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A Fiel'd Study of Nesting Behavior of Male Bluegill 
Sunfish (Lepomis macrochirus Rafinesque)' 

VERNON LEE AVILA2 

Department of Environmental, Population and Organismic Biology, 
University of Colorado, Boulder 90302 

ABSTRACT: The' nesting behavior of male bluegill sunfish (Lepomis 
macrochirus) in the field was described with particular emphasis on the 
frequency of selected agonistic and reproductive behaviors as a function 
of nest-site location. Nest construction, courtship and spawning were 
typical of the family Centrarchidae. Agonistic behavior was increased 
in crowded nesting situations. Spawning males were more aggressive 
than nonspawning males and often left the nest, which provided oppor- 
tunities for other males to enter the nest and engage the female. Simul- 
taneous polygamous spawning is a natural, although relatively rare, 
occurrence for bluegills. 

INTRODUCTION 
Members of the genus Lepomis, including the bluegill sunfish 

(Lepomis macrochirus Rafinesque), have been the subject of several 
behaviorally oriented studies. Most of these have been concerned 
with the manipulation of variables (i.e., hormonal, temperature, etc.) 
and their effect on reproductive or agonistic behavior. There have 
been relatively few basic ethological field studies. Breder (1936), in 
his review of the family Centrarchidae, includes some behavioral in- 
formation for L. macrochirus. The life history of bluegill sunfish was 
described by Morgan (1951). Miller (1963) includes some field be- 
havioral information for L. macrochirus in her study of the pumpkin- 
seed sunfish, L. gibbosus. 

This study describes and quantifies the frequencies of various com- 
ponents of reproductive and agonistic behavior of nesting males of 
the bluegill sunfish in a field situation. 

MATERIALS AND METHODS 
Field observations began during the latter part of May, and con- 

tinued through August 1972 at a pond owned by Mr. and Mrs. Charles 
Redwine in Boulder, Colorado. The pond is approximately 7 years old, 
roughly rectangular in shape, measuring approximately 56 m x 26 m, 
and slopes gently to an average depth of 5 m in the center. 

Five bluegill nesting areas had been naturally established and used 
in previous spawning seasons. Nesting areas were designated as A, B, C, 
D and E, and 36 nesting males were identified by recording their nest- 

1 This paper is based on a doctoral dissertation presented to the faculty of 
the Graduate School of the University of Colorado. 

2 Present address: Department of Zoology, San Diego State University, San 
Diego, California 92182. 
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196 THE AMERICAN MIDLAND NATURALIST 96(1) 

site locations within the respective areas. Nesting males were observed 
at random during the day (0400-2100 hr) for 15-min periods. Only one 
male was observed at a time, until over 100 hr of observation time 
had been logged. During each period the sequence and frequencies 
of behaviors selected for study were recorded. Movies were taken with 
a Nikon Super 8 Zoom camera using only natural light. A polarizing 
filter was unnecessary if the photographer was careful of camera angles 
to minimize glare. These movies were used to analyze further the 
various components of agonistic and reproductive behavior of nesting 
males. 

Twice during preliminary observation sessions, and four times 
during the study, the author and another observer independently tabu- 
lated frequencies for each behavioral component in order to compute 
interobserver agreement. Interobserver correlation coefficients were 
calculated for each component response and values ranged from 0.86- 
0.99, indicating good interobserver agreement. 

Of the several major classes of behavior seen in nesting males (i.e., 
escape from predation, feeding, locomotory, agonistic, reproductive, 
etc.), agonistic and reproductive behavior will be emphasized with 
only minimal discussion of the other classes. 

MALE AGONISTIC BEHAVIORS OBSERVED IN THE NEST SETTING 
Display (Miller, 1963:100) .-Often in laboratory studies displays 

are described as either frontal (the displaying fish orients its head 
toward the other fish with dorsal, anal and pelvic fins erect) or lateral 
(all fins are spread and the displaying fish is in a lateral position with 
respect to the other fish). Since in a field situation it is difficult to dis- 
tinguish between a frontal and lateral display, the term "display" will 
be used to include both types. 

Thrust (Miller, 1963:101).-A displaying fish moved a short dis- 
tance from his nest toward another fish but before coming within 10 
cm of it, backed up in his nest or turned away, a thrusting action; 
hence the term "thrust." 

Swipe.-A male left the nest in a display posture and swam in a 
wide arc in the direction of an intruder or group of fish. 

Chase (Miller, 1963: 101) .-In some instances a displaying fish 
swam rapidly toward another fish and pursued it as it fled. Sometimes 
the chase terminates in a nip, and then the pursuing fish returns to its 
nest. 

Nip.-A nip usually occurs as the culmination of a chase or ap- 
proach arising from a display. In most cases the nip is directed toward 
the caudal fin, but sometimes the dorsal, pelvic or pectoral fins are 
nipped. In some very aggressive encounters the operculum is nipped 
violently. 

MALE REPRODUCTIVE BEHAVIORS IN THE NEST SETTING 
Rim circling (Miller, 1963:122).-Males repeatedly swam in 

circles around the rims of their nests with fins in a displaying posture. 
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The initial swimming at the onset of rim-circling was jerky, but as the 
circling became more rapid the swimming became smoother. The 
number of times the rim is circled in a single episode varies from 0.5 to 
15 circles and is recorded as individual circles, not as episodes. 

Tail-sweeping (Miller, 1963:112).- Lepomis macrochirus males 
in a horizontal position begin to sweep their caudal fins in a side-to- 
side manner, curving their body upward until the body is almost 
vertical (head up) relative to the substrate. This sweeping action of 
the caudal fin forms a depression in the substrate. The number of 
side-to-side sweeps in a single episode varies from two to 15. Tail- 
sweeps were quantified as individual tail-sweeps and not as episodes. 
The duration of a sweeping episode varies from about 3 to 10 sec. 

Spawning.-Spawning consists of several discrete responses, includ- 
ing an encircling component in which the male circles the female, and 
a phase where the male and female circle together. For purposes of 
this study these discrete responses were not recorded, due to difficulty 
of accurate quantification in a field situation. Instead, spawning was 
recorded as an act (i.e., spawning or not spawning). Spawning will 
be discussed in more detail in the result section. 

ADDITIONAL MALE BEHAVIORS IN THE NEST SETTING 
Feeding.-Predatory responses which resulted in capture, swallow- 

ing, spitting out, or holding of prey were recorded. 
Substrate biting (Miller, 1963).-The nesting male tilts, head 

down, snout close to the substrate, all fins against the body and may 
take gravel into his mouth and then spit it out afterwards. 

Floats to top.-Nesting males usually hold a stationary position 
3-15 cm above the substrate, but occasionally float more than 15 cm 
above the substrate. All fins are relaxed and the fish allows the water 
to float him up in a horizontal position where he remains stationary. 

Swims away.-Nesting bluegills spend most of their time hovering 
above their nest, but occasionally a fish will swim away for a period of 
more than 15 sec for no apparent reason and then return, usually 
within 10 min. 

RESULTS AND DISCUSSION 
DESCRIPTIVE ANALYSIS 

During the spawning season the male is easily distinguished from 
the female by his brilliant color-a bright orange to rust-red breast 
and a bluish sheen over the body. The two blue streaks that extend 
posteriad from the mouth and cheek become very intense (Trautman, 
1957). Females are not as brightly colored, and their bodies have a full 
appearance in front of the vent. 

Reproductively motivated male bluegills in the Redwine Pond 
moved to shallow water during the last week of May and 1st week of 
June. Water depth ranged from 10 cm for smaller males to approxi- 
mately 100 cm for the larger males. Water temperature averaged 23 C 
Bluegill sunfish usually select an area free of plants with a sand OI 
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gravel bottom and rarely construct nests in the muck margins of the 
pond. Nests were most commonly constructed in unshaded areas 
which received a maximum of sunshine. Nests were not constructed 
along the edge nearest the Redwine home, even though suitable sites 
existed there. Rarely were areas sheltered by rocks, logs or clumps of 
grass used for nesting. In some instances, nests would endure more than 
one season, and therefore males do not necessarily build a completely 
new nest each breeding season; instead, experienced males usually 
located themselves over old nests of the previous year (Miller, 1963). 
When occupying a former nest, the male would clear away the debris 
and plants from the bottom of the old nest by tail-sweeping. 

Noble (1939) gives a simple inclusive definition of territory as "any 
defended area." Most teleosts and nearly all centrarchid males exhibit 
territorial behavior while occupying a nest. Within the nesting areas 
A, B, C and E, where the nests were often less than 10 cm apart rim 
to rim, the territory of the male encompassed the area within the nest 
plus a distance of 5-10 cm beyond the rim. In area D there was only 
one nesting bluegill. The nearest nest was 10 m away and the male 
defended an area 2-2.5 m from his nest. Several times other bluegills 
would try to establish nests in this area but they were chased away by 
the resident. The diameter of this isolated nest was three times the 
length of the resident, instead of the usual two times, and the nest 
was deeper (8.5 cm) in the center compared to the usual nest (3-8 
cm). Witt and Marzolf (1954) reported that male longear sunfish 
(Lepomis megalotis megalotis) defended larger territories when their 
nests were isolated. Hunter (1963) reported that green sunfish (L. 
cyanellus) in isolated nests would defend an area 1-1.5 m in diam. I 
drew similar conclusions from observations of isolated nesting bluegills. 

Intraspecific territorial defense occurred frequently in nesting 
males. Various aggressive behaviors (chase, nips, swipes, displays and 
thrusts) were used in defense of a territory. All male bluegills, regard- 
less of size, were chased away from the territory. In some instances 
there was actual physical contact as the resident nipped the intruder. 
Usually there was no physical contact, but a series of thrusts, chases, 
swipes and displays was sufficient to defend the territory. 

Interspecific territorial relationships were not as consistent. Blue- 
gills were never observed chasing largemouth bass (Micro pterus sal- 
moides) even though the bass were seen to pass right through their 
nests. Bluegills did chase small trout away from their nests. When 
ducks were present in a nesting area, the bluegills would swim away 
and then return when the ducks left. 

The following discussion summarizes the sequential events leading 
to nest construction by male bluegills. Reproductively motivated males 
move to shallow water and establish a territory. They may hover over 
abandoned nests from previous spawning seasons or establish their 
territory in a new area. Once the male remains in a specific area he 
defends this area from conspecific intruders by a series of agonistic 
encounters. These agonistic encounters can follow various sequences, 
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i.e., thrusts, chases, etc. (although nips were never observed to follow 
swipes). If the territory is not successfully defended, then a new occu- 
pant will establish his territory by repeating the territorial establish- 
ment sequence of hovering over the area and defending it from con- 
specific intruders. Successful defenses result in the male vigorously 
tail-sweeping for 1 or 2 days constructing a bowl-shaped depression, 
the nest. 

COURTSHIP AND SPAWNING 

Courtship in Lepomis macrochirus begins when a female swollen 
with eggs appears in the area. The male may just continue to hover, or 
begin to actively rim-circle and tail-sweep. Females ready to spawn 
swim from the deeper water as the males rim-circle and tail-sweep. A 
female will then be chased and encircled by the male. In some in- 
stances the female will swim away, or she will remain stationary and 
the male will become aggressive towards her. She does not show recip- 
rocal aggression; instead she remains relatively stationary and the male 
encircles her and guides her into the nest. Only rarely does the male 
not lead the female back to the nest. In such cases he swims away 
and then returns to his nest alone. Once the female is in the nest 
she may swim away or remain. In the latter case courtship is com- 
pleted. At any time during the sequence the female may swim away, 
the male may chase after her and, if successful, the courtship sequence 
is repeated. If he is not successful, he returns to his nest alone. 

Spawning was accomplished in a manner typical of all centrarchids. 
Once the female is settled in the nest the male swims close beside her. 
They face in the same direction and circle together in the nest, with the 
male on the outside and the female inside. During the spawning act 
the male's anterior ventral surface darkens. As they circle in the nest 
the male remains upright, but the female tilts her dorsum away from 
the male and, leaning to one side, rubs the ventral surface near her 
genital pore in a quick "vibrating" movement against the side of the 
male near his anal fin. As they circle together, the female tilts into this 
spawning posture every 60-100 sec. As contact is made, eggs and pre- 
sumably milt are deposited (Miller, 1963). Spawning sessions varied 
in length from 15-90 min. Often intruding male conspecifics were 
present, and attempted to spawn with the female. Usually the female 
remained in the nest as the spawning male protected his nest. As the 
male was attacking intruding males, other neighboring males would 
try to encircle the waiting female and attempt to spawn. 

In three instances there were more than one male and female spawn- 
ing in a nest. While a pair of bluegills were spawning, another female 
would slip in and align herself with the male or in some instances align 
herself with the other female. The intruding female would tilt herself 
into the spawning posture with either the male or female. Not only 
would there occasionally be an extra female in the nest, as observed 
by Hunter (1963) for Lepomis cyanellus, but in one spawning period 
two male and four female L. macrochirus were observed. Multiple 
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fish spawnings in a nest were not limited to a particular male but 
occurred in nests of three different males. When an extra female was 
present with the spawning pair, she was smaller and, presumably, 
relatively inexperienced. This simultaneous spawning also occurs 
in other centrarchids. Miller (1963) reported that during spawning 
of L. gibbosus a second male would enter the nest and place him- 
self next to the spawning pair in the circling. Ingram and Odum 
(1941) observed two female L. gibbosus in a nest simultaneously. Bee- 
man (1924) described a case in the smallmouth bass, Micropterus 
dolomieui (Lac6epede), in which a male spawned with two females 
in the same nest at the same time, with an alternation of the egg- 
laying with both females leaving at about the same time after 
their eggs had been laid. Breder (1936) reported that spawning 
L. gibbosus in an aquarium were joined by a second female, and 
the three attempted to spawn. The male was upright between 
the two females and all circled in the same direction. Breder 
also mentions under normal conditions the Centrarchidae seem 
always to mate in pairs. Abnormal circumstances (i.e., an aquarium 
with one male and two females) may lead to simultaneous 
polygamy. Recent evidence by Hunter (1963), Miller (1963) and 
the observations made during this study suggest that simultaneous 
polygamy also occurs in the field. Therefore, simultaneous polygamy 
is not an abnormal behavior due to the artificial laboratory environ- 
ment, but instead is a natural behavior of some Centrarchidae, even 
though it is a relatively rare occurrence. 

FEEDING 
Nesting male bluegills fed on various insects floating on the surface 

of the water near their nests. This conflicts with the observations made 
by Huck and Gunning (1967). They reported that Lepomis gib- 
bosus defending their territory, nest or young never fed. Territorial 
bluegill males in my study were observed feeding on nine occasions. 
They were never observed to actively seek food, but would take advan- 
tage of insects floating in the immediate vicinity of the nest. 

QUANTITATIVE ANALYSIS 
Total frequency of nesting behaviors.-For the quantitative portion 

of this study 11 elements of nesting behavior were recorded. The 12th 
element, spawning, was not recorded as a frequency, but simply spawn- 
ing or not spawning. 

A total of 400 15-min observation periods were recorded and the 
total frequency, mean frequency per observation, percentage and per- 
centage by category were calculated (Table 1). Rim-circling and tail- 
sweeping were the most frequent behaviors of nesting male Lepomis 
macrochirus. 

Frequency of nesting behavior as a function of nest-site location.- 
In order to determine the effect of nest-site location within the colony, 
and other natural variables on the frequency of agonistic, reproduc- 
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tive and miscellaneous behavior, the following operational definitions 
were used: solitary, the solitary single fish in nesting area D; periph- 
eral, nests separated from the nearest adjacent occupied nest by at 
least 60 cm; surrounded, by at least three adjacent occupied nests with 
a rim-to-rim distance of less than 60 cm; spawning, male spawning 
with a female; other fish spawning in the area, behavior of nonspawn- 
ing males when adjacent neighboring males were spawning (Table'2). 

Laboratory studies by Erickson (1967), Huck and Gunning (1967) 
and Smith (1969), as well as personal observations, indicated that sun- 
fish are more aggressive when crowded into small areas regardless of 
sex or season. Nesting area D was unusual in that only one nesting 
male occupied the entire area during the spawning season. Results for 
11 observations of this solitary fish showed that he devoted 66.4% of 
his behavior to the reproductive category, 17.1 % miscellaneous and 
16.5 % agonistic. 

Data from six fish which were surrounded by at least three occupied 
nests with a rim-to-rim distance of less than 60 cm were pooled for 
analysis. Surrounded fish devoted 76.4% of their behaviors to the 
reproductive category, 4.0% miscellaneous and 19.6% agonistic. 

Chi-square analyses were used to compare the relative frequency of 
agonistic, reproductive and miscellaneous categories for the solitary vs. 
the surrounded by three nesting situations (Table 2). There was no 
significant difference in agonistic behavior category. However, there 
was significant increase in the percentage of reproductive behavior and 
a significant decrease in the miscellaneous category for surrounded as 
compared to solitary fish. 

Data for four fish in the peripheral nest setting were pooled and 
the percentage of behaviors by category determined. Peripheral fish 
devoted 91.8% of their behavior to the reproductive elements, 3.7% 
to miscellaneous and 4.5% to agonistic. The surrounded fish (relative- 
ly more crowded) were significantly more aggressive than the periph- 
eral fish. This agrees with the findings of McDonald and Heimstra 
(1965), Erickson (1967), Huck and Gunning (1967) and Smith 
(1969) for laboratory studies of other species of Lepomis. The inci- 

TABLE 2.-Summary of chi-square analyses for nesting condition 
Chi-square values by category 

Ago- Repro- Miscel- 
Condition nistic ductive laneous 

Solitary vs. surrounded 0.77 9.19** 55.53** 
Peripheral vs. surrounded 190.48** 150.90** 0.00 
Spawning vs. nonspawning peripheral 251.45** 185.69** 1.13 
Spawning vs. nonspawning surrounded 5.63* 2.96* 1.36 
Other fish spawning in the area vs. peripheral 45.41** 28.61** 0.00 
Other fish spawning in the area vs. spawning 26.63** 21.59** 0.29 
Other fish spawning in the area vs. surrounded 12.85** 12.10** 0.02 

Tabled values are chi-squares (using Yates correction for small sample size) 
with 1 df 
** p < .01 
* < .05 
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dence of reproductive behaviors was significantly different, as the 
peripheral fish had a higher frequency of reproductive behaviors when 
compared to surrounded fish. There was no significant difference in 
the miscellaneous category. 

Frequency of nesting behaviors during spawning.-Data from eight 
spawning observations were pooled for analyses (Table 3). Activities 
of spawning fish were compared to nonspawning peripheral fish (near- 
est occupied nest more than 60 cm away) using chi-square analyses. 
There was a significant decrease in the reproductive category for the 
spawning males. This is understandable, because when a fish is spawn- 
ing, males from adjacent nests are constantly intruding into the 
spawning male's territory. Spawning fish devoted significantly more to 
agonistic acts than did peripheral fish. There was no significant differ- 
ence in the miscellaneous category for these nesting conditions. 

Behavioral frequencies for spawning males were compared to non- 
spawning, nesting males in a crowded situation (surrounded). Fre- 
quencies of behavioral components in the miscellaneous category (Table 
2) were not significantly different. However, spawning fish showed a 
significantly higher frequency of agonistic and a significantly lower 
frequency of reproductive components when compared to surrounded 
fish. Hence, spawning males exhibited a significantly higher frequency 
of agonistic components when compared to nonspawning peripheral 
and surrounded males. 

Frequency of nesting behaviors when neighboring males were 
spawning.-The adjacent neighboring males to a spawning male 
seemed to be more active (Miller, 1963, and personal observation). To 
test this assumption, the frequency of nesting behavior for nine neigh- 
boring nonspawning males was determined. Chi-squares were calcu- 
lated comparing behavioral categories for nesting fish, when another 
fish was spawning in the area, to peripheral fish. When another fish 
is spawning in the area the neighboring fish are significantly more 
aggressive relative to peripheral fish. The peripheral fish showed a sig- 
nificantly higher relative frequency of reproductive components when 
compared to fish exposed to another fish spawning in the area. The 
relative frequency for the miscellaneous category is essentially the 
same for both situations. 

In comparison of nonspawning fish, whose neighbors were spawn- 
ing, with spawning fish the spawning fish showed a significantly higher 

TABLE 3. -Agonistic, reproductive and miscellaneous behavior (expressed 
as a percentage of total) for each nesting situation 

Behavioral Category 
Ago- Repro- Miscel- 

Nesting situation nistic ductive laneous 
Solitary 16.5 66.4 17.1 
Surrounded 19.6 76.4 4.0 
Peripheral 4.5 91.8 3.7 
Spawning 23.9 73.1 3.0 
Another fish spawning in the area 12.6 83.9 3.5 
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relative frequency of agonistic behaviors. Miscellaneous behaviors 
had almost the same relative frequency for both groups. Fish exposed 
to another fish spawning in the area had a significantly higher relative 
frequency of reproductive behaviors (i.e., tail-sweeping and rim- 
circling) when compared to spawning fish. 

The frequency of behavioral components per category for neigh- 
boring fish spawning in the area was compared to fish in a crowded 
situation (surrounded by at least three occupied nests), and subjected 
to chi-square analyses (Table 2). The crowded fish exhibited a signifi- 
cantly higher frequency of agonistic behaviors when compared to non- 
spawning males in close proximity of a spawning pair. There was no 
significant difference in the miscellaneous category. The percentage of 
reproductive behaviors was significantly higher for nonspawning males 
in close proximity to a spawning pair compared to fish in a crowded 
situation. This finding agrees with Miller's (1963) statement, ". . . the 
sight of spawning fish was a stimulus which made males without part- 
ners circle their rims faster and more persistently." 

GENERAL DISCUSSION 
The agonistic and reproductive behavior of nesting male bluegills, 

Lepomis macrochirus, appears to be typical of the family Cen- 
trarchidae. This uniformity of reproductive behavior would be 
expected as the centrarchidae are restricted to the more quiet waters 
of a single continent, North America. Because of this single type of 
habitat, it is not surprising that the findings of the descriptive analysis 
of this study are generally in agreement with those field studies sum- 
marized for Lepomis by Breder (1936), Morgan (1951), Miller 
(1963), Hunter (1963) and Huck and Gunning (1967). However, 
there are some differences with regard to certain aspects of agonistic 
and reproductive behavior. 

One of the significant findings was that tail-sweeping and rim- 
circling were the most frequent behaviors. Miller (1963) reported 
high frequencies of rim-circling but infrequent sweeping by nesting 
male bluegills. During my study of 36 nesting males, 22.9% of the 
behavioral component consisted of tail-sweeping. This discrepancy 
of reported frequencies is probably due to several variables. Although 
rim-circling and tail-sweeping undoubtedly have nest-maintenance 
functions, they also appear to have signal value both for threatening 
males and for attracting conspecific females. Both responses probably 
make males more visible to females. Accordingly, I suggest that these 
acts have become ritualized reproductive cues and that they have been 
derived from nest maintenance activities due to the exaggerated ampli- 
tude of movement, rhythmic repetition and, in all probability, lowered 
threshold for releasing stimuli as evidenced by the high frequency of 
the components. 

Other important findings indicate that a male's position within the 
nesting colony (territorial mosaic) affects the frequency of his ago- 
nistic and reproduetive behavior. In general, fish in a crowded (i.e., 
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surrounded) situation were more aggressive than males located in the 
periphery of the colony. While the centrally located individuals were 
often occupied with border encounters, the peripheral males were 
performing higher frequencies of rim-circling and other reproductively 
significant responses. 

Spawning increased the aggressiveness of neighboring males which 
would frequently intrude upon the spawning pair. Moreover, the 
spawning male was usually compelled to make frequent chases during 
which he was absent from his nest. In fact, spawning males exhibited 
a higher rate of aggressive behavior than any other male. This be- 
comes especially interesting when it is realized that during the tem- 
porary absence of the spawning male other males enter the nest and 
engage the female; therefore, Keenleyside's (1972) intraspecific intru- 
sion hypothesis for increasing the progeny of the male intruder in 
longear sunfish (Lepomis megalotis peltastes) by spawning with the 
spawning pair probably holds for bluegills. 

Similar high levels of aggressiveness in spawning males have been 
observed by Miller (1963) for Lepomis gibbosus, Childers and Bennett 
(1961) for L. cynellus-L. microlophus hybrids, and by Gerald (1970) 
for L. macrolophus and L. macrochirus. In all cases the aggressiveness 
of the spawning males is associated with intrusions into his nest by 
neighboring territorial males and/or mature nonterritorial males. 
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