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ASSTRACT 

The ecology and behavior of the form of the desert 

pupfish (Ovprlnodon maoularlua) found In Quitobaquito Springs, 

Organ Pipe Cactus National Monument, Arizona, were studied 

during 1964- and 1965* Historical aspects of the environment 

were discussed. Ecological changes were found to take place 

rapidly in this environment. Water level and turbidity 

changed with a great deal of speed having decided effects on 

the breeding fishes. 

Adults of this species remained active in the spring 

and stream which feeds the pond during all seasons. The fishes 

in the pond were dormant during the winter months. During 

this time they buried themselves in the loosely packed detri

tus on the bottom of the pond. 

In April when the water temperature rose above 20.0° C. 

the adult fishes suddenly became active again. Territorial 

behavior was at its peak at this time as was breeding behavior. 

This waned as the season grew longer. Finally in August the 

majority of males did not act aggressive at all. 

Trapping studies revealed that initially the fishes 

restricted their activities to the shallow, more peripheral 

areas of the pond, and later they moved into the deeper central 

viil 
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areas. Trapping and narlclng studies demonstrated that females 

did noy restriot their activities to any one area of the pond, 

but rather moved at random. 

The food habits of the desert pupfish were studied 

and these fishes were found to be mainly scavengers that un-

selectively feed on the detritus on the bottom of the pond. 

The only parasites found in these fish bear a close 

resemblance to a species of nematode that is found in related 

species and is also parasitic in wading birds. 

Mating behavior was studied in the laboratory and 

courtship sequenoes were described. The female was the sex 

that decided if breeding would take place. Territorial be

havior by males in the laboratory was found to be lacking if 

other males were not present. When several territorial males 

were placed in a limited area a definite hierarchy developed 

and was stable. Recovery of the beaten males was spectacular

ly rapid after removal of the Alpha. The dominant male was 

found to have an iris around his eye that was very dark where

as the subdued male's was like a silver ring around the pupil. 

Behavior of macularius in the field was found to 

differ considerably from the behavior observed in the labora

tory. In the field the territorial male immediately attacked 

all trespassers including females that were ready to spawn. 

This attack caused the females to flee or if they were receptive 

they channeled the male's viclausness into breeding behavior by 
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appropriate reactions and spawning resulted. This happened 

several times and then the female either left to return 

shortly or left and went to another male. 

Later in the summer activity diminished and courtship 

patterns seen in the laboratory became evident for the first 

time in the field. Fighting was rife at the beginning of the 

season but tapered off to a point where threat posture was 

enough to maintain territories against other males. Size of 

territories increased during the summer. 



CHAPTER 1 

INTRODUCTION 

The desert pupfish, Cyprinodon macularlus. is a member 

of the order Atheriniformes, suborder Cyprinodontoidei, family 

Cyprinodontidae (Rosen 1964)* The Cyprinodontidae are widely 

distributed in the fresh and braokish -waters of all continents 

with the exoeption of Australia and Antarctica (Wallace 1876, 

Boulenger 1907, Bartholomew £t a^. 1911# Prey 1961, Sterba 

1962, Hervey and Hems 1963)» 

The distribution, evolution and speclation of the 

genus Cyprinodon in the western United States has been dis

cussed in detail and at length in a number of published 

acoounts (Hubbs and Miller 1941, 1948; Miller 1943» 1948, 1959* 

1961a, 1961b). At present there are 23 known species of this 

genus and all are allopatrlc (Liu unpublished)* It Is cer

tain that new species will be named soon, as new forms are 

being discovered (Hubbs and Miller 1965). 

Cyprinodon maoularlua was first desoribed by Balrd 

and Glrard (1853) from the Rio San Pedro in Arizona (Miller 

1943). Years after this original description, published 

accounts dealt mainly with distributional data (Jordan and 

Oopeland 1876, Eigenmann 1892, Gilbert 1893, Gilbert and 

1 
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Scofield 1898, Meek 1904, Regan 1906-8, Thompson 1920, Thomp

son and Bryant 1920). The papers that referred to the ecology 

and/or behavior of this species did so In a cursory manner 

(Evermami 1916, Ooleman 1929, Oowles 1934, Me11en and Lanier 

1935, Lanier 1939» Miller and Miller 1942). 

Miller's excellent paper (Miller 1943) clarified the 

status of £• macularlus and gave Its range as "The basin of 

the lower Colorado and Gila Rivers and the Salton Sea, from 

southern Arizona to southeastern California and eastern lower 

California, and the Sonoyta River of northern Sonora, Mexico." 
• 

This superlative study included the examination of the astound

ing number of 6000 specimens of £. macularlus. This publica

tion and a subsequent one on the fishes of the Death Valley 

area (Miller 1946) are superb examples of metloulously executed 

research. 

In Arizona £. macularlus was at one time present in 

the following rivers: Colorado, 611a, San Pedro, Salt, Santa 

Cruz and their tributaries (Miller 1943, 1961a). Due to 

arroyo cutting and lowering of the water table the only popu

lations known to exist In Arizona now are at Monkey Spring 

near Patagonia in Santa Cruz County, and at Quitobaquito 

Springs, Organ Pipe Cactus national Monument in Pima County. 

During the last ten years there have been a number of papers 

written about the euryhaline and eurythermal abilities of 

macularlus (Barlow 1958a, Kinne I960, Kinne and Klnne 1962). 
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Barlow (1961) was the first to do any extensive behavioral 

work; with jO. macularlus. The above published reports by 
'U JV 

Barlow and Klnne dealt with the form of this species that 

is found in the Salton Sea, California* 

The £. macularlus that exists in Qultoba^uito Springs 

is a distinct form of this species (Miller 1943) which was 

probably isolated from the Colorado River drainage system when 

the great Pinaoate lava flow diverted the flow of the Sonoyta 

River to the south. This happened approximately one million 

years ago during the Pliocene-Pleistocene transition (Ives, 

1936, 1964, Hubbs and Miller 1948). Since that time this 

form has probably been isolated from the other populations of 

the same species, the closest being in the vicinity of the 

mouth of the Colorado River, 

With Barlow's work (1961) as a basis for comparison 

one objective of this study was to compare the behavioral 

patterns of this singular race of £. macularlus with the form 

in the Salton Sea. 

Animal Behavior as a separate, distinct discipline is 

rapidly reaching its apogee. Because of the factors involved, 

the study of fish behavior, with few exceptions, has been 

limited to investigations in the laboratory where conditions 

may be controlled and enormous amounts of data may be obtained. 

It has also become increasingly apparent to students of animal 

behavior at all levels that often, if not always, behavioral 
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data gathered In the laboratory sire quite different from the 

behavior exhibited under natural, unrestrained conditions. 

These dlBtlnot differences hare prompted several authors to 

publish recent articles calling specific attention to these 

facts (Kaufman and Kaufman 1963* Kavanau 1964). In addition 

to these, there have been symposia and books published where 

the trend toward the naturalistic approach is very obvious 

(Altmann 1965a, 1965b). This study then was aimed at describ

ing the behavior and eoology of Ovprlnodon macularlus in its 

natural habitat. The aim was to observe and reoord. Attempts 

were made to quantify some aspects of behavior, but the main 

effort was purely descriptive. The laboratory work that pre

ceded the intensive field work was done in part to acquaint 

myself with the oertain motor patterns exhibited by these 

animals so that in the field they would be more readily recog

nized* 



CHAPTER 2 

DESCRIPTION OP HABITAT: QUITOBAQUITO SPRINGS 

Historical Aspects 

Qultobaqulto Springs is located on the Mexican-

American border 15 miles by road west of Highway 85, Pima 

County, Arizona, within the boundaries of Organ Pipe Cactus 

National Monument, and about 177 miles by road from the Uni

versity of Arizona, Tucson, Arizona, 

Qultobaqulto has furnished water for thirsty desert 

travellers for many years. It was the last source of fresh 

water for the many travellers that set out over the Camlno del 

Diablo - the road to California. The first record of a visit 

to Qultobaqulto (whloh has also been called Qultovaqulta) 

came to us from that Intrepid explorer, Father Euseblo Fran

cisco Kino, by way of his biographer, Bolton (1919* 1936). 

Qultobaqulto was then called San Sergulo (1698). Kino 

referred to it as "... a good place" and Inferred that It 

was inhabited. The water table of the entire Sonoyta Valley 

must have been a great deal higher at that time because he 

remarked that the arroyo (Rio Sonoyta) was flowing in many 

places, and while following it around the southern end of the 

Plnaoates he remarlced that there was an abundance of water 

5 



6 

and also " • • • grass, carrizales, and tulareB11 (Bolton 1935) 

whioh would indicate a marshlike environment. 

It is unfortunate that Kino was not as interested 

in zoology as he was in exploring and map-making, for he 

makes no record of maoularius whioh undoubtedly were there 

then as they are now. 

The only fishes in the pond are Ovprlnodon maoularius 

and these undoubtedly came from Rio Sonoyta whioh is approxi

mately one mile to the south. Lumholtz (1912) pointed out 

that in 1912 there was a connection between the spring and 

river, and even now during times of heavy precipitation there 

is probably such a connection. 

Since the water table has been lowered, many of the 

springs that were formerly giving off water (Lumholtz 1912) 

are now dry, and it Is obvious from deposits of mineral salts 

where the stream beds once were. The only apparent flow that 

now reaches the pond comes from two springs north of the pond. 

These two springs feed the pond through a stream that Is con

stantly being overgrown and clogged by water-loving plants. 

This pond or one like it has probably been in existence since 

man first practioed agriculture in southern Arizona. 

When I first visited Quitobaquito in 1961 it was in 

a relatively pristine condition. At that time the pond was 

much more shallow than it is now, and it covered a more exten

sive area. The population of pupfishes was quite high. From 



January through March 1962 the U. S. Natl ttsa&l Park Service 

dredged the pond to Its present depth, put In latrines and 

picnic tables, laid a path around the pond and constructed 

a gravelled parking lot. 

The deepening of the pond had some direct and indirect 

effects on the eoology of these pupfish vliich. will be touched 

on in the text of this dissertation. Although Quitobaquto is 

an extremely unique oasis, and has been a place well known to 

biologists, there has been surprisingly little published from 

a zoological point of view. In studies dona in the general 

area Quitobaquto has always been an ancillary part of the work 

(Huey 1942, Hensley 1954). 

The only work on the aquatic environment was done by 

Cole and Whiteside (1965). Only one study has been concerned 

with behavior of these fishes of this location, and that was 

merely in relation to temperature stresses (Heath and Lowe, 

unpublished). 

Ecological Aspects 

The surface area of the pond is approzlmately 0.22 

hectares (Oole and Whiteside 1965) and It is &bout 300 feet 

long. The mean depth during this study wag approximately 39 

laches in all parts with the exception of a shallow area in 

the northeast corner which extends about 20 feet from shore 

and is approximately one foot deep, and a sasall cove on the 
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eastern side of the pond that varies from about six inches 

to one foot in depth and is about 15 feet wide at the mouth. 

Surface temperatures vary greatly during a 24 hour 

period and during the seasons of the year. The ooldest temp

erature recorded was 10° 0. on 25 January 1964. This was 

during the afternoon so it is apparent that night and early 

morning temperatures would be lower. Lowest temperatures are 

reached between 4:00 A.M. and 6:00 A.M. The water, then warms 

at a more or less uniform rate until a maximum is reached at 

3:00 P.M. The greatest range in temperatures during the day 

comes in July when a 6° 0. range has been recorded. The highest 

temperatures recorded from the pond were taken in August when 

34° C. was reached. Even higher temperatures than this have 

been recorded in the shallow waters of the coves. The greatest 

difference recorded between surface and bottom water temperature 

was 1.0° 0.; the bottom being cooler during the day and both 

depths having similar temperatures at night. The spring has 

an almost uniform temperature of 23° 0. 

No attempt was made during this study to analyse the 

physicochemical properties of the water. The interested reader 

is referred to Cole and Whiteside (1965) for this information 

and a discussion on the aquatic plants of the area. 

Seasonal Changes in Blotlc and Abiotic Factors 

The salient factor that characterizes the pond in which 
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these fishes live is that of change. The changes in the pond 

are rapid and extreme, and a less resilient fish would not 

survive in this type of habitat. 

The single attempt at an ecological study of the 

aquatic environment in Quitobaquito (Oole and Whiteside 1965) 

was admittedly superficial and was based on only two visits to 

the pond. Nothing concerning the fluctuations of the environ

ment was reported. 

The pond as it appears at present is the result of 

extensive dredging. This was done from January to March, 1962, 

by the National Park Service because the original pond was in 

danger of being filled with silt. I had visited this locality 

before the dredging in February of 1961. Then the pond was no 

deeper than 12 Inches to 18 lnohes in all areas. Abundant 

aquatic vegetation on the bottom afforded shelter and food 

for the fish. Now the pond is almost uniformly a meter deep 

except in the northeast corner and in a small cove to the 

east where the bottom slants more slowly and the depth varies 

from eight to 12 inches. It is in these two comparatively 

shallow areas that the majority of fishes are found as will be 

discussed later. 

The springs themselves and the stream which carries 

the water to the pond are usually choked with the halophytic 

rush Sclrpus olnevi and it is only by sporadic clearance of 

these aquatic plants by the National Park Service that they 
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do not completely- stop the flow of water. Before the pond 

was deepened* cattle grazed and watered In this area and 

although this was not a particularly esthetic component of 

the total scene they did keep the ditches open. 

In the winter, spring and fall the water in the pond 

is usually very dear and one can see the bottom without any 

trouble. During the summer the water is generally murky. 

However, the variation from one year to the next is striking. 

In 1964 the water remained very clear from January through 

July and much behavioral data were taken. Precipitation was 

very light in the area up to this time. 

During August 1964 the water became quite turbid due 

to silt that was washed in by the rains and to the bloom of 

algae in the water. Apparent productivity of the whole pond 

was high. The tules (Sclrnus olnevl) around the edges had 

grown demonstrably thloker and the increase in the numbers 

of aquatic Insects in the pond was evident. The water level 

was much higher than in July. All these changes took place 

in a period of less than three weeks. 

The vegetation on the bottom of the pond was very lush 

during June, July and August. The shallower areas especially 

were carpeted with Ohara sp. which served as food, shelter and 

a place for the fishes eggs to adhere. 

The water remained fairly clear in 1965 until 14 March 

when I visited the area and found the water very high and muddy. 
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These changes could have been due to the cutting of a new 

channel from the spring to the pond by the National Park Ser

vice or because of the recent rains in the area. The bottom 

of the pond was devoid of any vegetation. Ten days later 

(9 April) the water was still high and murky. Two weeks later 

the water was muoh clearer but the bottom of the pond was 

still barren of vegetation. 

There was a bloom on the oottonwood trees in the area 

during the last week in April and the "cotton" produced by 

these trees combined with dead tule weeds and dust which had 

been blown in made the surface of the pond a mess, especially 

the east side where the winds piled it up. Added to this was 

a bloom of Splrogyra sp. that was growing in association with 

the flotsam. There was still no Ohara growing on the bottom. 

The only vegetation that was growing on the bottom was a few 

small clumps of Splrogyra which were growing in the small cove. 

The most fantastic change ocourred between 24 April and 

6 May. The water level dropped 12 inches in this period. This 

change exposed extensive areas that had been used two weeks 

previously as breeding territories, and undoubtedly left 

thousands of eggs high and dry. Whether these eggs would hatch 

after being inundated again as the eggs of another cyprinodont 

Fundulus confluentus (Harrington 1959) do is an Interesting 

question. The water was quite turbid. 

This drop In water level might have occurred because 
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of increased evaporation due to the higher temperatures and 

increased winds. It night also have been due to the stream 

becoming clogged or a combination of these factors. This 

was a very windy part of the year and the bottom of the pond, 

which is usually soft mud covered by a layer of detritus, had 

become covered with a crust of hard silt. Walking through 

it reminded me of walking across snow that has crusted over. 

There was no vegetation on the bottom. Even the S-plrogvra 

which had ephemerally appeared had gone. 

The national Park Service cleaned out the stream 

during the next two weeks so when I returned on 20 May the 

water level was up about eight inches. 

Another ten inch rise in the level of the pond was 

experienced during the next two weeks because of local rains. 

The water was very turbid from this time until the middle of 

August when it cleared up again. It was so murky that it put 

severe limitations on observations of fish behavior in the 

pond area. Previously dry areas were now immersed. Because 

of the fairly heavy rainfall in this area the water level 

stayed higji all summer. 

The absence of plant growth on the bottom during this 

period is difficult to explain, especially in comparison to 

1964 when there was an abundance of Ohara on the bottom through

out the season. The murklness of the water or the greater 

depth of the water may have had some effect. 
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An alternative explanation deals with the effect that 

the population of coots (Fulloa americana) have had on this 

algae. This bird has taken up year around residence here 

since the dredging of the pond, and it now nests in the reeds 

on the north side. These coots which were noted rarely here 

before the deepening of the pond (Hensley 1954) feed on the 

aquatic vegetation, and they might have contributed to the 

paucity of it during the summer of 1965* On April 24 I noticed 

some behavior in these birds that might have been due to the 

lack of vegetation in the pond. Several of them were seen 

foraging up the stream toward the spring and one was seen walk

ing under the mesquite trees (about 30 feet from the water). I 

have never before or since seen them away from the water. 

The water level was high the rest of the year. The 

water began clearing up in August and by the time of my last 

visit in November it was completely clear. Some Ohara began 

growing in August and in October it reached its maximum growth 

although it still did not remotely approach the abundance of 

the previous year. 



CHAPTER 3 

ECOLOGY OF £. MAOULARIUS IN QUITOBAQUITO SPRINGS 

Relative Abundance and Seasonal Behavior 

It appears that on the basis of this study there are 

at least some males and females that are active in the spring 

and the stream which flows into the pond during the entire 

year. These fishes, however active, have not been seen to 

breed during the winter months. On the other hand, the pond, 

which is subject to greater fluctuation of temperature, is 

devoid of active adult fishes during the winter months. 

Starting usually in October, the adult fishes burrow into the 

mud and debris at the bottom of the pond. No territorial 

males or adult males or females were seen during the printer 

from the latter part of October until the following April. The 

adults were not hard to find however, because a seine dragged 

across the bottom usually caught inactive adults along with 

the litter on the bottom during the winter. 

This type of behavior to my knowledge has not been 

reported in these fishes before. Barlow (1961) simply says 

that the male pupflsh Join the schools of females and Juveniles 

during the winter. Miller (1948) states that the breeding 

season for Cvprlnodon found in streams is from April to 

13 
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October, and that the fishes in the warm springs probably 

breed throughout the year. No mention is made about the 

behavior of the form in the streams during the cold weather. 

Barlow, in an earlier publication (1958b) concerning movements 

of the desert pupfish in the Salton Sea describes the activity 

of these fishes during January, Judging from this report it 

appears that there are distinct behavioral differences between 

the two populations. 

The adults at Quitobaquito in the pond remained dor-

mand throughout the winter months until the last two weeks 

in April, This description is different from the data that 

Heath (personal communication) obtained during the course of 

another study at Quitobaqulto before they dredged the pond. 

It that time (1961) the breeding season started at the end of 

February or early March, 

In 1965 the pond was visited on 1 March, 14 March and 

9 April. On these dates no active adults were seen in the 

pond. Then, when I returned on 24 April the sudden appearance 

of the fishes was astounding. In contrast to the complete 

absence of the adult fishes 14 days before, the pond was then 

abounding with adult females moving about, and all the suitable 

spots for territorial males were occupied. These males were 

at the peak of their reproductive behavior and in almost per

petual motion; fighting, breeding and patrolling. 

The abdomens of the females were very distended. In 



faut this swelling of the belly due to the egg mass was at 

its maximum at this date and decreased from here throughout 

the rest of the season. The intensity of the males' "behavior 

also decreased as the season went on. 

The remarkably rapid initiation of breeding behavior, 

to say nothing of the equally rapid appearance of these fishes 

seems to be a thermal phenomenon. On 10 April the temperature 

range in the pond was 16.6° 0. - 19.8° 0. and in contrast the 

range of temperature measured on 24- and 25 April Has 23.0° C*» 

27.2° 0. This represents close to 7° 0. increase at both ends 

of the range. The other aspects of the pond did not seem to 

change demonstrably, except some green algae, SPirogvra. was 

observed growing on the bottom during the latter visit. 

Several other studies have reported on the initiation 

of the breeding season, and the causes for this in some re

lated species. Richardson (1939) reported that gundulus dia-

phanus started reproductive behavior after several days when 

the water temperature was 21° 0. at the end of May. Clark 

Hubbs (1965) described the breeding season for the Oalifornia 

killifish, ffundulus parvlplnnls. as starting in late March 

which is correlated with a temperature of 16.6° 0., the mini

mum egg hatching temperature for this species. The minimum 

hatching temperature for C. macularlus from the Salton Sea 

Is 13*0° 0. (Kinne and Kinne 1962). Thus the Initiation of 

breeding in this population in Quitobaquito, If it has a 
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similar minimum, does not coincide with the minimum hatching 

temperature. Nichols and Breder (1927) report that late 

spring and early summer are usually times -when ripe £• 

varleeatus are found. Raney, e£ al., (1953) gives December 

to Hay as the months when the spawning season starts for 

this species depending on the latitude of the fishes. Hilde-

brand (1919) set up an experiment where he could check egg 

production, and found that the females produce eggs from 10 

April until 16 August. He also said that females may be 

found in spawning condition from the middle of March until 

as late as October. The fact that light has little effect 

on the spermatogenesis and that temperature is the most impor

tant, if not the sole, environmental factor in fundulus 

heteroolltus has been demonstrated unequivocally by Burger 

(1939) and Matthews (1939). 

The observations of the initiation of reproductive 

behavior in £. macularlus under natural conditions seem to 

corroborate the published data that relates to the timing of 

the beginning of the breeding season and the reports that 

temperature is the controlling factor in related forms* 

In 1964 there were territorial males in abundance 

throughout the early months and into the summer until the 

first week in August when the areas there that had been 

used as territories by a plethora of males were found to be 

vacated. The few males which were sees on this date were 
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not very aggressive, and they did not seem to hold terri

tories. They roamed about shallow water of the pond and 

when the males met one another there was no hostile inter

action between them. These males were not only scarce in 

their usual haunts along the banks, but several seine hauls 

over the shallow coves which before would have yielded 

hundreds of fishes only gave a few* 

The males that were taken were quite dull in colora

tion in contrast to their beautiful blue colors earlier in 

the season, and I was able to satisfy myself that they were 

males only after close inspection. The actions of the males 

at this time of the year is in sharp contrast to their 

appearance at the beginning of the breeding season. Then 

they move about at top speed, stop abruptly, wheel, dive.All 

of the movements at that time of the year are very sharp, 

jerky and accentuated. All of the fin rays are extended and 

this results in an animal that is extremely obvious. The males 

from this later date were relatively colorless. They swam 

slowly and idly along, seemingly with no direction. When 

adult females were encountered the males ignored them and when 

two adult males met one another there was no antagonistic be

havior. 

In 1965 the behavior was very different. The territor

ial males that so abruptly appeared in the last week In April 

then decreased in visible numbers in a precipitous fashion. 
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Although territorial males were seen occasionally in the pond 

throughout this spring and summer, the males were not nearly 

so abundant as they were at the end of April or, for that 

matter, as -chey were the year before. The reasons for this 

difference are not apparent but it might have been the result 

of the great fluctuation in depth and the increase in the 

turbidity during 1965. In 1964 the total rainfall for the 

months of April, May and June was 0.09 inches whereas in 1965 

O.96 inches fell during the same period. During the first six 

months of 1964 only 1.29 inches of rain had fallen in compari

son to the 3-29 inches of rain that was recorded during an 

identical period in 1965. The increase in turbidity was 

surely due to the increase in rainfall, and increased turbidity 

has been found to be directly responsible for the cessation of 

breeding in fishes (Aronson 1965). 

The first young of the year were taken in the pond on 

6 May and the first schools of fry were seen on 20 May. The 

fry increased in numbers during the spring, probably reaching 

their maximum numbers in June and July, but visible almost 

year around in contrast to the adults. 

Trapping Studies 

In order to substantiate the behavioral observations 

that led to the conclusion that the adult fishes were dormant 

until the last week in April a number of fish traps were 
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constructed and used. Small animal cages that were nine 

Inches high, nine inches wide and 14.5 Inches long were 

modified by lining them with standard fly-screen, and con

structing a funnel-like entrance in the door. This entrance 

was about four inches wide at the widest part and deoreased 

to about one and a half inches* Once the fishes were inside, 

they could not find their way back out. The traps were dis

tributed in specific areas of the pond which were designated 

as trapping stations numbers one through seven (see Table I 

and Figure 1), As can be seen from Table I trapping in March 

and the second week in April 1965 yielded no fishes. These 

traps were in both shallow and deep water. The fishes' 

sudden appearance was reflected in the first captures of 

fishes in the traps. On the basis of trapping results at 

this time it was obvious that the fishes were restricting 

their activities to the shallower areas at the periphery of 

the pond, while staying out of the deeper, more central parts. 

The fishes, according to these data, keep to the edge of the 

pond throughout May, 

Trap station No. 5 was a fairly shallow, broad area 

and it is obvious from the number caught on 20 May 1965 that 

this area was favored by these fishes. There were so many 

fishes in this trap when I checked it that there was little 

room for them to move about. They were so orowded that I re

leased them immediately to prevent undue mortality. Thus, 



Table I. Results of Trapping in Pond 

Late Time Trans in Water Trapping Station Depth Total Fishes Taken 

3t25-65 24 hrs. No. 3 3. ft. 0 
No. 1 1 ft. 10 in. 0 

4-9-65 24 hrs. No. 1 1 ft. 10 in. 0 
HO. 2 3 ft. 9 in. 0 

4-25-65 24 hrs. No. 1 1 ft. 10 in. 16 
No. 2 3 ft. 9 in. 0 

5-7-65 24 hrs. No. 1 1 ft. 10,in. 21 
No. 2 3 ft. 9 in. 0 
No. 3 3 ft. 2 
No. 4 3 ft. 1 

5-20-65 24 hrs. No. 1 16 
No. 3 14 
No. 4 36 

A No. 5 11 in. 200 

6-5-65 24 hrs. No. 1 4 
No. 3 2 
No. 4 0 
No. 5 59 

ro 
o 
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Figure 1. 

An outline drawing of the Pond with Trapping Stations Indicated 
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only an estimate of fishes In this area was made, although 

hundreds were captured. The results of trapping on 5 June 

again Indicates that the fishes are found in the shallow 

shelf more than anywhere else at this time of the year. The 

number of fishes taken in the deeper water (stations No. 1, 3 

and 4) was small in comparison. 

On 23 June the four traps were not utilized at the 

same stations as before. Rather they were placed in a tran

sect from the northeast corner of the pond to the center. The 

results as seen below show that these fishes were now congre

gated in the more central, deeper areas and were staying away 

from the shallower areas that were closer to shore. Only an 

occasional territorial male was caught in the shallow areas. 

Station No. Feet from the Bank 3)apt Total Pjahan Tnlrpn 

A 3 11 In. 10 

B 75 3 ft. 5 in. 55 

C 105 3 ft. 5 in. 34 

D 135 3 ft. 5 in. 314 

The following day the traps were again set. This time, 

however, they were placed in the deeper water that lay just 

off shore (trapping stations Nos. 3 and 4), in the shallow 

water in the northeast corner (No. 5) and in the deep water at 

the end of the cottonwood tree (No. 2). Results given on the 

following page seem to corroborate the data from the day before; 
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Namely that the fishes are staying out of the shallower water 

and restricting their activities to the deeper water. 

Trapping Station 

No. 2 

Number of Pishes Captured 

73 

82 

78 

No. 3 

No. 4 

No. 5 0 

Observations of the large shallow cove where No. 5 

trap station was located revealed no adults but many fry. 

It had been observed both in the laboratory and in the 

field that these fishes tend to stay mainly on the bottom. In 

an effort to ascertain more concretely the depth occupied by 

the majority of fishes the following experiment was under

taken. On 12 July 1965 I placed the four traps in the center 

of the pond on top of each other so that the entrances were 

from four to 31 inches off the bottom. The differential cap

tures obtained below seem to demonstrate a distinct preference 

for the bottom as compared to the surface. 

Trap No. Inches off Bottom Total Pishes Captured 

1 31 2 

2 23 11 

3 14 24 

4 4 106 
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The history of the streams that carry the water from 

the springs to the pond is brief since the National Park 

Service, after fencing out the cattle in the area during the 

past three years, has finally found It necessary to out a new 

channel with a grader every few months as the streams become 

clogged with a variety of plants. During the period of my 

work there the path of these streams was constant and the 

National Park Service chopped out the reeds only once. At the 

time the present study was being carried on the stream appeared 

as outlined in Figure II. In attempt was made to census the 

stream and determine the ecological preference of £. macular-

lus during the year. 

As indicated in Figure 2 the distance from the most 

proximal spring to the pond is a total of approximately 525 

feet. Area "A11 which was 112 feet long was almost devoid of 

any fishes because of the velocity of the water. The slope 

was steeper here and the speed of the water was approximately 

18 to 34 in./sec. The fishes did move through here because 

they were found in the spring and were seen moving upstream 

occasionally, but it was quite evident that there were no 

resident territorial males in the area. 

Area "B", on the other hand, was relatively level, 

and this is where the vast majority of the fishes were found. 

In this area the velocity of the water averaged approximately 
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Figure 2. Outline Drawing of Stream to Pond 
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six in./sec. with a range from three In./ sec. to nine in./sec. 

The width of the stream was between 12 and 18 inches and the 

depth in the center varied from one to five Inches. 

The number of fishes present at any one time in part 

"b" seemed to be dependent on the amount of growth which 

covered the stream. For example, on 26 March 1965» the stream 

was fairly open and a census revealed that there was at least 

one fish per 3*7 feet of streambed or approximately 111 fishes. 

Later that spring on 24 April when the stream was even more 

overgrown there was only one fish for every ten feet of 

streambed or approximately 41 fishes. In fact, the fishes 

that were caught on this date were caught only in an area 

open to the sun. Over 50 feet of stream was censused that 

had an overgrowth that almost excluded the direct sunlight. 

This area yielded no fishes. 

The females were found in far greater numbers than 

the males. The ratio was approximately seven females to one 

male in the stream. 

The territorial males exhibited a distinct preference 

for the slower moving water that was open to the sunlight and 

where the aquatic vegetation was not too thick. At the bend 

between areas "A" and "b" there was a wide area with slow-
r * • » 

moving water about 18 inches deep where the nuptial males 

seemed to congregate. There have been as many as four males 

in this area while other parts of the stream have none. 
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At least some territorial males were seen from April 

to September in the pond at Quitobaquito, and other authors 

(Barlow 1961) have stated that these fishes consistently 

maintain territories from April to October. An effort was 

made to determine if the same males stayed in the same terri

tories throughout the breeding season. 

When a territorial male was located, the area he de

fended was mapped and measured. Then he was captured and 

marked and returned to the exact spot of capture. Time was 

spent immediately thereafter making sure that the markings 

were visible and that the animal remained within the original 

territorial boundaries. During subsequent trips the area was 

searched for these males. These fishes were marked in June, 

July, and August 1964 and in April and May 1965* Some that 

were marked and released were never seen again. The fishes 

that were re-identified were removed and re-clipped. The 

length of time spent in the same territory by these fishes 

was determined for three individuals. Thirteen, 20 and 28 

days were the periods measured. These figures of course might 

be minimal since the animals probably had been In the territory 

for some time before they were first captured. 

Prom 7 May 1965 a total of 33 females were taken at 

four different stations. They were dipped and returned to 
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the water In the same looation they were captured. Five of 

these Individuals were recaptured two weeks later on 20 May 

1965* Two of them were recaptured at station No. 1 where 

they had been marked originally, and two that were originally 

marked at station No. 1 were recaptured at station No. 3. A 

female that had been originally captured and marked at station 

No. 6 was taken at station No. 4. A total of 66 fishes was 

trapped and marked on 20 May 1965 and of these, five were re

captured on 5 June 1965* A female marked at station No. 1 was 

taken at No. 5 as was one originally marked at station No. 3. 

Three recaptures were made at station No. 4. Two of these 

had been marked at station No. 5 and one at station No. 1. 

Fifty-five fishes were marked on 5 June 1965 and none 

was recaptured. On 12 July 1965» 40 fishes taken in the cen

ter of the pond were marked with hooks and nylon streamers and 

released. One of these was taken the following day at station 

No. 3. Figure 3 graphically demonstrates the movements of 

these fishes throughout the pond. 

FOOD HABITS 

Since there has never been a systematic investigation 

of the food habits of £. macularlus one was undertaken in the 

course of this study. 

Barlow (1961) made reference to the fact that macu

larlus had been seen foraging on the blue-green algae that 
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covered the bottom of a pool that he was watohing at the edge 

of the Salton Sea in southern California. Miller and Miller 

(1942) report that « . green algae . •" is used for food. 

A closely related species, £. nevadensls. was found to have 

bits of inseots and u • . . very numerous Bhells of a small 

Gasteropod mollusk" (Gilbert 1093)• Hildebrand (1919) and 

Hildebrand and Schroeder (1928) reported that £. variegatus 

had mud, algae, plant material and sand in their intestinal 

tract. They went on to state that its food was " . • • prob

ably vegetable matter ..." (Hildebrand and Schroeder, 1928), 

and that the diet showed a correlation with the convoluted 

digestive tract that was approximately two and one third 

times the length of the fish (Hildebrand 1919). Another 

closely related western species, 0. radlosus. was examined 

by Kennedy (1916) who looked at fourteen specimens from a 

July - August collection. Ninety per cent of the contents 

of the digestive tract of these fishes was composed of chir-

onomld fly larva. A few miscellaneous adult and juvenile 

arthropod remains were also found. Breder (1934) upon in

vestigation of £. baconl from one of the Bahama Islands found 

that this species subsisted on Batophora sp., "... a pe

culiar brackish water algae. . ." which carpeted the bottom 

of the pools in which they lived. 

During many hours of observation of 0. macularius in 

Qultobaquito it was noted that the females would usually 



Table II. Movement of Pishes in the Pond 

Number Number Date Station 
Date Station Captured & Marked Recaptured Recaptured of Recapture 

5-7-65 No. 1 21 females 4 females 5-20-65 No. 1 (2) 
No. 3 (2) 

No. 3 2 females 0 
No. 4 1 female 0 
No. 6 9 females 1 female 5-20-65 No. 4 

5-20-65 No. 1 3 males 1 female 6-5-65 No. 5 
13 females 

No. 3 14 females 1 female 6-5-65 No. 5 
No. 4 5 males 3 females 6-5-65 No. 1 (1) 

31 females No. 5 (2) 

6-5-65 No. 1 2 females 
No. 3 2 females 
No. 4 0 
No. 5 23 naales 

28 females 

0 
0 
0 
0 
0 

7-12-65 No. 7 10 males 
30 females 

1 female 7-13-65 No. 3 
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Figure 3-

Outline Drawing Showing the Places Where Females Were Marked 

and the Places of Subsequent Recapture Two Weeks Later 
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graze slowly as they moved around the pond whereas the males, 

while within their territories, would rapidly grab a large 

hunk of debris from the bottom, shake it, swallow some, and 

then return to patrolling again. 

No attempt by an adult male or female to devour a 

juvenile was witnessed during the course of this study. This 

was true in spite of the fact that they did chase them from 

time to time. However, Alfred L. Gardner (personal communica

tion) reported that he saw a large £• macularlus eating a small 

juvenile on 7 August 1964 at Quitobaquito. This must be a 

rare occurence since I have never seen it during long hours 

of observation, and the contents of the digestive tracts have 

revealed only one 5 mm. juvenile that possibly had not yet 

hatched. These fishes quite definitely eat their own eggs, as 

this has been observed in the laboratory, and £. macularlus 

eggs have been found in the gut of both males and females 

taken in the field. V. L. Mlnckley (personal communication) 

reports that some closely related forms in the Chihuahua 

plateau use their fins to remove the detritus from the more 

palatable objects, and then selectively pick them up from the 

surrounding material. No such behavior exists in this form 

at Quitobaquito. There, the behavior is much simpler in that 

they merely take a bite of the detritus without selecting 

anything, but if there is an obvious delicacy in the area 

they will take advantage of it (a group of snails eggs, a 
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piece of meat). It is apparent from my observations that 

these fishes prefer the detritus on the bottom of the pond 

to the fresh green Ohara that was abundant in the area. 

In an attempt to elucidate the food habits of this 

species 33 fishes colleoted at eight different times of the 

year were dissected* and the contents of the digestive tract 

were systematically searched. The investigations were oarried 

on at various magnifications under a binocular dissecting 

scope and smaller bits and pieoes were transferred to slides 

and looked at under a compound microscope for further identi

fication. Table III summarizes the results of this investiga

tion. 

Several trends became evident after perusal of this 

table. The contents of the digestive tracts bear out the be

havioral observations. They are unselectlve in their feeding 

and the large amount of detritus In the gut during all the 

dates bears this out. 

In March, when the fishes were quite inactive, the 

intestines are almost completely empty In most cases, and when 

it was found to be full the bulk of the material was sand and 

mud. 

Ostracods begin to become evident in May and make up 

a large part of their food until the end of June. In June 

the coleptera larvae become very abundant in the gut. 

In one female that was collected on 5 June 1965 there 
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were ten clear eggs almost 2 mm. In diameter. They appeared 

to be mollusc eggs, and they were all in a row. This would 

lead me to believe that she selectively picked them up one 

by one when she found the egg mass, and that they were not 

just fortuitously obtained in the process of soooping the 

detritus from the bottom. 

The appearance of the lining of the digestive tract 

was quite different depending on the time of the year and 

the amount of material in the gut. Thus in March when the 

intestinal tract of the fisheB was very empty, the folds in 

the mucosal lining of the intestinal lumen were very evident. 

This appearance was also noted in some fishes with empty or 

near-empty guts that were taken on 2G May 1965. The material 

that was present in these animals at that time was most often 

found in the form of small concretions usually with a lot of 

sand. 

PARASITISM 

The only parasites found in £. aaoularlus from Quito-

baqulto was a nematode of the genus 0ontracaecum. Railliet et 

Henry, 1912. Identification of this parasite at the species 

level was not possible since only females were found Infest

ing the fishes In the samples examined, and positive identifi

cation makes Inspection of the males obligatory. Qontracoecum 

collleri Chandler, 1935* is known from Crprinodon variegatus 
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Table III. Results of Stomach Analysis 

Date Ho. Fishes Examined Material in Gut 
6-21-64 10 fishes 

6 males 
4 females 
18-34 mm. 

globules & nucules of Chara SP. 
larval Ooleoptera (family Hydro-
philldae) 
nymphal Hemiptera (family Hebri-
dae)(Merrgata sp.) 
Water Mite (Order Hydrocarlna) 
Ostracods. C. maeularius eggs. 
0. maeularius Juvenile. 4 mm. 
majority of material decaying 

vegetation and algae 
7-7-64 2 males 

36-37 mm. 
detritus, mainly decomposing 

Ohara SD. 
fresh-water sDonges Osolllatorla 

sp. 
unidentified inaeot Darts 

detritus, mainly decomposing 
Ohara SD. 

fresh-water sDonges Osolllatorla 
sp. 

unidentified inaeot Darts 
3-14-65 5 fishes 

2 males 
3 females 
12-21 mm. 

all had almost completely empty 
tracts. 

unidentified Insect partB 
insect larvae: Daphnia 

3-25-65 2 fishes 
1 male 
1 female 
24-25 mm• 

digestive tracts relatively 
full; bulk of material -was 
sand and mud 

some decaying vegetation 
a few unidentified insect parts 
fresh-water sponge, algae, 
(Biatoma. Svnedra and Amnhora) 

5-20-65 5 fishes 
2 males 
3 females 
18-42 mm. 

decaying plant material 
Ostracods 
nucules & globules from Ohara SD 
a few insect Darts 

6-5-65 4 females 
33-44 mm. 

mollusc eggs, Ostracods, 
Oscillaloria SD.. Dlant detritus 
sand. Ohara SD. nucules and 
globules, Ooleoptera larvae, 
SDirogvra SD.. fresh-water 
sponges 

6-23-65 2 fishes 
1 male 
1 female 
31-44 mm. 

Ooleptera larvae 
mainly detritus 
few nucules 

7-12-65 3 fishes 
2 females 
1 male 
30-37 mm. 

mainlv detritus. Oscillatoria 
sp., Diatoma sp., globules and 
nucules of Ohara SD. 
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(Chandler 1935)* and according to Mr. John Ubelaker, who made 

the determinations these parasites " . • . certainly resemble 

this species." 

Thirteen of a total of fifty-eight fishes inspected 

were found to have these roundworms. The site of infection 

in eleven cases was the sinus venosus, and in two oases the 

nematodes were found in the peritoneal cavity. The average 

number of worms per fish was 1.6. The highest number in any 

one fish was four. (Table IT). 

These nematodes must present a definite hardship to 

this species. The parasites were mostly in the 18 to 20 mm. 

size range, and when four of these are found together in the 

Binus venosus it almost appears that there is no room for 

anything else. Surprisingly the fishes that were infected 

did not appear to behave differently nor was there any 

difference in appearance to lead anyone to believe that these 

nematodes had a debilitating effect. 

These parasites seem to Invade both male and female 

alike. They have been found in nine males and four females. 

The infected animals ranged in size from 22 mm. to 37 mm., 

with the average size being 32.5 mm. 

In contrast to the roundworms taken at Qultobaqulto 

those taken from £. variegatua in Galveston Bay, Texas, were 

without exception, taken from the body cavity (Chandler 1935). 

The life history of this nematode is not known 
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(Oram, 1927)• However, it has been known for years (Valton 

1923> 1927) that fish eating water birds (ibis, heron, peli

cans, ducks, etc) are hosts to this worm which is parasitic 

in their proventricuius and intestines. 

In interesting point to consider is the fact that 

there is a distinct difference in the incidence of parasitism 

between 1964 and 1965. As can be seen from Table 17, fishes 

were collected and examined for parasites on four dates in 

1964. Without exception infection was found on all collecting 

dates. On the other hand, fishes collected from the pond 

during seven different trips made during six different months 

of the year were free from those parasites. The reason for 

this differential infestation is hard to explain. It might 

be somehow due to the cyclic nature of the parasite but this 

is just conjecture. In alternative explanation for the 

diminution of the rate of infection is the fact that since 

the pond at Qultobaqulto has been deepened there are now very 

few, if any, wading birds which visit the pond. 

Huey (1942) listed two species of heron and an ibis 

that he saw at Qultobaqulto, and Hensley (1954) saw three 

species of wading birds there in 1949. During the length of 

this study not one wading birds was seen by me. Thus it may 

be that the oycle of fish-bird or bird-fish infection has been 

broken. In any case, it seems apparent that this high rate of 

parasitism in 1964 must have had a less than salubrious effect 

on the population. 
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Table IV. Incidence of Parasitism 

ifo. of Site of 
Date Size of Pish Sex of Fish Hem: 

1-25-64 22 nun. male 1 
6-21-64 30 mm. male 4 
6-21-64 34 mm. female 1 
6-21-64 34 mm. male 1 
6-21-64 29 DID* female 1 
6-21-64 29 mm. male 2 
6-21-64 31 mm. male 1 
6-21-64 32 mm* female 0 
6-21-64 17 mm. female 0 
6-21-64 30 mm. male 0 
6-21-64 26 mm. male 0 
6-21-64 24 nun* male 0 
6-21-64 18 lam. male 0 
6-21-64 13 mm. male 0 
6-21-64 20 mm. male 0 
6-21-64 18 mm. female 0 
7-11-64 36 mm. male 4 
7-11-64 37 mm. male 1 
7-11-64 36 mm. male 2 
7-11-64 40 mm. female 0 
7-11-64 38 mm. male 0 
7-11-64 35 mm. male 0 
7-11-64 38 mm. female 0 
7-11-64 38 mm. male 0 
8-7-64 36 mm. female 1 
8-7-64 36 mm. male 1 
8—7—64 36 mm. female 1 
8-7-64 34 mm. female 0 
8-7-64 33 mm. male 0 
3-14-65 19 mm. female 0 
3-14-65 21 mm. female 0 
3-14-65 21 mm. male 0 
3-14-65 12 mm. male 0 
3-14-65 20 mm. female 0 
3-25-65 24 mm. male 0 
3-25-65 25 mm. female 0 
5-20-65 32 mm. male 0 
5-20-65 36 mm. female 0 
5-20-65 19 mm. male 0 
5-20-65 43 mm. female 0 
5-20-65 42 mm. female 0 
6-5—65 38 mm. female 0 

Peritoneal Cavity 
Sinus Venosus 
Sinus Venosus 
Peritoneal Cavity 
Sinus Venosus 
Sinus Venosus 
Sinus Venosus 

Sinus Venosus 
Sinus Venosus 
Sinus Venosus 

Sinus Venosus 
Sinus Venosus 
Sinus Venosus 
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No. of Site of 
Date Size of Fish Sex of Pish Nematodes 

6-5-65 44 mm. female 0 
6-5-65 38 mm. female 0 
6-5-65 44 mm. female 0 
6-5-65 31 nun. male 0 
7-12-65 30 mm. male 0 
7-12-65 37 mm. female 0 
7-12-65 34 mm. male 0 
10-10-65 40 mm. female 0 
10-10-65 36 mm. female 0 
10-10-65 30 mm* male 0 
10-10-65 35 mm. male 0 
11-20-65 36 mm. male 0 
11-20-65 29 mm. male 0 
11-20-65 31 mm. female 0 
11-20-65 33 mm. f emale 0 



CHAPTER 4 

BEHAVIOR OP £. MACULARIUS IN THE LABORATORY 

General Courtship Behavior 

To my knowledge the only published observations on 

the courtship behavior of £. macularius are those by Barlow 
* 
(1961) and Cowles (1934). Barlow's paper was based on four 

11«, . . series of observations on different pairs of pup fish 

in the aquarium," The following description of Quitobaquito 

pupfish largely corroborates the breeding behavior observed 

by Barlow, with exceptions noted in the text. 

The usual method employed in arranging the satinga 

was as follows: A female that had been a resident of a 20 

gallon tank with other females would be placed in a three 

gallon tank that was already occupied by a male. This smaller 

tank had served as the residence for the male for at least 

several days before the female was introduced. Several 

times a variation of this procedure was used, and the male 

was placed in with the female that had been resident in a 

small tank, or both male and female would be introduced into 

an unoccupied three gallon tank simultaneously. These differ

ent treatments resulted in slight variations of behavior that 

will be described below. 

40 
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Over 40 matings using different males and females 

were observed. Several additional matings were noted in 

the course of observations of the 20 gallon communal tanks 

where males and females were together constantly. 

When a female is put in a tank the male usually 

approaches her in an aggressive manner. If she is sexually 

receptive the following sequence may ensue: The female, if 

on the bottom, flees a short distance from the male, then 

turns very sharply in a 180° turn, and immediately nips the 

substrate on the bottom of the aquarium. At this point the 

male moves along-side and they "s" shape together. The male 

then cants the ventral portion of his body toward the female, 

clasps her with the anal fin and both fish quiver and jerk. 

This quivering and jerking might occur several times with 

the fishes moving forward a few inches at a time. Then the 

female will break and swim away with the male in pursuit. 

If the receptive female is attacked by the male when 

she is off the bottom, then the quick turn to escape would 

evolve into a spiraling where both fishes turn in a tight 

circle until they reach the bottom where the female nips, 

and the above behavior follows. The female then breakB away 

and the male follows her all over the tank sometimes getting 

quite aggressive, but most frequently he stays below the fe

male with his head a little anterior to the female's anal 

fin. In this position the male follows the female around the 
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tank, turning when she turns, accelerating and slowing when 

she does. 

The male's distanoe underneath varied from two inches 

to nil. Sometimes he closed the distance and would nibble 

the female on the belly and cloacal area. Also the female 

might be bumped gently by the male, and in a couple of in

stances the male was seen rubbing his dorsal fin on the fe

male's belly. If the female halted, the male might, through 

his ventral contacts, push her toward the surface. Sometimes 

the male would chase the female in a very aggressive manner 

all over the tank until she was exhausted. 

A few times I placed a male in an aquarium where a 

female was the resident. Invariably the female attacked the 

newly introduced male as Barlow (1961) had described. These 

fights lasted several seconds and this heterosexual engagement 

did not appear to be any different than the homosexual en

counters between males. When these fights ended, the male 

would then start the courtship behavior, and in each instance 

the female bred. After several copulations the female fled. 

The color changes of the male during breeding were 

striking and occurred within seconds. Initially they got 

redder, and then the isolated males turned bluer with the mar

gin of all the medial fins, especially the dorsal and anal, 

almost black. Nearly always when a male is introduced into 

a female's tank, the color blanches considerably at first. 
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The nipping movement which the female performs just 

before copulation seems to be the one which acts as a re

leaser causing the male to move alongside and breed. This 

was quite evident when I put some longfin dace, Agosla 

chrysogaster, in with a male £. macularlus. The latter's 

excitement grew demonstrably greater when the fishes picked 

at anything off the bottom, and he would leave whatever he 

was doing to swim to the side of the Individual in this 

posture. In addition to encouraging the male to move along

side, this position make it much easier for the male to slip 

the anal fin around the female. This fin is used to actively 

grasp her. Some closely related species, Pundulus heteroclltus 

and Gvprlnodon variegatus use the large dorsal fin for this 

purpose (Newman 1907, Bigelow and Welsh 1924) with the anal 

fin being employed mainly in opposition to the dorsal. In £. 

macularlus, when the anal fin is stretched out toward the fe

male, there is a slight compensatory curving of the dorsal 

fin in the opposite dlreotlon. There does not seem to be any 

differential ability with the anal fin. The males in any one 

breeding could change from left to right sides of the female 

with no difficulty. 

It is obvious even in the laboratory that it is the 

female who decides if mating will take place. Indeed the 

success in these trials depended on the reoeptivity of the 

females that were used. Several times one male was placed in 
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a tank with two or more females that had been Isolated from 

other males. As soon as the males started courting* It would 

become Immediately evident which female was the one most 

likely to breed. If the females were ready, they bred; if 

not, no amount of pursuit or courting by the male (with a few 

exceptions) made any difference. Once the receptive female 

was found, the male would devote his attention almost exclus

ively to her. As this female grew tired and attempted to 

elude the male he then would try the other, usually to no 

avail. 

In most Instances the female that had bred would be 

more likely to breed in successive matches. Therefore, it 

seems quite positive that the results are dependent upon the 

female and not the male. 

Two exceptions were noted. Once, when a particularly 

sexually reticent adult female was placed in a tank with a 

male, she Initially lay quietly on the bottom, recovering from 

the transfer to the new tank. The resident male forced her 

into a corner, and mated with her. After this breeding, she 

fled frcm him as he pursued her all over the tank. 

Another Instance involved a very sick female in one of 

the communal tanks. She was so ill she could barely move 

along the bottom. Two small (20 mm.) males were attempting 

to mate with her simultaneously, each on opposite sides of the 

female. 
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Barlow describes that one egg Is left on the bottom 

after spawning, but did not indicate if this happened every 

time. It has been 1117 experience in the laboratory that only 

about 50 per cent of the matings under all conditions result 

in eggs being deposited. It also appears that in some of 

the breedings the eggs are not released at the Instant of 

quivering and jerking, but that they come out after the fishes 

move apart. Also, one to several eggs are dropped. 

It has been noted upon numerous occasions that when 

the males are Isolated, but kept in proximity to other iso

lated males, their aggressiveness increases, and when placed 

in with a female they will not breed. They spend most of 

their time attacking and fighting the female. Rarely, a male 

held under these conditions will be extremely passive and 

will not attempt to breed or to fight. The reason for this 

passiveness is probably because he is an Omega and is cowed 

from enforced propinquity to males higher on the hlerarohial 

ladder. 

On several occasions the female was seen to approach 

the male and picK up a pebble off the bottom. When he did 

not respond she would do this several times until sometimes 

the male was stimulated enough to breed. Even more aggress

ive behavior has been noted in females that have been isolated. 

They would actively follow the males and attempt to sidle up 

along-side. 
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TERRITORIAL AND AGGRESSIVE BEHAVIOR OP THE MALE 

During the course of this study there was considerable 

opportunity to observe various aspects of territorial and 

aggressive behavior of confined males. 

Behavior in Small Aquaria 

There was a period when the fishes were brought into 

the laboratory during which the males did not exhibit any 

territorial behavior. This initial period ranged in length 

frcm two weeks in October to nil in April. This difference 

is not surprising because fishes collected at these times are 

at different levels of excitation. The laboratory data cor

relate well with the data gathered in the field. For example, 

fishes collected in October were found Inactive in the mud on 

the bottom of the pond. It marked the end of a long breeding 

season and it was not surprising that it took them two weeks 

to start territorial behavior. In January the animals, al

though still found to be inactive, began territorial behavior 

five days after being brought into the laboratory. The most 

active fishes are found in April when the breeding season 

begins. When these males are brought into the laboratory 

there is little, If any, diminution of aggressive behavior. 

In fact, unless the males are kept in the dark during transit 

they will fight and damage one another. 
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In general, if males and females are placed together 

in a 20 gallon tank or larger when first brought back from 

the field, they will set up or attempt to set up territories 

in the tank. Sometimes under extremely orowded conditions, 

the males would have territories no wider than the length of 

their bodies. There was, of course, considerable social 

tension in this type of environment, and fights were frequent. 

If left for more than a week such a crowded tank would ulti

mately have two or three of the largest males with distinct 

territories and the other males living furtively. 

If two of the three males were removed, then the re

maining territorial male would take over the whole aquarium, 

and chase all the fishes about. If the others were not re

moved then, depending on the season, the territories would 

remain somewhat stable for weeks. 

If the males were isolated in small aquaria for 

several days, and then placed together in a 20 gallon tank 

no territories would be established and one male would domin

ate the rest. 

Behavior in Large Aquarium 

An artificial pool made of a wooden frame lined with 

polyethylene was constructed on the roof of the Biological 

Sciences Building. The pool was approximately four feet wide 
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and six feet long. The -water was maintained at a depth of 

approximately six inches. These experiments were oarried 

on during June and July 1964. At this time of the year the 

water temperatures range from 21° 0. early in the morning to 

as high as 33° C. in the hottest part of the afternoon. 

In attempt was made to determine if an adult male that 

was exhibiting territorial behavior would similarly restriot 

his activities to a certain area of a large pool in the ab

sence of other fishes. 

After the males were introduced into the pools* they 

were checked every 15 minutes the first day and hourly there

after. At each check the location was lndioated, and behavioral 

observations were recorded. The males were left in the pool 

for five days. It was quite evident that these males did not 

stay in any one part of the pool. They were found mostly at 

the edges attempting to get out. Even at night they were as 

likely to be found resting in one place as another. 

When a second male was introduced after the five day 

period the fishes would come together and follow one another 

all over the pool. No aggressive behavior was noted. Several 

hours later it would beoome apparent that this dyadic relation

ship had evolved into a dominant-subordinate one. The Alpha 

would spend much of its time pursuing the Beta around the pool. 

In at least one Instance the Beta picked out a particular area 

and would not leave it. It reminded me of a ouerenola of a 
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fighting bull* He In no way attempted to defend it, he only 

rested there. The Alpha charged him several times, but in

stead of moving, the subordinate fish would escape the full 

force of the attack by turning in tight circles, a behavior 

that was reminescent of the spiraling a male or a female do 

before breeding* Other males were added until there was a 

total of five, and the behavior was recorded. 

The Alpha male showed much more hostility toward the 

Beta than any other fish in the tank, and this is understand

able in that the Seta is the greatest challenge to his author

ity. Few fights occurred, but there were a lot of threats. 

There was a great difference in aggressive behavior 

depending on the time of day the fishes were observed. In the 

evenings they would usually be found swimming about quite 

close to one another all over the pool. The contrast in the 

afternoon would be tremendous. They would be fighting, 

threatening and chasing one another all over the pool. This 

change in behavior might be due to the temperature difference 

between morning and afternoon. This differential was some

times as high as 12.0° 0. 

Territorial behavior was very transitive under these 

conditions. The Alpha and the Beta of the group of five 

fishes might set up territories at least during part of the 

day, but then later they would be dissolved, the fishes would 

swim around in a group, and the behavior would be more 
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hierarchial in nature. Then sometimes all of the fishes 

would be in territories only to be schooling an hour later. 

During one observation period on one of the groups 

an interesting bit of behavior was revealed. The fishes 

were in a school moving all over the tank. Occasionally one 

would break away from the others but it would return quickly, 

and in general the school was quite cohesive. There was one 

male in the group that was attempting to mate with all the 

other males in the school. He persistently pursued them and 

attempted to get alongside in the breeding position. He was 

not the dominant male in the group; in fact, he was second 

from the bottom in the hierarchy. There were no fights seen 

during this period. An hour later this fish had almost 

stopped his advances and all:of the fishes were resting on 

the bottom. 

Later on that afternoon the Alpha and Beta had set up 

territories, but the other three males continued to school. 

The two territorial males had a common border on one side of 

their territory, and several fights were observed at this 

point. 

That evening "i" had moved his territory away from 

"il" so that "i" was now defending the northwest corner of 
• » F « 
the pool, and "il" was in the southwest corner with an empty 

» t 

space between them that measured about 2 feet. It was noted 

that if a male did not swim into "il" ' s area for quite a 

while, he would swim across the pool into "i" 's territory 
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and they would fight. It almost appeared that it was necessary 

for him, in the absence of Invading individuals, to force an 

encounter by swimming into "lM 's territory and fighting. This 
» i 

seemed to me to be a case of self-reenforoement or recharging 

of motivations to defend his territory, and in the absence of 

transgressors no territory could last. 

This fighting behavior was almost a classical example 

(Tinbergen 1951) of how the amount of aggressive behavior is 

dependent on how far an individual is from the center of his 

territory. When "i" was ohased back toward his territory the 

closer he got to the center, the more reluctant he was to flee. 

Finally he turned and engaged "il", chasing him back toward 

his territory where the reciprocal happened. 

Later the territorial behavior had broken down and 

all the fishes were in what had been "i" 's territory. There 
< 4 

was no aggressive behavior at this time. Rather, the fishes 

seemed to be milling aimlessly around in the corner. 

These males, in general, would attempt to set up 

territories and all of them sucoeeded in doing so at least 

temporarily. Perhaps the reason that no more of them set up 

permanent territories was that no females were coming through. 

It is possible that this factor along with the presence of 

other males results in definite defense of a specific area 

for a solid period of time. 

Territorial behavior in a limited population, In a 
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limited area serves several functions* It spaces out Indi

viduals so that over-exploitation of the resources is avoided. 

Also, if the males were to range randomly* around the pond it 

Is conceivable that a number of them would pursue the same 

female who might not even be ready to spawn. Therefore by-

setting up territories the onus of the decision to breed is 

really put upon the female. Also this system of breeding, with 

the males being sedentary and the females wandering from place 

to plaoe and male to male, cuts down on Inbreeding, which 

probably is a factor of importance in such a small population. 

If fishes that are exhibiting territorial behavior in 

an aquarium In the presence of other males are removed to an 

aquarium by themselves they do not then restrict their activ

ities to any particular area. Thus in this case as well, it 

appears that territorial behavior is social behavior, and in 

the absence of other Individuals it does not exist. 

When two males that had been previously Isolated are 

placed together they usually begin to fight after the initial 

shock of transfer is over. The fishes approach each other 

with their heads up and their bodies at about a 45° angle 

with respect to the bottom. Their bodies are somewhat oanted 

so that the dorsal side is bent away. Then they begin to 

back into one another almost like two dogs beginning to fight. 

The males begin tall beating and then attempt to bite one 

another. In their efforts to do damage to each other they 
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would often circle head to tall or tumble over one another, 

each seeking an advantage* 

The fight would last for about ten minutes before the 

contest was decided. Then the victor would pursue the loser 

about the aquarium* Rarely would the loser chase back* 

When a male was Introduced into an aquarium where a 

male and female had just finished breeding the two males would 

fight as usual, and the female although not entering the fray 

would stay close by and watch* Several times three males 

were introduced into a 20 gallon aquarium simultaneously and 

the subsequent behavior studied and recorded* 

Usually the two most aggressive fish would fight with 

one another and this would last for some time. While this 

was happening the third fish would not take part and in most 

oases remain quiescent* He might approach the combatants but 

that was all*. Within ten to twenty minutes the outcome of the 

battle became final and the Alpha would pursue the defeated 

fish about the tank. The loser at this early stage might 

occasionally attempt to challenge his pursuer, but he would 

Immediately retreat when the Alpha retaliated. The fish that 

did not participate often exhibited dominance over the de

feated fish* 

The Alpha would then restrict his activities to pa

trolling around on the bottom while the Beta and Onega would 

stay near the surface where they were- less likely to be 
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noticed and thus attacked by the Alpha. When not tormenting 

the Beta and Omega the Alpha would spend a good deal of time 

picking up pebbles and spitting them out. During the first 

hour or so the hierarchy might undergo a shuffling, but after 

this time it seemed to remain stable indefinitely. 

The Beta always seemed to be the main recipient of 

the Alpha's wrath. It was as though the Alpha knew that the 

Beta posed the greatest threat to his dominance. The Omega 

was also chased, but not nearly as much. 

Every time the tank was checked the Beta and Omega 

would be quite motinnless, usually close together and at the 

opposite end of the tank from the Alpha. They would be 

blanched in appearance while the Alpha was resplendent in his 

blue nuptial coloration. 

In several instances I removed the Alpha after he had 

subjugated the others for a period of 48 hours. The two sub

ordinate fishes would appear at this time to be quite near 

exhaustion. When the Alpha was removed their recovery was 

Instantaneous: The Beta began swimming around on the bottom, 

the blue color returned and the Beta and Omega would start to 

act aggressive toward one another. The frequencies of con

frontations between the two would increase until fighting was 

almost^constant and viotory by the Beta was usually complete 

within about 20 minutes after the Alpha was removed. Then the 

dominant fish would persecute the other almost constantly. 
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If the original Alpha was replaced it would fight with 

the Beta for a long while again and eventually win. Sometimes 

during these lengthy fights both of the protagonists would 

pause for several seconds, During this interval they would 

lie next to one another and then their fighting would begin 

anew. 

X cannot emphasize enough the speotacularly rapid re

covery that subordinate males make when the males dominant to 

them are removed, Within seconds after removal of the animal 

a step above, the next animal in the hierarchy comes to life 

with all the movements and the colors of a dominant male. If 

he in turn is taken out the Omega then becomes dominant to the 

females almost simultaneously with the removal of the Beta. 

This has been repeated many times. 

In several attempts to test the relative breeding 

success of the various males in the hierarchy five or six 

mature, ripe females were introduced. The Alphas almost with

out exception were the only ones that successfully mated. The 

Beta and Omega attempted to do so, but were never seen to 

breed. 

If females were left In the tank for any time the 

Alpha eventually ended up forcing the other two males to re

main hidden as much as possible while he pursued the females 

all over the tank. In other words, the presence of females 

in this limited amount of space does not seem to have any 
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ameliorating effects on the persecution by the Alpha of the 

subordinate males. 

An interesting phenomena has been observed in these 

fishes in relation to hierarchical behavior* When a male is 

dominant the iris of his eye is very dark, probably due to 

the expansion of the melanophores in this area. In contrast, 

the subordinate males' iris is almost devoid of any black 

pigment and it appears as a silver ring around the lens* 

This type of change is in direct oppostion to that found in 

the Green Sunfish (Lepomis cynellus) by Greenberg (1947)* In 

that species the defeated male has the iris suffused with 

black pigment, and Greenberg says that this condition is • 

an unfailing sign of defeat." 

In an attempt to discover some behavioral elements 

that elicit certain reactions in the £* macularlus male tiro 

other species were placed in with isolated males* In the 

first experiment a goldfish of undetermined sex was intro

duced* The goldfish was approximately three times as large 

as the male pupfish. The later approached and started the 

usual tail wagging that precedes fighting* The goldfish was 

very passive and did not react at all* Shortly thereafter 

the Qyprlnodon attempted to breed with the goldfish several 

times. This was of course never realized and the male pup-

fish grew so exolted at one point that he attempted to ciapulat 

in a head to tall position* 
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Several males were placed one at a time Into a tank 

that held 14 Agosla chrvsogater. These fishes are larger 

and faster than Oyprinodon and at first the males seemd al

most overwhelmed. They might bite the Agosla and assume the 

"s" shape. After this they would attempt to breed with any 

of them that allowed them to approach. It appears from these 

observations that the male will not fight unless the aggressive 

activity is reciprocated. It also points out that under these 

laboratory conditions the male will breed, or attempt to breed, 

with almost anything that does not act aggressively in return. 

Several trials with a mirror seem to corroborate the above. 

When a territorial male sees reflections of his aggressive be

havior he charges with alacrity and bumps the mirror with 

force. 

TERRITORIAL AND AGGRESSIVE BEHAVIOR OF THE FEMALE 

Confinement of the females in the laboratory gave 

rise to certain aberrant types of behavior that were not pres

ent in the field. 

Several times it was noted that when a group of adult 

females was kept together in a 20 gallon tank for any length 

of time the larger females began to develop some sort of pro

prietary interest in specific areas of the tank. They would 

remain in these areas and chase all the other females that 

entered the area. In one instance I removed a territorial 

male from a group of females and immediately the largest 
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female of the group moved into this area that the male had 

been defending and began to guard it* 

There is, in addition to this territorial behavior, 

a hierarohial behavior that develops in groups of females. 

After the females have been together in a tank for some time 

they tend to confine themselves to particular areas of the 

tank. Fighting is very rare. If a female should wander 

into another's area the trespasser usually defers to the 

owner with no fighting talcing place. If a female that has 

been isolated from the group for several days is placed into 

this milieu, as was done several times, fighting became rife 

until some sort of accomodation takes place and the newcomer 

assumes her place in the hierarchy. These female-female 

fights are not of long duration, nor are they particularly 

vicious. However, in one instance with three females in a 

three gallon tank, the largest one was such a tyrant that it 

tormented the Omega until she finally died. 

Aggressive behavior toward a male was rarely observed, 

and only in the laboratory. Even then it usually occurred 

only when a low ranking male met a high-ranking female. An 

illustrative example might be pertinent at this point. A fe

male had been introduced into a 20 gallon tank in which there 

were three males. The Alpha courted the female and bred with 

her several times. He had so thoroughly subdued the, other 

two males that they made no attempt at courtship. The Alpha 



and the Beta males were then removed* leaving the female 

alone in the tank with the Omega male. He immediately 

attempted to breed with her, and she fought with him as 

describec by Barlow (1961). This male was repulsed in his 

advances and he eventually stayed away frcm the female. She 

then continued to attack him even though he was not approach

ing her. The behavior of this female with the Alpha male was 

normal in all respects. 

COMPARISON OF QUITOBAQUITO FORM WITH 
THE SALTOR SEA FORM OF 0. MAOULARIUS 

As has been stated before, the only substantial work 

that has been done on the behavior of 0. macularius was publish

ed by Barlow (1961) and he restricted his work to the form of 

this species that is found in the Salton Sea. A considerable 

portion of Barlow's paper was devoted to describing in detail 

motor patterns which exist in the species. This repetolre 

elucidated by him seems to be accurate for the form in Quito-

baquito with a few differences that appear very minor. For 

example, he says that during the wrapping of the anal fin of 

the male around the female's belly the dorsal fin of the male 

was seen sometimes to be bent toward her, whereas I found that 

it was often in the opposite direction. At the culmination 

of copulation when the pair "jerk" he found that one egg is 

produced and presented no data to the effect that this does 
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not happen every time. I, on the other hand, have found In 

this race that "jerking" only results In an egg being depos

ited about 50 per cent of the time, "Wrapping" does not al

ways release "jerking.11 It has been my experience that this 
4 t 

is quite variable. Also it has been observed in the Quito-

baquito form that sometimes several eggs are produoed at once 

and sometimes they appear after the fishes have separated. 

Spawning was not found to last nearly aB long as in 

the Salton Sea race* In these fishes Barlow found that they 

continued to spawn for 30 minutes to as long as two hours. 

The males and females frdta Quitobaquito would usually be 

through after five to ten minutes and then the female would 

flee the male until exhausted. The male would not cease to 

chase the female within the five minute limit as seen by Barlow. 

Our data agree that the males of these two forms are 

not very discerning and if aggressive behavior is not recip

rocated they will attempt to breed with either male or female. 

As discussed earlier prolonged isolation of males in situations 

where they can see other males constantly results in suoh an 

arousal of aggressiveness that when placed with a female they 

will be quite vicious and will not attempt to breed. I have 

found this type of behavior only under the above conditions. 

Barlow states that males that are not ready to spawn attack 

the female. I do not feel that this statement would be accurate 

for the Qultobaquto form because males that do attack females 
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are ready to breed and do so when the female turns and nips 

the bottom. Territorial behavior in the male and female of 

both of these forms appears to be essentially the same. 

"Plowing" is a pattern desoribed by Barlow where the 

movement of the substrata Is accomplished by vigorous ln-plaoe 

movements of the fish. I have witnessed this in the form in 

Quitobaqulto, but rather than resulting In excavating, the 

fish covers itself and remains buried with only the eyes ex

posed. This occurs most frequently when the aquarium is dark. 



CHAPTER 5 

BEHAVIOR OP £. MAOULARIUS IN THE FIELD 

Twenty-one trips during all seasons of the year were 

made to Qultobaqulto during the course of this study. A camp 

was set up at the pond's edge and the duration of the stays 

ranged from one to five days as follows: 

Year Day and Month Duration 

1963 11 October 2 days 
1964 25 January 1 day 
1964 19 June 3 days 
1964 9 July 3 days 
1964 6 August 2 days 
1964 13 August 3 days 
1965 1 March 2 days 
1965 14 March 1 day 
1965 24 March 3 days 
1965 9 April 3 days 
1965 23 April 3 days 
1965 5 May 4 days 
1965 19 May 2 days 
1965 4 June 2 days 
1965 22 June 3 days 
1965 11 July 5 days 
1965 10 August 1 day 
1965 9 October 2 days 
1965 19 November 2 days 
1966 29 January 3 days 
1966 31 March 2 days 
1966 9 April 1 day 

The fishes were observed with or without the use of 

binoculars and their behavior was simultaneously recorded on 

a portable, battery operated tape recorder. These recordings 

were transcribed at the earliest possible opportunity; 

62 
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usually oa the night of the day they were made. The fishes, 

especially at the peak of the breeding season, became quite 

inured to one's presence if they were not molested. Thus 

a lot of behavioral data waB obtained by sitting quietly and 

observing throughout the day. They were captured in the usual 

way through the use of hand nets and seines. 

General Courtship Behavior 

The females swam about the margins of the pond keeping 

fairly close to the bank. It was seldom that they were seen 

over two meters away from the edge. They usually moved along 

In small loose schools, but occasionally they travelled alone. 

The females were seen at all depths, and they often grazed as 

they moved about. 

The territorial males attack the females whenever they 

are seen within the borders of their territories. This 

occurs whether the female Is ready to spawn or not. Depend

ing on the degree of sexual receptivity the female does one 

of two things: If she is not ready to spawn she eschews the 

male and flees, if she is ready to spawn she flees for only a 

short distance, usually close to the bottom, then suddenly 

She makes an abrupt 180° turn, and immediately nips the bottom. 

The male makes the turn in close pursuit, and as she nips the 

bottom he sidles up and they spawn. The pair usually spawns 

an average of three times In rapid succession, although these 
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concatenations of copulations may range from one to 13. Then 

the female escapes from the male's territory. 

Once the female is out of the male's territory she 

has been observed to do one of two things: She either con

tinues in her peregrinations around the pond or she rests 

approximately 12 inches away from the border of the male's 

territory. She remains here for varying amounts of time, 

quite close to the surface and very still, using only the 

pectoral fins to maintain her position. 

After an interval of time the female returns to the 

same male's territory to spawn again. This type of behavior 

was repeated by a large female six times in an eight minute 

period on 20 June 1964. She and the male copulated 23 times 

in these six encounters. An interesting observation was that 

the female in many instances waited until the male was faced 

away from her before she rushed into his territory. This 

was of course advantageous to her because it circumvented a 

head-on attack by the male. As Barlow (1961) suggested, it 

would be a false conclusion to say that the male and female in 

natural habitats enjoy a relationship anywhere as long as they 

do when in an aquarium together. But it is also true that, 

based on the above data, the copulation is not limited to one 

occurrence with the female being Immediately on her way 

following it as Barlow has described. A possible explanation 

might be found in the previously mentioned fact that only 
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about 50 per cent of..copulations result in an egg being laid. 

Perhaps the female continued in association -with the male 

until, this happened. This was Impossible to ascertain in the 

field. 

Barlow (1961) gave the reproductive reaction chain as 

follows: 

MALE FEMALE 

Patrols 
~~ —Apprnafthfts 

Approaches 
N1pn 

Contacts & sidles — 3" "" 
" TThI 1 1 & S-shapes 

S-shapes & wraps 
-T erks 

Jerks (fertilizes?) -• •-

This is essentially the same for the fishes at Quito 

baquito with the exceptions underlined below: 

FEMALE 

Attacks 
Approaches 

-Flees for short dis-
tance 

Pursues 
rAbruptly turns & nips 

Contacts & sidles 
lalts & S-shapes 

S-shapes & wraps 
Jerks (spawns) 

Jerks (fertilizes?) 
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Barlow (1961) also says that females, even those not 

ready to spawn, are not attacked by a territorial male. This 

is contrary to what I find under natural conditions during 

April, May and June. The type of behavior where the male 

swims from female to female when a school enters his territory 

until one gives the proper resonse (I.e., nipping) was not 

noted at Quitobaquito. 

Later on during the summer, late July, August, when 

the ardor of the males seems to have waned, the courtship 

pattern takes on a different character. At that time the 

males are murSh less aggressive, and they do not defend their 

territories with so much vigor, if at all. In the majority 

of cases they just swim about in a lackadaisical fashion. 

It is during these times that some of the motor patterns de

scribed by Barlow (1961) and Robert K. Liu (personal commun

ication become evident. 

At this time the males1 colors are less brilliant 

and action is reduced. The chasing below and nuzzling that 

was observed in the aquarium is seen and spawning sometimes 

resulted. It is apparent at this stage that the levels of 

excitation of the animals are low enough that it is necessary 

for them to go through this courtship before spawning occurs. 

In contrast, the sexual drives of both males and females in 

the beginning of the breeding season are at such a high peak 

that it only takes the minimum releaser to evoke spawning. 
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Even at this peak breeding time, however, there are some 

small males who do not have territories that will try to 

court the large, free-swimming females by using the courtship 

patterns described below. 

There were a number of territorial males in a shallow 

pool whloh was formed by cleaning the reeds out of the spring. 

There were few females present and the males acted in a manner 

that was reminescent of the behavior observed in the arti

ficial situation in the laboratory# These males frequently 

left their territories and some of them followed one another 

around and didn't seem to have any territories, although it 

was definite that the two largest and brightest fish had a 

decided antagonism for one another. 

This behavior appears to be very similar to that de

scribed by Nichols and Breder (1927). They reported that dur

ing the breeding season several £• varlegatus males were 

found together fighting and chasing one another In circles. 

Although they do not specifically give the absence of females 

as the cause for this type of behavior, later in the same re

port they refer to male behavior when no females were present. 

An Interesting bit of behavior was witnessed in this 

pool later on In the season (12 July). There were two large 

males which held definite territories and two small males 

that at first appeared to have no territories at all. There 

was one female in the pool and both of the small males 
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pursued her assiduously about the pond without apparent re

gard for the territorial boundaries. During their pursuit 

the males would stop to fight and then resume the chase. One 

male tried to breed as they travelled along. The female was 

not intent upon fleeing and the courtship was like that de

scribed by Liu (i.e. ohasing below, nuzzling) with the final 

pattern being a spiralling to the bottom and then breeding. 

The small males that pursued the female seemed definitely to 

recognize her as a female. They were not pursuing as to 

attack. The female was observed once "courting11 the male. 

She would, when he stopped ohasing her, turn and follow him 

and when he would turn to ohase her she would go into a spin 

to the bottom. 

The two large males maintained very distinct terri

tories which were easy to map out. Infrequently they would 

make rapid long forays out of their territories. I would 

suggest that this type of behavior was due to the lack of 

females. Ohe of the males would* if he noticed any breeding 

or fighting going on with the small males and the female, 

leave his territory immediately and break up the contact and 

then return to his territory. 

One of the two smaller males wandered aimlessly around 

the pond, not seeming to have any set territory. He was 

chased often when he entered the territories belonging to 

larger males. There seemed to be a definite "understanding" 
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between the wandering male and the other small male and they 

rarely fought except over a very tenuous line of demarcation 

between their two "areas of preference". I hesitate to call 

these areas territories since they really did not stay in them 

all the time nor did they patrol them# However, they had an 

affinity for their respective areas and would fight if they 

approached each other too closely. 

AGGRESSIVE BEHAVIOR 

At the beginning of the breeding season the territor

ial males are much more aggressive and there is a great deal 

more antagonistic behavior between neighboring males than 

there is later in the season. Table V tabulates the results 

of counting the number of fights, threats, spawnings and times 

that a territorial male chased other males, females and juv

eniles during a 15 minute period at different times of the 

year. Chasing was not counted on 10 July 1964 or on 20 May 

1965 and that is the reason for the absence of figures at 

these dates. "Threat" refers to the motor pattern whioh Bar

low (1961) calls "arohing." As described by him the males 

approaoh one another and then bend their bodies into a C-shape, 

spread their fins and appear to quiver. This is done to 

warn a neighboring male not to come any closer. Most of the 

time it is all that is needed to maintain proper boundaries 

between territories. 
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Table V. 

The Number of Aggressive Acts and Spawnings 
Enacted In 15 Minute Observation Periods 

by Different Territorial Males 

Date Fights Threats Spawnings Chased 
Females-Males-Juveniles 

7-10-64 1 2 0 • • • • • • • • • 

0 2 1 • • • • • • • • • 

0 1 5 • • • • * • • • • 

0 1 0 • • • • * • • • • 

0 0 0 • • • • • • 

7-11-64 3 9 2 

0 1 0 36 22 0 

0 0 0 33 14 3 

1 1 0 33 35 2 

4-25-65 4 4 25 28 0 0 

8 6 11 35 3 0 

5 9 22 22 1 0 

3 3 10 39 0 0 

7 9 17 41 5 0 

5-20-65 0 0 0 • • • • • • 

0 0 0 • • • • • • 

7-13-65 2 6 0 0 0 22 

0 6 0 0 4 2 

0 16 0 0 8 18 
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As can be seen from Table V fighting Is almost as 

frequent as threatening during the beginning of the breeding 

season. On 25 April 1965 the level of excitation was high 

and probably territorial borders had not been established 

once and for all, whereas during July these areas became well-

established and threatening behavior was sufficient to main

tain them. Barlow says that when a group of females enters 

a male's territory he visits one after another until one gives 

the "proper response" and then breeding takes place. This is 

different from my findings at Quitobaqulto. There the male 

attacks all intruders in his territory and rarely "courts" 

the female except late in the season. The females most often 

go on to turn and nip after an attack early in the breeding 

season when the numbers of females spawning approach the num

ber that flee when attacked. Hales sometimes tolerate juveniles 

within their territories but do chase them also. 

COMPARISON OF FIELD BEHAVIOR 
WITH LABORATORY BEHAVIOR 

From the laboratory behavior alone one would assume 

that the frequent courtship patterns observed in the aquaria 

were representative of what occurs under natural conditions. 

Liu (personal communication) has done extensive studies of 

these patterns In the laboratory and has found them to have 

phylogenetic significance. In the course of this study I have 
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found as Barlow (1961) that these patterns are uncommon In 

the field. I have found that the direction which courtship 

takes is dependent on the season of the year. As stated be

fore* at the beginning of the breeding season the sequence 

is quite short with the male's attack being channeled into 

breeding behavior by a proper response. At this time of the 

year it is extremely rare to see the type of behavior de

scribed in the laboratory where the male swims below the fe

male at varying distances and attempts to oause mating by 

courtship in this manner. Later in the season these patterns 

do become evident as levels of excitation wane. Thus it Is not 

merely that this behavior is an artifact of the laboratory 

situation, it is dependent on the time of year. 

Aggressive behavior by the female toward the male was 

never witnessed in the field. In each case no matter how 

small the territorial male, the female would not reciprocate 

any pugnacious activity. No females were seen to hold terri

tories in the field. They were, through marking and trapping 

experiments, shown to move about the pond. The limitations of 

the aquaria made it impossible to witness the type of behavior 

discussed when the female would flee from the male's territory 
i 

only to swim near and return for several breedings before 

finally moving off to another area. Female hierarchical be

havior was not noted in the field either. As the females 

swam about they would keep a minimum distance from one another 

of about two Inches. 
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Physical Aspects of Territories 

The males set up territories for the most part along 

the bank of the pond where the water is only two and a half 

to three inches deep on a shelf that extends out toward the 

center of the pond. The area defended could be divided into 

two areas: The shallow (two inches to three inches) shelf 

which is about six or seven Inches wide, and a deeper area 

that is due to the precipitous sloping of the bank. The 

whole area is defended, but the nuptial male spends most of 

the time in the shallow part, and it is here that the majority 

of the breeding takes place. They have been observed breeding 

in water that was so shallow that it scarcely covered the 

pair. 

No tendency to center territories about particular or 

salient features of the topography, even when these were pres

ent, was noted (Barlow 1961). However, a long stick approxi

mately six feet in length that ran through the small cove 

was utilized by several fishes as a margin for one side of 

their territory, and at the same time there was one fish whose 

territorial margin was parallel to the stick but at least six 
* 

inches away. In contrast to this there was a male whose 

territorial border paralleled, but overlapped the stick by 

several Inches. 
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The majority of the territories are found in the two 

areas of the pond that I refer to as the "large cove" which 

is located in the northeast corner of the pond, and the "small 

cove" which is located on the east side of the pond. These 

two areaB are comparatively shallow, flat places which in the 

spring and summer of 1964 were covered by an almost continuous 

carpet of Ohara sp. over which literally hundreds of males had 

set up territories. The other area which supported a number 

of territorial males was the afore-mentioned shelf which ran 

along the eastern and southeastern perimenter of the pond. The 

rest of the pond did not have the shallow areas which these 

fishes prefer; rather, the bank dropped off precipitously to 

a depth of approximately one meter. Here an occasional terri

torial male was seen. 

Size of Territories 

The total area defended appears to depend on several 

things: the size of the male in residence, the number of 

other males in the vicinity, the topography, the time of the 

year, etc. The territories were measured by drawing the var

ious features of the area on a piece of graph paper and then 

plotting the positions of the males as they patrolled. With

in minutes it is possible to ascertain the borders of the 

territories. I would, however, usually spend at least 20 

minutes plotting positions every few minutes. After this was 
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done I would get into the water and measure the distance be- , 

tween points on the border and record these. Later the 

areas of the resulting polygons would be calculated. 

During the peak of the breeding season when there 

are many males setting up territories, the individual terri

tories overlap with adjacent ones usually about seven to 

eight inches. It is in this area that most of the threaten

ing and fighting betwen neighboring males takes place. 

As can be seen from Table VI the sizes of the terri

tories varies a great deal. This variability is apparent if 

we consider the range of sizes during the different dates. For 

example, on 20 June the total area of the territories varied 

from 30 to 674 square inches and on 10 and 11 Jjtly from 367 

to 1,728 square inches. A coefficient of variation calcula

ted on data gathered on 20 June was 55, indicating the great 

variability from fish to fish. 

It seems quite definite that the larger males hold 

larger territories than do the smaller males. The density of 

the aquatic vegetation also has an effeot; the more open an 

area is the larger the territory and the more dense the vege

tation the smaller it Is. 

The mean size of the territories varies greatly from 

date to date, and in general seems to get larger as the 

season goes on. As can be seen from the table there is a 

great difference between the mean values for the total area 
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of territories between the dates# 

There was no way of knowing if the fishes whose 

territories were measured on the first date were in fact the 

same ones in the same area when the second measurements were 

taken. However, we do have some data on one of the fishes 

that was marked by fin-clipping that is germane to this issue. 

Pish VI was marked on 19 June 1964, and at that time 

the total area of his territory was 384 square inches. When 

I returned on 10 July 1964 this fish was identified as the 

same one marked previously and it was in the same area. How

ever on this date its territory had increased to 1,728 square 

inches. There was a male that appeared to have set up a 

territory in the deeper water that bordered on VI1s territory. 

During the period of observation these two threatened each 

other several times and they had one fight. This behavior 

was very unusual because no other males were observed setting 

up territories in water so deep. 

Later that same day, the male that was seen in the 

deeper water evicted a smaller male that had a territory 

immediately adjacent to VI1s. After establishing himself on 

the eastern boundary of VI there was a period of threatening 

and fighting between the two fishes. After a border seemed to 

have been delineated there was a decided reduction of hostil

ities, Truculent behavior was reduced to threatening action 

and nothing more. 
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The next day VI1s territory was measured and it was 

found to have been reduced by 503 square inches. So now the 

total area defined was 1225 square Inches. This loss was 

directly due to encroachment by the recently established male 

to the east. 

A question that would seem pertinent at this point 

would be did the invading male really take over a new terri

tory or had he merely made a trip into the deeper water for 

some unlmown reason and re-established himself when he re

turned and found it occupied by an Interloper? Also, did the 

reduction of Vl's territory represent a true loss or had VI 

merely recently sequestered this area when the other male 

went to deeper water? 

In any case it is apparent that territory sizes vary 

from season to season and even from day to day. The two rela

tively huge territories that were measured in the spring, on 

13 July 1965> were probably due to occupancy by two of the 

largest males in the pond. Thus they divided the greatest 

part of the pool between themselves and the smaller subordin

ate males were forced to the borders only. 

As might have been expected, guarding a large terri

tory is a difficult chore and when VI was attempting to guard 

all 1728 square Inches several smaller males were seen trying 

to set up territories along the bank within his territory. 

Whenever he was busy chasing one, another would attempt it in 
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another spot. 

Earlier in the spring it was noticed that in several 

instances the small males had staked out very small terri

tories in a corner of a large male's territory. These smaller 

males, whose position was extremely precarious, most frequent

ly set up their territories adjacent to the bank where the 

larger males did not patrol as frequently. In this area also 

the amount of vegetation permitted the small male a hiding 

place when the larger male was in the vicinity. In spite of 

this tenuous existence, and the frequent attack of the larger 

male, these animals have been seen breeding frequently. 
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TABLE 71. 

Sizes of Territories In Square Inches 

20 June 1964 10 and 11 July 1964 13 July 1965 

II 206 615 2964 

III 180 371 2748 

IV 104 945 

V 30 594 

VI 384 1728 (1225) 

VII 380 384 

VIII 270 572 

IX 597 367 

X 674 400 

X 313.8 X 721.1 X 2856 



CHAPTER 6 

CONCLUSIONS 

The breeding behavior of these fishes in the labora

tory varied usually with the reoeptiveness of the female. If 

she was ready to spawn the first attack by the male resulted 

in her nipping the bottom and then spawning took place. If 

the female was less receptive the active courting involving 

the patterns discussed by Barlow (1961) and Liu (personal 

communication) followed with varied degrees of success. Cop

ulation does not always result in an egg being laid. In fact, 

only 50 per cent of these contacts were accompanied by an egg 

being deposited. 

Enforced isolation of males results in extreme aggress

iveness and inordinate pugnacious behavior in the majority of 

individuals. Confinement of females together also gave rise 

to certain types of territorial and aggressive behavior that 

is not evident in the free state. 

Territorial behavior is a social behavior that does 

not manifest itself except in the presence of other individuals. 

Solitary fish will not set up a territory. When several males 

are forced into a limited space a hierarchy is established 

that is quite permanent and definite after the Initial encoun

ters. If the area is quite small and offers no escape from 

80 
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the dominant fish he will continue to harass the other fishes 

until they die. 

In the outdoor pond used there was a definite differ

ence in territorial behavior throughout the day. In general 

it was weak in the mornings, strong in the afternoons and then 

less evident in the evening. 

Dominant males have much more success in breeding in 

the laboratory when placed in competition with lower members 

of the hierarchy. The former has a very dark aspect to his 

eyes and the intimidated rivals' eyes are light and silver. 

Sexually active males will attempt to breed with any 

fish that remains still long enough and that does not recip

rocate aggressive behavior. 

During the winter months the 0. macularius that are 

residents of the pond at Qultobaquito are dormant and remain 

in the debris at the bottom of the pond. In 1965 they first 

appeared during the last two weeks In April and immediately 

began to breed. This rapid appearanoe is probably due to the 

warming of the waters of the pond at that time. The number of 

territorial males is at its peak at the Initiation of the 

breeding season and gradually tapers off after this until in 

late August a territorial male is rare. 

When the fishes first awaken and begin to breed they 

restrict their movements to the shallow areas at the edge of 

the pond and do not go into the deeper middle areas. This 
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preference remains until the latter part of June when they 

were found to be congregated in the central part of the pond. 

Territories are set up preferentially in the shallow 

coves of the pond and the shallow, narrow shelf which is adja

cent to the bank. Territorial size depends on the size of the 

male, the time of year, the density of population and the top

ography. These territories vary a good deal during the season, 

and sometimes even from day to day. Jks a general rule the 

territories seem to get larger as the season progresses. 

The transition from fighting to spawning at the begin

ning of the breeding season Is almost instantaneous for the 

male. When the female appears in the territory she is attacked 

viciously, but when she sheels and nips the bottom this 

aggressiveness is immediately channeled into breeding behavior. 

It is as if someone closed one sluice gate and opened another 

In a different direction. Later on in the season when the 

male is not so aggressive, perhaps the female is not so ready 

either and the courtship behavior is prolonged to insure that 

both will arrive at a spawning state together. Otherwise the 

same attack at the end of the breeding season would result in 

the female only fleeing and no breeding would take place. 

It is obvious that the female recognizes the male In 

the aquarium and In the field. This was quite evident when 

the females were observed waiting close to the periphery of 

a male's territory until an auspicious time when they would 
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re-enter it to breed. 

The male on the other hand seems to be less discerning* 

In contrast to the data obtained by Barlow which led him to 

say that the males do not attack the females even when the 

latter is not ready to spawn I have found that the male at 

the height of the breeding season does attack all adults that 

happen to trespass, and they even chase some of the Juveniles. 

This data is in agreement with that presented for several 

species by Noble (1938) showing that in these cases the male 

attacks a gravid female like any other fish, and whether this 

attack results in breeding by appropriate action of the female 

or in her merely fleeing is her decision, As demonstrated in 

the artificial pond and in the forced coexistence in the 

aquaria with other species, if the males' aggressiveness is 

not returned or if the other animal does not flee the male then 

attempts to mate. Aggressive behavior wanes as the breeding 

season progresses. Territorial males have been found in at 

least some instances to remain in the same territories for 

as long as 28 days. Marking and recapture has demonstrated 

that the females seem to wander all over the pond, and they 

do not restrict their activities to any one locale# This 

would be beneficial in reducing the amount of inbreeding in a 

closed genetic system such as this. 

Quitobaquito is subject to great fluctuation in temp

erature, water level and turbidity, especially during the 
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rainy season of the year. The variation from year to year is 

striking and the change in the amount of aquatic vegetation 

frcm 1964 to 1966 was great. 

Habitat selection in the streams seems to be predi

cated on the openess of the water and the velocity of flow. 

The fish prefer shallow* open, slow-moving water. 

£• ftacularlus seem to be scavengers that grope about 

in the detritus on the bottom of the pond, and they are not 

very selective in the things they eat. 

A high incidence of parasites was found in the collec

tion from 1964 and none were found to be infected in 1965. 
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