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Male quail (Coturnix japonica) were genetically selected for high or low levels of social reinstate
ment behavior (weighted for independence from inherent fearfulness) and high or low fearfulness 
(weighted for independence from social reinstatement behavior). Genetic selection was based on tests 
conducted during the first 10 days after hatching. Inherent fearfulness was inferred from a test of the 
tonic immobility response, and social reinstatement behavior was measured in a treadmill test. When 
tested in adulthood, males selected for high levels of social reinstatement behavior showed more so
cial proximity behavior, shorter latencies to copulate with a female, larger numbers of copulatory re
sponses, and greater copulatory efficiency than did males selected for low inherent fearfulness. The 
other genetic lines performed at intermediate levels. Thus, the effects of genetic selection extended into 
adulthood and influenced responses that were not in the behavioral repertoire of the birds at the time 
of selection. Interestingly, selection for inherent fearfulness did not necessarily disrupt sexual perfor
mance. In fact, fearfulness appeared, at least to some extent, to be conducive to the expression of male 
sexual behavior. 

Sexual behavior has both approach and avoidance 

components. For successful reproduction, potential sexual 

partners have to be attracted to, and approach, one an

other. Furthermore, the tendency to approach must be 

stronger than the tendency to withdraw. Withdrawal may 

occur because of fear elicited by the other animal (which 

may be a rival or a predator rather than a safe sexual part

ner) or because of fear elicited by other cues in the situ

ation. These considerations suggest that sexual behavior 

is the net result of the interaction of the defensive and sex

ual behavior systems. 

Interactions between different systems of behavior have 

been investigated most extensively using the simultaneous 

activation paradigm. In this paradigm, the two behavior 

systems of interest are activated at the same time to see 
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how one system influences responses characteristic ofthe 

other. 

Perhaps the most extensively investigated interactions 

are those between the feeding and defensive behavior 

systems. The defensive behavior system is typically acti

vated in laboratory studies with the use offootshock or a 

conditioned stimulus previously associated with shock. 

In contrast, the feeding system is typically activated by 

providing food-deprived animals access to small portions 

of food contingent on an instrumental response and/or a 

conditioned stimulus. The common finding is that activa

tion ofthe defensive behavior system (e.g., fear) suppresses 

food-motivated behavior (Blackman, 1977; Davis, 1968; 

Dickinson & Dearing, 1979; Rescorla & Solomon, 1967). 

In fact, fear tends to suppress most other forms ofbehav

ior (Jones, 1987a), with the exception of avoidance or other 

fear-motivated responses (Bull & Overmier, 1968). These 

findings suggest that fear may also disrupt sexual behavior. 

Another strategy for investigating the interaction of 

different systems of behavior involves genetic selection. 

Selected lines are powerful tools for the analysis of be

havioral traits such as fearfulness (e.g., Gray, 1971). Using 

this methodology, changes in the animal's fear state are 

not induced by the presentation of a conditioned or uncon

ditioned aversive stimulus. Rather, lines that differ in their 

inherent or underlying fearfulness (the propensity to be 
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easily frightened) are established by genetic selection. 

The behavior of animals from such lines is then compared 

in contexts involving feeding or sexual behavior. 

The present experiment was conducted to investigate 

the effects of inherent fearfulness and social reinstatement 

tendencies on male sexual behavior using the genetic se

lection methodology. The experiment was conducted with 

four genetic lines of Japanese quail. Two of the lines were 

selected for high or low levels of social reinstatement be

havior weighted for independence from fearfulness, and 

the other two lines were selected for high or low fearful

ness weighted for independence from social reinstatement 

behavior (Mills & Faure, 1991). 

For the purposes of selection, fearfulness was mea

sured in terms ofthe duration ofthe tonic immobility (TI) 

response. The duration ofTl is a widely used measure of 

inherent fearfulness, especially in domesticated birds 

(Gallup, 1979; Jones, 1986). Exposure to frightening pro

cedures prolongs the TI reaction, whereas procedures 

that reduce fear shorten TI (Gallup, 1979; Jones, 1986, 

1987a), and the duration ofTl has been shown to be highly 

correlated with responsiveness in a variety of fear tests in 

Japanese quail, domestic chicks, and adult hens (Faure, 

1975; Jones, 1987b; Jones & Mills, 1983; Mills & Faure, 

1986; Suarez & Gallup, 1981). Furthermore, genetic se

lection based on the duration ofTl in Japanese quail has 

been shown to result in changes in a variety offear-based 

responses. Jones, Mills, and Faure (1991), for example, 

found that quail selected for short tonic immobility (STI) 

emerged faster from a hole-in-the-wall box and showed 

less freezing and less suppression of vocalization and lo

comotion in an open field than did quail selected for long 

tonic immobility (LTI). Selection for STI has also been 

found to alter the response of quail to a restraint stressor. 

STI birds struggle more when restrained than do LTI birds 

(Jones, Mills, Faure, & Williams, 1994). The duration of 

TI can therefore be considered to be a useful, if indirect, 

behavioral measure of the potential to react in a fearful 

manner. 

Social reinstatement behavior was assessed in the tread

mill apparatus described by Mills and Faure (1990). This 

apparatus was used to measure the distance run by an iso

lated quail chick in order to rejoin a group of conspecifics. 

Genetic selection based on responding in the treadmill 

apparatus has been found to result in general differences 

in sociality. Quail chicks selected for high social reinstate

ment (HSR) behavior in the treadmill are also faster to 

establish visual contact with a group of conspecifics that 

are housed in a restricted area of a maze-like apparatus and 

are more likely to move toward and remain near the other 

chicks than are quail selected for low social reinstatement 

(LSR) behavior (Launay, Mills, & Faure, 1991). HSR 

chicks also peep sooner and more frequently before find

ing the other quail in the maze and interact with the other 

quail more after finding them (Launay et aI., 1991). In ad

dition, HSR chicks show greater behavioral and physio

logical activation than LSR chicks when they are socially 

isolated (Mills, Jones, Faure, & Williams, 1993). There-

fore, it can be assumed that chicks of the HSR line show 

higher levels of sociality than do chicks of the LSR line. 

On the basis of the kinds of interactions between be

havior systems that have been obtained using the simul

taneous activation paradigm, one would predict that sexual 

behavior will be disrupted by high levels of fearfulness 

and enhanced by sociality. However, other considerations 

suggest that genetic selection for fearfulness should not 

disrupt sexual behavior. Fearfulness, as manifest in TI, 

has been considered to be an adaptive trait, because an

imals that show the immobility response are more likely 

to survive predator attack (Thompson et aI., 1981). Fear

fulness and fear responses presumably evolve in natural 

populations as predator-avoidance strategies (Faure, Jones, 

& Bessei, 1983; Suarez & Gallup, 1981). However, any 

increase in fitness associated with fearfulness might be 

offset if fearfulness unduly inhibited the expression of 

sexual behavior because of fear of the potential mate or 

the risk of attracting the attention of predators. These 

considerations suggest that genetic selection for fearful

ness may not necessarily be accompanied by inhibition 

of sexual behavior. In fact, the expression of sexual be

havior may well represent a balance between fearfulness 

and sexual motivation. Hence, genetic selection may pro

duce results different from those predicted by the simul

taneous activation paradigm. 

Tests were conducted both in the home cages of the 

birds and in a special experimental chamber. The effects 

offearfulness on sexual behavior were expected to be en

hanced in the experimental chamber at least initially, be

cause of the relative novelty of the chamber. Use of the 

experimental chamber also permitted us to measure so

cial proximity behavior, an appetitive component of the 

sexual behavior sequence. When first placed in the exper

imental chamber, a male bird could see but not copulate 

with a female housed in an adjacent compartment. Pre

vious studies with unselected Japanese quail have shown 

that, under these conditions, males suppress their crowing 

and approach the window through which they can see the 

female (Domjan & Hall, 1986; Domjan & Nash, 1988). 

After measuring the male's approach to the window on 

each trial, we removed the barrier between the male and 

female compartments and observed the copulatory behav

ior that ensued. 

METHOD 

Subjects 
The subjects were from the 20th generation of lines of quail di

vergently selected for duration of the TI response or social rein

statement behavior. The precise history of these lines is described 

elsewhere (see Mills & Faure, 1991, for details of the selection pro

cedures and responses to the F8 generation; see Mills et aI., 1994, 

for responses to the F 16 generation). Social reinstatement behavior 

was assessed when the chicks were 6-8 days old using a treadmill 

apparatus, as described by Mills and Faure (1990). Briefly, this ap

paratus had a goal box, containing 5 control line chicks, separated 

from a runway by a wire mesh screen. The runway was divided into 

three zones: a running zone proximal to the goalbox, a middle or neu

tral zone, and a far zone opposite the goal box. The test started when 
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a subject was placed in the center of the runway. If the chick moved 

toward the goalbox, the experimenter manipulated the speed of the 

treadmill in order to maintain the position of the subject at the start of 

the running zone. The distance run was recorded. If the chick 

moved away from the goalbox, the amount of time spent in the "far 

zone" was recorded. The subjects were then classified into one of 

two categories. The chicks that ran to maintain their position near 

the stimulus chicks in the goalbox were classified as high social re

instatement (HSR), and those that did not remain near the stimulus 

chicks were classified as low social reinstatement (LSR). At the 

20th generation of selection, the mean (±SD) distance run was 

60 m (±27) for the HSR line and 3 m (±9) for the LSR line. 

Selection for TI was done on the basis of a test conducted at 9-10 

days of age. Each chick was placed on its back in a U-shapedcradle. 

The chicks were gently held in this position for 10 sec and were 

then left unrestrained. Records were made of the number of attempts 

necessary to induce a period of immobility greater than 10 sec fol

lowing removal of restraint. The duration of TI was also recorded. 

Selection was conducted for long (LTI) or short (STI) duration of 

the TI reaction. At the 20th generation of selection, the mean 

(±SD) duration ofTI was 248 sec (±79) in the LTI line and 9 sec 

(± 16) in the STI line. 

The birds were removed from mixed-sex brooder cages at 21 

days of age and were housed in individual metal cages. Lighting 

was set on a l6:8-h light:dark schedule to maintain the birds in re

productive condition. The photoperiod lasted from 0400 to 2000 h 

Central European Time. Food and water were available ad lib ex

cept during testing. The sexual behavior tests started when the birds 

were about 90 days old. 

Testing in the home cages was conducted with 8 sexually naive 

males and 8 sexually naive females from each of the four genetic 

lines. Half of these males and all of the females subsequently served 

in the experimental-chamber tests, together with 4 additional sexu

ally naive males from each line. A small number of females died be

tween the two test series and were replaced with sexually naive 

counterparts. Sexually experienced and sexually naive subjects in 

the experimental-chamber tests responded similarly, and, therefore, 

their data were combined. 

Apparatus 
For the home-cage tests, the male birds remained in their battery 

cages in the colony room. The cages were made of metal and were 

14.0 cm high X 22.5 cm wide x 33.0 cm deep. A food tray was po

sitioned in front of each row of cages, and a water spout was ac

cessible through a hole in the back wall. 

For the experimental-chamber tests, the animals were moved 

from their home cages to test arenas that consisted of two compart

ments: a large area (100 cm high x 83 cm wide X 120 cm long) in 

which a male was placed, and a smaller adjacent compartment (32 cm 

high x 22 cm wide X 30 cm long) in which a female was housed. 

The female compartment was centered along one of the side walls 

of the large chamber. The four walls of the large chamber were 

made of plywood and painted white. Thin nylon mesh covered the top 

of the chamber. The nylon mesh was invisible to the video camera, 

which was suspended 1.5 m above the chamber. The floor was made 

of white wire mesh with white butcher paper below. A small sliding 

door (25 x 28 cm) with a narrow window (1.3 cm wide X 22.9 cm 

high) separated the male and female compartments. 

Procedure 
Home-cage tests. Male quail from the LTI, STI, HSR, and LSR 

lines (ns = 8) were tested for copulatory behavior in their home 

cages. The tests were conducted between 1300 and 1600 h Central 

European Time. The copulation partners were always females of 

the same line as the males. Since copulatory behavior typically im

proves with practice (Domjan, Lyons, North, & Bruell, 1986), 10 

copulation tests were conducted with each subject. This enabled us 

to compare the rates of improvement in the four genetic lines. 

Before each trial, the food tray in front of the cages was removed 

to provide an unobstructed view into the cage. A trial began when 

a female was gently placed inside the male's home cage. The sub

jects were tested in random order and were paired with a different 

female on each trial. Behavioral observations were made for 5 min 

by an experimenter sitting I m directly in front of the cage. 

A male quail initiates sexual activity by using its beak to grab and 

hold the head or neck feathers of the female. This behavior stimu

lates the receptive female to squat and be mounted by the male. 

Once the male has both feet on the female's back, it arches its back 

and moves its cloaca in contact with that of the female, making sev

eral cloacal thrusts. The latency to grab, mount, and make a cloacal 

contact movement was measured, along with the number of grabs, 

mounts, and cloacal contact movements. At the end of the observa

tion period, the female was gently removed from the male's cage. 

The food trays were replaced after all trials for the day were com

pleted. Each subject received one trial per day on each of 10 suc

cessive days. 

Experimental-chamber tests. Four new subjects from each of 

the selected lines were tested in the experimental chambers, along 

with 4 males that previously served in the home-cage tests. The ex

perimental chambers were located in a different building from the 

colony room. Each morning, the home cages of the subjects to be 

tested were placed on a cart and transported to the experiment 

room. Testing was started 1 h after the birds arrived in the experi

mentroom. 

A trial began when a male was gently placed in the test chamber. 

The first 10 min of the trial served as a habituation period. A female 

of the same line as the subject was in the side compartment during 

the habituation period, but the window to the female compartment 

was blocked by gray tape. After the habituation period, the tape on 

the window was removed for 10 min to allow measurement of the 

male's social proximity behavior. At the end of this 10-min period, 

the door to the female compartment was opened, giving the male 

access to the female for 5 min. Copulation invariably occurred dur

ing this 5-min period. Video recordings were made of the last 5 min 

of the habituation period and the last 5 min of the window period 

before the male was permitted to copulate with the female. At the 

end of the trial, the male and female were gently removed from the 

test cage through the top of the chamber. Trials were conducted 5 

days a week, between 1000 and 1700 h, Central European Time. 

Each subject was tested every 3-5 days until it had received a total 

of 10 trials. 

Social proximity behavior was measured using computer analy

sis of the video recordings of the male's position in the experimen

tal chamber relative to the window to the female compartment be

fore the female was released. For a more detailed description of the 

computer-based image analysis system used, see Mills, Faure, 

Jones, and Clement (1990). The system enabled us to measure time 

spent in a target area that was one ninth of the experimental chamber 

and immediately in front of the window. In addition, we recorded 

the average distance of the male from the female window and time 

spent in the third of the chamber opposite the window. Copulatory 

responses were measured as in the home-cage tests. 

The data were evaluated with repeated measures analyses of vari

ance (ANOVAs), with trials as the within-subject variable and ge

netic line as the between-subject variable. Separate analyses were 

calculated for each response measure. Paired comparisons were 

made with the Newman-Keuls test. The alpha level was set at .05 

for all statistical decisions. 

RESULTS 

Home-Cage Tests 

As expected on the basis of previous research (Dom
jan et aI., 1986), the male subjects initiated copulatory 
behavior faster as testing progressed in the home cages. 
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Figure 1. Mean latency (in seconds) to the first grab, mount, and cloacal contact response 
for each genetic line tested in the home cage. Error bars represent 1 SEM. 

Latencies to grab, mount, and make cloacal contact with 
the female significantly declined across trials [Fs(9,306) = 

17.56,9.21, and 8.16, respectively]. However, these tri

als effects did not differ between the genetic lines. The 
trials X line interactions were not significant (all Fs < 
1.0). Therefore, the data were averaged across trials. 

Figure 1 shows mean latencies to the first occurrence of 

each of the three sexual behaviors for each genetic line. 

Analysis of the latency data for the grab response failed 

to reveal a significant effect ofline (F < 1.0). All groups 

made the grab response within a mean of 50 sec after in

troduction of the female. In contrast, significant differ

ences were found among the genetic lines in the latency 
to mount [F(3,34) = 4.08], and paired comparisons indi

cated that the STI subjects were slower to initiate mount

ing than were the HSR. Analysis of the latency to make 

a cloacal contact movement also revealed a significant 

effect of genetic line [F(3,34) = 7.05], and post hoc tests 

indicated that STI subjects took longer to initiate cloacal 

contact with a female than did each of the other genetic 

lines. 

Similar findings were obtained in measures of the 

number of grab, mount, and cloacal contact responses. 

These data are summarized in Figure 2 for each genetic 

line averaged across trials. Grabs occurred more often than 

mounts or cloacal contacts. STI birds showed the most 

grabs per trial but made the fewest mounts and cloacal 

contacts. Because of this, the copulatory behavior of STI 

subjects was highly inefficient. They frequently started 

the copulatory behavior sequence by grabbing a female, 

but they did not consummate copulation by making cloa
cal contact. 

To quantify the efficiency of copulatory behavior, an 

index was calculated by dividing the number of grabs by 

the number of cloacal contacts for each subject and mul
tiplying this ratio by 10. Scores on the copulatory effi-
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Figure 2. Mean frequency of grab, mount, and cloacal contact responses, and mean copulatory 
efficiency for each genetic line tested in the home cage. Error bars represent 1 SEM. 
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Figure 3. Mean seconds spent near the window to the female compartment for each genetic line in the 
experimental chambers when the window was closed and when it was open. Error bars represent 1 SEM. 

ciency index are summarized in the right set of bars in 

Figure 2. The highest degree of copulatory efficiency was 

evident in the HSR subjects. 
The number of grab, mount, and cloacal contact re

sponses, as well as copulatory efficiency, increased sig

nificantly across trials [Fs(9,306) = 3.13, 2.03, 3.89, and 

5 .15, respectively]. However, these changes did not differ 

as a function of genetic line. None of the trials X line in

teractions were significant (all Fs < 1.0). Therefore, the 

data were averaged across trials for each genetic line for 

presentation in Figure 2. 

Significant main effects of genetic line were found for 

number of grabs [F(3,34) = 2.96], number of mounts 

[F(3,34) = 4.85], number of cloacal contacts [F(3,34) = 

5.84], and copulatory efficiency [F(3,34) = 7.65]. Paired 

comparisons indicated that males of the STI line made 
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significantly more grabs than did HSR subjects and sig

nificantly fewer mounts and cloacal contact movements 

than did HSR and LTI subjects. HSR males showed sig

nificantly higher copulatory efficiency than did each of 

the other groups, which did not differ among each other. 

Experimental-Chamber Tests 
Social proximity behavior. Social proximity behavior 

was measured in terms of the position of the male sub

jects in relation to the female's window before the female 

was released. These data were analyzed using an ANOVA, 

with genetic line as a between-subject variable and win

dow status (open vs. closed) and trials as within-subject 

variables. 

As in previous studies with nonselected Japanese quail 

(e.g., Domjan, Akins, & Vandergriff, 1992), the males 

D Open 

LTI STI 

GENETIC LINE 

Figure 4. Mean seconds spent in the back third of the experimental chambers away from the female 
compartment for each genetic line when the window to the female compartment was closed and when 
it was open. Error bars represent 1 SEM. 
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Figure s. Mean latency (in seconds) to the first grab, mount, and cloacal contact response 
for each genetic line tested in the experimental chambers. Error bars represent 1 SEM. 

increased their time in the zone directly in front of the fe
male's window across trials [F(9,324) = 6.28]. However, 

this effect did not interact with genetic line [F(27,324) = 

1.19]. Figure 3 shows time spent in the window zone for 
each group, combined across trials. The subjects spent 

more time near the window when the window was open 

and they could see the female on the other side than when 

the window was closed [F(l,36) = 5.20]. In addition, there 

was a significant main effect of genetic line [F(3,36) = 

3.91]. Paired comparisons showed that HSR birds spent 

significantly more time in the window zone, close to where 

the female was released, than did STI and LTI birds. The 

interaction between window status and genetic line was 

not significant (F < 1.0). 
The above results indicate that males in the HSR line 

showed the greatest level of social proximity behavior. 

This was also evident in a measure of the average dis-

tance of each male bird from the female window when the 

window was open. This measure also showed a signifi

cant effect of genetic line [F(3,36) = 3.25], and paired 

comparisons indicated that males in the HSR line were 

significantly closer to the female window than were males 

in the STI line. 

Using the computer-based trajectometer, we also mea

sured how much time the male birds spent away from the 
female side of the experimental chamber by calculating 

time spent in the back third of the experimental chamber. 
These data are summarized in Figure 4. The time spent in 

the back of the chamber was independent of whether the 

window to the female compartment was open or closed 
(F < 1.0). The effects of trial and the trial X line inter

action were also not significant [F(9,27) = 1.09, and F < 
1.0, respectively]. However, there was a significant ef

fect of genetic line [F(3,36) = 3.30]. Paired comparisons 
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Figure 6. Mean frequency of grab, mount, and cloacal contact responses, and mean copulatory effi
ciency for each genetic line tested in the experimental chambers. Error bars represent 1 SEM. 
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revealed that the males in the STI line spent significantly 

more time in the back than did the males in the HSR and 

LSR lines. 
Copulatory behavior. As we observed in the home 

cages, with repeated testing, latencies to grab, mount, and 

make cloacal contact decreased, and increases were ob

served in the frequency of grab, mount, cloacal contact 

responses and in copulatory efficiency. All of these main 

effects of trials were significant [all Fs(9,288) ;::: 3.10]. 

Figure 5 shows the mean latency of each copulatory 

response for each genetic line, averaged across trials. A 

significant main effect of genetic line was obtained for the 

grab, mount, and cloacal contact responses [Fs(3,32) = 

3.16,3.20, and 3.86, respectively]. Paired comparisons 

indicated that males in the HSR line had shorter latencies 

to grab and mount than did the STI subjects. HSR birds 

were also quicker to make the first cloacal contact than 

were both the STI birds and LTI birds. 

Figure 6 shows the frequency of each sexual response 

and the copulatory efficiency of the four lines of quail, 

averaged across trials. Significant main effects of genetic 

line were found in the number of mounts, the number of 

cloacal contacts, and copulatory efficiency [Fs(3,32) = 

2.99,4.22, and 5.95, respectively]. However, the lines did 

not differ significantly in the number of grabs [F(3,32) = 

2.12]. Paired comparisons revealed differences similar to 

those observed with the latency data. Specifically, HSR 

males mounted more frequently than did STI males and 

made more cloacal contact responses than did STI and 

LTI males. Additionally, HSR birds showed significantly 

greater copulatory efficiency than did STI and LTI birds. 

DISCUSSION 

The present findings demonstrate that genetic selection 

based on inherent fearfulness and social reinstatement 

exhibited during the first 10 days after hatching influ
ences the behavior of quail in adulthood. Significant dif

ferences in social proximity behavior and copulatory be

havior were obtained between the selected lines. Evidently 

genetic selection, in these lines, influences a greater range 

of behaviors than those directly selected for, and these 

effects are evident in animals that are older than those used 

in previous experiments (reviewed in Mills et ai., 1994). 
Behavior early in life is not always predictive of later 

performance. For example, Nol, Cheng, and Nichols 

(1996) found that dominance rankings of quail are not 

stable during ontogenetic development. Such develop

mental discontinuities make examples of continuity par
ticularly noteworthy. Consistent with the present findings, 

Jones et ai. (1994) reported that genetic lines selected on 

the basis of TI during the first week after hatching (STI 

and LTI lines) continue to show corresponding differences 
in TI and response to restraint at 70-75 days of age. Sim

ilar findings were reported by Launay, Mills, and Faure 

(1993), who showed that genetic differences in social re

instatement behavior also persist through the first 70 days 

of life. 

The differences in sexual behavior observed in the pre

sent study extend the effects of the present genetic selec

tion to new measures of behavior. Previous studies have 

shown that genetic selection based on duration of TI re

sults in corresponding differences in other measures of 

fear, including freezing, vocalization, locomotion in an 

open field, and emergence from a hole-in-the-wall box 

(Jones et aI., 1991). In an analogous fashion, genetic se

lection based on the treadmill test has been found to pro

duce differences in other measures of social behavior, such 

as social proximity behavior, peeping (Launay et ai., 

1991) and physiological and behavioral responses to so

cial separation (Mills et aI., 1993). The present findings in

dicate that genetic selection also influences various mea

sures of male sexual behavior. 

The effects on sexual behavior are of particular inter

est because they show that genetic selection based on re
sponding during the first 10 days after hatching can af

fect responses that are not in the repertoire ofthe animals 

at the time of selection. The present genetic effects on ap

petitive or social proximity behavior show that the line 

effects are not limited to unconditioned copulatory re

sponses elicited by the presence of a female quail. Social 

proximity behavior reflects sexual learning (see Domjan 

et aI., 1992; Domjan & Hall, 1986). Therefore, the re

sults with social proximity behavior suggest that genetic 
selection for fearfulness and social reinstatement behav

ior influenced the vigor of conditioned sexual responses. 

These effects on conditioned sexual behavior may have 

reflected genetic differences in sexual learning and/or 

genetic differences in the motivation to perform sexually 

conditioned responses. 

Blohowiak and Siegel (1984) previously reported a 

genetic basis for copulatory behavior in male quail, on the 

basis of data from lines selected for high and low mating 

frequency. The present results indicate that the genetic se

lection criterion need not include a measure of copula

tory behavior. Selection based on sociality and fearfulness 

can also result in lines differing in copulatory behavior. 

Of the four groups tested, Group HSR (high social re

instatement) and Group STI (short tonic immobility, low 
inherent fearfulness) showed the greatest differences in 

behavior. Generally, Group HSR showed more vigorous 
sexual behavior (greater social proximity behavior, shorter 

latencies to copulate, larger numbers of copulatory re

sponses, and greater copulatory efficiency) than did Group 

STI. (The only exception to this generalization was in 

the number of grab responses observed in the home-cage 

tests, which will be discussed later.) The fact that Group 

HSR generally showed the most vigorous sexual behavior 

was expected given that sociality is compatible with (and 

perhaps even conducive to) sexual behavior. However, 

we did not expect the least vigorous sexual behavior to 

be evident in Group STI. 

The genetic selection was carried out in such a way 

that selection for STI or LTI was weighted for indepen

dence from social reinstatement behavior, and selection 

for HSR or LSR was weighted for independence from du-
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ration ofTl (Mills & Faure, 1991). Selection for short du

rations ofTl in Group STI presumably resulted in a line 

of birds of low inherent fearfulness but of intermediate 

sociality. Given the presumed low levels offearfulness in 

the STI line, the low sexual performance ofthis group was 

an unexpected finding. Since high levels of fear have an 

inhibitory influence on many different forms of behavior 

(Jones, 1987a), we expected Group LTI to show the low

est levels of sexual behavior, because, presumably, they 

were most likely to experience fear induced by the sexual 

partner and/or other aspects of the test procedures. 
One possible reason for the poor sexual performance 

of Group STI is that the low inherent fearfulness of these 

birds made them generally less attentive to changes in 

their environment and therefore less attentive to the release 

of the female. However, contrary to a generalized inat

tention hypothesis, Group STI made significantly more 

grab responses than did Group HSR when tested in the 

home cages. In addition, the shift from the home cages to 

the experimental chamber increased the latency of cop

ulation for Group STI, indicating that Group STI was not 

deficient in reacting to this change in the test context. 

The birds were more responsive to a female during tests 

in their home cage than during tests in the experimental 

chamber. Latencies to copulate were considerably longer 

in the experimental chamber, and fewer copulatory re
sponses occurred in the experimental chambers than in 

the home cages. Similar disruptive effects of relative con
text novelty on sexual behavior have been reported by 

other investigators (Crawford, Akins, & Domjan, 1994; 

Deviche & Schumacher, 1982). One possible interpreta

tion of the previously published effects is that relative 

novelty elicits fear responses that interfere with, and hence 

inhibit, copulatory behavior. However, if this were the 

case, Group LTI should have shown the lowest levels of 

copulatory behavior in the experimental chamber rather 

than Group STI. The failure to obtain this effect suggests 

that other factors may be responsible for the effects of 
test context on sexual behavior. One possibility, suggested 

by Crawford et aI. (1994), is that context effects are re

lated to the fact that male quail are territorial during the 

breeding season. 

The low level of sexual performance in birds selected 

for low fearfulness (Group STI) has several implications. 

One implication is that selection pressures that favor in

creased fearfulness (Thompson et aI., 1981) will not nec
essarily result in lower levels of sexual behavior. A second 

implication is that some degree of fear is conducive to sex

ual performance. Consistent with this suggestion, several 

investigators have reported that copulatory behavior in 

rats is facilitated by increased arousal caused by cuta

neous shock or handling (Barfield & Sachs, 1968; Caggiula 

& Eibergen, 1969; Larsson, 1963; Sachs & Barfield, 1974). 

However, the mechanisms whereby fearfulness and fear 

may facilitate sexual behavior remain to be identified. 
Finally, although the present observations focused on 

the behavior of male quail, some of the group differences 

that occurred may have been mediated by the behavior of 

the females. Each male was always tested with a female of 

its own genetic line. Therefore, genetic differences among 

the males were accompanied by corresponding differ

ences among the females. Additional research is required 

to determine to what extent differences in the copulatory 

behavior of the males selected for STI and HSR behav

ior were due to possible differences in the receptivity of 

the STI and HSR females. It is of interest to note in this 

context that, in the Japanese quail, unlike most gallina

ceous species, the female is larger than the male (see Mills, 

Crawford, Domjan, & Faure, 1997), and it is possible that 

STI males were unable to dominate the relatively fearless 

females of their own line. 
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