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INTRODUCTION 

This study compares reproductive behavior under controlled 

laboratory conditions for five species of Fundulus occurring in 

Texas, and a hybrid between two or them. It also reports the 

production of sound in conjunction with courtship in each of 

them. 

Miller (1955) has stated that phyletic relationships within 

the genus are in need of further study. It is hoped that 

behavioral information will eventually contribute to the under

standing of these relationships. The present work is part of a 

larger undertaking which will also involve comparisons of 

morphology and reproductive compatibility (Hubbs and Drewry 1960). 

The primary references on spawning behavior in the genus 

(Henshall 1891, Newman 1907, Richardson 1939, Koster 1948, 

Carranza and Winn 1954) have restricted their observations in 

general to one species of Fundulus each, and have made any intra-

generic comparisons with published data from other references. 

Although such comparisons are used in this paper, they permit a 

certain latitude in interpretation, as they do not separate 

specific distinctions from the effects of different environments 

on similar types of animals. Laboratory comparisons avoid part 

of this difficulty by giving the investigator a measure of en

vironmental control. As Aaronson (1957) has pointed out, animals 

l 
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must be reared under rigid laboratory control before innate and 

learned behavior patterns may be separated. This distinction 

has not been made in this paper. 

Authors of source books for the aquarium hobbyist, includ

ing Innes (1956) and Axelrod (1957), give generalized directions 

for the breeding of the killifishes, usually including the 

species Fundulus chrysotus Holbrook, which has been sold here and 

abroad as an aquarium fish. From experience I would add to these 

directions the fact that the food requirement for maintenance of 

breeding condition in Fundulus is higher than that of many 

aquarium fishes their size. 

The five species were maintained in the laboratory and in

duced to court and spawn during all seasons of the year. They 

are Fundulus grandis Baird and Girard, F. pulvereus (Evermann), 

F. chrysotus Holbrook, F. kansae Garman, and F. zebrinus Jordan 

and Gilbert. Work not yet ready for publication has cast some 

doubt on the specific distinction of the last two taxa (see 

Miller 1955 for a discussion of their close relationship). My 

stocks of the two taxa were separated morphologically by the 

number of scales in the lateral series (Moore 1957) . As their 

behavior is as distinguishable as their morphology, they are con

sidered separately in this paper. 

Sound production in fishes has received considerable atten

tion in recent years, both because of its intrinsic interest to 

biologists and its importance as a source of interference in 

Naval Sonar operations. Several possible interpretations of fish 

sounds were listed by Griffin (1950), beginning with the assump

tion that they may be the accidental byproduct of some activity 



3 

or that they may serve specific functions. Some possible func

tions suggested were orientation and prey location by "echo 

ranging", and communication. Tavolga (1960) has elaborated on 

the theoretical and experimental considerations of underwater 

sound as a medium of communication, and has included a list of 

references in this area. 

Several workers have correlated sound production with the 

spawning season in various groups of fishes (Goode 1888, Smith 

1905, Fish 1952, 1954, Marshall 1954, Moulton 1956, Schneider 

and Hassler 1960). Tavolga (1956a, 1956b, 1958a, 1958b) and 

Delco (1960) observed the production of fish sounds during court

ship in the aquarium with four species, Bathygobius soporator 

(Cuvier and Valenciennes), Chasmodes bosquianus (Lacepede), 

Notropis lutrensis (Baird and Girard), and Notropis venustus 

(Girard). These observations led to the design of experiments 

to test the role of sound in reproductive activity. Tavolga 

(1958a) reported that sounds produced by the male Bathygobius 

increased the general activity level of ripe females and caused 

them to show a more positive orientation toward males confined 

in transparent containers. Directional orientation to sounds was 

also suggested, as females were reported to divide their atten

tion between visible males and transducers producing male sounds 

played back from tape recordings. Delco (1960) recorded sounds 

produced by females of two species of Notropis, and reported 

that playback of the sounds influenced the behavior of conspeci

fic males, serving the function of species recognition in 

addition to functions in intraspecific communication. 

Tape recordings of the sounds produced during Fundulus 
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courtship have proven to have more than one use . Almost any 

activity of the animals generated disturbances which were picked 

up with sensitive transducers and converted to a low cost per

manent record. In addition to the discovery of an unsuspected 

medium of communication between the fishes, the nature and timing 

of a number of behavioral events were recorded in this manner. 

The usual technique for this sort of analysis would have been 

motion picture study, which is more expensive and time consuming, 

and requires strong lighting which may disturb the animals and 

make temperature control more difficult . 



EQUIPMENT AND MATERIALS 

The observations on courtship behavior are drawn from 

approximately ten laboratory spawnings each of Fundulus kansae, 

F. zebrinus, and F. chrysotus; and at least fifty spawnings each 

of F. grandis and F . pulvereus . Field notes were made of court

ship and spawning of F. grandis on two occasions at Brownsville, 

Texas. A minimum of two running commentaries on spawning in 

each species was tape recorded, each commentary lasting about 

30 minutes. Motion picture analyses were made of spawning in 

F. kansae and F. chrysotus. 

Each species was allowed to develop reproductive behavior 

in groups of two to six pairs. The aquarium used for these 

experiments measured 84 inches in length, 24 inches in width and 

6 inches in depth. Other observations on each species involved 

single pairs in containers ranging from gallon jars to the large 

aquarium just described . 

Sound recordings were made from pairs of fishes in one to 

nine-gallon glass containers. The containers were isolated from 

the table with a two-inch pad of foam rubber sandwiched between 

thin wooden platforms. The equipment table was further isolated 

by standing it on large rubber stoppers. Most of the recordings 

were made at night and in places where airborne sound was minimal. 

5 
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The water used in the spawning vessels was drawn from the 

tanks in which the stocks were maintained. Fundulus pulvereus 

was found to keep better health and reproductive readiness in 

20 - 40% sea water; the other species were maintained in aged 

Austin tap water. 

The localities at which stocks were collected were as 

follows: 

Fundulus kansae - Coal Creek, 24 miles northeast of Fredricksburg, 

Gillespie County, Texas. 

F. zebrinus - Live Oak Creek, 9 miles east of Sheffield, Crockett 

County, Texas. 

E.. chrysotus - Town Bluff Lake, 11 miles east-southeast of 

Jasper, Jasper County, Texas. 

F. grandis - drainage ditch, one half mile west of International 

Airport, Brownsville, Cameron County, Texas, and a brackish 

pond, 5.6 miles northeast of Rockport, Aransas County, 

Texas. 

F. pulvereus - Same brackish pond near Rockport, Texas, as F. 

grandis. 

Because of the possibility of reinforcement of behavioral 

differences in zones of overlap (Dobzhansky 1940) the probabili

ties of sympatry (range overlap) were investigated. My collec

tion data agree with the distributional maps maintained jointly 

by Clark Hubbs or The University of Texas and the Texas Game and 

Fish Commission in the following sympatries within the state. 

No other species of Fundulus occurs with F. zebrinus. F. kansae 

occurs with F. notatus (Rafinesque) at the locality collected 

and elsewhere. F. chrysotus occurs with F. olivaceous (Storer) 
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and F. notti (Agassiz) at Town Bluff Lake and overlaps and ranges 

of F. grandis, F. pulvereus and F. jenkinsi (Evermann} farther to 

the south in Texas. F. grandis and F. pulvereus are sympatric 

with F. jenkipsi_in extreme East Texas. F. pulvereus has been 

taken as far west as Corpus Christi, Texas. F. similis (Baird 

and Girard) occurs in the more saline environments from Florida 

to Mexico (M1.1ler 1955, Siinpson and Gunter 1956). It was taken 

in the brackish pond near Rockport, but was not found i~ the 

drainage ditches at Brownsville. 

Sound recordings were made from pairs collected at the above 

localities. The males whose sounds were analyzed for this paper 

are listed below with pertinent data, including standard length 

at the time of recording, collection date, and recording date: 

F. kansae - two males, recorded together, lengths 40 mm. and 56 

mm., collected April 17, 1960, recorded August 12, 1960. 

F. zebrinus - one male, 61 mm., collected April 15, 1960, re

corded August 12, 1960. 

F. chrysotus - one male, 47 mm., collected September 3, 1959, 

recorded August 8, 1960. 

F .• grandis - four males 

150 mm. male, collected at Brownsville, April 23, 1960, re

corded May 5, 1960. 

50 mm. male, Brownsville, July 24, 1960, recorded July 29, 

1960. 

80 mm. male, Rockport, October 10, 1960, recorded March 26, 

1961. 

87 mm. male, Rockport, September 23, 1961, recorded 

January 51, 1962. 
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F. pulvereus - 2 males 

44 mm. male, collected October 10, 1960, recorded March 26, 

1961. 

29 mm. male, collected October 17, 1959, recorded August 8, 

1960. 

The laboratory produced and reared hybrids, F. grandis X F. 

pulvereus (cross made April 26, 1959) and F. chrysotus X F. kansae 

(March 10, 1960) were tested for courtship and sound production on 

March 26, 1961. These animals were the result of artific&l 

crosses using the techniques of Strawn and Hubbs (1956) and have 

not been previously reported in the literature. The males of 

both hybrid combinations, although sterile, showed courtship be

havior, but sounds were dete.cted only from the F. grandis X F. 

pulvereus male. Other previously unreported hybrids mentioned 

in Table II and the text are F. kansae X F. zebrinus (July 14, 

1959) and its reciprocal F. zebrinus X F. kansae (August 5, 1959). 

These hybrids have not yet been tested for sound production. 

Undesignated use of the word hybrid in the text refers to the F. 

grandis X F. pulvereus (April 26, 1959) hybrid. 

The electronic equipment used for -sound recording included .an 

International Electronics line amplifier, replaced in some experi

ments with a Tektronix Type 122 Low Level Preamplifier; a Knight 

83 YX 939 Stereo Record-Playback Tape Preamplifier; a Viking 

Series 85 Tape Deck; and a Magnecorder PT6 - A and PT6 - JA 

Amplifier and Tape Recorder. The dual channels of the stereo 

equipment were used for simultaneous recording of sound and 

commentary, and in one intance sound and associated muscle 
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potentials. The muscle potential experiment involved a second 

Tektronix 122 preamplifier. 

The only barium titanate hydrophone available had an unaccep

table low frequency response, so two makeshift transducers were 

used. One was an Altec 660 B microphone encased in a toy balloon, 

the other a variable reluctance hydrophone constructed by me. The 

latter instrument is extremely sensitive to low frequencies, but 

neither instrument has been completely calibrated under the con

ditions of use. Since both instruments contain air chambers, 

their frequency response is highly questionable, and the informa

tion of frequency vs. intensity must be regarded with caution. 

Frequency analysis of the sounds was made with the Kay 

Electric Company Sona-Graph with one modification by me. Resis

tors were added parallel to and in series with the 11 column 

potentiometer 11 expanding the scale to cover only one thousand 

cycles per inch instead of the standard two thousand. Further 

vertical spreading of the signal was accomplished at will by multi

plying the reproducing speed of the playback signal by two, four, 

or eight. 

Note duration of the sounds was measured using the single 

triggered sweep feature of a Tektronix 543 oscilloscope. 



METHODS 

Reproductive readiness of the animals was ascertained by the 

techniques of Strawn and Hubbs (1956) . In no instance did ripe 

animals fail to spawn when the sexes were placed together after 

being separated as much as 24 hours. In choosing a container 

allowance was made for the size of the animals, but small indivi

duals of all species were bred at one time or another in one 

gallon jars. 

All spawning in F. kansae and the majority of oviposition 

acts in F. zebrinus occurred at the bottom as described for the 

former species by Koster (1948). These species were induced to 

concentrate their courtship and egg placement in a desired part 

of the aquarium by anchoring a thin mat of the alga Cladophora in 

sand. Most spawning acts took place on or at the edge of the mat. 

This technique is not required for successful breeding, but aids 

considerably in observation, photography, and' sound pickup. 

The other species always favored clumps of algae or Spanish 

Moss (the dried vascular bundles of that plant as supplied by pet 

dealers for spawning tropical fishes) regardless of vertical 

placement. These preferred spawning sites were anchored in con

venient locations with silk or nylon guy-lines. 

Some attempt was made to standardize transducer placement. 

The Altec microphone was suspended from a ring stand clamp 

10 
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slightly above the site and about one and one half body lengths 

of the fish to one side, to avoid direct contact with the bodies 

or fins of the moving animals. Eggs were occasionally deposited 

on the transducer itself, but the amplification was so high that 

both courtship sounds and the spawning flutter overloaded the 

recording system, causing distortion. 

To minimize the pickup of echoes from the glass walls of the 

container, the variable reluctance hydrophone was designed to be 

placed below the fishes .with the active element directed upward. 

It was partly buried in sand near the center of a deep container 

with its surface about two millimeters above the sand level. 

In one experiment muscle potentials were recorded from free 

P,ickup electrodes made of heavy copper wire and spaced five 

inches apart across the variable reluctance hydrophone. Distilled 

water was used instead of aquarium water in this experiment. 



COURTSHIP BEHAVIOR 

The following description summarizes my interpretations of 

the courtship elements which are common to the species under con

sideration. An attempt has been made to correlate behavior with 

specific situations, since each of the five species demonstrated 

more variability than was anticipated. The inception of court

ship is discussed first, then female courtship, the mechanics of 

the spawning act, and behavior associated with courtship and 

sound production in the males. 

Either sex may be responsible for the inception of courtship, 

but under a variety of conditions the females were most apt to 

show the first visible change in behavior. The males developed 

courtship behavior immediately if the sexes had been separated 

and females were added to a container in which one or more males 

were established. If the sexes had been separated and were added 

together to a new container, courtship activity was initiated by 

either sex, but more often by the female. Under other conditions, 

including the addition of males to occupied aquaria, or when the 

sexes had not been separated, a peculiar but subtle change occurred 

in the behavior of the female which elicited courtship from any 

males present, and was observed to cause increased activity among 

males as much as six feet away in separate containers. 

12 
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In general the changes in female behavior were as follows: 

increased activity and less susceptibility to fright from stimuli 

outside the aquarium, a partial folding of the dorsal and anal 

fins, sudden starts and stops in swimming, a greater than usual 

tendency to stop with the longitudinal axis of the body inclined 

from the horizontal, and a tendency to inspect closely any finely 

divided vegetation present. This behavior appeared in ripe and 

unripe females, and could develop suddenly or over a period of 

minutes or hours. It developed spontaneously at intervals in 

females having eggs in the oviducts, a physiological state easily 

recognized by the use of stripping techniques (Strawn and Hubbs, 

1956). The behavior was also observed to appear in unripe females 

under certain conditions, including the addition of spawning 

vegetation to their aquaria if they had formerly lacked it. The 

pattern was most pronounced if the vegetation contained funduline 

eggs, which were sought out and eaten. 

As the above behavior never failed to stimulate courtship in 

any males present, it appears to have adaptive value in two re

spects. Its function as the first step in courtship is clear. 

It also serves to protect eggs from being eaten by non-participat

ing females. Males usually ignored females or competed with them 

when both were foraging, seldom attacking any fish except an 

occasional rival territorial male. When females found eggs, how

ever, they immediately exhibited the distinctive precourtship 

pattern of behavior, stimulating any males present to court. Upon 

being courted, unripe females almost invariably fled, which seemed 

to invite male aggression. On several occasions during this 

study, unripe females were killed when not removed promptly from 



14 

small containers at the inception of male courtship. If space per

mitted they sought open water and the surface, where they were 

normally not molested by the males, and where, of course, they re

presented no danger to the eggs. On one or two occasions, when 

the animals had been subjected to poor conditions, including 

insufficient food, the sequence of events outlined above did not 

develop, and individuals of both sexes consumed eggs from vegeta

tion added to their aquarium. 

In contrast, ripe females continued their explorations when 

courted, usually increasing their speed of movement and beginning 

to ignore exposed eggs. If the preferred sites were not available, 

ripe females showed the same behavior toward corners of the aquari

um or certain spots on the bottom, seeming to make a close examina

tior. of, and frequently nipping, the substrate. 

Nipping was reported to be a female courtship activity in the 

related Cyprinodon macularis (Baird and Girard) by Barlow (1961), 

and I believe this to be true of Fundulus. The hypothesis is 

supported in two ways by the data from acoustical analysis; the 

audible nip was often followed by male courtship sounds, and, 

unlike feeding nips, the courtship nip was not followed by chew

ing, an audible activity. If sand was taken in by the nip it was 

spat out without the sifting process that accompanies feeding. It 

is possible that the nip provides the female with a tactile 

evaluation of a proposed ovoposition site, since it was observed 

that the ratio of ovopositions to nips was greater on sites which 

had a texture capable of at least partly shielding eggs. Nips not 
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followed by spawning were frequent, and spawning without nipping 

was rare but was seen in each species. 

The ovoposition act of Fundulus heteroclitus (Linneaus) was 

described in some detail by Newman (1907). Because of the close 

relationship of F. heteroclitus and F. grandis (Miller 1955), 

have used Newman's work as a point of departure in the study of 

this phenomenon. Any differences in our results are probably due 

to experimental methods or different interpretations of the data. 

This attitude is based particularly on the fact that F. grandis 

and the more distantly related F. pulvereus are almost identical 

in this respect in spite of their wide sympatry and demonstrable 

species recognition. 

Newman stated that the male corners the female and clasps 

her with his dorsal and anal fins, and gave the impression that 

under the influence of this stimulus the female assumes a charac

teristic S-shaped posture. I frequently gained this impression 

during observations, particularly when preferred spawning sites 

were rare. Much more common, however, was the sequence of female 

nip, assumption of the S-posture, and then clasping by the male. 

If the S-posture was preceeded by a nip the body was swung so 

that the genital pore was appressed close to the spot which was 

nipped. Thus the female appeared to have the primary role in 

selection of the ovoposition site, in agreement with the findings 

of Carranza and Winn (1954) for Fundulus notatus. Figure 1 shows 

a pair of Fundulus pulvereus after the female nip and assumption 

of the S-posture, and before clasping by the male has occurred. 
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Figure 2 shows the clasping procedure. 

Except for very young or unripe males, which often courted 

and then failed to join the female, the male quickly clasped the 

female after she assumed the S-posture and a posterior vibration 

of both fishes began. The female was usually against some solid 

object and the sounds produced by her body contacts made possible 

the acoustical analysis of the spawning flutter. A weaker sound 

which usually began out of phase with the stronger one and then 

merged with it is assumed to be the contraction of the male. In 

instances where the sounds did not become synchronized, the female 

was observed to abandon the posture without releasing gametes and 

to move to a new site. Females occasionally entered the S-posture 

alone or with other females as reported by Newman, but the eggs 

were usually retained through many flutters and released in one 

or a few large masses, rather than from one to five at a time as 

is normal during spawning with a male. 

Using the acoustical information the spawning flutter may be 

divided into two periods; an initial or synchronizing period dur

ing which the vibration frequencies of the two animals increase 

and are brought together, and a final period which I have called 

the flourish, during which the amplitude and intensity of vibration 

suddenly increases. The frequency of the flourish is still 

questionable, but in the acoustical record it appears to suddenly 

double. Figure 5-F shows a sonagram of the spawning flutter in 

Fundulus grandis made with the wide filter provision of the 

machine. This technique of presentation shows the periodicity of 
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the sounds. The animals were spawning in sand in this instance, 

and since the frequency indicated is twice that ot comparable re

cords made when the animals were spawning unilaterally against a 

hard substrate, the marks are taken to indicate the excursion in 

both directions. Standard wave-form notation requires the timing 

ot full cycles of displacement, making the frequency half that of 

the mark frequency or about thirty-five cycles per second in the 

center portion of the sound and seventy cycles per second in the 

flourish. These frequencies are fairly consistent within each 

species. 

Two other observations of female behavior during the spawning 

act should be added at this point. In a soft spawning site such 

as that provided by sand or fine algae the fluttering anal tin of 

the female fanned out a depression. At the end of the flourish 

the curvatures of the two fishes' bodies straightened or were re

versed ("Jerking", Barlow 1961) and the depression, which had 

received the gametes, was partially or completely covered over. 

This accounts for the fact that Koster (1948) and others failed to 

see eggs in the field, and undoubtedly serves a protective function. 

The second observation is not fully understo_od, but appears 

in all five species. At the beginning of the flourish the females 

mouth opened wide, then the premaxilla was fully protracted and 

t .he head was brought closer to the substrate. Presumably this 

action was correlated with the release of eggs from the oviduct. 

At the end of the flourish the male sprang forward, producing 

a current which helped to further cover the eggs or drive them 
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deeper into the site ("final flip'~ Carranza and Winn 1954). The 

female usually lagged behind the tnale as he left the site. The 

pair sometimes moved to another site and repeated the spawning act, 

but more often the female moved to open water, if space permitted, 

or swam up and down on the sides of the container. She generally 

ignored males for a variable period of time before returning to 

the spawning area. The male was easily distracted during this 

time by the approach of another female. 

Male courtship was surprisingly flexible. His primary orien

tation could be centered about either a spatially fixed territory 

or a moving female. Orientation to preferred spawning sites was 

demonstrated by males in the absence of females. If territorial 

preference according to accustomed feeding place (Barlow 1961) was 

avoided, the largest male usually controlled the area which con

tained the spawning site most often selected by females, even 

though this selection had been experimentally determined in the 

absence of the male in question. In other words, males showed 

site preferences similar to those of the females. 

If a few ripe females were added to an aquarium containing 

many territorial males, the territories were usually abandoned,and 

the males followed the females about in groups, smaller males 

being quickly discouraged·by aggression from the larger ones 

(Newman 1907). If the females all chose the same spawning sites, 

a single male was sometimes able to dominate it, and territoriality 

redeveloped among the larger males. More often the groups contain

ing a single female persisted,and the orientation of the males 
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depended on the movements of the female. Several such spawning 

groups were observed in the field with F. grandis. 

If the numbers of the sexes participating were more evenly 

matched the behavior pattern seemed to depend on prior territori

ality. If territories were well established they were usually 

maintained and male participation in spawning depended on the site 

preferences of the females. If territories were not well estab

lished a peculiar arrangement was apt to develop in which each 

male defended and courted the largest female not being courted by 

a larger male. If the sizes of the two sexes were graded and even

ly matched this process gave the appearance of pair bond formation 

according to size. Such an arrangement resembles the behavior of 

Fundulus diaphanus (Lesueur) discussed by Richardson (1939), and I 

have seen it in the field with Fundulus catenatus (Store·r). I do 

not prefer the term "pair bond" in this instance because I think 

the effect is due entirely to the efforts of the males. It seems 

reasonable to consider the single pair spawning in the laboratory 

as a special case of this type of behavior. 

If ripe females were in excess, conditions were most conducive 

to the rapid and strong development of territoriality. The males 

began to court females as they entered the territories and did not 

follow them after the spawning act. Under such circumstances a 

single male could spawn with a number of females limited only by 

the length of time required for single ovopositions. Again, larger 

males tended to be favored, as they controlled the preferred sites. 

On occassion brief female territoriality developed under these 
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circumstances as a number of females sought to spawn in the same 

area. 

In agreement with Barlow (1961), courtship and aggression 

could easily be distinguished in males. A characteristic of male 

courtship was the partial folding of the dorsal and anal fins, 

while these were fully spread during aggression. The courtship 

of male Fundulus has been described as "driving" (Richardson 1939) 

and a "chase 11 (several authors of aquarium hobby literature) . 

Perhaps the concept of aggression should be avoided in terms 

describing courtship. Male Fundulus not infrequently gave aggres

sive displays to females. Sometimes the display was returned and 

a fight developed. Although the male usually won such encounters 

he remained aggressive for some time and seldom turned immediately 

to courtship with the same female. If the female did not respond 

to male aggression, he sometimes changed to courtship. 

I have divided the behavior which can be identified as male 

courtship in these forms into four elements, defined in terms of 

the path the male followed with respect to the path or position 

of the female. These elements are called "herding", "circling", 

"leading", and "following 11 The definitions are not rigid be• 

cause the species differ in detail, and it is my purpose to allow 

for the indication of apparent homologies. It is felt, however, 

that short descriptive terms are useful, if for no other reason 

than their convenience in the on-the-spot description of a rapid 

sequence of events. By using such terms I have built up a library 

of tape recorded descriptions from which quantitative differences 
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between the species are being ascertained. 

The term herding was suggested by a description of courtship 

in Mollienesia latipinna Le Sueur by Raney, et al, (1953). In 

Fundulus it consisted of active swimming near the female, roughly 

parallel to her line of travel, and beside, above, or below her. 

Figures 3 and 4 show herding positions of Fundulus pulvereus. The 

male is the lower fish in Figure 3, and the upper fish in Figure 

4. If the male lagged behind, it was clearly because of an in

crease in the female's speed. The course of the female seemed to 

often be altered by this activity, the female turning away from 

the male. The male's orientation with respect to the female dur

ing herding was quite predictable, depending on nearby fish, 

spawning sites, and the boundaries of the male's territory. In 

decreasing order of importance the male interposed his body be

tween that of the female being courted and third fishes of either 

sex, he took the side away from a nearby spawning site, and the 

side away from the center of his territory. 

Herding was the position in which most of the male sound pro

duction occurred in the species under consideration. During this 

activity the male seldom strayed more than five centimeters away 

from the female. Herding would appear to be homologous to 

activities variously described by other authors for several 

species, including "conveying" in F. similis (Henshall 1891), 

''butting 11 in F. heteroclitus (Newman 1907), "driving" and "corner

ing" in F. diaphanus (Richardson 1939), and 11 nuzzling 11 , "contact

ing11 and "sidling" in Cyprinodon macularis (Barlow 1961). The 

element herding could be further subdivided into motor patterns 
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in the manner of Barlow, but the flexibility and rapid alternation 

of motor patterns in Fundulus make this procedure more difficult 

than the needs of this study justify. 

11Circling11 and 11 leading 11 represent elements which were clear

ly described by Koster (1948) in F. kansae. In circling the male 

departed from the female's line of travel and swung in an arc, 

intercepting her path at a later point. This behavior was most 

often seen if the female was moving slowly and was near a suitable 

spawning site. If she paused the arc often became a full circle. 

If she turned toward a site herding was usually resumed. In F. 

chrysotus circling was slower than in the other forms and was 

accompanied by quick 11bobs 11 or 11 dips 11 of the head. This character

istic may link circling in these species with "dipping 11 as des

cribed by Carranza and Winn (1954) for Fundulus notatus. Circling 

in F. grandis and F. pulvereus was accompanied by the production 

of sounds which were often lower in frequency than the herding 

sounds. In F. chrysotus each bob was accompanied by a weak sound 

which probably represented the shock wave of sudden displacement. 

Leading is, in the words of Koster (1948), "serpentine 

swimming in front of the female 11 
• The male darted forward from 

the herding position and swam ahead, exaggerating the normal 

swimming motions so that the lateral undulations were quite con

spicuous. Leading was more apt to develop if the female was some 

distance from a suitable site or the male's territory. 

The term leading was used because of the response of the 

females, ripe females usually increasing their speed and remaining 
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close to the male while unripe females ignored the male or fled in 

the opposite direction. Leading was noted to involve sound pro

duction only in F. pulvereus and the hybrid, F. grandis X F. 

pulvereus, and a few instances in F o grandis. 

If the female ceased to respond to courtship but did not 

leave the area, and other females did not distract the male's 

attention, the fourth element often developed . The male began to 

drop behind the female and follow her about, engaging in the other 

activities with decreasing frequency . Sound production was not 

observed during following. Following did not mark the termination 

of courtship, as the other elements reappeared at once if the 

female came close to a spawning site. After a variable period of 

following courtship in single pairs was usually terminated by 

aggressive activity from the male, but this seemed to be triggered 

by the female rising to the surface of the water or making an 

effort to escape from the male (Barlow 1961) . Following seems to 

be an important part of courtship in F. notatus (Carranza and Winn 

1954) and F. olivaceous (personal observation). 



ACOUSTICAL ANALYSIS OF COURTSHIP 

Among the sounds which have been identified during courtship 

are sharp clicks and gratings produced by the pharyngeal teeth, 

low thumps when the bodies of the fishes struck solid objects, 

brushing noises when the fins rubbed against objects, louder thumps 

when the caudal fin was suddenly straightened or a fast moving 

fish made a sharp change in direction, and very loud bumps when 

fighting fishes struck one another. It is interesting to note 

that aggression was silent, except for shock waves of sudden move

ment and bodily contact, and a rapid and visible grinding of teeth 

immediately after a head-on blow against another fish. As has 

been noted, the sounds of the spawning act could be analyzed 

acoustically. 

With the tentative exception of some of the pharyngeal tooth 

clicks, the above sounds have been interpreted to be byproducts of 

activities which have more significant ends than the production of 

sound. Quite prominent among the courtship sounds, however, are 

the sounds referred to as male courtship sounds. They are most 

simply described as low frequency, low intensity grunts or growls. 

Their frequencies are confined for practical purposes to the range 

between twenty-five and five hundred cycles per second, and their 

intensity probably does not exceed one dyne per square centimeter. 

The sex of the animal producing them was not unequivocally 
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established until a female F. pulvereus was paired in a single ex

periment with a male of her own species and a male of the hybrid, 

F. grandis X F. pulvereus. The sounds of the two males are quite 

distinctive. 

When analyzed with the Kay Electric Co. Sona-Graph, my record

ings all showed the courtship sounds to have a complex harmonic 

structure. As Tavolga (1960) has pointed out, the simplest explana

tion of non-harmonic sounds in the gobiid and blennid fishes is the 

absence of a swim bladder in these forms. Conversely, the presence 

of harmonics suggests swim bladder resonance. Unfortunately, in 

my experiments resonanc·es of the recording container and of the 

transducer itself were not ruled out. The transducer is especially 

suspected because the harmonic content of the sounds of two similar 

males, in the same container but with the two different trans

ducers, is not the same (Figures 5-A and 5-B). 

For descriptive purposes at this time the sounds are character

ized by their fundamental frequency, their note duration, and the 

behavior with which they were associated. The fundamental fre

quency is usually present in sonagrams; when it is not, it can 

easily be ascertained from the spacing of the harmonics. Its 

absence in some records is not especially significant, since all 

of the equipment has response curves which show some attenuation 

below one hundred cycles per second. 



MECHANISM OF SOUND PRODUCTION 

Most of the fish sounds reported to date have been correlated 

with either the pharyngeal teeth or specializations of the swim 

bladder (Fish 1952, 1954). Tavolga (1960) discussed these and 

added a third possibility, that shock waves created by quick body 

movements would register on pickup equipment as thump-like sounds. 

Known pharyngeal tooth noises of Fundulus were compared to the 

courtship sounds and no similarities were observed. Dissection 

of the animals showed no apparent specialization of the swim 

bladder, this organ being single, smooth, and having no visible 

muscle attachments. 

A sound very similar to other courtship sounds but lower in 

frequency was mentioned earlier to occur during circling in F. 

grandis. This sound is associated with a visible shudder which 

originates near the head of the animal and sends ripples to the 

tip of the caudal fin, where they appear superimposed on the 

slower excursions of swimming. 

Closer observation revealed a slight blurring of the head 

concurrent with any courtship sound. Maximum displacement did not 

appear to be more than 0.5 mm. peak to peak. A recording of 

muscle potentials was undertaken to test the hypothesis that these 

displacements were being driven directly by muscle contractions. 

The free electrode technique described by Stong (1962) was adopted, 
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as the experiment required that the animals be free to court. 

Muscle potentials were picked up with electrodes near the animals, 

amplified, viewed on an oscilloscope, and recorded concurrently 

with sounds detected in the usual way. 

In accordance with Stong 1 s description heartbeat and respira

tory potentials could be discerned in quiescent animals. These 

were masked by a rythmic barrage of spikes when the animals swam. 

At the time of sound production there was a strong summation of 

spikes at exactly twice the frequency of the fundamental in the 

accompanying sound. Figure 5-D is a graphic portrayal of re

corded muscle potentials associated with a courtship sound in F. 

grandis. The wide band filter of the Sona-Graph was used to pro

duce this figure as it gave a clear representation of the periodi

cities involved. This presentation is superior in some ways to a 

photographed oscilloscope trace, which is similar but shows more 

noise. The vertical scale in the Sona-Graph record has little 

meaning, although the greater bandspread of more intense spikes 

gives them a greater vertical coverage. The right half of 

Figure 5-C is a narrow band presentation of these muscle potentials 

reproduced at a higher speed. The frequencies denoted by the 

lowest mark may be verified by counting muscle spikes in Figure 

5-D. Figure 5-C may also be compared to Figure 5-A, which is an 

acoustical record of the same animal (not the same sound). The 

scattered marks at the left of Figure 5-C represent the potentials 

associated with a spawning flutter in which synchronization was 

not achieved and which was abandoned without ovoposition. Such 
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abandoned flutters were usually followed by male sounds. 

Spike summation in the circling sound was identical to that 

in other sounds except for frequency, and bore the same relation

ship to the acoustical phenomenon. The spikes detected during the 

spawning flutter were similar but stronger and lower in frequency, 

with somewhat less summation. Figure 5-E presents the muscle 

potentials associated with the spawning flutter in F. grandis, for 

comparison with the acoustical record of Figure 5-F. Unfortunately 

these are not records of the same flutter, as quality of the re

cords was never the same on both the acoustical and muscle 

potential channels. The illustration does explain the uncertainty 

about the nature of the flourish, for neither the record of 5-E 

nor any of the other muscle potential information shows a group of 

spikes which can be conclusively identified as the flourish. On 

the other hand, the better muscle potential recordings show a 

small group of spikes occurring after the main group and separated 

from it by about one tenth of a second, the usual duration of the 

flourish. It may be that the flourish is not accompanied by 

rythmic muscle contractions but is achieved in some other way. 

The only electrophysiological work in conjunction with sound 

production in fishes known to me is the work of Packard (1960) on 

congiopodus leucopaecilus (Richardson) of New Zealand. His study 

correlated muscle potentials in specialized drumming muscles with 

the acoustical output in air. In this instance contralateral 

muscles were observed to contract synchronously at a rate of four 

to ten times a second, driving the swim bladder to resonate at a 
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higher frequency. It would seem that the symetrical contractions 

work against the elasticity of the gasses and tissue of the swim 

bladder, this organ then acting as a damped resonator and vibrat

ing at the frequency determined by its volume and elasticity. 

The fact that the frequency of muscle contraction in Fundulus 

is higher than the lowest acoustical frequency produced,probably 

means that the muscles provide the displacement in both directions, 

each pair of contralateral contractions producing a full wave of 

acoustical energy. The assumption of contralateral contraction is 

strengthened by the fact that the spikes occur in pairs. It was 

noted in several records including the one shown in Figure 5-D 

that the spikes were of approximately equal intensity (shown as 

blackness and height of mark) when the animal faced toward or away 

from the nearest electrode, but that as the animal turned sideways 

to the electrode alternate spikes became more intense. Such turn

ing occurred near the middle of the sound figured in 5-D. 

This hypothesis places the phenomenon in the third class of 

sound production described by Tavolga (1960), as exemplified by 

the sound production of Chasmodes bosquianus and other blennies. 

It is interesting to note that from Tavolga•s description of 

body tremors in Blennius marmoreus (Poey) it would appear that the 

contraction frequency is higher than that of the audible thumping 

in Chasmodes, yet it is still slow enough to be subsonic as a 

frequency, while the sounds of Fundulus can be classed as low but 

sonic frequencies. 

At this point it should be mentioned that thumps are audible 
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even in open water because they produce energy in the sonic spect

rum. This is a characteristic of almost any wave form at sub

sonic frequencies except that of simple harmonic motion, which has 

a sinusoidal wave form and is inaudible if its periodicity is less 

than eight to twenty cycles per second. Although it is meaning

less to speak of harmonics of single thumps unless some resonator 

is set in motion, the electronic rendition of non-sinusoidal wave 

forms takes the form of harmonics if the generator exhibits peri

odicity. The "harmonics" visible in Figure 5-C are a case in 

point, they are artifacts of the periodic, non-sinusoidal spike 

potentials. The harmonics of the acoustically recorded fish 

f?OUnds may represent electronic or mechanical analogs of the same 

phenomenon so the postulation of resonance in the system is not 

absolutely required. 

Thus the fundamental frequency of the sounds is demonstrated 

to be established by pairs o·f muscle contractions, in theory 

opposing one another. The intensity of the potentials suggests 

segmental musculature but this is not proved. The muscles in

volved may be the same as those used in the spawning flutter, but 

this is questionable, as the spawning flutter involves the pos

terior part of the body (Newman 1907, Carranza and Winn 1954) 

while the observed vibration in sound production seemed to 

originate anteriorly. In no instance did male sounds lead 

directly into the spawning flutter, but in two muscle potential 

recordings the male contractions ceased only 0.1 second before 

a flutter began. 
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The muscle contraction frequency would seem to exclude the 

type of sound production in which a liquid or a gas is passed over 

a taut vibrator, because the frequency of this type of sound is 

established by the mechanical characteristics of the vibrators and 

they need not be moved by muscles except perhaps to change these 

characteristics and achieve modulation. The contractions of 

muscles in vibrator control and the fluid moving system should be 

much slower than the vibration frequency. Further experimentation 

is necessary to localize the muscles involved. 



CHARACTERISTICS OF THE SPECIES 

The numerical results of the quantitative studies on courtship 

elements in the ma1es are not yet represented by large samples, 

but a summary of my notes is included in Table I. It is already 

apparent that the differences between species are more quantita

tive than qualitative. The homologies of the elements have been 

strengthened by the fact that successful laboratory spawnings 

occurred between the individuals listed in Table II, even when some 

of the trials included homospecific males. In the combinations 

between F. grandis and F. kansae or F. zebrinus the increased ten

dency to hybridize in the absence of homospecific males seemed to 

be attributable to the fact that the heterospecific males were 

successfully driven away by the homospecific males, and not be

cause of direct female preference. Fertile laboratory produced 

male hybrids between F. kansae and F. zebrinus were nolt discrimi

nated against by females of either parental species except on a 

quantitative basis which could have been the result of their 

smaller size. Fundulus grandis and F. pulvereus exhibited complete 

female discrimination except for one exception noted below. 

A limited number of sonagrams (Sample n, Table III) were made 

of the sounds of each male recorded. Sounds were chosen on the 

basis of loudness, which depended for the most part on distance of 

the male from the transducer. In loud sounds it. was much easier 
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to separate the male courtship notes from noises such as those 

created when animals contacted each other or the substrate. Noises 

of this type are denoted in Figure 6 by vertical arrows. Figures 

5A and 5B contain no noises of this kind. Horizontal arrows are 

placed at the frequencies of power line hum and its harmonics in 

Figures 5 and 6, as these could not be excluded completely at the 

amplifications used. 

The figures just listed give sample male sounds for each 

species or form recorded. Figure 6-D differs from the others in 

that the normal sensitivity range of the machine was increased by 

manual means. The marking level was increased steadily as the 

recording stylus rose above 300 cps. This procedure developed 

the harmonics above 300 cps showing that these harmonics are pre

sent at reduced intensity. Sonagrams of this sequence of notes 

made in the usual way are not grossly different from Figure 6-E. 

A summary of the characteristics of all the sounds analyzed 

with the Sona-Graph is given in Table III. In this table average 

frequency was obtained by measurement and inspection of the 

sonagrams, utilizing the averaging characteristic of the machine. 

The average was taken roughly as the midpoint of the vertical 

projection of a straight line fitted to the mark under consider

ation. The dominant harmonic is the one which was marked the 

darkest when the signal was recorded at eight times speed using 

the FL-1 filter with the automatic volume control potentiometer 

at its minimum setting. Although the Sona-Graph useq was demon

strated to be severely non-linear below 200 cpe, the preceeding 
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treatment set this level in correspondence with the true frequency 

of 50 cps, which included all ,but the fundamental frequency on 

even the lowest frequency sounds. The dominant frequency in 

Table III is simply the approximate average of the dominant 

harmonic. 

Table IV presents the duration of all the notes recorded for 

all animals. Note durations were measured with an oscilloscope 

to the nearest 0.01 second. The results were then grouped into 

arbitrary classes designed to emphasize differences in the shorter 

(0 - 0.5 second) range. All individuals produced some notes in 

this range. For purposes of comparison percentages of the total 

for each animal are given in parentheses for total samples of 

fifteen or more notes. 

As mentioned earlier, F. kansae and F. zebrinus tended to be 

bottom spawners; F. kansae restricted itself to this site in ,all 

spawnings. In accordance with the generalization given, the 

herding position of the male was away from the site; in this 

instance the male swam usually over the female's head. From this 

position he nudged her downward, making conspicuous use of the 

red pectoral and pelvic fins. 

Male sounds were produced only in the herding position, and 

they usually occurred just before or after a female nip. As the 

nips were all audible in the records it was possible to separate 

notes preceeding and following nips (all sounds in Figures 6-D and 

6-Emarked with arrows are female nips). As Table IV shpws, there 

is a significant difference in the duration of the two groups of 
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sounds in both species, the nip-following sounds being longer on 

the average. As the female nipped, the male often dropped to a 

lateral or dorso-lateral position, producing the longer notes in 

that position. 

In both species the great majority of audible nips were 

followed by male sounds, the percentage being one hundred in 

twenty-nine nips by female F. zebrinus and ninety-two percent of 

ninety-nine F. kansae nips. The two male F. kansae limited their 

sound production largely to this time (79% of sounds); this was 

not true of the single F. zebrinus (29% of sounds). Of course the 

sample is too small to be sure that this represents more than 

individual difference, especially since there were differences 

between the two male F. kansae. 

The most noticable difference between the forms is one in 

which the two F. kansae males agreed; their nip-following notes 

started at a higher frequency and dropped in both frequency and 

intensity (Figures 6-D and 6-E and Table Ill). They were also 

longer than the comparable notes of F. zebrinus. 

The two species also differed in the depth at which eggs were 

deposited in sand, those of F. zebrinus often being left exposed 

on the surface or shallowly buried. The female F. kansae usually 

fanned out a depression until the anal fin was out of sight. This 

may represent a specialization of the local population of F. 

kansae correlated with the bottoms of deep sand in the locality 

at which they were collected. The bottom at the !· zebrinus 

locality was coarse gravel and bedrock; if rocks were provided in 
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the spawning aquarium the fish often spawned by inserting the anal 

fin into a crevice between or under the edge of the rocks, a 

habit which was not observed in the other forms. 

Fundulus chrysotus was not included in Table IV because only 

five of its sounds were strong enough for analysis. These sounds 

were recorded when the male was within two centimeters of the 

transducer. It is apparent that the sounds of this species re

quire more sensitive equipment for a complete analysis. 

Three of the six notes were less than 0.2 seconds in duration; 

while the other three were long, 0.4, 0.7 and 1.5 seconds (Figure 

6-F). The fundamental frequency was 33 - 40 cycles per second, 

modulated at a rate of 8 to 10 cycles per second between these 

frequencies. The sounds were produced in a lateral herding 

position. 

Fundulus pulvereus, F. grandis, and the laboratory hybrid 

between them were the subjects of the most intensive behavioral 

analysis. In spite of their close co-existence at the collection 

locality at Rockport, and overlap in breeding season (ripe fishes 

of both sexes were taken during the spring months in 1960 and 

1961), no natural hybrids have been found among several thousand 

individuals in the collections of The University of Texas plus the 

collections of this study. Five females of the cross F. grandis 

x F. pulvereus (F. grandis the maternal parent) and seven females 

of the reciprocal cross have proved to be fertile in backcrosses 

to both parental species. Five males from each reciprocal cross 

have been sterile in repeated voluntary and artificial crosses 
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with the female hybrids and the parental species. These seventeen 

individuals are all that have been reared successfully from two 

original crosses. Thus the relationship between F. grandis and 

F. pulvereus is judged to be close, but not as close as that be

tween E· kansae and F. zebrinus, whose hybrids are all fertile 

(unpublished data). The correlation of phylogeny with the results 

of hybridization experiments was discussed by Hubbs and Drewry 

(1960). The isolation mechanisms between F. grandis and F. 

pulvereus have been found to be mostly behavioral, and are un

published. 

One of the most outstanding characteristics of these two 

species and one individual hybrid male tested was an almost con

tinual production of sound during courtship. The sounds were made 

during herding, circling, and leading, and were interrupted only 

during periods or aggression or following. The muscle potential 

experiments suggested that weaker contractions of the sound 

generating apparatus continued during the intervals between many 

of the audible notes. 

The individuals of F. grandis selected for acoustical analy

sis represented the smallest sexually mature male taken (determined 

by stripping), the largest male taken, and two individuals of 

intermediate size. The intermediate males were comparable in 

length to the smallest males observed to be spawning in the field. 

Although the small male (50 mm.) courted and produced sound it was 

not always successful in inducing females to spawn, and did not 

succeed in spawning once in three experiments where larger males 

and an excess of females were present. When placed in an aquarium 
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containing a spawning pair consisting of a small female F. grandis 

and a large male F. pulvereus it did replace the heterospecific 

male. This small male F. grandis was observed occasionally to 

spawn head to tail with a female (Carranza and Winn 1954), and was 

also apt to herd a female until she took up the S-posture and fail 

to join her in the spawning act. 

The sounds of the small male F. grandis were not significantly 

different in duration from those of the hybrid and the large male 

.E· pulvereus (Table IV). They were higher on the average in 

fundamental frequency (Table III), but this is atypical for F. 

grandis. The sounds of this small male were weaker than those of 

the smaller hybrid but stronger than the average for F. pulvereus. 

Fundulus grandis sounds in general were more variable than 

those of the other species in frequency, modulation, note dura

tion, and note spacing (Figures 5-A and 5-B). The variation with

in the sounds of a single male is characteristic in itself, and 

may play a part in the function of the sound. No correlation was 

discovered between type of note and specific motor pattern other 

than the lower frequency already mentioned in the circling sounds. 

By contrast the sounds of male F. pulvereus were almost 

monotonous in both frequency and timing; especially at the height 

of courtship the note duration and repetition rate were relatively 

constant. Most of the variability shown in Table IV was introduced 

at the beginning and end of courtship. The 44 mm. male tended to 

produce longer notes but the fundamental frequency was essentially 

the same as that of the 37 mm. male. The latter male was close 
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to the mean length for males from its locality, while the larger 

male was the largest of the males taken at the station over a five 

year period. 

Sounds of the hybrid were intermediate in frequency and dura

tion. The only unusual aspect of these sounds was their intensity. 

This animal, the 44 mm. F. pulvereus, and the 80 mm. F. 5randis 

were recorded during the same session, and volume controls were 

left undisturbed. The loudest single sound was produced by F. 

grandis, but almost all of the hybrid notes were louder than 

average for F. grandis, and the weakest hybrid notes were louder 

than the strongest F. pulvereus notes. Overall distances from the 

transducer were comparable for all three individuals. These find

ings suggest caution in assuming a correlation of intensity with 

size, although within each species the generalization seems justi

fied. 

Another difference between F. grandis and F. pulvereus was 

the herding position when the pair was traversing open water. In 

the absence of nearby orientation stimuli the F. grandis males 

seemed to perfer a dorsal, dorso-lateral, or lateral position 

with respect to the female, while the F. pulvereus males ranged 

from a lateral to a ventral position. The most common herding 

position in F. pulvereus is shown in Figure 3. In Figure 4 the 

male is dorsal to the female, a position seen in this species 

most often when the female was very near the bottom or a spawning 

site. As might be expected, the hybrid showed little preference. 



DISCUSSION 

In its scope and coverage this study is peripheral to a more 

intensive and circumscribed study which has occupied much of my 

time, and must be considered as preliminary in most respects. The 

data on which tentative conclusions have been based are less com

plete than could be desired. In the hope of bringing attention 

to bear on the possibilities of the laboratory study of compara

tive behavior in fishes, and to stimulate study on this interest

ing genus, the following suggestions are made: 

1) Wide homologies exist between the elements of courtship in 

the genus. 

2) Considerable flexibility of behavior may be present in each 

species, allowing the development of certain patterns in some 

situations and not in others. 

3) The differences often noted between field and laboratory 

behavior may represent an expression of this flexibility and not 

an indictment of the . "artificiality" of the laboratory situation. 

4) Observation may provide a knowledge of the rules by which 

behavior is governed and can be predicted. The proof of this 

hypothesis lies in attaining understanding whereby the enviro

ment may be manipulated to bring about the expression of a given 

behavioral pattern. 
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5) The most likely place to seek specific distinctions in behav

ior is where peculiar environmental characteristics exist, 

including the presence or a closely related species. In theory 

specific distinctions are often the product or specialization 

from a more generalized pattern. 

By the last criterion it was predicted that F. zebrinus 

would be the most unspecialized of the species studied, since it 

is allopatric to all other species of Fundulus, and its habitat 

provides all of the types of spawning sites utilized by the other 

species. In support of this assumption, this species showed 

elements of the behavior patterns of ail of the others, and F. 

zebrinus of both sexes courted individuals of every other species 

in the study, spawning with all but F. pulvereus. A male F. 

zebrinus also spawned successfully and fertilized eggs with a 

female F. catenatus (Storer) in the presence of a non-participat

ing male of the latter species. Fundulus zebrinus may thus 

represent a generalized behavior "type" for at least a segment of 

the genus. Its sound~ in common with those of F. kansae, are 

unique in two respects, their high frequency and their restriction 

to the time of the spawning act. The higher frequency could re

present an adaptation to the background noise of running water 

while the latter characteristic may indicate a lack or functions 

other than those of sex recognition and coordination, other 

possible functions being species recognition, adaptation to poor 

visibility, etc. 

In the general section on courtship behavior it was suggested 
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that some patterns such as the distinctive female pre-courtship 

behavior served more than one adaptive function. In fact the 

enumeration of the theoretically possible advantages of all the 

behavior discussed would unnecessarily prolong both the text and 

the bibliography of this paper. It is interesting, however, to 

speculate about the pattern mentioned. 

Although both male and female Fundulus eat funduline eggs in 

preference to many other foods if these are offered at feeding 

time, it is not unusual for large numbers of fry to appear in 

aquaria in which fishes have spawned and have been left undisturbed. 

Hatchlings are less common if either sex is removed. Thus the 

concealment of eggs at ovoposition, although effective in prevent

ing cannibalism, is not all that is involved. It has been stated 

that the behavior change of females when eating eggs usually 

caused them to be courted, and then driven away. Apparently, the 

presence of food was remembered, as non-participating females 

attempted from time to time to slip into the spawning area, and 

converged on it at once if the male defending it was removed. 

In addition to the protection of eggs, this behavior seems 

to keep the courtship motivation of the males high through periods 

when spawning females are not present. A third effect is that the 

attention of males is diverted, so they have less time to consume 

eggs, as they will do if females are removed. A fourth possible 

effect is now under study, that courtship of unripe females serves 

to stimulate ovulation in them. The interaction of territorial 

males is an additional diverting factor on each male. Thus a web 
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of interactions is built up in which each pattern of behavior may 

be viewed in several ways, each discovered function opening up 

the possibility of more. 

So far in this paper the function of sound in these fishes 

has not been discussed in detail. This is deliberate, because 

there is some doubt that the propagated sound wave has a function 

as such. Recent personal communication with w. A. van Bergeijk 

and an unpublished manuscript generously furnished by him have 

pointed out that the lateral line organs, which have long been con

sidered receptors for low frequency sound waves (Parker 1903, 

Dijkgraff 1960, von Frisch and Stetter 19321 are probably more 

sensitive to the water currents produced by sources of underwater 

sound. These currents may in a sense be considered acoustical. 

phenomena, but they do not propagate at the speed of sound in 

water, nor are they subject to the inverse square law in attenua

tion of intensity, but fall off more rapidly. Near the source 

particle displacement for a given pressure differential is many 

times greater in these currents than in the associated propagated 

wave. 

Several observations, including the facts that males are 

normally almost in contact with females at the time of sound. pro

duct ion, that females are undisturbed by males of other species 

courting in the vicinity, and that playback of the sounds through 

dynamic speakers must be made much louder than the actual male 

sounds to achieve a response at any distance, indicate the need 

for further experimentation at this time. It may be stated here 

that the male sounds, which have been detected as propagated 
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sound waves with pressure sensitive transducers, exert a profound 

influence on the behavior of ripe females. These sounds were 

played back through dynamic speakers in plastic bags immersed in 

the aquaria. In no instances were the females attracted to the 

speakers, but a clear response was obtained consisting of repeated 

nips of spawning sites near the speakers and the occasional 

assumption of the S-posture at a site. 

In one experiment a ripe female F. pulvereus, which had been 

under observation for several hours and had shown no reproductive 

behavior, was subjected to ten minutes of the sounds of a male of 

her species. The response was 123 nips and 10 S-postures, no eggs 

being observed. The same female was then placed for ten minutes 

with a male F. pulvereus, during which time she nipped 106 times 

and S-postured 43 times, laying eggs 27 of these times. The 

speaker in this experiment was eight inches in diameter, with a 

cone excursion of no less than three millimeters. In a similar 

experiment using the same speaker the response ceased when the 

volume was reduced, even though the cone excursion was still 

visible to the unaided eye. 

Since neither the sound producing male nor a speaker produc

ing a tape recorded playback are sought out by the female, and the 

response is more readily correlated with particle displacement 

than pressure differential, communication is suspected to involve 

body displacement by the male and lateral line organ reception 

by the female. This does not rule out the possibility of aural 

reception of the sounds by the female, but suggests that such 
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would not represent a courtship stimulus. An attractive theory is 

behind this suggestion, that the rapid atteunation of currents is 

utilized to form a communication system much less sensitive to 

interference from other , animals and ambient noise of the environ

ment. Possible interference would exist as propagated sound waves, 

wich could be ignored, and currents due to movement of the fish 

or of the water, which would be expected to involve easily distin

quishable lower frequencies. The evolution of such a system could 

be explained starting with receptors such as the lateral line 

organs which have other theoretical functions (Dijkgraff 1960) and 

the occurrence of vibra.tory activities during spawning, such as the 

spawning flutter, which almost necessarily stimulate the lateral 

line organs (Noble 1934). 

The critical experiment is possible because of the existence 

of an unambiguous female response to male sounds as courtship 

stimuli. Using a calibrated variable source and equations for the 

attenuation of the currents (van Bergeijk, unpublished manuscript), 

the female can be subjected to a signal in which the sound pressure 

can be adjusted to constancy depending on the source to subject 

distance and in which the particle displacement represents a 

gradient. The displacement threshold of the lateral line has 

been established by van Bergeijk (personal communication) for 

Fundulus heteroclitus. If the courtship response extends beyond 

the threshold limits of the lateral line organs, other receptors 

are implicated. 

In conclusion, my studies of sound production and reception 
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in this genus suggest that these form an integral part of the 

courtship process. Until the exact mechanisms are understood it 

is not desirable to draw extensive conclusions about function, 

but several lines of investigation have presented themselves. 

One is the isolation of the courtship stimuli by presenting 

sounds of various sorts in conjunction with models, motion pictures 

of males and ~ctual males which are restrained from courting 

(Tavolga 1958a)·. This approach allows for evaluation of the role 

of the vibratory stimulus in courtship, and its potentialities as 

a species recognition device. Another investigation that is indi

cated involves the possibility that male sounds and certain other 

behavioral patterns such as nipping by females allow court~hip to 

take place under conditions of poor visibility such as high tur

bidity or semi-darkness. 



SUMMARY 

Laboratory data on courtship and sound production in five 

species of Fundulus and a hybrid between two of them have been 

brought together and compared to the literature on courtship in 

the genus. One of the aims of the study was to discover homolo

gies and weigh them against specializations. A great deal of 

flexibility was found in each species. Under standard laboratory 

conditions there was much similarity in the courtship of these 

forms, and some differences which could be attributed to 

specialization. 

The most apparent discrepancies between field and laboratory 

behavior were resqlved by the use of larger aquaria and more 

individuals, emphasizing the flexibility possesed by these 

animals. Territoriality was found to have more of a facultative 

than obligate nature, as did spawning site preference. 

Females most often initiated courtship with the development 

of a subtle change in behavior which I prefer to call precourt

ship behavior, primarily because females which were not ripe 

showed it on occasion. Other female courtship activities in

cluded searching for spawning sites, following males and allow

ing males to guide or influence their movements to a certain 

extent, and nipping at the substrate. A theory was advanced for 

the function of nipping, that it supplements vision in the choice 
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of sites suited for the shelter of ova. 

The spawning act itself was concluded to involve vibration 

of the posterior part of the body of both sexes, and to require 

further that these vibrations be in synchrony. This seems highly 

functional in assuring the presence of sperm before the release 

of the less expendable eggs, and in addition it created a hollow 

in certain substrates in which the gametes could mix and be 

concealed. 

Male courtship was divided into four behavioral elements 

termed "herding", 11 c1rcling 11 
, "leading", and "following". Circl

ing and leading seem to serve best the somewhat specialized needs 

of territorial males, while the other two elements are probably 

basic and general, herding being more common in these five species. 

Herding, and to a lesser extent circling and leading, were round 

to involve the production of sound. 

Analysis of male sounds showed the presence of harmonics of 

uncertain origin. It was pointed out that harmonics may be the 

result of resonance in the fish, the aquarium, or the transducer, 

and that they merely represent a deviation from simple harmonic 

motion in some element of the system. The transducers are sus

pected of producing harmonics because they contained air chambers, 

and gave emphasis to different harmonics of the same fundamental 

frequency in the same species of fish. The sounds are accordingly 

characterized by their measured or calculated fundamental fre

quency and note duration. 

By means of a free electrode technique for the detection of 
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muscle potentials the sounds were determined to be the product of 

muscle contractions. The frequency of muscle contraction is twice 

the fundamental frequency of the associated acoustical phenomenon. 

Together with visual observation this fact fits into a hypothesis 

of lateral vibration by alternate contraction of antagonistic 

muscles. The muscles used in the flutter of the spawning act are 

not believed to be responsible for sound production because the 

maximum displacement during sound production is more anterior, 

and in no instance did male sounds lead directly into the spawn

ing flutter. In a few instances there was a delay of as little 

as 0.1 second between these activities. 

The relationship of muscle potentials and acoustic frequency 

does not agree with Packard's (1960) description of drumming in 

the Congiopodidae, a symmetrical process whereby pairs of muscles 

synchronously drive the swim bladder to ring at its resonant 

frequency. Nor does it agree with a theoretical model of vibra

tions driven by forced movement of gas or liquid over a taut 

vibrator, for in this instance the vibration itself requires only 

very low frequency muscle contraction in the organ controlling 

fluid movement. 

The present species were found to link in some ways the 

different behavior patterns reported in other species. Females, 

the discriminating sex in many forms, accepted the courtship of 

males of other species if these were not normally met in the 

native environment. 

Fundulus zebrinus and F. kansae are alike in most ways, as 
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would be expected from their fertile hybrids. They share a prefer

ence for bottom spawning, a dorsal ~rientation of the male in 

herding, the possession of high frequency (100 - 150 cps) male 

sounds, and a tendency to restrict sound production to the time 

of the ovoposition act. They differ slightly in the frequency 

and duration of male sounds. 

Fundulus chrysotus was not studied in the detail that the 

other species were, but the male was reported to show a unique 

head bobbing characteristic during circling. Sounds produced by 

this species are comparatively low in both frequency and intensity. 

Fundulus grandis and F. pulvereus are believed to be more 

closely related than some authors have indicated. Both reciprocal 

hybrid combinations between them have sterile males and fertile 

females. A number of individuals of both species taken during 

systematic collecting over a period of several years were ex

amined in a search for naturally occurring hybrids, with negative 

results. One female F. grandis spawned in the laboratory with a 

large male F. pulvereus in a no-choice situation, but ceased to 

do so at the introduction of a male of her own species which was 

barely sexually mature. All other attempts to cause these two 

species to voluntarily hybridize were unsuccessful. 

Both of these two species and a F. grandis X F. pulvE:freus 

hybrid male produced easily detectable sounds throughout court

ship. The sounds of F. grandis are more variable in frequency, 

duratioo, and repetition rate, as welJ. aa being more intense than 

those of F. pulvereus. The sounds of the hybrid are intermediate 
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in all respects but intensity, being much louder than the size of 

the animal would lead one to expect. 

A discussion was made of the implication of the findings on 

theories of specificity of courtship patterns and on the documented 

differences between behavior in the field and in the laboratory. 

Also discussed were the generalized nature of behavior in _E. 

zebrinus, the theoretical possibilities of multiple function in 

courtship behavior, and the function of courtship sounds in 

Fundulus. It was suggested that the sounds may not be important 

to females as propagated sound waves, but as signals detected as 

currents by the lateral line. A single experiment demonstrating 

female detection of sounds was reported. 



---
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Figure 1. Fundulus pulvereus, spawning pair. Female has 

assumed the S-posture, male is joining her. 

Fish in foreground is the male. 

Figure 2. Fundulus pulvereus, spawning pair. This photograph 

of the spawning act shows the male clasping the 

female with his dorsal and anal fins. The female 

is hidden behind the male except for her snout, 

which appears as an elongation of the male's head, 

and is reflected at right. 





Figure 3. Fundulus pulvereus, open water herding position. 

Lower fish is the male. 

Figure 4. Fundulus 2ulvereus, herding near a spawning site. 

Upper fish is the male. The spawning site is a 

bundle of Spanish moss, which contrasts poorly 

with the dark background. 





Figure 5. Fundulus grandis, Sonagrams of male sounds and muscle 

potentials. A - 87 nun. male, Rockport, 3 male sounds. 

B - 150 mm. male, Brownsville, 2 long sounds. C

muscle potentials or spawning pair and male sound of 

87 mm. male. D - muscle potentials, same male sound as 

C, wide band filter, different time base. E - muscle 

potentials or spawning flutter, wide band filter. F 

acoustic record of spawning flutter, wide band filter. 

Flourish has been retouched slightly. See text for 

explanation of vertical scale in Figures D, E and F. 
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Figure 6. Sounds of male Fundulus. A - !_. pulvereus, 37 mm. 

male. B - !· pulvereus, 44 mm. male. C - Hybrid, 

F. grandis X !· pulvereus. D - F. zebrinus, 60 mm. 

male, manual volume control. E - F. kansae, 55 mm. 

male. F - F. chrysotus, 47 mm. male. Vertical 

arrows mark noises which are not male courtship 

sounds; in sonagrams D and E these are female nips. 

Horizontal arrows indicate power line hum or its 

harmonics. 
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OCCURENCE OF ELEMENTS 

Herding Circling Leading Following 
Fundulus 

JCansae 1 2 2 4 

zebrinus 1 2 2 4 

chr;z'.:sotus 2 1 3 3 LEGEND 

grandis 

pulvereus 

1 

2 

2 

1 

2 

2 

3 

2 

1-Very Frequent
2-Frequent
3-Infrequent
4-Not Seen in all 

srandis x 
2uivereus 2 2 2 3 

Courtships
5-Never Observed 

POSITION OF SOUND PRODUCTION 

Herding Circling Leading Following 

kansae 1 5 5 5 

zebrinus 1 5 5 5 

chrlsotus 1 ? 5 5 

5randis 1 2 4 5 

,EUlvereus 2 2 2 5 

5randis X 
;2Uivereus 2 2 2 5 

Table I. Male Courtship Activities. A subjective estimate of 

the laboratory frequencies of behavioral elements in 

the forms studied, based on notes and motion picture 

analyses. 
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1/1 

FEMALE MALE I II 

Fundulus Sjrandis !· zebrinus 0/2 2/2 

F. grandis F. pulvereus 0/7 1/10+-
F. Sjrandis F. Sirandis X F. EUlvereus 0/4 2/4 

F. Sirandis F. kansae 

F. zebrinus F. kansae 5/5 2/2 

F. zebrinus F. kansae X F. zebrinus 1/1 

F. zebrinus F. zebrinus X F. kansae 2/2-
F. zebrinus F. Sirandis 1/3 2/2 

F. kansae F. zebrinus 2/2 

F. kansae F. srandis 1/1 

F. EUlvereus F. £5randis 0/7 0/10+ 

!· Eulvereus F. zebrinus 0/1 

F. Eulvereus -F. grandis X· F. pulvereus 4/5 7/7-

Table II. Voluntary Hybridizations. Results of tests in the 

presence (Column I) and absence (Column II) of 

homospecific males. Numerators represent trials 

in which spawning acts occurred, denominators 

represent total number of trials. 



Trans. SampleSpecies Std. 1. * Fundamental Dominant 
mm. n Range Av. Harmonic Freq. 

Fundulus 
ze'6r1nus 60 1 5 90-150 130 2 (1) 260 

kansae 155 5 97-150 130 2 260 

40 1 7 100-150 130 2 260 

chrysotus 47 1 6 33-40 37 4 (2) 148 

5randis 150 1 15 40-67 60 2 120 

87 2 5 30-65 55 2 110 

80 2 10 30-62 56 2 112 

50 1 8 65-87 81 2 (1,3) 162 

2ulvereus 44 2 5 54-58 55 2 110 

37 1 10 50-60 59 3 177 

~randis X 
Eu!vereus 47 2 10 60-75 65 2 130 

*Transducer code 
1 - Altec microphone 
2 - variable reluctance hydrophone 

Table III. Average Frequencies of Selected Male Sounds. See text 

for explanation of columns. 
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Species 
o.oo 

Duration 

0.16 

to Nearest 0.01 sec. 

0.31 o.46 0.61 1.01+ 
Tot. **Mean Code 

Std.l. to to to to to 
0.15 0.30 o.45 0.60 1.00 

kan. 40 4(14) 13(46) 5(18) 5(18) l(o4) 28 0.32 a 
10(66) 4(26) 1(07) 15 0.18 b 
14(33) 17(40) 5(12) 6(14) 1(02) 43 0.28 c 

55 2(08) 12(48) 8(3~) 3(12) 25 0.33 a 
1 3 4 0.29 b 
3(10) 12(14) 11(38) 3(10) 29 0.32 c 

zeb. 60 8(28) 14(48) 6(21) 1(03) 29 0.24 a 
60(65) 26(28) 6(07) 92 0.16 b 

68(56) 40(33) 12(10} 1(01) 121 0.18 c 

E· 50 15(31) 21(43) 7(14) 3(06) 3(06) 49 0.26 

80 12(21) 17(29) 12(21) 3(05) 9(16) 5(09) 58 0.50 

87 56(28) 48(24) 29(14) 24(12) 23(11) 22(11) 202 o.48 

150 6(12) 9(18) 4(08) 5(10) 7(14) 18(37) 49 1.13 

pul. 37 37(35) 58(55) 9(09) 1(01) 105 0.21 
44 27(42) 14(22) 16(25) 3(05) 4(06) 1(02) 65 0.28 

gr.x
pul. 47 10(18) 19(35) 13(24) 8(15) 5(09) 55 0.32 

Table IV. Duration of Male Courtship Sounds. Notes are grouped 

into arbitrary classes to emphasize differences in the 

O - 0.5 second range. Percentages are in parentheses. 

Table is continued on next page. 
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Duration to Nearest 0.01 sec. 
** Species o.oo 0.16 0.31 o.46 0.61 1.01+ Tot. Mean Code 

Totals to to to to to 
0 •.15 0.30 0.·45 0.60 1.00 

~·* 12(12) 58(59) 19(19) 9(09) 1(01) 99 0.29 a 
13(50) 8(31) 4(15) 1(04) 26 0.21 b 

Tot. 25(20} 66(53) 23(18) 10(08) 1(01) 125 0.28 c 

zeb. 8(28) 14(48) 6(21) 1(03) 29 0.24 a 
60(65) 26(28) 6(07) 92 0.16 b 

Tot. 68(56) 40(33) 12(10) 1(01) 121 0.18 c 

E· 89(25) 95(26) 52(14) 35 ( 10) 42.( 12) 45(13) 358 0.54 

pul. 64(38) 72(42) 25(15) 4(02) 4(02) 1(01) 170 0.23 

£·X
pul. 10(18) 19(35) 13(24) 8(15) 5(09) 55 0.32 

*F. kansae total includes notes for which male was not 
iaentlr!ed. 

**Mean was calculated from ungrouped data 

Notes: 
a - calls following nips
b - calls not following nips 
c - sum of a and b 

TABLE IV. Continued. Totals for each species. 
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