMASTS 

WITH THOSE OF OTHER TAXA 

Most fishes possess external neu:romasts Wijkgra.afv 1952) whfoh pre= 

sent some variation of the bell-shaped structure seen in Elassoma., How

ever, the peculiar tremognostic chamber seems to be :rather Rrnicommon as :a 

search of the literature has failed to disclose records of it. Many 

authors have described the neuromast as occupying pi ts or moats. Sat'o' 

(1955a) illustrated the neuromasts of several fishes~ and in _OJ1icorhyr1c.l:n.1s; 

Oryzias and some cyprinids the distal surface of the organ is nearly 

flush with the skin 9 extending slightly above it as in Elassont§v but in 

the catfish Parasilurus asotus Linnaeus the organ is depressed in to the 

dermis so that a wide to narrow tremognostic canal (19pit cavity, 09 Moo:re 0 

1950) is formed. These organs, although similar to the Micropte::rfo.i and 

Lepomini in possessing the short canal to the exterior. are ffeirently 

formed; they are about as wide as long and the sensory surface is nearly 

flat. The pit organs of soleids (.Symphurus and ,Cynoglossus) are also 

similar to many sunfishes in this respect {Tirelli, 1958); but 0 ii"istead 

of having single organs at the bottom of the canal, there is i0ne large 

external opening which immediately branches within to form two tubes 

leading to a pair of organs. Further examples for comparative pu:rposies 

are found in Fundulus heterocli tus (Denny, 1937) and HyhOQ!,i.§ ~~ 

(Moore. 1950) 0 the organs of which are found surrounded by shallow moats 
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but with the sensory surface exposed to the surrounding water. 

The cupular material was first observed by Emery (1880) in a teleost 

collected near Naples and has since been observed in a host of other fishes 

(Moore, 1950; Denny , l 937i Dij kgraaf, 1952; Curd, l 959i and many others). 

Although this object was not observed in the external neuromasts discussed 

herein, it may be present in life, for as Denny (1937) has pointed outo 

the cupulae are fragile and easily disrupted during fixation and handling. 

In histological studies it is usual ly stated that the supporting 

cells are long and distally attenuate, their nuclei occupying a proximal 

bulge (S~to, 1955a) or they are so illustrated (Moore, 1950). Neverthe

less , little work has been done on their cytological make-up, and measure

ments of them are very scarce. In Fundulus the suppor ting elements are 

much more numerous than the sensory cells , there being a ratio of about 

80 or 90 to three or five, and some well-defined terminal bars are present 

between them. In the Centrarchidae the degree of discrepancy between the 

number of sensory and supporting cells is not so great and terminal bars 

were not observed between the supporting cells of external organs. 

As with the supporting elements of the external neuromasts there is 

a dearth of data concerning the sensory cells. These cells are tempin

or pear-shaped in all fishes and dark-staining granules near the base, 

similar to those in Elassoma, apparently occur in the canal organs of 

most fishes. However, because of the lack of close attentiono the cells 

of external organs have not often been described. The nucleus, described 

here as being vesicular with a darkly stainable, confluxed membrane, is 

quite similar to those of most osteichthine fishes. Moore (1950) o Moore 

and Burris (1956) dep icted the bodies as being round and dark-staining, 

which is apparently the usual case. Denny (1937) is one of the few 
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workers who have given any details concerning the nuclei. In Fundulus 

the karyosome is located in the proximal half of the sense cell, as it 

is in sunfishes, and its affinities for stains are similar to the ones 

already described. Two or three endosomes (nucleoli) were observed, but 

apparently were not found to be connected with the nuclear membrane. 

The general sensory cytoplasm of this cyprinodont included some vary fine 

fibrils, termed epi theliofib:dllae by Denny (1937) v that are doubtless 

homologous to those observed in Elassoma and other centra:reh.ids. Mh:s 

Denny also mentioned the presence of some :rod-shaped mitochondria, paral

lel to the long axis of the cell, which may be coll a ti ves of the dark 

subnuclear granules found in sunfishes. However, it is unwise to c:all 

these aggregates mitochondria until they have been studied by me:all1£ of 

ribophillic stains or electromieroscopy. The strongly polarized condition 

of the cells has either been remarked upon or demonstrated in illustra~· 

tions by almost every investigator interested in the study of lateral

line systems. The point of origin of the sense hair stains very heavily, 

even darker than the nucleus (Bunker, 1897) in most species of Ictalurus, 

but the blepharoplast-like granules at the base of the hair have $Jeldom 

been recorded in the literature. Denny (1937) described them as being 

rod-shaped in the mummichog and Speidel (1947), working with tadpoles, 

illustrated them as small grains at the bases of sense hairs" 



CHAPTER XI 

HISTOLOGY OF CANALS ANO CANAL NEUROMASTS 

the neurornasts contained in well-defined canals are structurally 

similar to the external organsv but are generally of larger size, Once 

they have attained their adult size cellular accretion ceases. In the 

thousands of organs observed not a single mitotic figure was observed, 

so, this final state is attained very early in life. Before discussing 

the histological nature of the canals and their contained organs a brief 

statement concerning the distribution of the neuromasts will be given. 

In those species with lateralis canals each tube-bearing scale pos

sesses a single organ near the center of the tube (PL IV, Fig. 27). 

The distribution of canal organs can be roughly estimated by obser= 

vation of the gross external morphology of the canal system as there is 

generally one neuromast between each two side branches. However, in a 

few areas this leads to error. There is one organ near the cell1te:r of 

each of the following bones: nasal, supratemporal-intertemporal, lateral 

extrascapular (except il1 Elassoma~ where this element is missing), dermop= 

terotic O dermosphenotic O each of the suborbi tals (except the lachrymal) 

and the articular. There are four neuromasts located in the preopercles 

of the Enneacanthini, five in the other Lepomini and in the Ce111trarchini, 

and six in the three genera of the AmbloplitinL The dentary component 

of the preoperculomandibular canal contains three organs i1n the Ernneac:an= 

thini and four in all of the others except Elassoma (discussed below)" 
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A single organ is found in all centrarchids in the commissural canal of 

the frontal complex. Two others, one in the branch which connects with 

the postocular sinus and one between the interorbital opening and the 

posterior nostril pore complete the complement in this bone. Two neuro

masts are found in the lachrymal canal in all species except Enneacanthi1s, 

Mesogonistius and Elassoma, which have a single organ, Elassoma0 with 

only 20w possesses fewer canal organs than any other sunfish. Three of 

these (Text Fig. 2) are found in the preopercle, one each in the posttem= 

poral, supratempo:ral-intertemporal, derrnopterotic and nasal, and th:ree :i.n 

the frontal (Text Fig. 3). 

In all of the species the organ is implanted on the floor, or p:roxi= 

mal wall of the canals, according to the position of a given canaL 

As with other aspects of the system one species, Lepomis. svmmetriic:u§, 

will be described in detail and compared with the rest of the family. 

Lepomis symmetricus 

The lateral-line canal has a continuous lumenv except at points where 

it becomes interrupted., This canal is composed of the basement membrane 

of the cellular elements of the system and averages l. 7 n. 5 = L '9) microns 

in thickness (Table V), The tube thus formed occupies a passageway through 

various bones, the one in the lachrymal averaging 316. 5 (273.0 = 424. 5) 

microns in diametex (Table V). As seen in Text Fig. 7, the connective 

tissue tube formed by the basement membrane is not round, but ovoid in 

shape; its diameter is 233, 3 (209. 5 - 258. 8) microns. Throughout its 

length the canal is lined by simple cuboidal epithelium of a raithe:r low 

type which nearly completely lacks mucous cells, However, as an organ i~ 

approached the cuboidal nature of the lining rapidly becomes pseud,ostrati= 
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fied (1'ext Fig. 7) and in the proximity of the neuromast numerous goblet 

cells are encountered. The pseudostratified cells become very deep and 

completely surround the neuromast peripherally. The cuboidal epithelium 

merges with the stratified squamous cells of the normal skin in regions 

where the canal system opens to the exterior, as illustrated in Pomo:ds 

(Pl. X, Fig. 115). The peculiar septum-like thickenings of the canal 

lining opposite the canal o:rgan, described by Moore O 956) :i!.ll1 1(momj.Ji 

humilis and 1. cyanellus 0 are not present in the lacyrym,al oir subo:rbi ta! 

canals of any centrarchid, but are easily observed illl stained skins, in 

many of the other canals. The connective-tissue canal is suspended in 

the bony passages by a rather common-appearing a:reolar comnective tissue. 

Just below the region of the neuromast many blood capillaries are seen and 

quite often some large cellular elements which may represent mast cells 

(Text Fig. 7) are located near these vessels. It is in this general 

area that the lateral-line nerve, after passing through a foramen in the 

bone, penetrates the basement membrane 9 loses its myelenatio1n, and splays 

out under the sensory cells. 

A typical canal neuromast is lozenge-shaped, except for the baseo 

which, of course, fits the curvature of a given canalo and in sectional 

view they assume the shape of a quarter sphere. Including the basemelllt 

membrane, the two organs in the lachrymal canal measured 36. 6 (34. 9 = 38. 8) 

microns in depth and 305.0 (224. 3 = 513. l) microns in diameter (Table VI). 

As illustrated, the sensory cells are localized near the center of the 

organ, their surface area being about 187. 2 (162. 2 = 229. 6) microns in 

diameter, or 66. 7 per cent of the total organ diameter (Graph II). The 

organ depth may also be expressed as 13. 6 per cent of the total diameter 

of the neuromast (Graph I). From the above measurements it is obvious 



Text Figure 7. Transverse Section of Lachrymal Bone in Lepomis 
symmetricus. A, areolar connective tissueo Bo 
lachrymal bone ; BM, basement membrane; BVo blood 
vessel; C0 collagenous connective tissue; CEc 
cuboidal epithelium; CU, cupula (shrunken) ; D0 

dense connective tissue ; Eo stratified squamous 
epithelium; F, foramen; G, goblet cell; H, sense 
cells ; L, lumen i MC, mast cell; N, nerve ; PE 0 

pseudostratified epithelium; SC 0 sustentacular 
cells. 

159 

that the canal organs, although being morphologically homologouso are much 

larger than the external organs. Such an increase in size has come about 

mainly by simple multiplication of the total number of cells 0 but 0 as will 

be pointed out belowo there has not always been a corresponding increase 
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in both types of elements in some of the other species. 

In text Fig. 7 a cupula covers the distal tips of the sensory cells, 

however, this is probably a very shrunken, misshapen structurev as the 

· space between the sense hairs and lower surface of the cupula would indi

cate. This enscouncement stains pale blue with Mallory's ruid dark purple 

with hematoxylin. Since the cupula was so badly fixed 0 any measurements 

of it would be meaningless. 

The elements which make up the neuromasts found in canals are essen= 

tially the same as those in the unprotected organs. The supporting cells 

are again found to be :attenuate-rhopaloid in shape (Text Figs. 7 and 8) 

and average 2.2 (1. 7 - 2.8) microns apically and 35.l (31.0 - 41.8) microns 

in length (Table VII). Their cytoplasm is of the same homogeneous nature 

referred to earlier and well-marked terminal bars are present between 

them distally or between the supporting cell apices and the apices of the 

sensory cellso where the latter are contacted. The extreme apex of these 

attenuate cells seems to be faintly striate in most preparations and the 

nuclei, being about 3.9 (2.8 - 4.7) microns in diametero stain about like 

those already discussed. There are one to seven or more endosomeso sev

eral of which are usually attached to the nuclear membrane by thiin strru1ds 

of chromatin 0 averaging 0.9 (0. 7 - 1.1) microns in diameter. In 39 organs 

there was usually an average of 76 cells per cross section. 

The sensory cells are also similar to those observed in external 

neuromasts in being tenpin-shaped. Since the organ is convexly curved in 

all directions one must guard against being deceived by the appearance of 

the cells located on the very periphery of a neuromast (Text Fig. 7). 

In contrast to the supporting cells there are usually only about 32 sen= 

sory elements per section. Cellular differentiation is apparent among 
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the sense cells, as they are not all alike. For convenience' sake, the 

sensory cel ls in each observed neuromast were divided into three regions, 

central, lateral and marginal, the marginal area being exclusive of the 

unevenly sectioned ones. These three regions are compared in Table VIII; 

where it is easily seen that the cells located just laterad to the cen= 

tral area are larger, 6.5 (5.2 - 8.3) microns in basal diameter , than 

BM 

IO JJ 

Text Figure 8. Selected Sense and Supporting 
Cells from Lachrymal Neuromast 
of 1. symmetricus. BM, basement 
membrane; N, sense cell nucleus o 
SG, sense-hair granule : SH, sense 
hair; ~. sustentacular cell 
nucleus, TB, terminal bar. 
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those of the other two regions where the diameters were found to be 5.8 

(4. 8 - 6. 3) and 5. 7 (4. 3 - 6. 6) in central and marginal regions respec

tively. Actually, 1, symmetricus is the only species of Leoomi§ which 

demonstrates this characteristic to any marked degree. However, in some 

other tribes there is a very obvious difference between the cells of the 

three categories. The apical diameters of cells from each region also 

show some discrepancy between areas (Table IX: central, 3.6 (2, 7 = 4.9); 

lateral, 4. 5 (3. 3 - 6. 6) 1 marginal, 4. 2 (2. 6 - 5, 5). However, the:re is 

little to distinguish the nuclei, as far as size is concerned (Table x). 
Furthermore, the endosomes are all practically the same size from 011rn· 

cell to the next (Table XIIL Comparing the lengths, the central cells 

are the longest, ·16.6 (16.0 - 17.6) microns, whereas in the lateral and 

marginal regions the cells average 11.5 to 11.6 microns (Table XI). In 

addition to those of a mensurable nature there are some other visual dif

ferences. The general appearance of these cells is one of paleness 0 in

cluding the nucleus, '~ich is considerably lighter in staining affinities 

than that of the central and marginal cells. There are usually only two 

or three of these cells per section. 

The more numerous cells (Text Fig. 8) possess nuclei which a:re very 

similar to those described for external neuromasts except that the epi thi= 

liofibrillae are usually slightly more evident. No subnuclear granules 

were noted. 

A striking difference was noted between the interior sense cells and 

those located in the external neuromasts. The sense hairs are not single, 

but as many as five per cell were counted; correlated with this obse:rva= 

tion were similar counts of the granules located at the base of the hairs 

(Text Fig. 8). These cells call to mind the morphology of the «:::iliated 
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THE BAR IS MEAN PERCENTAGE. WHERE TWO SPECIES ARE ARRANGED ON THE 
SAME LINE, THE UPPER NAME OF A PAIR CORRESPrnDS TO THE BOX NEAREST 
LEFT MARGIN. N = 39 EXCEPT IN ,f;. OBESUS WHERE IT IS 7o 
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ependymal cells from the tuberculum acusticum in the cat (Maximow and 

Bloom, 1944) which bear five to ten or more hair-like structures asso

ciated with as many blepharoplast-like bodies. In the fish neuromast 

there does not seem to be any difference in the lengths of hairs f:rom 

one cell to the next. Under high dry magnification and 0 to a lesser ex= 

tent, under oil immersion, the hairs cause refringence of light rays 

which creates the allusion of a triangular structure located on the apex 

of the sense cell. However, critical examination reveals the multiple 

nature of the serisory hairs. As far as this wri te:r knows 0 such a condi

tion has only been recorded in one other fish, Cichlasonm _uanoguttatum 

(Branson 0 in press). 

The continuous nature of the lateral-line canals referred to in the 

discussion of ,1=. §ynunetricus is the usual condition in all fishes. Fur= 

thermore, the elements constituting the cellular or fibrous parts of the 

system are very similar in all centrarchid species. 

Centrarchinae--Amblopli tini 

The general canal interior is not much different than that of 

Lepomis ,symmetriQ_us, with the possible exception of a few more mucous 

cells being present in the rockbass. In Acantharchus the canal is nearly 

round in section (Pl. X, Fig. 113) 0 rather than ell.iptical 0 and measures 

191. 9 (106.0 = 227. 5) microns in diameter. Its box1y passage in the 1:ach= 

rymal averages, in our few specimens, 264.1 (189. 8 - 300. 5) microns 0 

whereas these same measurements in Amblopli tes are 258. 7 (227. 5 = 333. 5) 

and 366. 5 (306. 8 - 433. 3) re spec ti vely. However, the differences here 

are mainly ones of an overall discrepancy in size between the two species. 

Measurements for Archoplites do not appear in the various tables because 
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the specimens were improperly fixed for cytological and histological meas= 

urements. In general it may be said that. comparatively speaking, members 

of the Centrarchinae have the most capacious lateral-line canals in the 

family v andv as seen in Table Vo these fishesv with the exception of 

Elassoma, also pos$ess the thickest basement membrane in the Centrarchidae. 

The neuromast of the tribe Ambloplitini is not particularly distinc

tive in size (Table VI). The organ depth represents 12. 4 and 18. 4 pe:r 

cent of the organ diameter in }.mbloplites and Acantha:rchus respectively. 

The former is comparable to the same index in 1,. §.ymmetricus, but i111 

Acantharchus, the organ being deeper in proportion to its diameter, the 

percentage index being greater than that of many of the other su:nf :i.shes. 

The sensory cells are, as usual, located near the center of the organ 

(Pl. X, Fig. 113), but the area occupied by the cells is only about 50 

per cent (Graph II) of the total diameter. These and other percentages 

represent arithmetic means; the ranges are given in Graphs I and II, as 

all species are variable for these characters, Acantharchus being the 

most variable of all the species observed. The mud sunfish averaged 59 

supporting and 14 sensory cells per section whereas Amblopli tes had 90 

sustentacular elements and 76 sense cells. Cupulae were not observed in 

the few specimens of the mud sunfish 9 but almost every organ of the rock 

bass possessed the shrunken remains of one of these structures (Pl. XI, 

Fig. 122). 

In general appearance the supporting cells are much like other simi= 

lar elements (see PL VIII, Figs. 80 9 83 and 84). Those of Acan tharchus 

are more like those of Lepomis in comparative measurements, being 2.0 

(1.2 - 3.1) microns at the apex, 3.4 (2.3 - 4.5) basally and 33.2 (30.8 = 

37. 3) microns in length, whereas those of jynblopli tes are 2. 3 U. 5 = 3. 2), 
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4.4 (3.4 - 5.6) and 54.2 (44.0 - 74.8) microns. With the exception of 

Lepomis cyanellus and Chaenobryttus, Ambloplites has the longest support-

ing cells in the family. The supporting cell nuclei of Acantharchus dif-

fer slightly in possessing only single endosomes. 

TABLE V 

COMPARISON OF DIAMETERS OF LATERAL-LINE TUBES, BONY CANALS AND BASEMENT 
MEMBRANE THICKNESS IN THE Crl'lTRARCHIDAE. SCALE IN MICRONS. 

Species 

c. gulosus 
L. gibbosus 
L. cyanellus 
L. humilis 
L. microlophus 
L. megalotis 
L. auritus 
L. punctatus 
L. marginatus 
L. macrochirus 
L. symmetricus 

N = 39, EXCEPT IN]. OBESUS WHERE IT IS 70 

FIGURES IN PARrl'lTHESES ARE RANGES 

Lateral-Line Tube Bony Tube 

299.6 (209. 7--364.0) 541.0 (437. 0--637. 0) 
197.1 Cl 72. 9--210. 8) 276.0 (229. 9--323. 3) 
330.1 (318. 5--347. 3) 659.4 (637. 0--678. 3) 
327.1 (246. 7--412. 8) 658.9 (583. 5--734. 3) 
190.6 (182.0--202.0) 383. 0 {310. 5--448. 3) 
199.2 {183.0--215.8) 304.0 {241. 3--367. 3) 
222.0 {189.0--268.3) 354.6 {324. 3--395. 3) 
227.2 {167.8--260.0) 442.2 {332. 3--550. 5) 
232.2 {187.4--253.0) 329.3 {313. 0--353. 5) 
292.4 (257.5--314.3) 434.9 (324. 8--505. 0) 
233.3 (209.5--258.8) 316.5 {273. 0--424. 5) 

P. nigromaculatus 289.2 {203.3--327.3) 465.2 (295. 5-557. 3) 
P. annularis 323.8 {299.3--343.5) 481. 9 (455. 0--513. 0) 
c. macropterus 185.0 {155.3--212.3) 299.9 {224. 8--326. 0) 
A. rupestris 258. 7 (277.5--333.5) 366.5 (306. 8--433. 3) 
E. obesus 224.3 {200.8-246.3) 286.3 {245. 3--301. 4) 
E. gloriosus 198. 7 (171.3--210.8) 318.8 {273. 8--358. 5) 
M. chaetodon 197.3 {186.5--205,8) 311. 9 (281. 3--346. 5) 
M. salmoides 128.5 (102.3--141.8) 233.3 (203. 3--265. 0) 
M. punctulatus 152.0 (136.5--182.9) 200.8 {155. 3--263. 8) 
M. dolomieui 185. 7 {167.8--220.8) 251. 7 (227. 5--273.0) 
M. coosae 274.5 {227,5--318.5) 494.9 {409. 5--627. 5) 
M. treculi 151.1 (136. 5--182. 8) 216.2 {166. 5--251. 3) 
M. notius 326.1 (310. 5-343. 5) 418.5 (364. 0-465. 5) 
A. pomotis 191.9 {106.0--227.5) 264.1 (189. 8--300. 5) 
E. evergladei llO.O ( 89. 4--137. 8) 161.4 (129.4--184.0) 
E. okefenokee 129.2 (128.S...-129.8) 154. 7 {150. 3--159. 0) 

Membrane 

2.0 (l. 6--2. 0) 
2.0 Cl. S...-2. 2) 
1. 5 (0. 8--2. 9) 
2.1 (1. 2--2. 9) 
1. 6 {O. 9--2. 6) 
1.6 Cl.0-2. 2) 
2.3 u. 3--2. 9) 
1.7 {l, 3--2. 4) 
2.0 u. 5--2. 7) 
0.9 (0 . 9--1.0) 
1. 7 (1. 5--1. 9) 
2. 7 (1. 5--4. 3) 
2.5 u. 9--3. 2) 
1. 5 {1.1--1. 9) 
2.5 u. 3--3. 3) 
L9 (1. 8--1. 9) 
1. 2 (0. 5-200), 
1.5 u. 2--2.0) 
1. 7 Cl. 4--2. 0) 
1. 6 U.4-2.0) 
1.3 (0. 9--1. 9) 
2.4 u. S...-4. 0) 
1. 7 (1. 0--2. 0) 
1. 6 U.1-2. 4) 
2.9 (2. 6--3. 3) 
2.4 (2. 2-2. 9) 
3.2 (2. 5--3. 6) 



TABLE VI 

COMPARISON OF ORGAN DEPTH, ORGAN DIAMETER AND DIAMETER OF THE 
SENSORY AREA IN C~TRARCHIDS. SCALE IN MICRrns . 

N = 39, EXCEPT IN]. OBESUS WHERE IT IS 7. 
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Species Depth Diameter Diameter Sense Area 

c. gulosus 68. 7 (51. 8--81. 0) 599.1 (455. 0--731. 3) 251. 4 (180. 3--333. 7) 
L. gibbosus 37.8 {34. 1--44. 6) 254.1 (238. 0--286. 2) 197.1 (182. 8.-216. 0) 
L. cyanellus 57.0 (51. 9--63. 6) 532.5 (455. 0--614. 8) 192.3 (182. 0--200.3) 
L. humilis 45.8 (38. 2--55. 0) 658.5 (562. 3--741. 8) 172.6 (159.0--186.1) 
L. microlophus 47. 5 (46. 8--48. 8) 303.4 (273. 0--384. 0) 196.3 (148.8--243.8) 
L. megalotis 28.8 (23. 8--31. 8) 172.3 (118. 2--212. 0) 118. 5 ( 85. 9-149. 7) 
L. auri tus 44.3 (42. 4--48. 6) 264. 6 (216. 8--291. 9) 187.0 (137.0...-232.2) 
L. marginatus 47.2 (40. 6--53. 0) 242.4 (217. 4--273. 0) 185.3 (164.3--204.3) 
L. punctatus 50.3 (48. 3--53. 0) 382.2 (318. 5--409. 5) 260.3 (194.3--315.5) 
L. macrochirus 30.9 (26. 3--37. 7) 220. 6 (150. 4--261. 3) 139. 6 ( 59. 6--190. 8) 
L. symmetricus 36.6 (34. 9--38. 8) 305.0 (224. 3--513. 1) 187.2 (162.2--229.6) 
P. nigromaculatus 51.5 (43. 9--60. 3) 335.3 (275. 6--368. 5) 174.4 (116.&--226.3) 
P. annularis 52.1 {41. 3--66. 5) 429.5 (275. 6--598. 5) 233.1 (203.6--265.1) 
c. macropterus 50.0 (34. 4--60. 9) 299.1 (230. 8--329. 4) 232.3 (181.5--294,8) 
A. rupestris 49.0 (45. 5--59. 3) 394.8 (351. 0--409. 5) 197.3 (174.4~246.3) 
E. obesus 29.2 (24. 3--34. 2) 186, .5 (I 71. 6--201. 4) 77.6 ( 70.4-- 84.8) 
E. gloriosus 31.1 (28. 9--32. 0) 236. 5 (205. 8--293. 3) 170.8 (159.0--178.0) 
M. chaetodon 25.8 (24. 5--26. 7) 144.5 (133. 4--151. 7) 93. 0 ( 84.8-- 98. 7) 
M. salmoides 34.3 (28. 2-41. 3) 178.0 (156. 5--195. 8) 134.2 (119.5--164.0) 
M. punctulatus 36.4 (31. 8--46. 6) 171.0 (109. 5--243. 8) 114.4 ( 69.1--179,0) 
M. dolomieui 43.5 (40. 4--45. 5) 250.3 (227. 5--293. 0) 169.4 (142.4--207.0) 
M. coosae 42.0 (40. 9--44. 3) 377.0 (275. 0--455. 8) 274.9 (159.4--357. 7) 
M. treculi 28.6 (27. 8--30. 4) 240.6 (201. 4--251. 3) 162. 7 (140.9--166.5) 
M. notius 32.9 (28. 3--37. 8) 388. 7 (379.0--407. 8) 280.3 (224.6--341.0) 
A. pomotis 36.3 (33. 8--38. 6) 201.0 (1 76. 5--250. 2) 105.3 C 58.1--180.2) 
E. zonatum 28.0 (24.0--32.0) 123.0 ( -- -- ) ( -- -- ) 
E. evergladei 27. 7 (24.5--35.5) 91. 9 ( 69. 8--170. 5) 59.3 ( 53. 0-- 66. 9) 
E. okefenokee 30.6 (28. 7--32. 7) 111.3 ( 95. 4--127. 2) 43.0 ( 35. 3-- 53. 0) 

There is considerable contras t between the sensory cells of this tribe 

and those of 1, symmetricus. The most obvious visual difference between the 

two groups is that the receptive ends of the cells are flattened in the 

Ambloplitini (Pl. VIII , Figs. 83 and 84), forming a disk for the insertion 

of sense hairs. In 1, symmetricus the distal end of the sense cells are 

slightly convex. The cells of the rockbass and of Acantharchus take up 
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less stain than those in Le,12omis and, as shown in Fig. 83 (Pl. VIII), there 

is a rather large accumulation of subnuclear granules in Amblopli tes, but 

very few in Acantharchus (Pl. VIII, Fig. 84). As described in 1. s._ymmetricus, 

there is a definite heteromorphism found in the sensory celhi of the Amblo= 

plitini. In the mud sunfish the large pale cells, 10.l (5.5 - 22.0) microns 

in ,A. pomotis and 8.4 (6.5 - 10.4) microns in Ambloµlit,e,s.,, are jJn the same 

region as those delineated fo:r c!&pomis. J\mblopli tes differs in this res= 

pect, for the big cells are not found in the lateral area hut in the mar= 

ginal cells. It will be noticed in Table VIII that all of the :sense cells 

of the rockbass are larger than any of those in 1, .§.ymmetrircus, as axe most 

of those in Acantharchus. The heteromorphic cells of the last-named form 

are larger on the average than those in any other sunfish. The apical 

diameters of the sensory elements vary little (Table IX) in the whole fem= 

ily. Ambloplites ruJl.estris possesses the largest sense cells of any mem-

ber of the Centrarchidae (Table VIII), but those of Acantharchus are com= 

parable to those described for 1,. symmetricus. 

The sensory nuclei of the Ambloplitini are considerably larger than 

those of 1. symmetricus (Table X) but the staining properties are the same. 

As mentioned in the discussion of the last form 0 there is little variation 

in size of the nuclei between the large and normal-sized cells in the 

rockbassQ but in Acantharchus the karyosomes in these elements are very 

large. The endosomes are about the same in all of the centra:rchidso but 

there is one remarkable difference in Amblopli tes. The endosomes in most 

of the sensory cells of this species are about half again as large as 

those in the sustentacular cells (Table XII). 

The sense hairs and blepharoplast bodies are similar to those de= 

scribed above but those of Amblopli te§ (Table XII) measure 2. 6 (L 5 = 3. 3) 
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TABLE VII 

COMPARISG'i OF THE NUCLEAR AND APICAL DIAMETER AND LENGTHS OF SUSTENTACULAR 
CELLS FROM CANAL ORGANS OF CENTRARCHID FISHES. 
N = 39, EXCEPT IN ~. zrnATUM WHERE IT IS 150 

Species Apical Nuclear Length 

c. gulosus 2.5 (1. 5--5. 3) 4.5 (3. 4--5. 6) 59.0 (42. 7--79, 7) 
P. nigromaculatus 2.3 o. 3--3. 3) 5.4 (3. 4--5. 4) 46. 5 (3 7. 4--5 7. 1) 
P. annularis 2.4 o. 8-3.0) 4.3 (3.4--5.0) 35.0 (21. 5--56. 2) 
c. macropterus 2.3 (1.4-3.0) 3.5 (2, 9--4. 5) 33.9 0 7. 6--48. 8) 
E. gloriosus 1. 9 (1, 3--2. 6) 3.2 (2. 6--4.1) 28.8 (26.0--30.4) 
E. obesus 1. 6 (1. 2-2. 3) 3.1 (2. 2--4.0) 32.6 (19, 5--41. 0) 
M. chaetodon 1.8 (1. 2--2. 5) 3.0 (2. 5--3. 7) 27.0 (24. 7--30. 8) 
A. rupestris 2.3 (1. 5--3. 2) 4,4 (3. 4--5. 6) 54.2 (44.0--74.8) 
M. salmoides 1. 7 (1. 3--2. 3) 3.1 (2. 6--3. 8) 28. 7 (24. 4--32. 6) 
M. punctulatus 1. 8 (1. 3--2. 4) 3.3 (2. 8--4. 5) 32.9 (26. 4--46. 4) 
M. dolomieui 1. 9 u. 2--3 . 0) 3,9 (3. 3--6. 5) 41.1 (35. 2--45. 8) 
M. coosae 2.1 {l , 4--2. 4) 3.6 (3. 0--4. 6) 42.9 (37,9--48.4) 
M. treculi 2. 0 (1.3--3. 4) 3.5 (2. 9--4. 3) 28.4 (25. 5--31. 9) 
M. notius 2.0 (1. 7--2. 4) 3.5 (3. 0--4.1) 31. 5 (25.1--37.1) 
E. zonatum 2.0 (1, 6--2. 3) 3.2 (2. 4-3. 6) 26.0 (23. 0--26. 0) 
E. evergladei 1. 5 (1. 0-2. 5) 2.8 (2, 2--3. 4) 23.9 U 7. 6--26. 4) 
E. okefenokee 1.4 (1. 0--2.1) 3.1 (2. 4-4. 3) 24.9 (19. 4--30. 8) 
L. gibbosus 1. 8 (1.1-2. 5) 3.9 (3. 0--4. 5) 37, 7 (32, 8--48. 4) 
L. cyanellus 2.3 (1, 6--3. 2) 4,2 (3. 6-4. 7) 59.4 (42. 4--72. 2) 
L. humilis 2.3 (1. 5--3. 4) 4.2 (3. 1--4. 8) 39.0 (33. 8--44. 5) 
L. microlophus 1. 9 (1. 4--3. 0) 3. 7 (3.1--4.1) 47.4 (40. 9--52. 8) 
L. megalotis 2.3 o. 3--3. 4) 3.9 (3.1--5. 5) 24. 7 (17, 3--31. 4) 
L. auri tus 2.3 (1. 7--3. 2) 4.1 (3, 4-4. 9) 45.8 (41. 6--52. 8) 
L. punctatus 2.1 (1. 2--3. 2) 4.6 (3. 8--5. 6) 49.5 (45. 8--55. 2) 
L. marginatus 2.1 (1, 2--2. 8) 3. 7 (2. 6--4. 7) 38.2 (24. 4--49. 4) 
L. macrochirus 1. 7 (1. 4--2. 3) 3.5 (2. 8--3. 9) 29.3 (22. 8--36. 5) 
L. symmetricus 2.2 {l, 7--2. 8) 3.9 (2.8--4 . 7) 35.7 (31. 0--41. 8) 
A. porno tis 2.0 (1, 2--3.1) 3.4 (2. 3--4. 5) 33.2 (30. 8--37. 3) 

microns in length. 

Acantharchus pomotis shares one sensory-cell charac teristic with 

Chaenobryttus that was not observed elsewhere in the family. A granular, 

relatively dark-staining, round body, located just above the nucleus, was 

observed in a very few sensory cells. This body , which averaged 0.8 microns 

in diameter, has no other distinctive characteristic s . 



TABLE VIII 

COMPARISON OF THE BASAL DIAMETER OF S~SE CELLS FROM 
CANAL NEUROMASTS IN C~TRARCHIDAE. N = 39 
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Species Central Lateral Marginal 

C. gulosus 6.1 (4. 7--7. 4) 8. 7 (4. 9-10. 7) 5.6 (4. 2--6. 2) 
P. nigromaculatus 8.4 (5. 9-10. 0) 9.6 (7.9-13.4) 9.8 (9. 0-10. 9) 
P. annular.is 6.6 (4. 8--8. 8) 8, 7 (8.0--9.3) 5.4 (4. 5--7. 0) 
A. pomotis 7.3 (5. 7-10.1) 10.1 (5. 5-22. 0) 6.2 (4. 9--7. 0) 
c. macrop·terus 7.0 (5. 8--7. 9) 7.9 (4. 9--9. 2) 6. 2 (4. 0--7. 9) 
E. gloriosus 6.2 (5.0--7. 7) 6.1 (5. 0--7.1) 6.3 (5. 2--7. 2) 
E. obesus 4.6 (4. 2--4. 8) 4.9 (4. 0--5. 6) 4.2 (3. 1--4. 7) 
M. chaetodon 5.2 (4. 8--5. 8) 5. 1 (3. 8--6. 0) 5.0 (3. 9--6. 9) 
A. rupestri s 7.4 (6. 0--8. 2) 7.1 (5. 9--7. 2) 8.4 (6. 5-10. 4) 
M. salmoides 5.9 (4.5--7.3) 5.5 (4. 5--6. 3) 6.3 (5. 4--7. 4) 
M. punctulatus 5.4 (4. 3--6. 9) 5.5 (4. 3--6. 6) 4.5 (4. 2--6. 9) 
M. dolomieui 5, 7 (4. 7--6. 8) 5.9 (5.0--7.8) 6.1 (4. 8--7. 5) 
M. coosae 6.0 (5. 3--6. 8) 5.8 (5. 3--6. 7) 6.1 (4. 9--7. 4) 
M. treculi 5.5 (4. 5--6. 4) 5.5 (5.1--6.1) 5.2 (4. 5--5. 9) 
M. notius 5. 7 (5.1--6. 5) 5.8 (4. 7--6. 5) 5.6 (4. 7--6. 5) 
E. evergladei 4.3 (3. 4--4. 9) 4.3 (3. 7--5. 2) 3.9 (3. 4--5.0) 
E. Okefenokee 4.3 (3. 6--5.1) 4.8 (4. 3--5. 6) 4.6 (3. 8--5. 4) 
L. gibbosus 6.9 (5. 9--8. 3) 6.6 (5.4--7.5) 6.6 (5. 4--7. 6) 
L. cyanellus 6.8 (6, 0--7. 5) 6. 7 (6.0--7. 6) 6, 7 (6.0-7.5) 
L. humilis 6.8 (5. 8--7. 7) 6. 7 (5. 7--7.3) 6.9 (6. 0--8. 0) 
L. microlophus 6.8 (6.1--8.1) 6.8 (6.0-7. 7) 6. 7 (5. 2--7. 5) 
L. megalotis 5. 7 (4. 8--6. 8) 5,2 (4. 6--6. 0) 5.2 (4. 4--6. 2) 
L. auri tus 6. 9 (5.1--7. 8) 6. 7 (5. 8--8. 0) 6. 7 (5. 9--7. 7} 
L. punctatus 6.5 (7. 3--7. 9) 6.8 (6. 6--7.1) 7.l (5. 3--7. 7) 
L. marginatus 6. 7 (5. 2--7. 7) 6.3 (5. 2--7. 3) 5.8 (5. 0--7. 3) 
L. macrochirus 5.5 (4. 9--6. 4) 5. 7 (5. 2-6. 4) 5.9 (4. 7--7. 5) 
L. symmetricus 5.8 (4. 8--6. 3) 6.5 (5. 2--8. 3) 5.7 (4. 3--6. 6) 

Centrarchinae--Centrarchini 

Absolute measurements, in many instances, will show very little dif-

ference between forms when large species are compared with small ones. 

This is especially true with such data as is derived from measurements of 

canal size. Nonetheless the lachrymal lateral-line canal in the flyer is 

only moderately smaller than that of _b. symmetricus and is equal to or 
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larger than those of much larger fishes (Table V). The same canal in 

Pomoxis is nearly as large or larger than in species near the upper end 

of the scale. The basement membrane of Centrarchus measured 1.5 (1.1 -

1.9) microns, which is near the figures given for 1, symmetricus, but it 

measured almost twice this thickness in both species of Pomoxis. 

As with the species of Ambloplitini, it is more informative if the 

measurements of the intact organ are compared as percentages of one an

other. The data for these comparisons are listed in Table VI. Graph I 

demonstrates neuromast depth as a percentage of the total organ diameter, 

17.4, 12.6 and 15.4 for Centrarchus, f . annularis and f. nigromaculatus 

in that order, all of which lie near the middle of the range when compared 

with the whole family. The discrepancy seen in the species of Pomoxis 

is probably explainable on the basis of sampling error. The values, 77. 7, 

58.0 and 52,4 (arranged as above), show that the sensory area of the 

neuromasts in Pomoxis (Pls. X and XI, Figs. 115 and 130) are not unlike 

many other centrarchids, but that of Centrarchus (Pl. VIII, Fig. 82) shares 

with Lepomis gibbosus, Enneacanthus gloriosus and Micropterus punctulatus 

the position of having more of the neuromast surface area occupied with 

sense cells than most other forms. The lachrymal neuromast of Pomoxis is 

located very near the opening of the dorsal-most anterior arm of that bone 

and is of a different shape and size than the lower one (compare Figs. 115 

and 130). Cupulae were noted on several organs in all three species. The 

ratio of supporting cells to sensory cells was found to be: f. 

nigromaculatus, 62/39; g. annularis, 123/62; and Centrarchus, 70/43 (Table 

XIII). It is thus easily seen that f. nigromaculatus is more like 

Centrarchus, both of which resemble 1, symmetricu~ in this respect, than 

like f. annularis. Furthermore, the supporting cells off. annularis 
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COMPARISON OF THE APICAL DIAMETER OF SENSE CELLS FROM 
CANAL NEUROMASTS IN CENTRARCHIDAE. N = 39 
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Species Central Lateral Marginal 

c. gulosus 3.0 (2.1--4. l) 5. 6 (4, 5--7. 7) 3.6 (2. 3--4. 9) 
P. nigromaculatus 5.5 (4. 0--8. 9) 7.5 (5. 7--9. 8) 6. 7 (5. 2--8. 9) 
P. annularis 3.8 (3. 4--4. 7) 6.1 (4. 3--7. 7) 4.2 (2. 7--5. 0) 
c. macropterus 4.3 (3. 0--5. 6) 5.2 (3.0--7.0) 4.2 (4.1--5. 6) 
A. pomotis 5.0 (4. 3--6.0) 5.6 (4, 3--6. 2) 4.4 (4. 0--5. 3) 
E. gloriosus 4.0 (3.0--4. 9) 4.1 (3. 4--5. 9) 4.2 (3. 5--4. 9) 
E. obesus 2.9 (2.1--3. 7) 2.9 (2. 6--3. 4) 2.9 (2. 4--3. 4) 
M. chaetodon 3.1 (2. 5--3. 7) 3.3 (2. 5--4. 0) 3,0 (2. 3--3. 5) 
A. rupestris 3.9 (3. 5--4. 0) 3.6 (3. 0--4. 3) 3.4 (3. 4--5.1) 
M. salmoides 3.4 (2,8--4.0) 3,2 (2. 8--3. 7) 3. 7 (3.0--5. 3) 
M. punctulatus 3.4 (2. 6--5. l) 3,5 (2. 9--4, l) 3.6 (2. 5--5. 5) 
M. dolomieui 3. 7 (3. 0--4. 4) 3.5 (2. 5--4. 9) 3.9 (3. 3--4. 9) 
M. coosae 4.0 (3. 2--5. 0) 3,9 (3. 4--4. 5) 4.1 (3. 4--4. 4) 
M. treculi 3,3 (2. 9--3. 7) 3,6 (3. 2--4. 3) 3.4 (3.1--3. 7) 
M. notius 4.1 (3. 3--5. 2) 3.9 (3. 4--4. 4) 3. 7 (3. 0-4. 7) 
E. evergladei 2.6 (1. 8--3. 5) 2,8 (2. 2-3. 3) 2. 6 (1, 9--3. 2) 
E. okefenokee 2.9 (2. 2-3. 7) 2. 7 (2.1--3. 7) 2. 6 (2. 2--3. 2) 
L. gibbosus 5,2 (4. 0--6. 5) 4. 7 (3. 7--5. 8) 4.7 (3. 3--5. 4) 
L. cyanellus 4. 7 (4. 0--5. 5) 4.6 (4, 0--5. 6) 4. 7 (3. 8--5. 7) 
L. humilis 3,9 (3. 2--4. 7) 3,9 (2. 7--4. 8) 4.0 (2. 7--5. 2) 
L. microlophus 5.0 (4. 2--6. 5) 4.8 (3, 8--5. 2) 4.6 (3. 8--5. 5) 
L. megalotis 3.3 (2. 5--3. 9) 3.5 (2. 4--4. 4) 3.6 (2. 8--5. 3) 
L. auritus 5.0 <3. 9--6. 4) 5.3 (4.1--6. 2) 5.2 (4. 2--5. 9) 
L. punctatus 4.4 (3, 8--4. 9) 4,4 (3, 6--5. 6) 4.5 (3. 7--5. 6) 
L. marginatu s 4. 7 (3, 9--6, l) 4.5 (3. 7--5. 5) 4.2 (3. 2--5. 2) 
L. macrochirus 3.1 (2. 3--3. 6) 2.9 (2. 3--3. 4) 3.7 (3. 7--4. 5) 
L. symmetricus 3.6 (2. 7--4. 9) 4.5 (3. 3--6. 8) 4.2 (2. 6--5. 5) 

are more similar to Centrarchus in mensurable details than they are to 

f. nigromaculatus (Table VII). Further perusal of this table will reveal 

that the Centrarchinae, with the exception of Acantharchus. 1. punctatus o 

1. auritus, 1..t.. cyanellus and 1, humilis, have the largest supporting 

nuclei in the family. In Pomoxis the supporting cell nuclei are extreme-

ly visiculated and very seldom have endosomes. In referring to Figures 

85 and 88 (Pl. VIII) it is readily seen that the supporting cells actually 
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extend upward between the sensory elements. One such sustentacular ele

ment is illustrated inf. niqromaculatus to show the distal attenuation 

that occurs at the point where the cell enters the raft of sensory cells. 

Figures 85, 87 and 88 (Pl. VIII) illustrate some of the differences 

observed in the heteromorphy of the sensory cells of the Centrarchini. 

In Centrarchus the differences between the two kinds of cells are very 

slight and measurements given for the different cells in Tables VIII, IX, 

X and XI actually do not tell us very much in this species. The sitd'a

tion is quite different in Pomoxis where there are some very distinct dif

ferences. The large cells of g. niqromaculatus are found in both the lat

eral and marginal areas, whereas they are generally localized in the lat

eral region in g. annularis. In this group of fishes the large cells are 

often shorter than the normal ones (Table XI). The sense hairs of the 

heteromorphic elements are seldom associated in a triangular arrangement 

as they are in the others (Pl. VIII, Figs. 85, 87 and 88) and these struc

tures are very short in Centrarchus (average 1. 4 microns) when compared 

with many of the other sunfishes (Table XI). 

The sensory cells of the Centrarchini are more similar to Lepomi~ 

symmetricus than to those of the Ambloplitini in having a convex sensory 

surface rather than the flat, plate-like surface observed in the latter 

group. 

Lepominae--Enneacanthini 

These small fishes have very large lateral-line canals (Table V) 

which, if their small proportions are considered, are equal to species 

like Ambloplites rupestris. Mesoqonistius possesses smaller neuromasts 

than either of the Enneacanthus, but the proportions of depth to diameter 



TABLE X 

COMPARISON OF THE NUCLEAR DIAMETER OF SENSE CELLS FROM 
CANAL NEUROMASTS IN CffiTRARCHIDAE 
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Species Central Lateral Marginal 

c. gulosus 5.2 (3. <>--5. 9) 5.5 (4. 5--6. 7) 5.0 (3. 9--5. 8) 
P. nigromaculatus 5.4 (4, 8--6. 5) 6,0 (5. <>--6, 6) 4.9 (3. 5--6. 0) 
P. annularis 4.9 (4. 2--5. 3) 5,4 (5.0--5. 1) 3.4 (2. 9--4. 3) 
A. pomotis 5.1 (4. 2--5. 9) 6.6 (5.1-12. 2) 4.8 (3. 8--6.1) 
c. macropterus 4.8 (4. 1--5. 6) 5.2 (4. 5--5. 8) 4.2 (2. 9--5. 6) 
E. gloriosus 4.5 (3. 9--5. 4) 4.2 (3. 4--4. 9) 4.3 (3. <>--4. 9) 
E. obesus 3.2 (2. <>--4. 2) 3.3 (2. 4--4. 2) 3.1 (2. 4--4. 1) 
M. chaetodon 3.7 (3, 4--4. 2) 3. 7 (3. 0--4. 4) 3.5 (3.1--4. 7) 
A. rupestris 5.8 (5. 3--6. 2) 5.3 (4. 6-6.0) 6.0 (5. 5--6. 5) 
M. salmoides 4.1 (3. 1--4. 9) 4.0 (3. 3-5. 2) 4.4 (4. 0--5. 5) 
M. punctulatus 3.8 (3, 0--5. 0) 4.2 (3. 2--5. 2) 4.2 (3. <>--5. 2) 
M. dolomieui 4.1 (3. 7--4. 8) 4.1 (3. <>--4. 9) 4.4 (3. 7--5. 7) 
M. coosae 4.4 (3. 8--5. 0) 4.3 (3. 9--5.1) 4.7 (4. 2--5. 4) 
M. treculi 3,9 (3. <>--4. 5) 4.0 (3. 7--4. 3) 4.2 (3. 5--4. 5) 
M. notius 4.4 (3. 8--5. 0) 4.5 (3. 4--4. 4) 4.5 (3. 0--4. 7) 
E. evergladei 3.2 (2. 5--4. 0) 3.2 (2. 4--3. 8) 3.0 (2. 5--3. 5) 
E. okefenokee 3.1 (2. 4--4. 4) 3.3 (2. 7--4. 3) 3.3 (2. <>--4. 5) 
L. gibbosus 4.8 (4.1--5'. 1) 4.8 (4. 0--5. 5) 4.3 (4. 1--5.1) 
L. cyanellus 5.1 (4. 4--5. 8) 4.8 (4. 2--5. 5) 4, 7 (4. 3--5. 6) 
L. humilis 4,8 (3, 9-5. 7) 4.5 (3. 3--5. 3) 4.6 (3. 3--6. 3) 
L. microlophus 4.9 (4.1--5. 6) 4.9 (4. 3--5. 7) 4.8 (4. 3--5. 3) 
L. megalotis 4.5 (3. 7--4. 9) 4.1 (3. 8-4. 5) 4.2 (3. 3--5. 0) 
L. auri tus 4. 7 (4. 2--5. 2) 4. 8 (3. 8--5. 8) 4,5 (3, 7--5.1) 
L. punctatus 5.1 (4.4--6. 8) 5.0 (4. 4--6. 3) 5,6 (4. 7--6. 5) 
L. marginatus 4. 7 (3. 8--5. 2) 4.3 (3 •. 7--4. 7) 4. 7 (3. 7--4. 8) 
L. macrochirus 4. 4 (3. 5-5.0) 4.1 (3. 8--4. 5) 4.7 (3. 7--4. 8) 
L. symmetricus 4. 6 (4. 1--5. 5) 4. 8- (4. 1--5. 5) 4.2 (2. 8--5. 0) 

and of sensory area to total organ diameter are similar in all three spe-

cies (Pls. X and XI, Figs. 104, 114 and 119), With the exception of 

those found in Elassoma, the· organs of .M, chaetodon are the smallest in 

the family (Table VI). Because of a decrease in depth, this component 

in Mesogonistius represents a greater percentage than it does in]. 

gloriosus and E, obesus (Graph I). Only four species, 1, humilis, 



Species 

c. gulosus 

TABLE XI 

COMPARIS<l'l OF THE LENGTHS OF SENSE CELLS 
IN THE CEJ\ITRARCHIDAE. N = 39 

Central Lateral 

15.4 (13. 2--17. 6) 14.5 (11.0--17~6) 
P. nigromaculatus 15.3 (13. 2--17. 6) 13.9 (12.1--16.3) 
P. annularis 14.2 (11. 3--17. 6) 11.6 ( 9.9--14;2) 
A. pomotis 15,3 (13, 9--17. 8) 16.6 (14.8--17.6) 
c. macropterus 14.4 (13.2--17.6) 13.9 (10.8--17.4) 
E, gloriosus 16.6 (15.5--17.6) 17.1 (15. 9--18. 2) 
E. obesus 15,8 (15.0--16.5) 15.2 (15.1--15.2) 
M, chaetodon I 13.0 (11.1--15,0) 14.2 (13.2--14.8) 
A. rupestris 21.9 (19.0--24.6) 23.0 (22.0--24.1) 
M, salmoides 15. 7 (14.3--16.6) 15. 3 (14. 7--16. 3) 
M. punctulatus 16.9 (16.0--20.3) 17.4 (16.0--19.9) 
M. dolomieui 19.5 (18.2--20.4) 20.1 Cl 7. 6--22. 0) 
M. coosae 16.8 (16.3--17.6) 16.6 (16.9--18.5) 
M, treculi 16.0 (14. 9--17. 6) 16.0 (15, 4--16. 6) 
M. notius 16.1 (15.1--17. 6) 16.9 (16,3--17.6) 
E. evergladei 13.0 (12.4--13.2) 14.1 (12. 3--15. 7) 
E. okefenokee 15.3 (14.8--16.3) 17.4 (15,6--17.6) 
L. gibbosus 17.3 (16.1--22,0) 16.9 (15.2--20.0) 
L. cyanellus 18.1 (1 7. 6--19. 7) 17.0 (16.l~-17.6) 
L. humilis 17.8 (16.0--18. 7) 18.2 (16.9--19. 7) 
L. microlophus 18.3 (16.4--20.8) 17.4 (16.8--17.6) 
L. megalotis 15.0 (13. 2--17. 4) 11. 8 (11. 6--14. 4) 
L. auri tus 15.9 (14.1--17.4) 15.9 (14.1--17.6) 
L. punctatus 19.2 (17,6--20.2) 19.1 U 7.0--20.1) 
L. marginatus 19.0 (17.6--22.0) 18,8 (17.1--21.2) 
L. macrochirus 13.9 (11.8--15.0) 14.0 (12, 6--14. 8) 
L. symmetricus 16.6 (16.0--17.6) 11.6 ( 9.6--13.5) 
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Marginal 

17.1 (13. 2--19. 0) 
13.2 (13. 2--13. 2) 
13.1 ( 8.8--17.1) 
16.0 (ll. 3--18. 8) 
14.1 (10. 3--17. 6) 
17.5 Cl 7. 3--1 7. 6) 
15.5 (14. 3--16. 6) 
13.0 (11. 6--14. 2) 
21.4 (15, 4--23. 9) 
14.1 (12. 6--15. 7) 
16.5 (14, 5--20, 6) 
20.3 (18, 7--22. 0) 
15.8 (14. 9--16. 9) 
15.2 (14. 1--16. 1) 
16.8 (15. 7--17.6) 
13.7 (12, 8--15. 5) 
14.8 (14.1--15.1) 
14. 7 (13, 2--16. 6) 
16. 7 (15,.1--17. 6) 
15.8 (ll. 3--21.1) 
17.7 (14, 2--20. 0) 
12. 4 ( 9.0--16.1) 
14. 6 (13. 2--16. 6) 
19.1 (17.6--22.0) 
18.4 (13.2--19.2) 
11.1 ( 8, 8--12.1) 
11.5 ( 8.8--12.8) 

1. cyanellus, Chaenobryttus and Elassoma okefenokee, possess sense cells 

which occupy less of the total area of the canal neuromast than they do in 

~. obesus (Graph II). With regard to this last index, Enneacanthus gloriosus 

and]. chaetodon are very similar to the other centrarchids. The following 

cell counts v showing the ratio of the average number of supporting cells to 

average number of sense cells , indicates the same relationships as Graph II : 
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TABLE XII 

COMPARISON OF THE DIAMETERS OF NUCLEAR ENDOSOMES IN SENSE CELLS 
AND SUSTENTACULAR CELLS AND THE LENGTHS OF SENSE 

HAIRS IN CENTRARCHIDAE. N = 39 

Species Sense Cells Sustentacular Cells Sense Hairs 

c. gulosis 1.0 (0. 7--1. 3) 1.0 (0. 8--1. 3) 1.8 (0. 7--4. 3) 
P. nigromaculatus 0. 9 (0. 6--1. 0) 0.8 CO. 6--1. D 2.0 Cl . 2--2. 8) 
P. annularis 0.9 (0. 5--1.1) 1.0 (0. 8--1. 2) 1. 6 Cl . 3- -2. 1) 
A. pomotis 0.9 (0. 6--1. 8) 0.9 (0. 6--1. 2) l. 8 (1.1-3.0) 
c. macropterus 0.8 Co. 5--1. D 0.8 (0. 6--1. 2) 1. 4 (0. 9--1. 8) 
E. Gloriosus 0.8 (0. 6--1. 2) o. 7 (0. 4--1. 0) 2.0 Cl . 5--2. 4) 
E. obesus 0.6 (0.4--1.0) 0.8 Co. 4--1. D 2.4 (1. 6--3. 0) 
M. chaetodon 0.7 co. 4--1. D 0.7 CO. 5--1. D l. 7 0.1--2. 3) 
A. rupestri's 1.0 (0. 6--1. 5) o. 7 (O. 5--1. 0) 2. 6 (1. 5--3. 3) 
M. salmoides 0.7 CO. 5--1. 0) o. 7 (0. 4--0. 9) 2.6 (1. 5--3. 3) 
M. punctulatus 0.8 (0. 5--1. 2) 0.8 (0. 4--1. 2) 2.8 Cl. 6--3. 8) 
M. dolomieui 0.9 (0. 6--1. 2) 1.1 (0. 6--1. 5) 2.9 Cl. 8--4. 3) 
M. coosae 0.8 (0. 5--1.1) o. 7 (0. 5--1. 1) 
M. treculi 0.7 (0.5--1.0) 0.8 (0. 6--1. 3) 5.1 (3. 2--7. 2) 
M. notius 0.8 (0. 5--1. 0) 0.8 (0. 5--1. 0) 
E. evergladei o. 7 (0. 4--1. 0) o. 7 (0. 5--1. 1) 2.8 (2.0--3. 7) 
E. okefenokee o. 7 co. 4--1. 0) o. 7 (0. 3--1. 0) 2.5 (1. 4--4.1) 
L. gibbosus 0.9 CO. 7-1. 3) o. 9 (0. 7--1. 3) 3.0 (2. 0--3. 8) 
L. cyanellus 0.9 (0. 6--1.1) 1.0 CO. 7--1. 3) 2.2 Cl. 5--2. 7) 
L. humilis o. 8 (0. 5--1.1) o. 8 (0. 5--1. 2) 3.2 (2. 2--3. 9) 
L. microlophus o. 8 (0. 4--1. 1) o. 8 (0. 5--1.1) 2.1 U.1--2. 6) 
L. megalotis 0.9 (O. 6--1. 2) o. 8 (0. 6--1. 2) 1.4 (0. 9--2. 3) 
L. auri tus 0.9 (0. 6--1. 2) o. 9 (0. 6--1. 2) 2.1 (1. 2--3. 1) 
L. punctatus o. 8 (0. 4--1. 2) 1. 2 (0. 8--1. 4) 2.1 Cl . 4--2. 9) 
L. marginatus 0. 9 (0. 7--1. 3) o. 9 (0. 6--1. 2) 1. 7 (0. 9--3. 3) 
L. macrochirus 0.9 (0. 6--1. 2) o. 8 (0. 5--1.1) 1. 7 (1. 4--1. 9) 
L . symmetric us 0.9 (0. 6--1. 2) o. 9 CO. 7--1. D 1.1 (0. 7--1. 7) 

.,M. chaetodon, 48/28; ]. gloriosus, 74/38; ]. obesus, 60/41. Cupul ae were" 

indicated only by slight traces. 

There is very little distinction among the three species of ennea

canthine fishes and between them and other sunfishes as f ar as t he det ails 

of supporting cells are concerned (Table VII). However , one aspect of the 

supporting elements , which apparently escaped notice until observed by 
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Moore (1956), was found in]. obesus. Sections cut across the 

face of the neuromast very clearly demon strate that these peripheral sus

tentacular cells are bound together by some protoplasmic bridges (Pl. X, 

Fig. 104 B). Further observations of these structures will be indicated 

below. 

There are no very apparent differences in the sensory cells of this 

taxon to set them aside from other centrarchids. However, it will be 

noted from Tables VIII, IX and X that all of the cells are similar from 

one side of the organ to the other, e. g., no heteromorphic cells were 

seen. E, Gloriosus (Pl. X, Fig. 109) has sense cells and nuclei which are 

slightly larger than those of the other two members of its tribe and those 

of .M, chaetodon are larger than those of E, obesus. In length , however, 

the sensory elements of the two Enneacanthys are nearly equal, whereas 

those of ,.M. chaetodon average one to nearly three microns shorter (Table 

XI. Actually, except in Elassoma, few sunfishes have shorter sense cells 

than Mesogonistius. The sense cells of this group are suggestive of those 

in the Ambloplitini in being flattened at the apex (Pl. X, Fig. 109). The 

sensory hairs are like those already discussed, although in ,.M. chaetodon 

they seem shorter than in the other two species of the tribe. Subnuclear 

granules were not observed in Enneacanthus. 

Lepominae--Micropterini 

The comparatively small size of the canals in this taxon has already 

been alluded to (see Table V). The cephalic canals are especially small 

in Micropterus salmoides and ,M. treculi, but, except in very large speci

mens, these tubes are not conspicuous in any of the species. M, notius 

and!, coosae have the largest canals of any of the basses. The bony 
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passageways are comparable to those of Chaenobryttus, and larger than those 

of l,. symmetricus. The bony passage of the other basses (Table V) are the 

smallest in the family (omit ting Elassoma). 

Although the absolute depth of the micropterine canal neuromast does 

not markedly differ from most other sunfishes (Table VI) the apparent depth 

does. This characteristic is shared in part with the Lepomini . Micropterus 

salmoides (Graph I) has the most narrow organ in the family except for l,. 

humilis. .It is followed closely by l,. cyanellus, Chaenobryttus and a few 

others. The sensory elements occupy about the central two-thirds of the 

organ diameter as seen in Figs. 117, 118, 121, 128 and 129 (Pl. XI). These 

cells occupy a large percentage of the surface area (Graph II) as they do 

in many of the Lepomini, and the relationship between total organ diameter 

and diameter of the sensory area is maintained by a balanced number of 

cells in each category. The following represents the average number of 

the two kinds of cells (supporting/sensory) in the Micropterini: _M. 

salmoides, 57/23i ! l. punctulatus, 52/22i ,M. dolomieui, 64/29i ,M. coosae, 

115/46i M. treculi, 69/30; and ,M. notius, 112/49. 

The shallow depth of the neuromasts in ,M. treculi and]. notius is 

mostly a response to short supporting elements (Table VII), which also 

occurs in ,M. salmoides and]. punctulatus. The sustentacular cells of 

M. coosae and]. dolomieui are longer than they are in 1. symmetricus , 

but in most other sustentacular measurements the basses are similar to 

other centrarchids (Table VII). The smallmouth bass has the second larg

est supporting-cell nuclear endosomes in the family (Table XII) 0 some of 

them measuring 1.5 microns in diameter (Pl. IX. Fig. 94). This species 

is one of the few forms in which the nucleosomes of the sustentacular 

cells are larger than those of the sensory elements. 
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A facial section, taken near the distal ends of the central support

ing cells and through about the middle of the portion of the supranuclear 

sensory cells of a canal organ in J.i. treculi (Pl. IX, Fig. 91), reveals 

additional information concerning the intercellular bridges referred to 

above. At this level the "bridges" surround the sense cells on all sides. 

Presumedly this has not heretofore been reported in any fish. This ob

servation also leads to the conclusion that the intercellular bridges 

occur for at least a part of the total length of the supporting cells. 

As in the Enneacanthini there is very little tendency for the micro

pterine fishes to exhibit heteromorphic sensory cells (Table VIII). Ex

cluding Elassoma, Lepomis megalotis, Enneacanthus gloriosus and Mesogonistius 

chaetodon(Table VIII) these cells average smaller in basal diameters than 

in most of the other sunfishes. The apical and nuclear diameters are simi

lar to other centrarchids (Tables IX and X), but their lengths in ,M. 

dolomieui (Pl. IX, Fig. 94) are equal to those in ,A. rupestris, 1, purictatus 

and .b, marqinatus (Table XI). The general sensory cytoplasm is as has been 

described for others, but the subnuclear granules were extremely minute 

in ,M. dolornieui, completely lacking in j. salmoides and quite distinct in 

the others. The terminal bars are very well-developed in the micropterine 

fishes as demonstrated in the largemouth bass (Pl. IX, Fig. 90) and!, 

punctulatus (Pl. IXo Fig. 89). Micropterus treculi (Pl. IXJ Fig. 93) has 

the largest sense hairs observed in this study. and the basses in general 

possess sensory hairs that are longer than other sunfishes, equaling or 

surpassing those of the rockbass, but shorter than those of ,b. humilis 

and l,. gibbosus (Table XII). The terminal ends of the sense cells are 

convex as in l,. symmetricus. 



TABLE XIII 

COMPARATIVE NUMBERS OF SENSORY AND SUPPORTING CELLS 
IN THE CENTRARCHIDAE PER CROSS SECTION. 

SUPPORTING CELLS?SENSORY CELLS 
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Species Supporting Cells/Sensory Cells 

Ambloplites 
Acantharchus 
P. nigromaculatus 
P. annularis 
Centrarchus 
E. gloriosus 
E. obesus 
M, chaetodon 
M. salmoides 
M. punctulatus 
M. dolomieui 
M. coosae 
M. treculi 
M. notius 
C. gulosus 
L. gibbosus 
L. cyanellus 
L. humilis 
L. microlophus 
L. megalotis 
L. auri tus 
L. marginatus 
L. punctatus 
L. macrochirus 
L. symrnetricus 
E. zonatum 
E. everglade! 
E. okefenokee 

Lepominae--Lepomini 

90/76 
59/14 
62/39 

123/62 
70/43 
74/38 
60/41 
48/28 
57/23 
52/22 
64/29 

105/46 
69/30 

112/49 
133/37 
65/29 

127/29 
157/26 
82/29 
44/23 
65/28 
66/29 
83/38 
63/24 
76/32 
38/13 
36/10 
33/14 

All of the Lepomini possess a rather thin basement membrane, as seen 

in l,. symmetricus, that of 1, macrochirus (Table V) averaging considerably 

less than any other species. The lateral-line tube formed by the tissue 

of the basement membrane is of relatively larger diameter than that of 
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Micropterus and equal to those of the members of the Amblopli tini, but 

slightly smaller than in the Centrarchinae. However, 1. cyanellus, 1. 

humilis, 1. macrochirus and Chaenobryttus have the largest canals in the 

family. As noted previously the canals of 1,. humilis are very greatly 

expanded. This expansion involves both the connective tissue canal and 

its bony passage (Table V). The osseous components of the canals in 1. 

cyanellus and 1, humilis are over twice the size of many other species 

and, with the exception of Chaenobryttus, are at least one-third larger 

than those of any of the other forms. 

The canal neuromasts of the Centrarchidae, with the exception of 

Elassoma, Enneacanthus and Mesogonistius (Tables V and VI), are of great

er diameter than the connective tissue canals which contain them. Thisv 

at first sight, may seem incongruous, but this difficulty is resolved when 

it is realized that these organs are not simple planoconvex structures, 

since their edges roll upward around the walls of the canals and are 

elongated along the long axis of the canals. This is illustrated in 1. 

marginatus (Pl. VIII, Fig. 86). The canal organs, if AmbloQli tesv 

Archopli tes and the Centrarchinae are omitted, are the largest in the 

family. There are some exceptions to this statement. The organs of 

1. meqalotis and 1. macrochirus are surpassed by all of the other Lepomini 

in size, possibly because of the relatively narrow cephalic canals in 

these two species. In this study the canal organs of Chaenobryttusv 

1. cyanellus and 1. humilis were found to be of much greater size than 

those of any of the other sunfishes (Table VI). In the orangespotted sun

fish, except for Chaenobryttus, 1,. cyaneUus. ,M. no1tius, 1!],. coosaev 

Ambloplites, Archoplites and Pomoxis, these organs are twice the size of 

the remaining forms (Pl. XI, Fig. 132). The organ illustrated by Moore 
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(1956) was only 382 microns in diameter which is very small for this spe

cies (Table VI). In Figure 111 (Pl. X), representing a facial section of 

the lachrymal in which only the top of the canal has been removed (1. 

auritus), it will be noted that the neuromast is attached to the lateral

line canal basally and on two sides. This is the characteristic mode of 

attachment in all centrarchids. 

The sensory elements are completely surrounded by sustentacular cells 

in all species of the tribe, but the relative areas occupied by the two 

classes of cells (supporting/sensory) varies from species to species (Pl. 

XI, Figs. 116, 124, 125, 126, 131, 132 and 133). The fact that the sen

sory cells are restricted to the center of the neuromast is contrary to 

Moore's U 956) findings in 1. cyanellusv where it was stated that the sen

sory elements occupied the entire cross-sectional length of the organ. 

In 39 organs observed during this study, all of them were found to have 

central sensory cells. This author's findings, in regard to position of 

receptive cells, are in agreement with the last cited work as far as the 

orangespotted sunfish is concerned, Cupulae were observed in all species 

of the tribe, which, with the exception of Curd's (1959) record for 1, 

humilis, is the first report for these structures in any lepomine fish. 

The depth/diameter and diameter of the sensory area/total diameter 

of the organ relationships of the tribe Lepomini bring out some interest

ing facts that are not obvious in cursory observations. The data used 

for the following discussion and indices are found in Table VI. There 

is obvious similarity between the canal organs of lepomine species with 

those of M. notius , M, coosae and _M. treculi (Graph I). This is account

ed for by an increase in length of the organ without an increase in depth . 

Graph II illustrates another very interesting point in the Lepomini. The 
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sensory areas of Chaenobryttus, 1. cyanellus and 1. humilis represent much 

less of the total organ diameter than is found in any other species except 

Elassoma okefenokee and Enneacanthus obesus. In Elassoma and Enneacanthus 

this relative decrease is accounted for by assuming a decrease in the num

ber of sense cells while retaining a fairly large number of supporting 

elements. In Chaenobryttus and the two species of Lepomis named above , 

the number of supporting elements , when compared within the matrix of other 

lepomines, has become greatly increased whereas the sense cells have re

mained about the same as they are in the other related forms (Table XIII). 

Lepomis humilis has from one-third to more than three times as many sup

porting cells than any other species in the Centrarchidae. 

The supporting cells of the Lepomini are quite like those of other 

centrarchids in shape and staining reactions. The measurements recorded 

in Table VII are not unlike those of other sunfishes, but the supporting 

elements of 1• meqalotis (Pl. IX, Fig. 102), excluding Elassoma, are the 

shortest in the family and those of 1. cyanellus the longest. The measure

ments of length given by Moore (1956) for .L,. humilis are in general agree

ment with those herein reported, but his measurements of diameter are com

parable to the apical diameters given for this species in Table VII. It 

has already been pointed out that the supporting cell nuclear endosomes 

of 1, punctatus (Pl. X, Fig. 106) are much larger than those of its sense 

cells. The endosomes of 1,. gibbosus (Pl. X. Fig. 108) and 1, cyanellus 

are also rather large. The nuclei of these cells, as seen in Chaenobryttus, 

1, auritus and 1,. cyanellus (Pl. IX, Figs. 96 and 103), are more distant 

from the basement membrane in the Lepomini than in any of the other cen

trarchids, an observation which agrees with the figures of Moore (1956). 

The supporting cell nuclei of ,1.. qibbosus (Pl. X, Fig. 108) are consider-
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ably thicker than those of any fish thus far observed by this writer. 

Facial sections of neuromasts in Chaenobryttus and 1. auritus made possi

ble some further observations concerning the intercellular bridges. For

tunately, a few sections passed through the area of contact between the 

supporting cells and sense cells in the yellowbellied sunfish (Pl. X, Fig. 

111). - Here it appeared that the intercellular bridges involved not only 

the supporting cells, but the sensory cells as well. The sense cells are 

connected to each other and, at the periphery of the sensory area, to the 

sustentacular elements. A facial view of a section through some peripheral 

supporting cells in Chaenobryttus (Pl. VIII, Fig. 81) shows these cells to 

resemble those from other species. 

There were no heteromorphic sensory cells observed in Lepomis, other 

than those already described in 1. symmetricus. In Chaenobryttus there 

are some cells which equal those of Pomoxis annularis in size (Table VIII). 

Two such cells are shown in Fig. 81 (Pl. VIII) in which no other peculiari

ties were noted. Above the nucleus, as in Acantharchus, are some dark

staihing, granular bodies which average 2.8 (l.5 - 3.8) microns in diam

eter. The receptive cells of 1, megalotis resemble Ambloplites in being 

flattened distally (Pl. IX, Fig. 102), but subnuclear granules are lacking 

in the longear sunfish, a character which is shared with 1. punctatus 

(Pl. X, Fig. 106). Moore 's (1956) measurement of sense cell diameters in 

1. cyanellus are identical to those in Table VIII, but those for 1, humilis 

are from 1.1 to 1.3 less than the ones herein recorded. Table IX shows 

that the apical diameters of the sense cells of Lepomis are like those 

in species of other genera. Since the apical diameters of the heteromor

phic cells, restricted to the lateral region of the neuromast, are large, 

the great size of their basal diameters is correlative. 
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Measurements of the sensory cell nuclei (Table X) do not distinguish 

the Lepomini from other tribes, although the sense cells of 1. punctatus 

and 1. marqinatus (Pl. X, Fig. 112) are equaled only by Arnbloplites and 

Micropterus dolomieui (Table VIII). The lengths of these cells are like-

wise nondistinctive. The sensory cells of Elassoma are very short but are 

equal to those of the bluegill (Pl. IX, Fig. 99). The measurements for 

these species are similar to the ones reported by Moore (1956) in 1 

humilis and 1, cyanellus, but, as seen in Table XI, the measurements here-

in recorded for the last two forms considerably exceed 12 microns. Both 

1, cyanellus (Pl. IX, Fig. 103) and 1, microlophus (Pl. IX, Fig. 100) ap-

proach 1, marginatus and ,L.. punctatus in sensory cell length. 

Lepomis gibbosus and 1, humilis (Pl. IX, Fig. 97) are surpassed only 

by Micropterus treculi in sense hair length (Table XII). However, other 

members of the Lepomini, such as 1, auritus (Pl. IX, Fig. 95), are mostly 

similar to other sunfishes for this character. Moore (1956) found the 

sense hairs of the green sunfish to measure 2.8 microns, which is only 

slightly above the upper limits of variation indicated in Table XII. In 

certain aspects, the observations of Moore and those made during this 

study diverge sharply. In the above cited paper it was noted that the 

orangespotted sunfish lacked sensory hairs and cupulae. Nonetheless, as 

seen in Fig. 97 (Pl. IX), the first of these structures is actually pres

ent and Curd (1959) has already recorded the presence of cupulae. The 

vesicles which supertend each sense cell in Moore's specimens are believ-

ed to be artifacts, as suggested by the author of that paper. Additional 

evidence supporting this supposition is derived from the fact that many 
I 

of the nuclei in the 1. humilis studied by Moore were pycnotic. The tri-

angular structures at the apex of the sensory elements represent the dark-
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staining region of the highly polarized cells and/or terminal bars. 

Another point of disagreement is found in the basal part of the sense 

cells. The relatively long, hair-like basal extensions were not observed 

in any of the material prepared for this study, and, as has already been 

indicated, all of the supporting cells extend upward between the sensory 

elements, rather than ending below them. It is, therefore, suggested 

that the basal extensions represent artifacts resulting from some sort of 

disruptive forces which destroyed parts of the supporting cells. The ex

tensions, then, could be the remnants of the cell membranes of the sup

porting elements. 

Elassominae 

As in many other characters, the elassomids diverge sharply from the 

other sunfishes in the soft anatomy of the lateral-line system. In Tables 

CXII through XV some measurements are lacking for j. zonatum, but probably 

the figures would be very similar to those given for j. okefenokee. In 

these tables it will be noted that the bony tubes and lateral-line canals 

of these small fishes are much smaller than all other sunfishes, except 

the largemouth bass. The reduction in size is doubtless correlated with 

an overall decrease in body size. The connective tissue canal (basement 

memorane) is considerably thicker than in many other species, especially 

in J. zonatum and J. okefenokee. 

Even the most cursory of observations will demonstrate that the 

canal organs of Elassoma are much smaller than those of any of the typical 

centrarchids (Table 6). However, the depth of the pygmy sunfish neuromast 

is comparable to those of several other species. Consequently, the depth, 

when viewed as a function of total organ diameter (Graph I), is seen to 
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represent a much greater percentage than found elsewhere in the family. 

The number of cells per section (Table XIII) shows us the real reason for 

the skewed depth/total diameter relationshipi the number of cells per 

section is much less than in any other centrarchid, the only species ap

proaching Elassoma in this regard being Lepomis meqalotis. The sensory 

elements have also undergone a correspondi'.ng reduction in number so that 

the sensory area continues to represent a percentage of the entire diame

ter that is very similar to many other sunfishes (Graph II). Cupulae were 

found in the three species of Elassoma and, as with other species, the sen

sory elements are restricted to the central region of the neuromasts (Pl. 

XI, Fig. 123). 

The supporting cells in pygmy sunfishes (Table VII) possess average 

measurements which are very similar to those of the more conunon forms, but 

are shorter than in any of the species thus far discussed, except Lepomis 

megalotis. 

The supporting cells of Elassorna (Pl. X, Figs. 107 and 110) offer fur

ther proof that the intercellular bridges are probably universal in the 

family Centrarchidae. 

The sensory elements (Pl. X, Figs. 107 and 110) are considerably 

smaller (Tables VIII and IX) than any of the other species, and heteromor

phic cells are lacking, The lengths of these cells, however, are not con

spicuously shorter than those in most centrarchids (Table XI), The sen

sory hairs, although equal to those of many other sunfishes in length, are 

very inconspicuous and in many cells it was not possible to determine wheth

er the hairs were multiple or not. It is possible that in Elassorna, the 

hairs are single. The measurements given in Table XII indicate that the 

nuclear endosomes of Elassorna average smaller than in most other centrar

chids, but the staining reactions are identical to those described above 

for other forms. 



CHAPTER XII 

COMPARISON OF CENTRARCHID HISTOLOGY WITH THAT OF OTHER TAXA 

The characters of the general lining of lateral-line canals in mos~ 

groups of fishes agree with those set forth in this treatise. The base

ment membrane of the lateral-line canal cells is similar, in all respects, 

to that observed in Cichlasoma cyanoguttatum (Branson, in press) but very 

little has been written about this tissue elsewhere, although it is usu

ally illustrated along with the organ. We have described the cells lin

ing the canals of sunfishes as being of a very low cuboidal nature but 

becoming pseudostratified near the organ. Mori (1931) stated simply that 

the canal was lined with "epithelium" in the goldfish and Hillier (1931) 

observed that the canals are paved by some very flat cells. However, very 

few authors have actually classified the type of cells belonging to this 

tissue. Moore (1950), although not primarily concerned with the lateral

line system, correctly illustrated the epithelium in Hybopsis aestivalis 

as becoming stratified near a canal neuromast and Brockelbank (1925) ex

plained that there was a differentiation of the lining epithelium in the 

proximity of the organ. 

Tretyakov (1950) denies that the lateral-line epithelium contains 

mucous glands, but these have been observed and described in many species 

(Martiis, 1924; Branson, in press). These elements, which look like gob

let cells, are usually much more numerous in the cells contiguous to the 

neuromast than in the common lining and are probably of universal occur

rence in fishes. Some peculiar velum-like thickenings described for the 

189 
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pirate perch by Moore and Burris (1956) and, though not so well-developed, 

by Moore (1956) in two species of Lepomis, have apparently not been dis

covered in any other bony fishes. According to Knox (1825), Treviranus 

observed some septa in sharks and rays which effected compartmentalization 

of their lateral lines. Published measurements of canals and of their 

osseous passageways are scarce, but this is not a particular shortcoming 

unless one is concerned with all of the species in a given category. As 

described herein, and as illustrated by Moody (1922) and mentioned by 

Branson (in press), this cellular lateral-line canal is surrounded and 

supported by areolar connective tissue in most species, and never comes 

into direct contact with enclosing bones. 

It has been known for many years that the canal organs of both ostari

ophysine and non-ostariophysine fishes are distributed in a manner similar 

to that described above, i. e., usually localized between two side branches 

(Pollard, 1892). However, these organs become very numerous in such fish

es as suckers and some minnows (Allis, 1904) and in .&!liJi calya (Allis, 

1889) so that the "usual" arrangement is secondarily masked. One neuro

mast per lateral-line scale, embedded in the proximal wall (Mori, 1931) 

as in all of the centrarchids, is apparently the common situation in most 

fishes (Hillier, 1931). The shape of the neuromasts is impressed upon 

these organs by the configuration of the canal in which they are found. 

Since in most fishes the canals are round or oval, there is a great deal 

of similarity between diverse groups of fishes as regards their neuromasts 

(Bonin, 1940i Dercum, 1879i Miyadi, 1929i Bamford, 1941; ~~ore, 1956; 

Branson, in pressi and many others) . The conformation of these organs 

is usually described as being lozenge-shaped, spindle-like, cush i on

shaped, or simply as discoidal. As with many other lateral- line components 

it is difficult to find measurements of neuromasts in the literature. 
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Moore and Burris (1956) found the organs of Aphredoderus to be 791 microns 

in long diameter, a figure that is very similar to the large organs of j... 

humilis and Chichlasoma (Branson, in press). By visual inspection of 

several specimens of Roccus chrysops , it appears that the organs of this .. 
species are about the size of those seen in Amblopl ites, but no measure-

ments have been taken. 

All workers who have described lateral-line organs have remarked upon 

its double cell-layer nature (Beard, 1884), but only a few have measured 

the cellular elements of the neuromasts. Comparison of the measurements 

herein presented for sunfishes with those given by the au t hor in 

Cichlasoma cyanoguttatum shows some differences between the t wo taxa. The 

sensory cells of the Ri o Grande perch, which are couched in the center of 

the supporting elements as they are in most species (~roore, 1950 an d oth-

ers), occupy about 50 per cent of the total organ diameter, or an area 

that is approximately that seen in the black basses. These cells are con

siderably larger than the "normal" cells of the Centrarchidae, i. e., ex-

eluding the heteromorphic elements, of which none were observed in 

Cichlasoma, averaging 8, 4 (6. 7 - 9, 9) microns in basal diameter and 5. 4 

(4.2 - 6. 2) microns at the apex. The sensory nuclei of Cichlasoma, al

though staining similarly and possessing endosomes like those of sunfishes, 

are also more capacious (average 5.1 microns). The sensory hairs observed 

by numerous workers (Moore, 1950i Moore and Burris, 1956) Dijkgraaf, 1952; 

Denny, 1937i Brockelbank, 1925i Bunker, 1897i Dercum, 1879; Hillier, 1931; 

and many others) have always been reported as single structures. As has 

been pointed out previously those of sunfishes and Cichlasoma seem to be 

multiple. The sensory hairs of the Rio Grande perch are similar in si ze 

to those of the Cent rarchidae. 
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The sensory cells have been more completely described. Denny (1937), 

Bonin (1940), Bunker (1897) and Branson (in press) have remarked upon ~he 

decided polarization of the sensory elements in diverse groups of Oste

ichthyes, but few authors have given detailed descriptions of the receptive 

ends of the cells. Bonin (1940) described the sensory cells of Amia as 

having a brush border, Branson (in press) remarked upon the blepharoplast

like bodies associated with the sensory hairs of Cichlasoma and Denny 

(1937) described a short rod below the sense hairs in Fundulus heteroclitus 

which is similar to those illustrated in a catfish by Martiis (1924). All 

of these structures may be homologous. 

As far as the general cytoplasm of the sense cells is concerned there 

is general agreement between this and other discourses. The epitheliofi

brillae seen in the cells of Fundulus by Denny (1937) are similar to those 

seen in sunfishes, but the coarse axial filament described by he1 was not 

observed in the latter forms. Granules of various sizes have been illus

trated or mentioned by several authors some preferring to call them mito

chondria, but apparently only Martiis (1924) h·as mentioned a granular 

round body above the nucleus as described herein for Chaenobryttus and 

Acantharchus. Martiis (op. cit.), in Ictalurus .9.i!.Y.i, shows these bodies 

in variable positions, sometimes above, sometimes below and at times al

most occluding the nucleus. Furthermore, some cells appear not to have 

a single large body but several lesser ones above the nucleus. In this 

respect they are similar to the sensory cells of Fundulus (Denny, 1937). 

These few records of such bodies are all that have come to our attention. 

Little can be said concerning the sensory cell nuclei as most workers 

have found that they all appear like those described for Lepomis 

symmetricus and other sunfishes. 
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As stated earlier, some physiologists have been able to indicate the 

possible presence of more than one kind of sensory cell in neuromasts of 

some fishes and that these cells may be unequally distributed in different 

sense organs. It was also stated that many observers have failed to dem

onstrate histologically or cytologically these different kinds of cells. 

This is not universally true for Cordier (1938) observed more than one 

kind of sense cell in some peculiar freshwater fishes (Mormyridae) from 

Africa. However, he described a definite cyclic metamorphosis of ordinary

appearing sense cells into some heteromorphic elements. Briefly stated, 

the findings of Cordier are as follows: three to five large pale cells, 

often with hypertrophied nuclei, were found per section. These cells 

were either flanked by slender cells or normal sensory ones which were 

connected together by intercellular tonofibrils for support. During regu

lar intervals of time these cells are transformed into a type of holocrine 

secretion which is poured onto the skin surface. They are then replaced 

by typical sensory cells and others become metamorphosed i.nto the holo

crine type. Thus a few of these heteromorphic elements are always present 

in the "mormyromasts. ,.-· According to Cordier such cells have also been 

found in Polypterus and in the organ of Fahrenholz in the Dipneusti. 

Cordier's tonofibriles may be the same structures which herein are termed 

"intercellular br~dges" (Moore, 1956). Although Martiis (op. cit.) did 

not specifically say so, his figures indicate that there may be a few 

rather large cells in the neuromast of Ictalurus catus. 
Cupulae have been described by several authors in many fishes. The 

ones figured by Dijkgraaf (1952) in a cyprinid are much taller than wide, 

wholly unlike those described or possible in the sunfishes. Many writ

ers (Brockelbank, 1925i Dercum, 1879; Hillier, 1931) have simply mentioned 
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their presence or described them as being mucilaginous or gelatinous caps 

over the sensory cells, probably because the bodies were disfigured by 

fixing fluids. In Gnathonemus, according to Cordier (1938), the cupula 

apparently extends along the entire wall of the lateral-line canal oppo

site the neuromast, reminding that author of the macula in mammals. Denny 

(1937) observed the structure in living Fundulus and described it in de

tail, with notes from fixed and stained specimens. As noted in sun

fishes, the cupula of the last-mentioned fishes approximately covers the 

sensory surface of the organ. Denny also mentioned the shrinkage space 

between the cupula and sense hairs observed by this writer in the Cen

trarchidae. 

Terminal bars proliferated by sensory cell~ have seldom been re

ported. Branson (in press) observed them in Cichlasoma and Cordier 

(1938) suggested that some dark-staining structures at the edges of cells 

in Gnathonemus might be of this nature. 

Few nonmensurable differences can be demonstrated in the supporting 

cells from one fish taxon to another. The striated distal borders, dis

cussed for sunfishes, were noted in addition to epitheliofibrillae by 

Denny (1937) in Fundulus. The latter structures were not seen in the 

Centrarchidae. Furthermore, Denny (1937) .and Branson (in press) are ap

parently the only workers who have recorded terminal bars like those il

lustrated in most sunfishes. Many writers have shown the central support

ing cells as ending Just below the proximal ends of the hair-bearing cells 

or have seen only a few of them penetrating upward between the sensory 

elements. Very thin sections clearly demonstrate, in Cichlasoma and the 

fishes here investigated, that most or all of the supporting cells below 

the setiferous ones penetrate between the sensory cells and that the two 
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kinds of cells are probably connected by some sort of protoplasmic exten

sions. Martiis (1924) has verified these observations in the catfish 

Ictalurus catus. 

It appears that no one has successfully shown the manner in which the 

neuromast sensory cells are associated with their nerve supply. Several 

authors (Bransonv in pressi Den~y, 1937; Bunker, 1897; and others) have 

described the nerve as effecting passage through the basement membranev 

losing its medullation and then branching repeatedly below the sensory 

cells, but this is as far as most observations go. A technique is being 

developed by Mr. l'. J. Walker (personal communication) for fixing and 

staining nerve. endings which, if successful, should clear up some of the 

blank areas in our knowledge. 



CHAPTER XIII 

INNERVATION OF NEUROMASTS 

Innervation of the centrarchid lateral-line organs is accomplished 

as described earlier in this paper. The only variation noted was in the 

lengths and number of nei:ve twigs going to neuromasts. The number of 

branches is, of course, correlated with the number of neuromasts possessed 

by a given species. Furthermore, in species with a strongly curved later

alis series the V. lateralis branche~ are considerably longer than in 

those with a lateralis nearly overlying the horizontal skeletogenous sep

tum, through which the main lateral-line nerve progresses. 
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CHAPTER XIV 

DISCUSS!~ 

General Morphology 

The most obvious gross characteristic of the centrarchid lateral

line system is its simplicity. Side branches, i, e., external canali

culi, are few and uncomplicated by secondary bifurcation. Although the 

six primary canals of lower fishes are represented, several of these are 

seen in a much reduced state, the greatest reduction being in Elassoma. 

The supratemporal canal, although complete in many perciform groups, is 

greatly abbreviated in sunfishes; and the infraorbital canal varies from 

complete to entirely lacking. Primitive fishes, and large numbers of re

cent ones, possess a kind of commissure between the supraorbital canals 

as seen in all of the centrarchids except Elassoma. With the exception 

of breaks at certain points the other canals are all present and relativ

ely well-developed, again except Elassoma in which all of the canals are 

much reduced. Percomorph fishes, rated more primitive than the perci

formes, have rather narrow canals, whereas centrarchids, serranids, cich

lids and related fishes have capacious canals. This tendency seems to be 

toward reduction in parts and increase in size. 

The lateralis canal system in sunfishes is also of an uncomplicated 

design, but is present as a more or less continuous series in all of the 

species except Elassoma, External canaliculi are present in many fishes, 

but have never been discussed in North American fishes. Unlike the lower 

197 



198 

perciforms, the centrarchid canaliculi are simple diverticula from the 

mother canals without the slightest indication of further branching, 

The lines of external neuromasts found in the Centrarchidae also 

represent an advanced stage of reduction. They are few in number and, 

except in the aberrant Elassoma, very difficult to homologize with the 

lines of lower forms such as .&!!.is, Even in Elassoma, where most of the 

primitive lines are present, these organs are never as numerous as they 

are in the lower taxa (Allis, 1889). 

Because of the ease with which lateral-line bones can be homologized 

in the perciform fishes, their apparent similarity is lessened when their 

skeletons are compared. In general, all of the centrarchids, except 

Elassoma, more closely resemble certain members of the Serranidae than 

they do other Perciformes. This is especially true in the Ambloplitini , 

except in Acantharchus, a highly specialized form, in which it would be 

very difficult, if only skull bones are considered, to differentiate be

tween Archoplites and the Serranidae. Since the lateral-line bones have 

been discussed in detail above there is no reason for redescription here; 

however, the question of wh.ether or not the lateral-line organs act as 

evocators for the formation of these bones deserves some consideration. 

It is well-known that during embryological development most species 

do not exactly retrace their evolutionary history; nor do they closely 

repeat each step taken by their progenitors during the formation of the 

species' characters. Instead, many of the stages may be left out (lipo

genesis) or much shortened (tachygenesis). Ideas and observations such 

as those above have been instrumental in causing the decline of Haeckel 's 

Law (Aulie, 1955) and its replacement by the modernized versions of palin

genesi s. 

During the early developmental history of all osteichthine fishes 
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the lateral-line bone·s were probably caused to develop under the influ

ence of neuromasts when these became entrenched in connective tissue ca

nals. Later, as degeneration began to occur in certain groups, speciali

zation may have taken several courses. There may have been a loss of 

lateral-line tubes without a corresponding loss of the lateral-line bones ; 

in other words , during phylogeny, once the bones had received the impetus 

to form, they continued to do so after the directive force of the evo

cating neuromasts had been obliterated. In this instance there would be 

rows of lateral-line neuromasts on the skin over the old lateral-line 

bones embedded in the tissues below. 

A second condition might arise if the lateral-line tubes degenerated 

and their ossicles failed to develop. It is postulated that the bones 

fail to form because the direc~ive influence of invaginated lateral-line 

organs was absent. In such a condition there would be lines of neuro

masts on the skin without ossicles underlying them. In fishes exhibiting 

such lipogenesis, embryonic studies would not prove anything one way or 

another. 

As far as anasmestic elements are concerned, it is not surprising 

that other kinds of dermal elements developed in the skull during evolu

tion and that lateral-line elements fused to them. In such compound bones 

degenerative changes might take place either by freeing of the lateral

line element from its anasmestic counterpart, followed by progressive 

reduction of the former; or, the lateral-line element could remain at

tached to the non-lateral-line part after the canal disappeared with the 

neuromasts being removed to an external position. 

The adult morphology of centrarchids, supported by a few observa

tions on young individuals, indicates that the neuromasts of these fishes 
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do cause the formation of lateral-line ossicles. Some supporting evidence 

for such a supposition is as follows: 

1. Given lateral-line tubes are always associated with the same 

bones and are always directed through approximately the center 

of the ossicles. 

2. When neuromasts fail to sink into the skin the bones fail to 

form or, if they do form they are always of a very degenerate 

condition as in the jugal of several of the sunfishes. When the 

infraorbital first begins to disappear it always does so at the 

anterior end of the series between the lachrymal and the jugal. 

Behind this there is a graded series, i. e., an open, v-shaped 

ossicle followed by progressively more complete bones. Since 

the suborbitals are among the last of the lateral-line bones to 

be completed it may be that, by the time ossification has been 

finished elsewhere, the tissues surrounding the developing sub

orbital series have lost their competence for transforming into 

bone. The infraorbital canals seem to be in a process of being 

lost in the centrarchids. Degeneration is nearing completion in 

Elassoma, in which lateral-line bones are lacking or greatly re

duced. 

3. When extra organs are formed in some series (infraorbital) an 

extra bone appears. 

It may be assumed that complete lateral-line canals, passing through 

well-formed bones, and an infraorbital series, consisting of seven sub

orbitals, are primitive characters in centrarchids. Furthermore, since 

it is agreed that the centrarchids have probably evolved from serranid 

ancestors (Bailey, unpublished), those centrarchids which possess char-
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acters of the skeleton most similar to those of serranids are considered 

primitive. It will be recalled that the sunfishes which are nearest the 

sea basses are Archoplites and Ambloplites, 

Morphologically there is a very great similarity between the neuro

masts of the lateral-line system and the maculae and cristae of the inner 

ear. This has been alluded to by several workers, but since there has 

been little actual comparison a few notes will be included on the auditory 

organs before discussing the centrarchid neuromasts. The reaction of 

maculae, cristae and of Corti ' s organs to Mallory's stain is nearly identi

cal to that of lateral-line organs (Shambaugh , 1932) . The organ of Corti, 

as well as the others mentioned above, are, like neuromasts, composed of . 

two cell layers , those of support (phalangeal cells) and t ho se of recep

tion. The sense cells are much shorter than the supporting cells and pos

sess . round nuclei which have dark-staining granules. At the apex, where 

the sense hairs are inserted, the cell stains darkly. A rather important 

observation to be made here is that the sensory hairs are definitely mul

tiple in Corti 's organ and are often observed to form triangular associa

tions (Shambaugh, 1932) similar to those described in the sense cells of 

sunfishes. The phalangeal cells are attenuate-rhopaloid in shape, possess 

basal, oval nuclei and extend upward between the sensory elements. A blue

staining cupula (tectorial membrane in the cochlea) caps the sensory or

gans of the ear and, by a shearing action, moves the hairs which in turn 

stimulate the sensory cells. Shambaugh (1932) was able to demonstrate 

that the red-staining hairs penetrate small canals in the cupula. The lat

ter have not been seen in the cupula of lateral-line organs. 

It is thus seen that lateral-line organs and those of the inner ear 

are structurally very much alike, as could be expected since both sets of 
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organs are phylogenetically and functionally a part of the same sensory 

system. It does not seem surprising that the receptive cells of lateral~ 

line neuromasts should p·ossess more than one sensory hair. The blepharo

plast-like bodies described in the discussion above are not novel since 

Speidel (1947) noted them at the base of sensory hairs in amphibians , and 

Denny (1937) found similar ones in Fundulus. Since the sense hairs appear 

to be attached to these bodies it is possible that the granules function 

somehow in transmitting sensory impulses through the sensory cell body. 

How this is accomplished is a matter of conjecture, but some weighted 

guesses may be in order at this point. Nerve cells conunonly possess neu

rofibrilles and since the sensory elements of neuromasts are sensory re

ceptors, or a type of neuron, the fibrous structures observed by Denny 

(1937) and reported herein may actually be cellular modifications for 

transmitting the impulses from the blepharoplast-like structures toward 

the proximal portion of the cell. It has already been pointed out that 

no actual connections between the sensory cells and their nerve fibers 

has thus far been demonstrated. Furthermore, it is known that in sensory 

receptors there are no synaptic junctions. In such cells transmission is 

initiated and accomplished by intracellular processes. These processes 

are concerned with the intracellular activation of bound and inactivated 

acetylcholine and its later deactivation and rebinding by acetylcholin

esterase. It is possible that, when the cupula (discussed below) stimu

lates the hairs, acetylcholine is released in the apex of the sensory 

cells which causes a wave of depolarization to pass over the intracellular 

fibriles to a point on the proximal cell membrane where the nerve arbori

zation would be stimulated (Elliott, Page and Quastel, 1955). Since the 

acetylcholine must be inactivated, and since the lateral-line organs are 
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constantly being stimulated, the subnuclear granules may represent a 

stored form (proenzyl!le) of acetylcholinesterase which is released upon 

demand. 

Since Sand (1937) and Dijkgraaf (1952) have indicated the physio

logical possibility that more than one kind of sensory element may be 

found in fish neuromasts, any observation of heteromorphic cells is an 

important one. Although the large pale cells found in some of the cen

trarchids may be such cells, the work of Cordier (1938) indicates a sec

ond possibility. The heteromorphic elements of sunfishes could be mani

festations of holocrine function. The number of these elements per sec

tion is very similar to those found by Cordier, as is their position. It 

is known that the several kinds of cells located in secretory organs 

store substances, in the form of zymogens, which are expelled in the ac

tive form (Maximow and Bloom, 1944). The granular bodies above the nu

cleus in Chaenobryttus and Acantharchus and the various granules located 

in more basal parts of the cells might represent stored substances such 

as those of chief cells in the digestive system. All of the cells could 

be involved in a cyclical transformation from normal sense cells to the 

larger, sec'retory type. 

Both of the above hypotheses are, of course, problematic and one or 

both of them may be erroneous. They are, nonetheless, possibilities and 

should be verified or disproved by special techniques. Another possibil

ity is that some or all of the sensory cells are active in neurosecretory 

activity such as the cells in the posterior neuropophysis of mammals. 

Denny (1937) also suggested that the sense cells may possess some secre

tory abilities. 

Cupulae have been discussed in considerable detail by Denny (1937), 
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who gave an historical review of knowledge concerning the structures and 

several possibilities as regards the origin of the body. She concluded 

that the cupula is not a product derived from the numerous mucous cells 

in the vicinity of neuromasts nor is it derived from the sense hairs them

selves. That the sense cells and/or supporting elements are responsible 

for the formation of the body, because of their apparent secretory nature, 

is a possibility. Denny, however, thought that the most likely source 

of the cupular material was the terminal bars or intercellular cement as 

they apparently are in the ear (van der Stricht, 1921). Whatever its 

source, it is felt that these bodies are real and not artifacts of fixa

tion. The latter is especially improbable since they have often been ob

served in living fishes (Denny, 1937i Dijkgraaf, 1952). Being situated 

as they are the sense cells of neuromasts are exposed to the direct ac

tion of the viscous fluid in the lateral-line canals. A cupula would 

greatly increase the ease with which the sense hairs might be moved, 

since it functions, as that of the ear, in a shearing fashion. The septa 

described by Moore (1956) and Moore and Burris (1956) are not unlike the 

same thickenings of the epithelial lining of the ducts of the ear. These 

occur near the neuromasts and apparently cause an increase in the hydro

static force applied on the cupula. It is doubtful that a very large ex

change of fluid occurs between the lateral-line tubes and the external 

medium. As seen in the description of the external morphology, at points 

where side branches are emitted, vacuities are formed which are covered 

only by skin and connective tissue. These may be likened to the auditory 

oval window (Tretyakov, 1950). The tightly drawn skin covering these 

"oval windows" would, in life, function as drumheads upon which pressure 

changes in the water would impinge. The pressure changes would be trans-
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cupula to stimulate the sensory hairs. 
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It appears that the lateral-line neuromasts are admirably adapted 

to withstand deforming pressures. It is not surprising that the sup

porting and sensory cells of neuromasts should proliferate terminal bars 

and intercellular bridges since these structures are of common occurrence 

in vertebrates wherever a good deal of mechanical stress occurs (Greep , 

1954; Maximow and Bloom, 1944). The intercellular bridges are especial

ly well-developed in the skin. Since neuromasts are derivatives of the 

ectoderm it is logical that such structures would be present in their 

cells. Actually, it appears that these cells form nearly or truly a syn

cytium. Greep (1944) has pointed out that physiological syncytia are 

known in many mammalian tissues. In mammals, at the point where inter

cellular bridges from two cells meet, a small granule (desmosome) is form

ed, thought to be composed of phospholipids, which stains rather darkly 

with hematoxylins. This body was not noted in the fish tissues herein 

discussed. However, since no attempt was made to preserve fatty substan

ces, the fixing and dehydrating fluids would di ssolve the desmosomes, if 

they are actually present. In some tissues of various animals, histo

logists have demonstrated that minute fibers pass from one cell to the 

next via the intercellular bridges (Maximow and Bloom, 1944; Greep, 1954) . 

These fibers, called tonofibrils, were also not observed in the Centrar

chidae. Terminal bars, on the other hand, occur wherever epithelial 

cells of a columnar type are found. These are supposedly secreted (Maxi

mow and Bloom, op. cit.) to fill in the intercellular spaces at the free 

ends of the cells. If the tissues are ciliated, the bars are nearly al

ways below these. Although the sense cells of neuromasts cannot be termed 
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"ciliated" they do bear analogous hairs. The distal ends of simple colum

nar epithelial cells in the intestines of all vertebrates exhibit a thin 

layer of modified protoplasm which seems to be striated. These striae 

are presumedly small tubes which aid in absorption. Whether the striated 

borders of the supporting cells in lateral-line organs are of a similar 

nature is, at present, impossible to say. 

Correlation of Lateral-Line Morphology With Species Ecology 

That there is some sort of correlation between the extent of develop

ment of the lateral-line system and habits and/or ecology is not doubted 

by anyone (Lowenstein, 1957). Consequently, before entering into a dis

cussion of the Centrarchidae, some of the ideas on this subject will be 

reviewed. The generalization is that fishes which are continuously exposed 

to "relative" water currents, such as those which exist near wave-washed 

beaches or in torrential streams, or fishes which are continuous swimmers, 

possess well-developed canal systems, ostensibly for protection of the 

neuromasts, whereas bottom dwellers (except those which dwell in swift 

waters) and sluggish forms usually have secondarily reduced canal systems 

(Lowenstein, 1957). Some examples, taken from the literature, are includ

ed below for substantiating evidence. Nearly 75 years ago Garman (1888) 

observed that sharks of lethargic habits were less abundantly supplied 

with lateral-line tubules than the more active swimmers. Similar conclu

sions were reached by Hoagland (1933c) while working with Ictalurus 

nebulosus and a trout. In this sluggish bottom-dwelling catfish the sen

sory receptors are mainly concentrated near the anterior part of the body, 

but in the vigorous-swimming trout the receptors are just as well-developed 

caudally. Lowenstein (1957) remarked upon the contrasting characteristics 
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of Misqurnus fossilis (a bottom dwelling, intermittent swimmer) and Esox 

lucius (an "inert" fish) with Hemacheilus barbatula (an inhabitant of 

swift waters). The first two forms have much abbreviated lateral-line 

canals, but the swift-water species possesses a strongly-developed one. 

The physiologist Dijkgraaf (1952) reached identical conclusions but went 

a step further. Experimentally-obtained data indicated to him in fishes 

possessing naked neuromasts, active swimming causes the receptive cells 

to be so strongly stimulated that they become fatigued and are no longer 

capable of stimulation. · The same thing would doubtless obtain in rapidly

moving bodies of water. Fishe$. with only external neuromasts, or with 

poorly-developed canal systems, are not well-adapted for sustained rapid 

swimming or for living in turbulent waters. 

Several other authors have attempted to correlate the structure of 

fishes with their habits and habitat. Moore, Pollack and Lima (1950) 

showed that the lower retina of Ericymba, a bottom dweller, is thicker 

than the upper portion, an obvious adaptation for concentrating light de

rived from an upward source. Other morphological observations, besides 

those derived from sensory systems, have been made which tend to show 

the relation between fish habits, ecological station and the form and 

structure of these animals. Nichols (1920) demonstrated in carangid 

fishes that some changes are associated with a loss of activity, such as 

deeper, more compressed bodies, a smaller mouth and often a reduction of 

scutellation. In fast swimming fishes a narrow caudal peduncle and a 

deeply forked tail are usual. 

One area that has not been investigated thoroughly, but which should 

offer reqarding results, would · be an attempt to correlate the degree of 

complexity of the lateral-line system with the extent of development in 
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other sense organs , i. e., the eyes, taste buds and tactile receptors. 

A given lateral-line system might be poorly-developed and other sensory 

elements exhibit a much increased degree of complexity, or vice versa. 

Linder (1958), working with two species of Etheo·stoma, found that 

eggs fertilized in the laboratory developed into individuals in which the 

lateral-line system (canals?) was mostly absent. However, such findings 

should not be construed to mean that the lateral-line system will be great

ly modified in nature since the phenotype of a species represents the ef

fect of the total number of genes in rapport with the environment. Many 

phenotypes are possible under the artificial conditions of the laboratory 

and one should be constantly on guard against the production of and fail

ure to recognize phenocopies (Goldschmidt, 1955) and other anomalies of 

stringent environmental selection. 

In an attempt to correlate a species' morphology with its habitat, 

that habitat must be defined. It is also highly desirable that the spe

cies habits be known. The members of the Centrarchidae are found in three 

major habitat types: lacustrine, fluviatile and paludal. However, some 

of them may also be found in subtypes, i. e., back waters, overhanging 

banks, etc. Since it has already been stated that reduction of lateral

line systems seems t o be correlated with sedentary habits or with bent

hophilic affinities the problem here resolves itself into one of compar

ing the development of the canals in each centrarchi d species with its 

observed habits and habitat. This poses no particular problem since at 

least some of these statistics are available for all of the sunfish spe

cies. According to Murphy's (1948) notes, the Sacramento perch is very 

similar to the rockbass in its habitat and habits. Acantharchus , the re

maining member of the Ambloplitini, is a very secretive fish which lives 
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in the sluggish lowland waters of the Atlantic coastal plain (Mansueti 

and Elser, 1953), Of the three species in the Centrarchini, Centrarchus 

macropterus is the only one which is continuously found in sluggish waters 

such as roadside pools and swamps. Although the flier does occupy such 

situations, the species is a very active one as are both forms of Pomoxis 

(Morgan, 1954i Huish, 1954), The three species of enneacanthine fishes 

are restricted to the slow streams and pools of the Atlantic Coast from 

Florida to New Hamp shire (Bailey, l 938i 194P •. All of the black basses 

are known to be vigorous swinuners and all live in streams, lakes and 

ponds (Webster, 1954i Dendy, 1954i Hubbs and Bailey, 1940; 1942; Bailey 

and Hubbs, 1949) , The warmouth sunfish occupies a wide range of ecologi

cal conditions (Larimore, 1957), but wherever found it is an active fish. 

The ten species of Lepomis are also active species although some of them, 

1, humilis, 1, marginatus, 1, punctatus and 1, symmetricus, are often found 

in quite sluggish waters (Moore, 1956i Reeves and Moore, 1950i Morgan, 

1951a, bi Witt and Marzolf, 1954). Only two of the latter species, 1, 

humilis and 1, symmetricus, however, are very frequently found in turbid 

and non-flowing bodies of water. The pygmy sunfishes (three species) all 

live in sluggish streams and pools, as in the Okefenokee Swamp (Bohlke, 

1956; Shortt, 1956), or Louisiana (Barney and Anson, 1920; Magnin, 1938). 

Personal observations of Elassoma zonatum in nature and in aquaria indi

cate that this fish is much like some darters (Percidae, Etheostomatinae) 

in behavior. Most of the time these small fishes remain motionless on 

the bottom under bits of wood, fallen leaves and other debris or in the 

leaf axillae of aquatic plants. During feeding, or when startled , the 

fishes seldom move more than a few inches. These observations are simi

lar to the ones made by Shortt (1956) in];, okefenokee and in E· evergladei 

by Magnin (1938). 
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From the above discussion it is obvious that nine species of sun

fishes fall into the category of living in very sluggish habitats, but 

only four of these species, Acantharchus and the three pygmy sunfishes, 

seem to possess phlegmatic habits. The Enneacanthini are not extremely 

active fishes, but are not as secretive as the last four mentioned spe

cies. Lepomis humilis is a voracious and pugnacious species , whereas 

,b. synunetricus is a more retiring paludal species. 

Although Acantharchus appears to be a lethargic fish , it is , from 

the appearance of its eyes, a fish of nocturnal habits and from its large 

terminal mouth, probably is predaceous. This species, like its nearest 

relative Ambloplites, is probably an active nocturnal swimmer and feeder, 

remaining hidden .during the day in decaying logs or under overhanging 

banks. This would at least partially explain why the canal system of this 

species is as well-developed as in other Ambloplitini. 

Enneacanthus and Mesoqonistius, living in sluggish bodies of water, 

hang motionless in the water for long periods of time. In their hunting 

attitude these forms call to mind the same attitude in Pterophyllum, the 

common anglefish of aquarists. It will be recalled that the infraorbital 

canal in the three enneacanthine species is greatly reduced. 

The species of Elassoma are the most seclusive species of the forms 

now included in the family Centrarchidae and their habitat waters are 

extremely sluggish. The canal system in this subfamily is reduced more 

than in most other percomorphs. 

Lepomis symmetricus and its associates all have relatively well

developed cephalic canals, but the lateralis seems to reflect the semi

paludal existence of the last-named fish, as it is always reduced in its 

posterior parts. Lepomis humilis, on the other hand, is found in the 
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muddy, sluggish Great Plains streams and other bodies of water, often to 

the exclusion of other sunfishes. Moore (1956) has hypothesized that the 

greatly inflated canals of the orangespotted sunfish are a functional 

modification for existing under the extremely turbid conditions of its 

habitat waters. The pores are often found to be clogged with mud in fresh 

specimens and even occasional ones which have been preserved for as long 

as ten years. The inflated canals might function as drumheads to trans

fer pressure to the neuromasts, via the fluid contained in the canalso 

instead of the changes being mediated through pores. 

How such reduction came about during phylogeny is, of course, an 

academic question. Nonetheless, one can make some guesses in the light 

of the functional studies of Dijkgraaf (1934; 1952) and Hoagland (1933b, 

1936), These workers have shown (see above) that constant stimulation 

of the neuromasts causes them to become adapted and after a brief period 

to cease functioning completely. Dijkgraaf (1952) demonstrated that the 

external neuromasts become adapted much more rapidly than the canal organs. 

Thus a fish with a reduced lateral-line system would not be adapted to 

live in a rigorous habitat or as a fast-swimming form since its lateral

line organs would quickly become overstimulated and cease to function. 

Such species as Elassoma, are then, obligatory recluses in nature. 



CHAPTER XV 

PHYLOGENY OF THE CENTRARCHIDAE 

The fossil record, however incomplete, indicates that the Centrarchidae 

originated sometime during the Cenozoic (Berg, 1946), probably with a form 

similar to the now extinct Centrarchites of the Eocene (Romer, 1945). By 

the beginning of the Pleistocene many of the extant genera were in exist-

ence as well as some forms which were to disappear before the end of ~hat 

period. From the distribution of present species and of species and gen-

era known only as fossils it would appear that the center of origin for 

the sunfish family was located in the Mississippi Valley. In attempting 
-

to determine which of the living forms is the most primitive centrarchid, 
( 

several points must be considered. Matthew (1915) suggested that at any 

one ti~e the most primitive (conservative) stage in a group should not ~e 

sought near the center of dispersal, but at some region remote from it. • 

The conservative form, then, would mark the periphery of the range. How-

ever, as .pointed out by Darlington (195TI this type of evidence must be 

used j udicious1y and in conj unction with other knowledge. A form, in this 

instance Archopli tes, which is widely separated from the main range of 

its family is quite often a relict (Darlington, op. cit.). In the 

Centrarchidae it is obvious that in past times the family occupied a mach 

greater range than it does at the present. There is a relative abundance 

of extinct c.entrarchid fossils in the Miocene and Pliocene rocks of Oregon, 

Nevada and Utah and, to a lesser degree, of fossil representatives of the 

extant genus Lepomis from the Pleistocene of Oregon (Miller, 1959). These 

~12 
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latter remains probably represent an invasion from the east which was 

halted by the uplift of the Rocky Mountains (Cope, 1883). The centrar

chid fish fauna of this .region according to Miller (1959), may have been 

extirpated by chilling of the waters during the Pleistocene glaciation, 

which would kill the eggs ' of fishes adapted to the warmer conditions of 

lowland streams, such as those occupied by most of the recent forms. In 

some manner the Archoplites assumed to be a holdover from the pre-Rocky 

Mountain era (Miller, 1946, 1959), escaped extinction and persisted, 

whereas the other sunfishes perished or withdrew eastward and. southward, 

Most recent workers (Bailey, 1938i Miller, 1959) are agreed that the 

Centrarchidae probably arose from some specialized serranid progenitor 

which invaded fresh water during or before the Eocene. The earliest sun-

fishes must have resembled closely their serranid ancestors. Consequent-

ly, when the migration westward began, the fishes extending the range 

would be more like the sea basses than would the species arising later. 

Since Archoplites seem to have been isolated on the west coast for a long 

period of time it would represent the edge of the family's range in what 

is now the United States if our hypothesis is correct that the Mississippi 

Valley actually was the center of origin of the family. Bailey (1937) 

remarked upon the similarity between Amblopli tes and Miocentrarchus 

(Miocene age) and herein we noted its likeness to serranids. Thus, it 
r . 

is assumed, although the species has doubtless become somewhat modified, 

that the Sacramento perch is the most primitive member of the Centrarchidae. 

The sunfish species which occupy any of the waters of the glaciated region 

in the north are doubtless forms which reinvaded the area during and after 

retreat of the ice cap. The species found in the lowlands of the Atlantic 

Drainage and in Florida also represent specialized forms, some of them 
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greatly modified, since much of this latter area was uplifted during more 

recent times. With the retreat of the Pleistocene ice, correlated with 

the opening of new habitats in the south, speciation in the Centrarchidae 

probably went forward at a rapid pace to fill the newly available niches. 

The placement of Archoplites near or at the bottom of centrarchid 

phylogeny may be criticized because the fish, and its ~ongeners, have· 

five anal spines as well as other morphological innovations. However, 

since so many of the other characters agree with those of serranids,· th~s 

one character is considered to be of a divergent nature, indicating fur-
' 

ther specialization fro~ the serranids. Forthermore, it is obvious that 

the primitive member of any group may, in its adult morphologyo possess 

some characteristics which tend to obscure the true relationships of that 

animal because of a loss of some primitive characteristics or of some of 

the latter being cryptic (Orton, 1957). This is considered to be the con-

d.i tion in the. Sacramen~o ~erch. Since many sea basses have three anal spines, 

this wou'id seem .to be a primitive character, but one cannot use one 

character. to. the. exclusion of all others. The presence of the well-:· 

developed suprE!Jllaxilla in Archoplites and in some other sunfishes is a 

primitive character. Numerous toothed bones and spiny lateral-line bones 

in the Centrarchinae place this group, especially Archoplites, nearer to 

the Serranidae than any other sunfish. Juvenile characteristics are very 

often indicative of relationship (Orton, 1957) not seen in the adult. 

Most of the centrarchids are marked by bands or bars in immature stages 

and, al though probably not applicable to the family as a wholev these may 

be used as corroborative evidence for primitiveness within genera.· 

Complete lateral-line canals are primitive and specialization is 

indicated by reduction of .canals and/or of sense organs contained in 
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them. The amount of specialization is determined by the relative degree 

of incompleteness or interruption of the canals. Hypertrophy, as that 

seen in Lepomis humilis, is also usable as an index of deviation from 

the norm. Some of Myers' (1958) criteria for specialization have been 

discussed previously but can be used here. These are: 1, reduction in 

the number of fin rays; 2, reduction or supression of the lateral line; 

and 3, reduction or simplification of cranial sculpture, which is ac

tually a function of the second as far as centrarchids are concerned. 

All of these characteristics are expressed in Elassorna. One set of char

acteristics, although not of a morphological nature, which may be utilized 

are those of distribution and habitat. If it can be shown that there is 

correlation between ecological characteristics and those of a morphologi

cal nature, several questions concerning phylogeny within a taxon may be 

answerable (Ross, 1957), Consequently, those species which exhibit habi

tat preferences, such as 1. humilis with a tolerance to turbid waters and 

Enneacanthus restricted to the sluggish waters of the Atlantic Drainage , 

and Elassoma and Acantharchus to swamps, are considered to be specialized 

fishes. The correlation between these habitats and the lateral-line sys

tem have been discussed above. 

The phylogeny of the Centrarchidae may now be considered. The hypo

thetical primitive-centrarchid probably was a free-swimming inhabitant 

of lowland waters and with a shape and size comparable to that of 

Ambloplites. It probably had a complete, rather capacious lateral-line 

system, with only a few side branches; a very few external neuromasts 

sunken into the dermis ; an incomplete supratemporal canal; a complete 

preoperculomandibular canal with a pore at the junction with the supra

temporal canal; lateral-line canals passing through complete tubes, except 
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at points where branches arosei a complete suborbital series consisting 

of six or seven ossicles; a peltate, spiny lachrymal with four openings; 

a spiny posttemporal having four openings and a spiny supracleithrum with 

two opening.Si a spiny preopercle with the lower arm forming an angle with 

the upper of 100° or more and possessing six or seven openingsi a dentary 

bone with five lateral-line openings and of the long-jawed typei a rather 

large supramaxilla; a notched preoperclei a well-developed, deeply sculp

tured .. frontal bone, with four lateral-line openings i a complete laterali s 

progressing through ctenoid scalesi relatively large canal neuromasts, 

with the sense cells occupying about one-half of the total diameteri five 

to seven anal spinesi and an emarginate caudal fin. The genus which most 

closely approaches such a form is, of course, Archoplites. This conclus

sion is more closely aligned with the findings of Schlaikjer (1937) than 

it is with those of Bailey (1937), who concluded that the warmough (a 

three spined form) was primitive. Schlaikjer considered Centrarchus 

macropterus, because of its deep body and high number of anal spines, to 

be the most unspecialized of all living centrarchid fishes. But the small 

size of this fish (although some Florida populations sometimes attain the 

size of a rockbass) and its obvious restriction in range, as well as some 

structural modifications precludes the species from being primitive. The 

supratemporal lateral-line canal is covered by scales as it is in 

Acantharchus. This is a specialization and is seen only in highly modi

fied forms such as 1,. punctatus. Though possessing several characteris

tics in common with Archoplites, Chaenobryttus is distinctly lepomine in 

its affinities and all species of Lepomis are considered to be derived 

types. 

The spiny condition of lateral-line bones, as indicated above , is 
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a primitive condition. These bones are most heavily serrate in Archoplites, 

which is the only species in the family possessing a spinose supracleith

rum. Furthermore, the serrate condition of the posttemporal is lacking · 

in all sunfishes except the Centrarchini, which clearly aligns this group 

with Archoplites. The lack of serrae on any of these bones in Acantharchus , 

its highly modified lachrymal and preopercle, the large cycloid scales, 

the single posterior lateral-line opening on the posttemporal , reduction 

in suborbitals, and rounded caudal fin demonstrate that this species is 

a modified one. Its adult shape, eye size, five anal spines , distribution 

and habits seem to place Acantharchus nearer to the rockbass than any of 

the other sunfishes, but the relationship is an obscure one. As seen in 

the description of the external and internal morphology of the lateral

line system, Chaenobryttus is near the bottom of lepomine evolution and 

stands closer to the rockbass than to Archoplites. Ambloplites is thus 

considered to be in the main line of centrarchid evolution whereas the 

Sacramento perch, rather early isolated from the rest of the family, 

though being primitive, is nonetheless a divergent form which has become 

evolutionarily stagnated and is not even capable of competing with more 

modern sunfishes. The rockbass, or a related form gave off a shoot whi ch 

has ended in Acantharchus, a specialized carnivore. 

Sometime during the Pliocene--Pleistocene times divergence seemingly 

occurred in the ranks of the rockbass-like fishes in which one branch led 

to the recent forms with strongly serrate lateral-line bones (Centrarchini) 

and another to the Lepominae and the modern rockbass. Since in skeletal 

characteristics and other anatomical features, Chaenobryttus resembles 

Ambloplites, the former species is regarded as the primitive member of 

the tribe Lepomini. The Chaenobryttus (three anal spines) and Ambloplites 
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(five anal spines) lines diverged to give origin to the recent rockbass 

on the one hand and the members of the highly evolved members of the 

Lepominae on the other. Another divergence occurred when one group of 

fishes with only four dentary pores, a single posterior opening in the 

posttemporal, a much reduced infraorbital canal and a single anterior 

arm on the lachrymal bone, a decrease in serration of the lateral-line 

bones, as witnessed by the very smooth condition of the lachrymal and 

preopercle, ended in Mesogoni stius and the two species of Enneacanthus. 

The other branch, Chaenobryttus and the members of the genus Lepomis, are 

more generalized than are the basses and it is thought that some large

mouthed fish, corresponding closely to the warmouth, diverged to give 

rise to the lepomine forms and basses. That Chaenobryttus is more closely 

related to Lepomis than to other groups is clearly demonstrated by its 

ability to hybridize with various lepomine forms (Hubbs , 1955) . The 

large-mouth Lepomis, very probably a form close to the green sunfish, 

1,. cyanellus, which diverged from Chaenobryttus, may also have been the 

progenitor of the black basses, which are morphologically more closely 

related to Lepomis than to· the other sunfishes. The reasoning behind this 

last point is that the rather robust form, large supramaxilla, proportion

ally small lateral-line canals, and neuromast morphology of 1. cyanellus 

are more similar to those character s in Micropterus than are any of the 

other members of Lepomis or Chaenobryttus. The smooth lateral-line bones 

of Micropterus are considered to be specialized. 

The genus Elassoma poses a very difficult and special problem. Its 

affinities seem to lie with the Centrarchidae (Eaton, 1953) , but there 

has been so much modification and specialization that it is very diffi

cult to decide from whence these fishes may have been derived. They are 
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obviously not closely related to any existing sunfish. The following are 

characteristics in which Elassoma differs from all of the other Centrar

chidae: 1, no suborbitalsi 2, no lateral extrascapulari 3, lateral

line segment of posttemporal separate from the pectoral girdle; 4, no 

mandibular canali 5, no articular canal; 6, all lateral-line bones open 

grooves, which are not even similar to very young sunfishesi 7, no lat

eralis canals; 8, very few and small canal organs; 9, numerous external 

neuromasts which differ markedly from those of most centrarchidsi 10, 

only one sense hair per neuromast sensory cell (?); 11, supraorbital 

commissure not connected across the headi 12, posterior nasal pore open

ing into the posterior nostrili 13, rudimentary olfactory organi 14, 

no ocular sulcus; 15, gill membranes broadly joined across the isthmus ; 

16, rounded caudal fin (in part)i 17, very few fin raysi 18, cycloid 

scales (with one exception); 19, a sub cylindrical body shape; 20, very 

reclusive, sedentary habits; 21, different breeding habits. Eaton (1953, 

1956), who noted several of the above differences, prefers to call these 

forms "neotenic" sunfishes because of the larva-like nature of some of 

them. If Elassoma is truly a neotenic fish, this is only another char

acteristic in which they differ from the other centrarchids. It appears 

to this writer that Elassoma is very distantly related to any centrarchid. 

Either the elassomids diverged from the centrarchid stock early in the 

history of the group or they have entirely different affinities. They 

are considered to be highly specialized fishes which are related to the 

centrarchidae, but which have diverged sufficiently to be considered as 

a distinct family. These hypothetical relationships .are shown in Text 

Figure 9. 
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Text Figure 9. Hypothetical Phylogeny 
of the Centrarchidae. 

Specific Divergence Within Genera 
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Hybrids bit~tween Pomox,U and ,Centr_archY.§. do not appear to oc\Cur in 

nature (Hubbso 1955). Furthermore, the restricted range of the flyer and 

its habitat suggest that the two genera are not really dosely related, 

and that Centrarchus is a specialized, derived form (Text Fig. 10). 

Pomoxis, then, would be the more primitive genus and g. nigroma~ulatus, 

with its complete preoperculomandibular canal and more numerous ptery= 

giophores, probably gave rise to£. ftnnularis. 

The banded sunfish, ]. chaetodon, having a strongly compressed body 

is herein ccmsidered to be a specialization from !m,n.eacantJ1u~ ob(t:£.Mc~· 



Centrarchus P. annularis 

P. nigromaculatus 

Text Figure 10. Hypothetical Phylogeny 
in the Centrarchini. 
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Both of the last-named forms have relatively complete lateral-line systems 

and both are banded whereas E. gloriosus has a much reduced suborbital 

series. and is spotted. Consequently, it is postulated that the evolution

ary sequence must have progressed as seen in Text Fig. ll. 

E. gloriosus E. chaetodon 

E. obesus 

Text Figure ll. Hypothetical Phylogeny 
in the Enneacan thini. 

It is a different situation in Micropterus and Lepomis as far as de

veloping a tenable phylogeny is concerned. Some evidence has already been 

given that the green sunfish, 1. cyanellus, is the most primitive member 

of its genus. Its least specialized characteristics are: four lateral

line pores in the frontal, 12 preoperculomandibular pores (seven in the 

preopercle), seven suborbi tals, complete infraorbi tal canal, one canali-

culus in the postocular commissural canal, lachrymal about as long as 

wide and with its lateral-line canal as in Chaenobryttus, a large canal 

neuromast (average 532.5 microns in total diameter) with numerous support

ing cells in relation to sensory cells (127/29), a comparatively large 
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sensory area (average 192.3 microns in diameter) and a large supramaxilla. 

Lepomis symmetricus is a specialized species, but is most closely re

lated to the green sunfish. The configuration of its frontal, preoper

culomandibular and postocular commissural canals agree with those of 1. 

cyanellus, but the species has some other characteristics which are of a 

divergent nature. Some of these are as follows: only ten suborbital 

pores, the canal in this position being interruptedi only one posteriorly

directed tube on the posttemporali lachrymal like that of a young green 

sunfish, but differing in the adult statei and a reduced canal organ. 

The green sunfish is thought to be in the main line of lepomine evolution 

and 1, symmetricus a specialized congener of that species (Text. Fig. 12). 

The 1, cyanellus branch probably gave rise to the other species of 

Lepomis. Some of the changes which could account for this are: a reduc

tion in mouth size and in the size of the supramaxillai a reduction in 

number of preopercular poresi compression and deeping of the body; 

reduction in neuromast size and in the number of supporting elementsi a 

tendency toward the loss of spines on the lateral-line bonesi the lach

rymal, although retaining some similarity to that of the green sunfish, 

tending to become prolonged at the anteroventral margin, with a corres

ponding depression of the ventral, anterior lateral-line arm. 

The longear sunfish, 1. meqalotis, is the most logical and morpho

logically reasonable candidate for the position nearest the branch origi

nating from the green sunfish line. The species is very widely distri

buted and has many races (subspecies), several of which are yet to be 

described. Some of its characteristics definitely show such a proposed 

alignment, whereas others reflect the changes concommitant with evolution

ary advance. The lachrymal is essentially like that of 1. cyanellus, but 
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Text Figure 12. Hypothetical Phylogemy 
of Lepomis. 
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spination has become much reduced. The other ossicles of the infraorbi

tal canal are very much like those of.the green sunfish, both in con= 

figuration and in number (7) of pores; and the canal is completeo Another 

similarity is that there are 12 pores in the preoperculomandibular canaL 

Several divergent characters occur in the longear. some of which were 

noted in .Lo symmetricusv others reflect tendencies which are seen in most 

of the more advanced species of Lepomis. In the last category are foundg 

five frontal pores. two postocular commissural canaliculi and decreased 

spination a~d organ size. However, organ diminution apparently has not 

always occurred at the same rate in all species. In some speciesv ,b. 

humilis for example.· there appears to have been a secondary increase ill1 

size of the organ. 
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The two species most closely related to the longear sunfish (Text 

Fig. 12) are obvious deviates as far as the characters discussed above 

are concerned. Lepomis marqinatus and 1. auritus both have more restrict

ed ranges than their prototype. Morphologically, 1. marqinatus is more 

closely related to 1. megaloti s than it is to 1. auri tus. Like the long

ear, 1. marginatus has seven suborbital ossicles, a complete infraorbital 

canal and five frontal pores, but is divergent in possessing only one 

postocular commissural canaliculus and 11 preoperculomandibular pores. 

The lachrymal of this species resembles that of 1. meqalotis, but is prac

tically devoid of serrae. In body configuration 1. marginatus is very 

like the longear, of which it has been considered a subspecies (Reeves 

and Moore, 1949). This and the next species have either retained a larg

er organ than 1. megalotis or the neuromasts have become secondarily en

larged. Since a similar tendency is seen in other Lepomis, the second 

possibility seems more plausible. 

The lachrymal of 1. auritus has become considerably modified over 

that of 1. meqalotis, mainly in the lack of spines and in the development 

of the rather long ventral spur. Although the infraorbital canal is com

plete there are only six suborbital bones. Points of morphological simi

larity are found in the presence of 12 preoperculomandibular and five 

frontal pores and the two postocular c.ommissural tubes. The general ex

ternal morphology of this species is similar to that of 1. megalotis but 

the extremely long opercular membrane and the presence of palatine teeth 

are considered as modifications. 

Many of the remaining species of Lepomis have restricted ranges and 

definite habitat requirements which tend to augment the morphological 

data utilized here in assuming that the 1. meqalotis line gave rise to 
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these fishes. The presence of five frontal pores, seven suborbitals and 

two postocular commissural canaliculi indicate the relationships of the 

higher Lepomis, but the latter group bristles with divergent character

istics. A reduction of the preoperculomandibular pore number to 11, 

advanced smoothing of the lachrymal and elongation of its anteroventral 

margin, a secondary increase in neuromast size, and disjunction of the 

infraorbital canal between the lachrymal and the suborbitals behind it, 

all are indicative of specialization. The generalization at this point 

is that divergence, as seen in the above characteristics , gave rise to 

one branch which leads to 1, microlophus and its two close relatives and 

another one which ends in the bluegill and the orangespotted sunfish 

(Text Fig. 12). The 1, microlophus branch is probably more closely re

lated to the longear stock than is the bluegill--orangespotted sunfish 

branch. In 1, microlophus the lachrymal is very similar to that of the 

longear, whereas in 1, macrochirus, and especially in 1, humilis, the 

lachrymal has a tendency to be taller than wide. The three species of the 

redear group all have five frontal openings; 1, macrochirus only has four 

and in 1, gibbosus there are 12 preoperculomandibular pores and seven sub

orbital ossicles; there are also seven of the last-named bones in 1, 

punctatus and in 1, macrochirus of the other branch. In body shape the 

redear sunfish is most nearly like the bluegill or orangespotted sunfish. 

The Lepomis microlophus group differs from 1, megalotis in having 

two postocular commissural canaliculi, except 1, gibbosus which has one, 

and in having an incomplete infraorbital canal, except 1, punctatus, 

where it is complete. It is thought, because the greater part of the 

range of 1, qibbosus lies in the glaciated region that the species is a 

derived one. The neuromasts found in the pumpkinseed are secondarily 
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smaller than those of 1. microlophus, mainly because of a decrease in the 

number of supporting cells. In having 12 instead of 11 preoperculomandi

bular pores, one postocular commissural canaliculus and seven suborbitals, 

1. gibbosus shows further divergence from 1. microlophus. 

Lepomis punctatus is also considered to be a specialized offshoot 

from the~. microlophus branch (Text Fig. 12). Some relationship is in

dicated by the 11 preoperculomandibular pores, five frontal pores and body 

configuration, but there are many divergent characteristics. The lachry

mal is taller than wide and nearly completely smooth, and its neuromasts 

are usually slightly larger than those of the redear sunfish. There are 

seven instead of six suborbitals and a complete rather than an incomplete 

infraorbital canal. One character which is definitely of a divergent na

ture is that of the supratemporal canal being covered by scalesi no other 

Lepomis possesses such scales. The fact that hybridization between 1,. 

punctatus and Chaenobryttus or 1, cyanellus has never been reported has 

some bearing on this question. Such combinations have been recorded 

(Hubbs, 1955) in both 1. gibbosus and 1, microlophus, indicating special

ization in 1. punctatus, possibly in selection of habitat station. 

In the other branch, 1. macrochirus and 1. humilis possess several 

characters which show divergence from the main line of lepomine evolution. 

Some of these have already been mentioned (see above) but others are seen 

in Lepomis macrochirus, which, because of its great geographical range 

and tendency to form races, is considered to .- be the more genaralized mem

ber of the two fishes in its branch, The bluegill canal neuromast is of 

moderate size, as in the longear, but the first-named fish has two post

ocular commissural canaliculi and only four frontal pores. Lepomis humilis 

is an obvious deviate on several counts. Its range indicates a preference 

for turbid watersi it has only six suborbitals, a huge canal organ, one 
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postocular commissural canaliculus, greatly inflated lateral-line tubes, 

five frontal pores and is the only species in Lepomis which possesses an 

interrupted preoperculomandibular canal. 

Phylogeny of the Micropterini 

The species of Micropterµs form a very natural unit and exhibit lit

tle variation as far as the lateral-line system is concerned. It i s very 

difficult to propose a workable phylogeny for such a closely related group. 

Knowledge of geographical distribution within the tribe allows some in

sight into this problem. The original range of Micropterµs salmoides , 

the large mouth bass, was the most extensive of any of the species in the 

tribe. This species has a rather deeply emarginate dorsal fin, rather 

large scales, and a very large mouth. The lateral-line canals of the 

largemouth are relatively the smallest in the tribe. There are 11 infra

orbital canaliculi, 12 preoperculomandibular pores and the lachrymal neu

romasts are of moderate size, but shallower than in any other bass. The 

number of supporting cells in relation to sensory elements is 57/ 23. 

Some of these characteristics are shared with the other species of 

Micropterus, but some of the other Micropterus ha~e undergone modifica

tion. Micropterus salmoides is here considered as the most generalized 

member of the bass tribe. 

The only species which approached the wide range of the largemouth 

is the spotted bass,]. punctulatus, which was originally distributed in 

the Ohio River System of Illinois and Indiana, south to Alabama and 

Georgia and west to Oklahoma and Texas (Moore, 1957). Both of the species 

are capable of existing in a fairly wide range of habitat conditions, but 

it appears that the largemouth prefers quiet waters, whereas the spotted 
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Text Figure 13. Hypothetical Phylogeny 
of the Micropterini. 
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bass is often seen in rapidly-flowing streams in such situations as at 

the foot of riffles. The small .mout~;;i}~sso ~" ,dolomieuiv is a species 

of clear running streams from Minnesota south to Alabama and west to east= 

ern Oklahoma CMoorev 1957). Both its range and habitat are thus seen to 

be somewhat more restricted than that of the largemouth and the spotted 

basses. M. dolomieui isv howeverv often taken from the same habitat as 

the spotted bass. The remaining three species of rnicropterine fishes 

are severely restricted in both geographical range and habitat . 

.Micropterus treCuli is :fownd only in the Edwards Plateau region of S01i.rth= 
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central Texas (Hubbs and Bailey, 1942) which is near the western limits 

of the range of ,M. punctulatus. ,M. coosae is restricted to the upland 

waters of Alabama and Georgia, but comes into contact with the spotted 

bass in that region (Hubbs and Bailey, 1940). ,M. notius was originally 

found only in a spring-fed tributary of the Sante Fe River in Florida 

(Bailey and Hubbs, 1949). The disjunctive ranges of the last three spe

cies indicate that these fishes are specialized forms. What little is 

known concerning hybridization in the Micropterini seems to confirm the 

latter proposal. There are no hybrids involving the largemouth bass 

(subgenus l:!lu:.Q) (Hubbs, 1955). In the remaining species (subgenus 

Micropterus) hybrids observed to date are between ,M. coosae and ,M. 

punctulatus and between ,M. dolomieui and ,M. punctulatus (Hubs and Bailey, 

1940), species which overlap or come into contact in their ranges. The 

probable reason that Huro does not hybridize is that there is stringent 

ecological disassociation during the breeding season, which in itself is 

indicative of specialization in the other basses. 

Two main lines of descent are indicated in the bass tribe. One of 

these, embracing those fishes with a deep cleft in the dorsal fin, a rela

tively large mouth, 11 infraorbital and 12 preoperculomandibular pores and 

a relationship between the sensory and supporting cells in which the for

mer occupying about 50 per cent of the neuromast diameter, eventually gave 

rise to ,M. salmoides. The other branch, including forms mostly with 11 

preoperculomandibular pores, a rather shallow cleft in the dorsal fin, a 

smaller mouth, a tendency toward larger lateral-line canals and canal 

neuromasts, and smaller scales which encroach upon the dorsal-fin mem

branes, led to all of the other Micropterus (Text Fig. 13). 

Mi cropterus punctulatus , being much more widely distributed, pos

sessing several subspecies and enjoying a relatively wide range of 
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environmental freedom in habitat selection, is probably very near the 

base of speciation in the subgenus Micropterus. However, Bailey and 

Hubbs (1949) suggested that ,M. notius _was a relict species and near the 
_..,-, 

prototype of the subgenus, but there are several reasons why this species 

is probably not a generalized one but a highly specialized form. Florida 

is located in a region that is geologically rather young as compared to 

parts of the Mississippi Valley. Some morphologically divergent char-

acteristics are as follows: ,M. notius and ,M. coosae have the most ca-

pacious canals in the s~bgenus, nine infraorbital pores, 12 preoperculo

mandibular pores and a neuromast which (with _M. coosae) is nearly twice 

the size of the other basses, including Huro. Micropterus punctulatus 

has a neuromast which is approximately comparable to that of the large

mouth bass (supporting cells/sense cells, 52/22), small canals and 11 pores 

in the preoperculomandibular and infraorbital canals. 

The smallmouth bass, .M, dolomieui, although being fairly widely dis-

tributed, has more definite habitat requirements and many characteristics, 

such as a smaller mouth, small scales and nine infraorbital pores , which 

are of a divergent nature. The neuromasts of this species (64/29) and 

the 11 preoperculomandibular pores show some relationship with the spotted 

bass, but these two species probably diverged very early in the phylogenic 

history of the subgenus (Text Fig. 13). 

On comparing the ranges of ,M. treculi and M. punctulatus, it becomes 

apparent that the former is probably a geminate species of the latter. 

There is a great deal of morphological similarity between the two, but 

M, treculi is a considerably smaller species. Its lateral-line canals 

agree with those of the spotted bass in size and in number of infraorbital 

pores (11), but there are 12 instead of 11 preoperculomandibular pores. 
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The sensory area occupies a greater percentage of the total diameter of 

canal neuromasts (69/30) than in any other bass and the sensory hairs are 

much longer than in related forms. All of these characters show diverg-

ence from the main line. During a collecting trip to the Edwards Plateau 

in 1958 it was noted that ,M. treculi seemed to be found only in the fast-

est waters of riffles and that the species color, when alive , was of a 

light golden hue. Micropterus treculi is considered to be more nearly 

related to ,M. punctulatus than to any other form. 

Both Micropterus notius and .M, coosae possess characteristics which 

refer them to a relationship with the spotted bass branch, but they doubt-

less arose from an offshoot distinct from the .M, treculi division. Of 

the two species ,M. coosae most closely resembles ,M. punctulatus , whereas 

the spring-dwelling ,M. notius recalls ,M. dolomieui in coloration and in 

having only nine infraorbital pores. ,M. coosae has 11 infraorbital pores. 

Divergence is indicated in the ,M. coosae--,M. notius line by the 12 pre-

operculomandibular pores and the very long neuromasts. The canal organs 

of M. notius were found to possess 112 supporting cells to 49 sensory ele

ments and in ,M. coosae the average ratio was 115/46. It has already been 

shown that the lateral-line canals of the last two species are the largest 
i 

in the Micropterini. All of these characteristics demonstrate relationship 

between ,M. notius and ,M. coosae and divergence from the main stock of the 

spotted-bass line. Since the redeye bass is morphologically similar to 

.M, punctulatus (Hubbs and Bailey, 1940), with which it has been confused, 

it is herein assumed that this species lies nearer the point of divergence 

than does .M, notius (Text Fig. 13), 

Phylogeny of Elassoma 

The pygmy sunfishes are difficult t-0 arrange in satisfactory phylogenic 
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relationship since there is practically no morphological distinction be-

tween the three species, the lateral-line system is of very little help. 

However, for the sake of completeness, an attempt has been made to de-

velop a tentative phylogeny (Text Fig. 14). 

E. okefenokee E. zonatum 

E. evergladei 

Primitive Stock 

Text Figure 14, Hypothetical Phylogeny 
of Elassoma. 

Elassoma zonatum has by far the w.idest range of any Elassoma, ex-

tending from the lowlands of Illinois south to east Texas and east in the 

Gulf States to Florida and North Carolina. Elassoma evergladei ranges 

from Florida to South Carolina (Moore, 1957) and E, okefenokee known only 

from the Okefenokee Swamp of Georgia) probably occupies a range of similar 

size (Bo'h+ke, 1956). E, zonatum has 38 to 45 scales in the lateral series 

whereas E, okefenokee has 31 to 34 and E. evergladei 27 to 30 in the same 

region. Since reduction of parts is considered to be indicative of evo-

lutionary advancement, the more numerous scales of E, zonatum would indi-

cate the primitive condition. However, this is not always true. It has 

been shown that scales sometimes secondarily occur where they are most 

often absent. The acquisition of a scaly-head dorsum in E. evergladei is 

considered as a characteristic deviating from the naked condition in the 

other two species. As pointed out in the discussion of Lepomis, banding 

is thought to be a primitive characteristic. E, zonatum is strongly 

banded and E. okefenokee less so, and E. everqladei is not bended at all, 
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but appears to be lightly streaked longitudinally because each of its 

scales has a light center (Jordan, 1884). It is evident that the first 

two species are much more similar to each other than is either to the 

last-named one. As shown in the description of external neuromast lines, 

~. zonatum and~. okefenokee also show greater relationship to each other 

than to~. evergladei. One lateral-line characteristicv which may or may 

not be valid (because of the small sample size), that can be used to dem

onstrate divergence is the number of mandibular neuromasts: E. zonatum 

possesses more than two times as many of these as the other two species. 

From the meager data above it is suggested that E. zonatum is the 

most unspecialized member of the genus and that~. okefenokee is its near

est relative. The supposed phylogeny of the group is seen in Text Figure 

14. 



CHAPTER XVI 

TAXONOMIC IMPLICATI~S 

Characters of the lateral-line system have often been utilized in 

taxonomic works to distinguish species. The characters chosen have usu

ally been ones concerning the degree of completeness of certain canals 

(or canal series), such as the infraorbital or lateralis. However, the 

morphology of the canals and their associated bones have been put to lit

tle use in classifying members of the Centrarchidae. This study has shown 

that these characteristics are useful in distjnguishing genera but in some 

groups, Micropterini, Enneacanthini and Elassomidae, their usefulness in 

characterizing species is very slight. Hubbs (1943) demonstrated on sev

eral occasions that in fishes the genus is an arbitrary taxonomic entity 

without apparent objective criteria. The characters which hold such a 

taxon together are those which can withstand the test of unvarying con

sistency. 

In describing the genus Elassoma, Jordan (1877) found it impossible 

to refer the fish, ~. ·zonatum, to a family, but thought the new form to 

be a member of the primarily South American family Cichlidae. Berg (1946) 

considered these small fishes to be centrarchids but, from the evidence 

her.ein presented, it seems best to place the pygmy sunfishes in a sepa

rate family, the Elassomidae Jordan. 

Topotypes of the fossils Pomoxis 1m!.e.i Hibbard and Chaenobryttus 

kansasensis Hibbard from the Middle Pliocene in Logan County, Kansas 
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(Hibbard, 1936) are_ here regarded as con specific with Pomoxi s niqromaculatus 

LeSueur and Chaenobryttus 9ulosus (Valenciennes) respectively. The bones 

off, lanei fall well wi\hin·the limits of variation for f. niqromaculatus 

and~. kansasensis is indistinguishable from the recent warmouth. The mere 

occurrence of a form in a certain stratum of rocks does not, in itself, 

imply that the form should be given specific recognition nor is there any 

reason why subspecies should not be extended into time as well as in space. 

If these forms are races they will have to be distinguished with statis-

tically obtained data. 

We have shown that there is a great deal of similarity between the 

nominal genera Enneacanthus and Mesoqonistius. The characteristics re-

fleeting this relationship are very constant and are of such a magnitude 

that closer affinity than tribal relationship is indicated. Mesoqonistius 

is considered as congeneric with Enneacanthus. Although Eddy (1957) ef-

fected such a union he gave no reasons for so doing. Nomenclaturally 

speaking, there does not seem to be a question of priority involved, since, 

according to Jordan, Evermann and Clark (1930), Gill described both in 1864 

on the same page. The rule of the first reviser thus applies. Although 

Eddy's (op. cit.) keys to North American f~eshwater fishes are not to be 
' 

considered as a revision, ;:he,.· did· . inthde . the three species as members 

of the genus Enneacanthus. In the interest of avoiding confusion it seems 

most logical to follow this worker in name choice. 

The key to the members of the family Centrarchidae presented below 

is intended to be a natural one based largely upon the data secured dur-

ing this study. 

Key to the Genera and Species of the Centrarchidae and Elassomidae 

1. Dentary and articular penetrated by the lateral-line; lateral 
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extrascapular and at least two suborbital ossicles present; 

supraorbital commissure complete; lateralis never completely 

absent Centrarchidae 2 

Dentary and articular not penetrated by the lateral-line; 

lateral extrascapular and,lateralis lacking; supraorbital 

commissure incomplete ----- Elassomidae ------ 28 

2. With five anal spines----------------

With three anal spines----------------

3 

9 

3. Upper, posterior edge of supraclei thrum bearing serrae __ 

------------------- Archoplites interruptus 

Supracleithr~m smooth------------------ 4 

4. Posterior edge of posttemporal smooth; inftaqrbital canal 

complete 5 

Posterior edge of posttemporal serrate (sometimes obsolete in 

Pomoxi s) i infraorbi tal incomplete ------------

5. Posterior edge of lower preopercle serrate, its lower arm 

forming an angle of about 90° with the upper; two posteriorly

directed pores on the posttemporal; supratemporal canal not 

covered by scales; anteroventral margin of lachrymal serrate; 

scales ctenoid-..·--------- Ambloplites ------

Posterior edge of preopercle smooth, its lower arm forming an 

angle of about 110° with the upper; one posteriorly-directed 

pore on the posttemporal; supratemporal canal covered by 

7 

6 

scales (except its branches); anteroventral margin of lachrymal 

smooth; scales cycloid . Acantharchys pomotis 
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6. Rows of scales above the lateralis seven to nine; cheek~ ful-

ly scaled~------~~~~----~--- Ambloplites rupestris 

Rows of scales above the lateralis ten to 12; cheeks only 

partially scaled~~~~~~--~-- Ambloplites cavifrons 

8 

Dorsal spines 11 t o 13 ~--------- Centrarchus macropterus 

8. Dorsal spines 7 (rarely six or eight); preqperculomandibular 

canal complete ·------------------- Ppmoxis niqromaculatus 
/ / 

Dorsal spines 6 (rarely five or seven); preoperculomandibular 

canal interru~ted ---------------- Pomoxis annularis 

9. Lachrymal with two anteriorly-directed branches; two posterior 

openings on the posttemporal canal; infraorbital canal not 

greatly interrupted, reaching to or beyond middle of eye; 

five mandibular openings----------~~~--~~--~------~ 10 

Lachrymal with a single anteriorly-directed branch; only one 

posterior opening on the posttemporal canal; infraorbital 

canal greatly interrupted, usually not reaching middle of eye; 

four mandibular openings~--~--- Enneacanthus ------------ 26 

10. Preopercle not boomerang-shaped, usually serrate posteriorly, 

its upper arm forming an angle of less than 100° with the lower 

(except in ,b. synunetricus, in which the angle is 110 to 115°); 

lachrymal usually serrate at the anteroventral margin, its en-

ire posterior edge involved in forming the anterior orbit; later-

alis curving upward from its origin; cephalic external canaliculi 

usually not longer than the width of the canal bearing them ___ 11 

Preopercle boomerang shaped, never serrate posteriorly, its upper 
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arm forming an angle of 100° to 105° with the lower; lachrymal 

smooth, only its upper one-half involved in forming the orbit; 

lateralis curving downward for two ·or three scales from origin 

then curving upward; cephalic external canaliculi usually long-

er than the width of canal which bears them _________________ _ 

------------------------------~ Micropterus 

11. Teeth on tongue and pterygoids; lachrymal bearing a postero

ventral notch; supramaxilla longer than width of maxilla,_ __ ~ 

~----------------------------~ Chaenobryttus gulosus 

No teeth on tongue or pterygoids; lachrymal lacking a postero-

ventral notch; supramaxilla shorter than width of maxilla ~12 

12. Width of supracleithrum contained 3.5 or more times in its 

length 13 

Width of supracleithrum contained 3.0 or fewer times in its 

length 14 

13. Lateralis extending to a point behind the end of soft dorsal, 

usually complete; two posterior pores on posttemporal; preoper

cle angle 900 to 95°; lachrymal about as wide as tall-------

------------------------------~ Lepomis cyanellus 

Lateralis ending under soft dorsal; only one posterior pore 

on posttemporal; preopercle angle 110° to 115°; lachrymal 

nearly twice as tall as wide Lepomis symrnetricus 

14. Posterior edge of opercle fimbriate; supraorbital pore form-

ula 2(1 + 3) 15 

Posterior edge of opercle not fimbriate, or if it is, then 

supraorbital pore formula 2(0 + 3) 17 
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15. No canaliculi in the cephalic lateralis except the two posterior 

openings of the posttemporal, its formula 2(0 + 2 + 0)_~--

--------------~ Lepomis megalotis 

A third canaJic)lus present in cephalic lateralis, its formula 

2(0 + 2 + 1) 16 

16. Postocular commissure with one canaliculus; preoperculo

mandibular canal with 11 pores; external canaliculi of 

lateralis short and directed caudad along the main axis; 

no long posteroventral spur on lachrymal ---------

Lepomi s marqinatus 

Postocular commissure with two canaliculi; preoperculoman

dibular canal with 12 pores; external canaliculi of lateralis 

relatively long and deflected away from main axis; lachrymal 

with a long posteroventral spur ___ Lepomis auritus 

17. Posterior edge of opercle fimbriate; supraorbital pore formula 

2 (0 + 3) 18 

Posterior edge of opercle not fimbriate; supraorbital pore 

formula 2(1 + 3) 19 

18. Preoperculomandibular canal joined dorsally to cephalic later

alis; four frontal openings; width of supraorbital canals not 

greater than the space between them_ Lepomis macrochirus 

Preoperculomandibular canal disjunct dorsally from cephalic 

lateralis; five frontal openings; width of supraorbital canals 

greater than the space between them-----------~ 

Lepomis humilis 
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19. Preoperculomandibular canal formula 2(JP1 + 12) or 2(JP1 + 10); 

~upratemporal canal not covered by scales; width of lachrymal 

into its length less than 1.5; lower pharyngeal width into its 

length 3.0 or less 20 

Preoperculomandibular canal formula 2(JP1 + 12); supratemporal 

canal covered by scales; width of lachrymal into its length 

1.5 or more; lower pharyngeal width into its length 4.0 or 

more ---------------- Lepomis punctatus 

20. Preoperculomandibular formula 2(JP1 + 10); postocular commissure 

with two canaliculi Lepomis microlophus 

Preoperculomandibular formula 2(JP1 + 11); postocular commissure 

with one canaliculus --------- Leoomis qibbosus 

21. Dorsal fin deeply emarginate, the shortest spine only about 

one-half the length of the longest; pyloric caeca most often 

bifurcate Micropterus salmoides 

Dorsal fin shallowly emarginate, the shortest spine more than 

~ne-half the length of the longest; py)oric caeca usually 

22. Preoperculomandibular pore formula 2(JP1 + 11) or 2(JP1 + 10); 

scales above the lateral line seven to 10, those below 14 to 
19 ___________________________ ~ 

Preoperculomandibular pore formula 2(JP1 + 10); scales above 

the lateral line 12 or 13, those below 20 to 23 ------

22 

23 

Micropterus dolomieui 

23, Preoperculomandibular pore formula 2(JP1 + 10) 
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Micropterus punctulatus 

Preoperculomandibular pore formula 2(JP1 + 11) 24 

24. Postocular comm'issural canal with two external canaliculi _ 25 

Postocular commissural canal with one canaliculus ----

Micropterus notius 

25. Sides with vertical barsi restricted to Edwards Plateau of 

southcentral Texas Micropterus treculi 

Sides with a broken lateral band; restricted to upland streams 

in the Alabama and Savannah river basins of Alabama and 

Georgia -------------- Micropterus coosae 

26. Palatine teeth usually presenti dorsal fin not emarginate ~ 

27 

Palatine teeth absenti dorsal fin emarginate ------

Enneacanthus chaetodon 

27. With at least four suborbitals including the lachrymal and der

mosphenotic i sides with dark bands -----------

Enneacanthus obesus 

With three or fewer suborbitalsi sides marked by longitudinal 

rows of spots------------ Enneacanthus gloriosus 

28. Top of head naked; sides of body marked by bars----~- 29 

Top of head scalyi scales on sides of body with light centers 

giving the appearance of longitudinal streakin.,_ ______ __ 

Elassoma evergladei 
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29. A dark blotch (double in Oklahoma sp~cimens) just below the 

origin of the dorsal fin ------

. Dark blotch lacking ---------

Elassoma zonatum 

Elassoma okefenokee 



CHAPTER XVII 

SUMMARY AND crncUJSICNS 

The lateral-line system of centrarchid fishes is characterized by 

simplicity and the lack of numerous branches. Those branches (external 

canaliculi) which are present are simple and uncomplicated by secondary 

bifurcation; ending in simple pores • . All of the major canals of the 

higher bony fishes are represented. FoJ the sake of convenience some of 

the lateral-line nomenclature has been revised, the revision being mainly 

concerned with the cephalic canals behind the eye. The point of junction 

between the supraorbital, infraorbital and the canal which connects the 

cephalic canals with the laterali s, has been termed the "postocular si

nus;" the connecting piece is called the "postocular commissure." The 

external lateral-line morphology of all species has been illustrated and 

a system proposed for denoting pore distribution. 

Another characteristic of the sunfish lateral-line system is the 

paucity of external neuromasts. These structures are not remarkably dif

ferent from those of many other fishes, and pccupy body regions as usual 

for percids. In Lepomis punctatus, 1. me'galotis, 1. gibbosus and 1. 

cyanellus and in the three species of Elassoma, opercular organs were 

noted. This is a rather peculiar distribution and has been seen in only 

a few other fishes, such as~. In the pygmy sunfishes there has been 

extensive reduction of the lateral-line canals and concomitant replace

ment by external neuromasts. The infraorbital canal, has, with the ex-

243 



244 

ception of a much reduced lachrymal, disappeared completely; The supra

orbital canal is interrupted; the preoperculomandibular canal is inter

rupted above and incomplete ventrally; and the lateralis canals are lack

ing. 

The osseous portion of the system has been discussed in detail and 

many parts of it illustrated. The skeletal elements associated with the 

lateral line where found to be very similar to those of many other fishes 

as far as penetration route is concerned but in shape and in spination 

they are more like those of serranids than other fish taxa. This is es

pecially obvious in the subfamily Centrarchinae, which are considered to 

be the primitive members of the family. The Enneacanthini have undergone 

considerable reduction and modification in their lateral-line bones but 

not so much as in the pygmy sunfishes. Of all the centrarchids, the 

Lepomini are most similar to the Centrarchini and especially to the rock

bass. 

Comparative histological observations revealed t hat the canal organs 

are not notably different frol!l those of other fishes except that the sen

sory cells possess multiple sense hairs. This has heretofore been ob

served only in Cichlasoma cyanoguttatum. The presence of cupulae and in

tercellular bridges was observed. One of the more important observations 

was that more than one kind of sensory cell is present in the canal neuro

masts of several species. Physiological evidence for the existence of 

heterogeny in the sensory elements of fishes has been noted before, but 

to our knowledge this is the first report of morphological differentiation. 

Several differences between species were discovered but few inter-tribal 

or inter-generic differences in soft anatomy were noted. Suggestions con

cerning the functional aspects of observed histology and cytology were 
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made. 

The external neuromasts were found to differ from the canal organs 

mainly in size. However, it was also found that the sensory elements of 

these smaller organs possessed only single sensory hairs. The neuromasts 

of Elassoma differ markedly from those of the true sunfishes in morphology 

(except Enneacanthus), distribution and in number. 

Utilizing the rather large amount of evidence compiled during this 

study the following conclusions were reached: 

1. The Centrarchidae are most nearly related to the family Serra

nidae. 

2. Archoplites interruptus is the primitive member of the family. 

However, it has become highly specialized through long-continued 

isolation and is probably not in the direct line of Centrarchid 

evolution. 

3. Ambloplites is the most generalized member of the Centrarchidae 

and is in the direct descendency of the family. 

4. Acantharchus is a derived form. 

5. The tribe Centrarchini is related to the Ambloplitini, but is 

more specialized. Pomoxis niqromaculatus is considered to be 

the generalized member and a form like it probably gave rise to 

f. annularis and Centrarchus macropterus. 

6. Chaenobryttus gulosus is the progenitor type of the lepomine 

tribe and is intermediate between Ambloplites and Lepomis 

cyanellus, the primitive member of its genus. 1. symmetricus 

is a congener of the last-named species. 

7. Lepomis meqalotis is a divergent form, but a form similar to it 

probably gave rise to the remainder of the family. 
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8. Two branches from the main lepomine line gave rise to 1. macrochirus 

and 1, humilis on the one hand and to 1, microlophus, 1, punctatus 

and 1, qibbosus on the other. 

9. The main 1. maqalotis sequence ended in the production of 1, 

marginatus, 1. auritus and 1. megalotis. 

10. Divergence from the lepomine stock gave rise to Enneacanthus and 

Micropterus and the recent Chaenobryttus. 

11. Micropterus is a natural unit with very little morphological dis-

tinction between species as concerns the lateral line. 

12 • .,M. salmoides is the primitive member of its genus. 

13 • .M, dolomieui diverged early from the main evolutionary sequence. 

14. .M, punctulatus is clearly most nearly related to .,M. salmoides 

and it is thought that a form like it was probably the progeni-

tor of the more highly specialized forms. 

15. .M, treculi and .,M. punctulatus are geminate species • 

16. ]. coosae and .,M. notius are divergent forms, the former being 

more closely related to]. punctulatus th~n the latter. 

17. Enneacanthus is another natural unit derived from the ancestral 

Lepomini. 

18, ,f;. obesus is considered as the most generalized species of its 

tribe and that a form like it probably, 'gave_ rise to _g, g loriosus and 
\ 

_g, (Mesogonistius) chaetodon. 

19. The genus Elassoma differs from the Centrarchidae in 20 or more 

major characteristics and is considered to have diverged from 

the sunfishes very early in the evolutionary history of the 

group. There is sufficient evidence for the recognition of the 

monotypic family Elassomidae Jordan. 



20. ];. zonatum is the generalized form, E, evergladei and E, 

okefenokee being the result of specialization. 

21. Ji! .• okefenokee is most nearly related to i,;. zonatum. 
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22. Mesogonistius is merged with Enneacanthus and the latter epithet 

preserved. 

23. The fossil species Pomoxis lanei is conspecific with f, 

nigromaculatus and Chaenobryttus kansasensis is indistinguish

able from~. aulosus. 

24. It is possible to correlate l~teral-Iine morphology with the 

habitat in· which some species are found. 

A key is offered for the diagnosis of genera and species, based in 

a large degree upon the characteristics herein discussed. 



CHAPTER XVIII 

SUGGESTIONS FOR FURTHER STUDY 

1. An attempt to correlate the relative development of other sen

sory organs with the habitat of the various centrarchids and 

with the development of the lateral-line system would probably 

yield important results. A comparative morphology of centrar

chid eyes would be particularly interesting. 

2. An attempt to correlate the diameter of the lateral-line nerves 

with the observed external anatomy of the system should be made. 

3. In the area of histology and cytology it would be most interest

ing to perform microchemical analysis of the cellular constit

uents of the neuromasts. The use of selective stains for mito

chondria, Golgi bodies, various proenzymes and hormones would 

be most helpful in this study. 

4. Special physiological experiments directed toward discovering 

the function of the heterogeneous sense cells should be attempt

ed. 

5. The embryological development of all members of the family 

should be ~tudied in detail and the following aspects decided: 

a, whether or not the lateral-line organ and primitive ear form 

from a common anlagei b, the time of separation of the above two 

structuresi c, the method and route of migration of the neuro

masts from their point of origin, d, the time and method of 
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of canal formationi e, the degree of correlation between neuro

mast position and the formation of lateral-line bones; and f, 

particular attention should be given to the development of the 

canal neuromasts to determine how the heterogeneous cells come 

into being and if they are involved in some sort of holocrine 

function. 

6. Serological tests should be accomplished on all of the centrar

chids and an attempt be made to test the degree of relationship 

between species. This would serve as a check 011 the findings 

herein presented. 
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Plate I. External Morphology of the·· Centrarchidae. 
PropQrtional drawings of Indi.a-ink inject
ed specimens; stippling represents are~s 
covered by tissue only. 

Figure: . 

1. f.gmoxh annularis x o. 5 .. 

2. ,C,entrarchus macrgpterus x 1.4 

3. Pomoxis nigrgmaculatus x o.s 
4. Archoplites J..nterruptus x 1.4 

s •. Ac@ntharchus pomotis x 1.4 

6;' · Ambloplites rupestris x o~:s 

7. Lepomis cyanellus X 0.5 

8. Lepomis symmetricus X 1.4 
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Plate II. External Morphology of the Centrarchidae 
(continued) • 

Figure: 

9. Lepomis megalotis b,reviceps X o. 5 

10. Lepomis punctatus x o.5 

11. ,t.~pomis Jrnritus x o. 5 

12. Lepomis marginatus x 1.4 

13. Lepomis microlophus x o.5 

14. Lepomis macroehirus x o.5 

15. Lepomis gibbosus x o.5 

16. Lepomis humilis x 1.5 



266 



267 

Plate III. External Morphology of the Centrarchidae 
(continued) • 

Figure: 

17. Micropterus salmoides X 0.5 

18. Micropterus punctulatus X 0.5 

19. Micropterus treculi X 0.5 

20. Micropterus potiY,! X 1.5 

21. Micropterus coosae X 1. 5 

22. Micropterus dolomieui velox X 1.1 

23. Enneacanthus ,obesus X 1. 4. 

24. Enneacanthus gloriosus X 2.8 
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Plate IV. External Moropology of the Centrarchidae (continued). 
A, anterior; E, external canaliculus; N, lateralis
canal neuromast. 

Figure: 

25. Enneacapthus (Mesogonistius) chaetodon X 2.6 

26. Scale of Chaenobryttus gulosus as seen from the 
edge, showing peg-like articulating structures 
at anterior end. Free hand, not to scale. 

27. Lateral-line scale of Chaenobryttus gulosus. 
Not to scale. 

28. A series of lateral-line scales from Lepomis 
gibbosus showing external canaliculi and method 
of connection. X 8.2 
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Plate v. Osseous Components of the Lateral-Line system in 
the Centrarchidae. 

Figure: 

29. Posttemporal and upper end of supracle:i.thrum of 
ftrchoplites. X 11.1 

30. Posttemporal of Centrarchus nmcript~~. X 38.9 

3L Supraclei thrum of ,Lepomu c~s1nellus, X 18. 8 

32. Posttemporal and upper end of supracleithrum of 
£~moxi§ .n.iJ;:1romaculatus. X 1.4 

33. Posttemporal and upper end of supracleithrum of 
Epneacant~ (Mesogonistiu§) chaetodon. X 20.0 

34. Post temporal of .bfil?.9.W.i..§ mi£.rolophus. X 6, 3 

35. Supratemporal-intertemporal, posttemporal and 
upper end of supracleithrum of Ennep,canthus 
.uloriosus. X 17.5 

36. Dermopterotic of Pomoxis nigromaculatus. X 6.5 

37. Posttemporal of Lepomis .s.Yritus. X 5.2 

38. Dermopterotic of Lepomis cyanellus. X 3. 9 

39. Posttemporal of .§lassoma okefenokee. X 18.7 

40. Dermopterotic of Archoplites interruptus. X 13.5 
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Plate VI. Osseous Components of the Lateral-Line System 
in Centrarchidae (continued). 

Figure: 

41. Frontal of Centrarchus macropterus. X 8.6 

42. Posttemporal and upper end of supracleithrum 
in Lepomis humilis. X 7.4 

43. Dentary of Lepomis macrochirus. X 3. 6 

44. Dentary of Lepomis cyanellus. X 2.4 

45. Frontal of Lepomis auri tus. X 3.3 

46. Frontals of Micropterus punctulatus. X 3. 6 

47. Frontals of Elassoma okefenokee. X 11. 7 

48. Nasal of Micropterus punctulatus. X 2.6 
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Plate VII. Osseous Components of the Lateral-Line System 
in Centrarchidae (continued). 

Figure: 

49. Preopercle of Archoplites interruptus. X 4.3 

50. Preopercle of A~9ntharchus uomotis. X 2.1 

51. Preopercle of Centrarchus macropterus. X 2.5 

52. Preopercle of !llli~rop:terus treculi,. X 2.0 

53. Preopercle of LepomiJ auritus. X 1.6 

54. Preopercle of Elassoma okefenokee. X 7.0 

55. Preopercle of .Lepomis macrochirus. X 2.0 

56. Preopercle of Lepomis humilis. X 6.1 

57. Preopercle of L~11omis megslotis. X 2.0 

58. Preopercle of Enneaganthus gloriosus. X 6.5 

59. Jugal of Lepomis gibbosus. X 6.5 

60. Preopercle of Lepomis £.Yanellus. X 1. 5 

61. PreopercJe of Lepomis synunetricus. X 4.0 

62. Lachrymal of Pomoxis nigromaculatus. X O. 9 

63. Lachrymal of Ch2enobryttus gulosus. X 2.9 

64. Lachrymal of Le12ornis cyanellus. s. L. 187 mm. o X 2.9 

65. Jugal of Micropterus salmoides. X 15. 6 

66, Lachrymal of be122mis marginatus. X 4.1 

67. Lachrymal of Le12omj,s cyanellus. s. L. 11. 0 mm., X 13.2 

68. Lachrymal of Lepomis symmetricus. X 5.7 

69. Lachrymal of 6e12omis microloQhus. X 4.1 

70. Lachrymal of Lepomi§ macrochirus. X 4.0 

71. Lachrymal of Enneacanthus gloriosus. X 3. 7 

72. Lachrymal of Lepomis auri tus. X 4.0 

73. Lachrymal of Lepomis megalotis breviceps. X 3.5 

74. Lachrymal of Elassoma okefenokee. X 11.4 

75. Lachrymal of Lepomis hurnilis. X 6.5 

76. Lachrymal of Lepomis ».JAnctatus. X 5.2 
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Plate VIII. Osseous Components of the Lateral-Line System in 
Centrarchidae. av Heteromorphic sensory cells; 

Figure: 

b, normal sense cells; Cv cross-section of support
ing cells below the level of sense cells;· d. 
supranuclear body. · 

77. Lachrymal of Acantharchus pomotis. X 8. 6 

78. Lachrymal of Micropterus treculi. X 2.0 

79. Compound jugal and suborbital three of Micropterus 
,!l~. X 13.0 

80. Suborbital four of Archoplites interruptus. X 11.0 

81. Neuromast cells of Chaenobryttus gulosus. 

82. Canal neuromast of Centrarchus macropterus. 

83. Central cellular elements of Ambloplites rupestris. 

84. Marginal cellular elements of Acantharchus pomotis. 

85. Cellular elements of Pomoxis annularis. 

86. Canal neuromast of Lepomis marginatus. 

87. Cellular elements of Centrarchus macropterus. 

88. Cellular elements of Pomoxis nigromaculatus. 
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Plate IX. Cellular Components of the Lateral-Line (continued). 
s, Sense celli i, intercellular bridges of sustentacu
lar cellsi jv intercellular bridges of some sense cells. 

Figure: 

89. Supporting and sense cells of Micropterus 11unctulatus. 

90. Supporting and sense cells of )\IIicropterµs Jjlmoifi.e..§. 

91. Facial section of supporting and sensory cells of 
Micropterus treculi. 

92. Supporting and sensory cells of Micropteru1 treculi. 

93. Outline of external neuromast of Micropterus treculi. 

94. Supporting amd sensory cells of Micropterus dolomieui. 

95. · Supporting and sensory cells of Lepomi§. auritus. 

96. Facial section of supporting and sense cells of 
Lepomis auritus. 

97. Supporting and sensory cells of Lepomis humilis. 

98. Supporting and sensory cells of Enneacanthus 
(Mesogonistitis) chaetodon. 

99. Supporting and sensory cells of Lepomis macrochirus. 

100. Sensory cells of Lepomis microlophus. 

101. Cross section of some supporting cells of Elassoma 
zonatum. 

102. Supporting and sensory cells of Lepomis megalotis 
breviceps. 

103. Supporting and sensory cells of Lepomis cyanellus. 
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Plate X. Cellular Components of the Lateral-Line (continued). 
c, cupula; co, basement membrane; er, red blood cell; 
cw, canal wall; e, supporting-cell nuclear endosome; 
ec, epidermis; 1, lumen; 0 0 lachrymal bone; r, sensory 
cells; s, supporting cells; tv terminal bar. 

Figure: 

104. A, ~canal neuromast of Enneacanthus. crloriosusu 
B, facial section of supporting cells in]. 
obesus. 

105. External neuromast of Micropterus notius. 

106. Supporting and sense cells of Lepomis punctatus. 

107. Canal neuromast of Elassoma zonatum. 

108. Supporting and sense cells of Lepomis gipbosus. 

109. Supporting and sensory cells of Enneacanthus 
gloriosus. 

110. Supporting and sense cells of El9ssoma evergladei. 

111. Canal neuromastv facial view, of Lepomis JW.ritus. 

112. Supporting and sense cells of Lepomis marqin@tus. 

113. Cross section of lachrymal canal and organ of 
Acantharchus pomotis. 

114. External neuromast outline of Enneacanthus qloriosus. 

115. Longitudinal section of upper, anterior lachrymal 
lateral-line branch of Pomoxis nigromaculatus. 
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Plate XI. Outlines of Lachrymal Neuromasts in the Centrarchidae. 
c, cupula; r, s,ensory-cell area; So supporting cells. 

Figure: 

116. Lepomis cyanellus. 

117. Micropterus salmoides. 

118. Micropterus coosae. 

119. Enneac1;mthus (Mesogoni§tius) chaetodon. 

120. Chaenobryttus gulosus. 

121. Micropterus treculi. 

122. Ambloplites ,t.upestris. 

123. Elassoma e~rergladei. 

124. Lepomis microlophus. 

125. Lepornis megalotis breviceps. 

126. Micropterus notius. 

127. Lepomis rnacrochirus. 

128. Micropterus qolomieui. 

129, Micropterus pynctulatus. 

130. Pornoxis annularis. 

131. Lepomis auritus. 

132. Lepomis humilis. 

133. Lepomis punctatus. 
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