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of the C56Bl/6J strain 

 
José Vidal 
Universitat de Barcelona 

 

C57Bl/6J mice displayed considerable inter-mice variation in some be-
haviors in the open-field and the elevated plus-maze (coefficients of variation 
from 30% to 200%). Those individual differences were not entirely random, 
because four successive measurements of each behavior were positively corre-
lated. Application of the aggregation principle revealed that (i) in males and 
females, odd-even correlation coefficients for ambulation (in the open-field 
and in the plus-maze) were of the order of 0.60, (ii) the odd-even correlation 
coefficient for defecation  in the open-field was 0.74 for males and 0.23 for 
females (not significant), (iii) the odd-even correlation coefficient for the anti-
body response (to immunization with aggregated bovine serum albumin) was 
0.43 for males and 0.60 for females. In males, but not in females, these varia-
bles were intercorrelated: ambulation in the open-field, ambulation in the en-
closed arm of the plus-maze, and defecation in the open-field; the antibody re-
sponse was uncorrelated with behaviors. 

Keywords: Open-field, elevated plus-maze, intangible variation, 
C57Bl/6, ambulation, antibody response, defecation. 

 

El tercer componente, o variación intangible, es relativamente 
consistente a lo largo del tiempo en los ratones de la cepa 
C57Bl/6J 
 

Los ratones de la cepa C57Bl/6J muestran considerable variación entre 
ellos en las conductas en el campo abierto y en el laberinto elevado en forma de + 
(coeficientes de variación de 30% a 200%). Esas diferencias no son aleato-
rias, ya que cuatro medidas de la misma conducta correlacionan positivamente 
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entre sí. La aplicación del principio de agregación muestra que (i) en machos 
y en hembras, el coeficiente de correlación par-impar de la deambulación, en 
el campo abierto y en el laberinto elevado, es aproximadamente 0,60; (ii) el 
coeficiente de correlación par-impar para la defecación en el campo abierto 
es 0,74 en los machos y 0,23 para las hembras (no significativo), (iii) el coefi-
ciente de correlación par-impar para la respuesta de anticuerpos (a la inmu-
nización con seroalbúmina bovina) es 0,43 en los machos y 0,60 en las hem-
bras. En los machos, pero no en las hembras, las variables siguientes están 
correlacionadas: deambulación en el campo abierto, deambulación en el bra-
zo cerrado del laberinto elevado, y defecación en el campo abierto. La res-
puesta de anticuerpos no correlaciona con las conductas. 

Palabras clave: campo abierto, laberinto elevado, variación intangible, 
C57Bl/6, deambulación, respuesta de anticuerpos, defecación. 

 

Introduction 
 
 Rodents of an inbred strain display large variations in several characteristics: 
body weight (Dawson, 1970; Gärtner, 1990; Tamashiro et al., 2003), kidney 
weight (Gärtner, 1990), mandible shape (Festing, 1976), sucrose preference 
(Strekalova & Steinbusch, 2010), fear conditioning (Siegmund, Kaltwasser, Hols-
boer, Czisch, & Wotjak, 2009), decrease in social interaction after social defeat 
(Krishnan et al., 2007). This variability, which cannot be ascribed to genetics or 
environment, has been termed intangible variation, developmental noise (Falcon-
er, 1989; Blewitt, Chong, & Whitelaw, 2004) or third component (Gärtner, 1990). 
In previous studies (Vidal, 2013, 2014), it was noticed that (i) mice of a given 
inbred strain (Balb/c or C57Bl/6) showed large differences in ambulation and 
defecation in the open-field, and (ii) those individual differences held along time. 
Besides, some variables measured in the open-field were not correlated with an 
immunological variable (antibody response; Vidal & Rama, 1994). 
 Animals may have personality (Gosling, 2001), and the expression of that 
personality could be a set of correlated behaviors (behavioral syndromes; Sih, 
Bell, & Johnson; 2004). Accordingly, it was expected that (i) ambulation of the 
mice in a relatively safe environment (near the wall of the open-field) correlated 
with ambulation in another safe environment (enclosed arms of the elevated plus-
maze), and (ii) ambulation of the mice in an exposed environment (in the inner 
part of the open-field, away from the wall) correlated with ambulation in another 
exposed environment (open arms of the elevated plus-maze). In fact, thigmotaxis 
(i.e., the tendency of the mouse to stay close to the wall) is used to assess anxiety 
(Choleris, Thomas, Kavaliers, & Prato, 2001; Simon, Dupuis, & Costentin, 1994; 
Treit & Fundytus, 1989), and time spent by the animal in the open arms of the 
elevated plus-maze is used as a measure of anxiety (Hogg, 1996; Walf, & Frye, 
2007). 
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 The goals of the present experiment were: (i) to verify the occurrence of in-
dividual differences among the mice of the C57Bl/6J strain in some behaviors in 
the open-field (ambulation, defecation), or in the elevated plus-maze (ambulation 
in the open and enclosed arms), (ii) to find out if those individual differences held 
along the time (e.g., if the more active mice in the first trial were also the more 
active mice in successive trials), (iii) to find out if some behaviors were intercor-
related and correlated with the antibody response. The results reported here sup-
port the stability of the individual differences in all behaviors and the antibody 
response, but support the occurrence of a behavioral syndrome only in males. 
 
 
Method 
 
Subjects 
 
 Male and female mice of the C57Bl/6J strain were purchased from Harlan 
Iberica (Barcelona, Spain). Three C57Bl/6J females were mated with three C57Bl/6J 
males, and the offspring were the subjects of replication 1 below; five females were 
mated with five males, and the offspring were the subjects of replication 2 below. 
The males were removed from the females 1 week before parturition. 
 Adult mice of the same sex were housed 3-5 per cage, at 21±1 ºC, under a 12 
h light-dark cycle (lights on at 8:00 hours). Food and water were available ad 
libitum. At the time of the first test, the mice were approximately 8 weeks old. 
The illumination on the floor of the mouse room was 220 lux approximately. 
 The experimental procedures were approved by the University of Barcelona 
Ethics Committee on Animal Experimentation. 
 
Open field 
 
 The open field was a square enclosure made of gray plastic, 100.0 x 100.0 x 
30.0 cm; the floor was divided by black lines in 400 squares (dimensions of each 
square: 5 x 5 cm). An inner and an outer zone were defined: the inner zone was a 
(90 x 90 cm) square situated at 5 cm from each wall, and the outer zone was the 
remaining of the open-field; Vidal, 2014). The apparatus was lit by a neon tube 
that yielded about 160 lux in the center of the field. The open-field test was per-
formed in silence. 
 
Elevated plus-maze 
 
 The apparatus, purchased from Ugo Basile (Varese, Italy), was made of metal, 
had two (36.5 x 5.0 cm) open arms, and two (35.0 x 5.0 cm) enclosed arms whose 
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walls were 15.5 cm high; the apparatus was elevated 53 cm above the ground. 
This plus-maze was modified thus: (i) a plastic ledge, 0.25 cm high, was placed 
around the open arms, and (ii) seven (5 x 5 cm) squares were drawn on the floor 
of each arm. The apparatus was lit by a neon tube that yielded about 260 lux on 
the open arms. The mice took the plus-maze test in silence. 
 
Immunization and antibody measurement 
 
 Each mouse was injected intraperitoneally with 1 mg of aggregated bovine 
serum albumin in 0.10 ml of saline; the albumin was aggregated by heating at 67 
oC for one hour (Passos, et al., 1977). Serum concentration of antibodies of the 
IgG class to bovine albumin was measured by diffusion-in-gel enzyme-linked 
immunosorbent assay (DIG-ELISA; Nilsson, Björck, & Ouchterlony, 1985; Vi-
dal, 2002). 
 
Procedure 
 
 Mice took the first behavioral test when they were about 8 weeks old. For 
each sex, the order of (open-field and plus-maze) tests was counterbalanced.  
 Each mouse was placed in a corner of the open-field and allowed to move 
freely for 5 minutes. These variables were recorded: ambulation (number of 
squares crossed) in the inner zone, ambulation (number of squares crossed) in the 
outer zone, and defecation (number of fecal boli) (Vidal, 2014). Each session, 
held between 15:00 and 19:00 hours was videotaped. The field was washed with 
disinfectant soap between two mouse sessions. 
 Each mouse was placed in one open arm of the elevated plus-maze, facing 
the center and close to it, and allowed to move freely for 5 minutes. These varia-
bles were recorded: ambulation (number of squares crossed) in the enclosed arms, 
and ambulation (number of squares crossed) in the open arms. Each session, held 
between 15:00 and 19:00 hours was videotaped. The plus-maze was washed with 
disinfectant soap between two mouse sessions. 
 Mice were immunized with bovine serum albumin two or three days after the 
last behavioral session, and bled 10 days after immunization. 
 The above sequence of tests was repeated when the mice were about 12, 17, 
and 22 weeks old. 
 
Statistical analysis 
 
 The Spearman correlation coefficient was used to calculate the correlation 
between variables; this nonparametric coefficient was chosen because the goal 
was to find out if the mice that scored higher in the first measurement were also 
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the mice that scored higher in the successive measurements. Before computing the 
correlation coefficients, scatterplots of the appropriate variables were produced: 
the shapes of the plots were either amorphous or suggested a straight line. To 
compute the correlation coefficient between aggregates of the same variable, the 
raw scores of each of the four measurement of that variable were ranked: on the 
one hand, the ranks of measurements 1 and 3 were averaged, on the other hand, 
the ranks of measurements 2 and 4 were averaged, and the Pearson correlation 
coefficient between odd aggregates and even aggregates was computed. 
 Combination of a correlation coefficient in replication 1 with its homologous 
coefficient in replication 2 was performed via transformation of the correlation 
coefficients in z statistics (Shadish & Haddock, 2009). 
 The statistical package STATISTICA v12 (Tulsa, Oklahoma) was used to 
calculate the correlation coefficients and to produce the scatterplots. 
 
 
Results 
 
Variability of measurements 
 
 Table 1 shows the coefficient of variation of the variables recorded in the 
first trial: variability was considerable, with most coefficients of variation being 
larger than 30%, and some were larger than 100%.  
 

TABLE 1. VARIABILITY OF THE VARIABLES IN THE FIRST TRIAL. 
 

 
Note. Variables: amb outer OF: ambulation in the outer zone of the open-field; amb inner OF: ambulation in the 
inner zone of the open-field; amb maze closed: ambulation in the enclosed arms of the elevated plus-maze; amb 
maze open: ambulation in the open arms of the elevated plus-maze; def OF: defecation in the open-field; abs: 
concentration of antibodies to aggregated bovine serum albumin. Number of mice: in replication 1, 6 males and 
6 females; in replication 2, 15 males and 13 females. 

 

Variable Coefficient of variation (%) 

 Replication 1 Replication 2 

 males females males females 

amb outer OF 31.8 16.9 28.8 26.3 

amb inner OF 40.7 28.8 43.6 50.7 

amb maze closed 14.8 50.2 39.1 38.4 

amb maze open 118.6 100.0 110.3 135.3 

def OF 167.3 244.9 263.9 204.9 

abs 95.0 135.7 30.2 38.4 
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Consistency of measurements 
 
 Table 2 shows the correlation coefficients between the four measurements of 
the same variable (data are provided for replication 2 only given the scarcity of 
subjects in replication 1 [6 males and 6 females]): most correlation coefficients 
were positive although of varying magnitude.  
 

TABLE 2. CORRELATIONS BETWEEN REPEATED MEASURES OF 
THE SAME VARIABLE IN THE OPEN-FIELD (REPLICATION 2). 

 

 
Note. Figures in the table are Spearman correlation coefficients. V1a-V4a: ambulation in the outer zone of the 
open-field, trials 1-4. V1b-V4b: ambulation in the inner zone of the open-field, trials 1-4. V1c-V4c: defecation in 
the open-field, trials 1-4. Males: N=15, females: N=13. *: p=<0.05. 

 
 Table 3 (see next page) shows the correlations between the four measure-
ments of each variable in the plus-maze, as well as the correlations between the 
four measurements of the antibody concentration: the pattern was made up of 
positive correlation coefficients of varying magnitude. 
 This pattern of positive correlations suggested consistency of behavior (i.e., 
the mice that scored high in the first trial tended to score high in the other trials), 
and Kendall's coefficients of concordance bore out that supposition: coefficients 
of concordance ranged from 0.47 [χ2(14)=16.60, p=0.021, for antibody concentra-
tion in males] to 0.83 [(χ2(14)=46.40, p=0.00002, for ambulation of males in the 
enclosed arms of the plus-maze], the only exception being the coefficient of con-
cordance for defecation of females in the open-field (0.30) that did not reach sta-
tistical significance [χ2(12)=14.53, p=0.27].  

 

C57Bl/6 Males 

 V1a V2a V3a V4a  V1b V2b V3b V4b  V1c V2c V3c V4c 

V1a   1    V1b   1    V1c   1    

V2a 0.39   1   V2b 0.70*   1   V2c 0.37   1   

V3a 0.24 0.32   1  V3b 0.56* 0.76*   1  V3c 0.78* 0.55*   1  

V4a 0.39 0.20 0.47   1 V4b 0.20 0.56* 0.51   1 V4c 0.53* 0.39 0.68*   1 
 

C57Bl/6 Females 

 V1a V2a V3a V4a  V1b V2b V3b V4b  V1c V2c V3c V4c 

V1a   1    V1b   1    V1c   1    

V2a 0.37   1   V2b 0.63*   1   V2c  0.36    1   

V3a 0.37 0.56*   1  V3b 0.77* 0.45   1  V3c -0.36 -0.41  1  

V4a 0.12 0.12 0.31   1 V4b 0.55* 0.18 0.54   1 V4c 0.66*  0.10 0.08   1 
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TABLE 3. CORRELATIONS BETWEEN REPEATED MEASURES OF THE SAME 
VARIABLE IN THE PLUS-MAZE, AND BETWEEN REPEATED MEASUREMENTS 

OF THE ANTIBODY CONCENTRATION (REPLICATION 2). 
 

 
Note. Figures in the table are Spearman correlation coefficients. V1a-V4a: ambulation in the enclosed arms of the 
maze. trials 1-4. V1b-V4b: ambulation in the open arms of the maze. trials 1-4. Ab1-Ab4: IgG antibodies to aggregated 
bovine serum albumin, measurements 1 to 4. Males: N=15, females: N=13. 
*: p=<0.05. 

 
 One reason for the variability of the correlation coefficients in tables 2 and 3 
could be the imprecision occurring when two single measurements of a given 
behavior are correlated (Epstein & O'Brien, 1985): averaging some of the meas-
urements could cancel out the influence of random vagaries that affect the score 
(Epstein & O'Brien, 1985). Therefore, scores in trials 1 and 3 of the same variable 
were averaged (odd scores), scores in trials 2 and 4 were averaged (even scores), 
and odd and even scores were correlated. Table 4 (see next page) shows the odd-
even correlation coefficients: in males, for ambulation (in the open-field and in 
the enclosed arms of the plus-maze) and defecation, the coefficients were compa-
rable between replications, although they did not reach statistical significance in 
replication 1; in females, the same pattern seemed to emerge (except for defeca-
tion in the open-field), although the consistency was lower. For the antibody con-
centration, replications 1 and 2 showed comparable correlation coefficients, alt-
hough only the coefficient corresponding to the second replication, in females, 
reached statistical significance. 
 

 

      Males         

 V1a V2a V3a V4a  V1b V2b V3b V4b  Ab1 Ab2 Ab3 Ab4 

V1a 1    V1b 1    Ab1 1    

V2a 0.71* 1   V2b 0.82* 1   Ab2 0.42 1   

V3a 0.35 0.15 1  V3b 0.79* 0.76* 1  Ab3 0.25 0.34 1  

V4a 0.15 0.22 0.56* 1 V4b 0.76* 0.80* 0.72* 1 Ab4 0.04 0.41 0.33 1 
 

      Females         

 V1a V2a V3a V4a  V1b V2b V3b V4b Ab1 Ab1 Ab2 Ab3 Ab4 

V1a 1    V1b 1    Ab1 1    

V2a 0.52 1   V2b 0.47 1   Ab2 0.84* 1   

V3a 0.47 0.73* 1  V3b 0.56* 0.42 1  Ab3 0.01 0.06 1  

V4a 0.21 0.28 0.42 1 V4b 0.38 0.47 0.52 1 Ab4 0.58* 0.76* 0.10 1 
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TABLE 4. ODD VS. EVEN CORRELATION COEFFICIENTS. 
 

 
Note. Odd scores are obtained by averaging the ranks in trials 1 and 3; even scores are obtained by averaging the 
ranks in trials 2 and 4. Variables: periph OF: ambulation in the outer zone of the open-field: center OF: ambula-
tion in the inner zone of the open-field; + maze closed: ambulation in the enclosed arms of the open-field; + 
maze open: ambulation in the open arms of the open-field, def OF: defecation in the open-field; abs: antibody 
concentration. Number of mice: in replication 1, 6 males and 6 females; in replication 2, 15 males and 13 fe-
males. r: Spearman correlation coefficient, C.I.: confidence interval. Mice did not enter the open arms of the 
plus-maze in trials 3 and 4 of replication 1. 
a: 0.05>p>0.010; b: 0.01>p>0.001; c: p<0.001 

 
 The combined odd-even correlation coefficients of replications 1 and 2 are 
shown in table 5 (see next page):  (i) in male mice, correlation for ambulation (in 
the open-field and in the enclosed arms of the plus-maze) was 0.65 approximate-
ly, correlation for defecation in the open-field was 0.70 approximately, and corre-
lation for antibodies was of the order of 0.40 (this correlation showed a trend to-
ward statistical significance, p=0.08),(ii) in female mice, correlation for 
ambulation, in the open-field and in the plus-maze, was of the order of 0.60, cor-
relation for defecation was about 0.20, and did not reach statistical significance, 
and correlation for antibodies was about 0.60. Correlation coefficients for ambula-
tion in the open arms of the plus-maze could not be combined because mice did 
not enter the open arms in trials 3 and 4 of the first replication. 
 
Correlation between different variables 
 
 To find out whether the different variables were consistently correlated, the 
ranks of the four measurements of each variable were averaged, and the resulting 
averages were correlated by the Pearson correlation coefficient. Table 6 (see next 
page) shows the correlation matrix of combined averages (i.e., the correlation 
coefficients of replications 1 and 2 combined). Because no mice entered the open 
arms of the plus-maze in trials 3 and 4 of the first replication, table 6 does not 
show the correlation of ambulation in the open arms with the other variables. 

 r 95% C.I. r 95% C.I. r 95% C.I. r 95% C.I. 

 Replication 1 Replication 2 

  Males  Females  Males  Females 

periph OF 0.68 -0.24; 0.94 0.70 -0.21; 0.94 0.64b 0.18; 0.86 0.55a 0.00; 0.83 

center OF 0.72 -0.18; 0.95 0.74 -0.14; 0.95 0.69b 0.27; 0.88 0.75b 0.33; 0.91 

+maze closed 0.67 -0.26; 0.94 0.37 -0.56; 0.87 0.61a 0.14: 0.84 0.68b 0.20; 0.88 

+maze open     0.86c 0.61; 0.95 0.59a 0.06; 0.85 

def OF 0.88a 0.23; 0.98 -0.25 -0.84; 0.63 0.69b 0.27; 0.88 0.36 -0.23; 0.74 

abs  0.61 -0.34; 0.93 0.60 -0.35; 0.92 0.38 -0.16; 0.76 0.60a 0.07; 0.85 
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TABLE 5. ODD VS. EVEN CORRELATION COEFFICIENTS (REPLICATIONS 1 AND 2 COMBINED). 
 

 
Note. Variables: amb outer OF: ambulation in the outer zone of the open-field; amb inner OF: 
ambulation in the inner zone of the open-field; amb maze closed: ambulation in the enclosed 
arms of the open-field; amb maze open: ambulation in the open arms of the open-field; def OF: 
defecation in the open-field; abs: antibody concentration. Number of mice: in replication 1, 6 
males and 6 females; in replication 2, 15 males and 13 females. r: Spearman correlation coeffi-
cient; C.I.: 95% confidence interval of r.  

 
TABLE 6. CORRELATIONS OF AGGREGATED VARIABLES (REPLICATIONS 1 AND 2 COMBINED). 

 

 
Note. Aggregated variable: mean of the ranks of the four measurements of a given variable. Variables: periph: 
ambulation in the outer zone of the open-field; centre: ambulation in the inner zone of the open-field; closed: 
ambulation in the enclosed arms of plus-maze; def: defecation in the open-field; abs: antibody concentration. 
Figures in the table indicate mean correlation coefficient (95% confidence interval). Homogeneity statistic: 
periph vs. closed in females, Q(1)=4.04; p=0.04; for the other correlations, p>0.10. 
 

  Males  Females 

 r CI r CI 

amb outer OF 0.65  0.26; 0.86 0.59  0.13; 0.84  

amb inner OF 0.70  0.34; 0.88 0.75  0.40; 0.91 

amb maze closed 0.62  0.22; 0.84 0.62  0.18; 0.85 

def OF 0.74  0.42; 0.90 0.23 -0.30; 0.65 

abs 0.43 -0.04; 0.75 0.60  0.15; 0.84 

   Males   

 periph centre closed def abs 

periph 1     

centre  0.39 (-0.09; 0.72) 1    

closed  0.74 (0.42; 0.90)   0.48 (0.02; 0.78) 1   

def -0.78 (-0.91; -0.49) -0.51 (-0.79; -0.05) -0.46 (-0.76; 0.01) 1  

abs -0.19 (-0.60; 0.31) -0.07 (-0.52; 0.41)  0.11 (-0.38; 0.55) 0.46 (-0.01; 0.76) 1 
   Females   

 periph centre closed def abs 

periph 1     

centre  0.31 (-0.21; 0.70) 1    

closed  0.05 (-0.45; 0.54)  0.37 (-0.15; 0.73) 1   

def -0.50 (-0.80; -0.01) -0.10 (-0.56; 0.42)  0.39 (-0.13; 0.74) 1  

abs  0.03 (-0.47; 0.52) -0.10 (-0.57; 0.41) -0.66 (-0.87; -0.25) -0.35 (-0.72; 0.17) 1 
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Discussion 
 
 The coefficients of variation displayed in table 1 confirm previous findings; 
i.e., the occurrence of phenotypic variability in inbred strains of mice, even when 
the mice were raised in controlled conditions (Introduction). This finding gave 
rise to the concept of intangible variation, developmental noise, or third compo-
nent. The large coefficients of variation shown in table 1 suggested the existence 
of individual differences within the mice of the C57Bl/6J strain. 
 The next question was whether those individual differences were occasional 
or whether they persisted along the life of the mice. The correlation matrices 
shown in tables 2 and 3 (which represent the correlations of four measurements of 
the same behavior taken along the life of the mice) display a pattern: most of the 
correlation coefficients are positive (with the exception of defecation in female 
mice, that included two negative coefficients out of six ones; table 2). This pattern 
of positive correlations suggested some consistency of behavior, e.g., the most 
active mice in the first trial were generally the most active mice in successive 
trials. This consistency of behavior was tested by computing Kendall's coefficient 
of concordance for the four trials of each variable (the trials being the "judges"): 
in all instances, except defecation of females in the open-field, the coefficient of 
concordance was higher than 0.45 and statistically significant (Results). 
 Nevertheless, consistence of behavior was expressed to various degrees; for 
instance, in males, the correlation coefficient for ambulation in the inner open-
field was 0.70 between trials 1 and 2, and 0.20 between trials 1 and 4 (table 2). 
The question was: Why is it so? The explanation put forward here is that the ten-
dency to behave in a given manner is modulated by different environmental fac-
tors. On the one hand, the predisposition to score high or low in a given behavior 
was inferred from the correlation matrices shown in tables 2 and 3, and from the 
magnitude of Kendall's coefficients of concordance (Results); on the other hand, 
several factors influence the score of a tests in a particular occasion: maternal 
effects, littermate effects, diet, handling, etc. (Henderson, 2005; Lewejohann, 
Zipser, & Sachser, 2011; Wahlsten, 2001); therefore, the combination of predis-
position and environmental influences might account for the actual correlations 
(tables 2 and 3). 
 The next step was to estimate the magnitude of the predisposition. This was 
approached by supposing that some of the environmental factors that influenced 
the score in a particular test were random, and therefore, could be cancelled out 
by averaging the measurements of the same variable. This same approach was 
used to reveal the presence of a trait from measurements of several behaviors 
purporting to measure that trait (the principle of aggregation; Epstein, 1979; Ep-
stein & O'Brien, 1985). Consequently, ranks in trials 1 and 3 were averaged on 
the one hand, and ranks in trials 2 and 4 were averaged on the other. Table 4 
shows the correlation coefficients between averages in each replication, whereas 
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table 5 shows the correlations in both replications combined: the coefficients were 
of the order of 0.60 (and statistically significant) for most variables, except for 
defecation of females in the open-field, whose coefficient was 0.23, and antibody 
concentration in males, whose coefficient was 0.43 (table 5). Thus, the magnitude 
of the predisposition to behave in the open-field, or in the plus-maze, was of the 
order of 0.60. A note is in order: combination of correlation coefficients by the 
Schmidt and Hunter method (Hunter & Schmidt, 1990) yielded comparable coef-
ficients, but (i) the confidence intervals were narrower, and thus the figures (mean 
and confidence interval) for the antibody concentration in males were 0.44 (0.30, 
0.58), and (ii) most of the variability encompassed by the confidence intervals 
was sampling error. 
 The next question concerned the occurrence of behavioral syndromes. Sih et 
al. (2004) termed a set of correlated behaviors behavioral syndromes, and those 
correlated behaviors have been proposed as expression of animal personality 
(Gosling, 2001; Lewejohann et al., 2011). Correlation coefficients of aggregated 
variables are displayed in table 6, and interpretation of results has to be done for 
males and females separately: (i) in males, these variables were intercorrelated (or 
showed a trend toward significant correlation): ambulation in the periphery of the 
open-field, ambulation in the inner zone of the open-field, ambulation in the en-
closed arms of the plus-maze, and defecation; therefore, the data support the oc-
currence of a behavioral syndrome for ambulation that includes defecation. Two 
comments are in order: (a) the negative correlation between ambulation and defe-
cation in the open-field has been known for some time (Walsh & Cummins, 
1976), and the correlations in table 6 confirm that correlation; and (b) the positive 
correlation between ambulation in the periphery of the open-field and ambulation 
in the inner part of the open-field supports the difficulty in dissociating activity 
from anxiety (Milner & Crabbe, 2008); the antibody concentration was uncorre-
lated with any ambulation (which agrees with previous results; Vidal & Rama, 
1994); (ii) in females, the picture was different: ambulations in different apparat-
uses were not significantly correlated, and the only significant correlations were 
(a) between defecation and ambulation in the periphery of the open-field and (b) 
between antibodies and ambulation in the enclosed arms of the plus-maze: it is 
not clear that those correlated variables constitute a behavioral syndrome (because 
they are conceptually different). 
 There remains a question: if the individual differences reported here occurred 
in mice of an inbred strain raised in the same environment, how were those differ-
ences generated? The results reported in this article do not provide an answer to 
that question, although it has been proposed that those differences have an epige-
netic origin (Blewitt et al., 2004; Wong, Gottesman, & Petronis, 2005). 

 
 

 



246 Consistent third component 
 

 
Anuario de Psicología/The UB Journal of Psychology, vol. 45, nº 2, septiembre 2015, pp. 235-247 

© 2015, Universitat de Barcelona, Facultat de Psicologia 

REFERENCES 
 

Blewitt, M.E., Chong, S., & Whitelaw, E. (2004). How the mouse got its spots. Trends in Genetics, 
20, 550-554. 

Branchi, I., Alleva, E., Costa, L.G. (2002). Effects of perinatal exposure to a polybrominated diphe-
nyl ether (pbde 99) on mouse neurobehavioural development. NeuroToxicology, 23, 375-384. 

Choleris, E., Thomas, A.W., Kavaliers, M., & Prato, F.S. (2001). A detailed ethological analysis of 
the mouse open field test: effects of diazepam, chlordiazepoxide and an extremely low fre-
quency pulsed magnetic field. Neuroscience and Biobehavioral Reviews, 25, 235-260. 

Dawson, N.J. (1970). Body composition of inbred mice (Mus musculus). Comparative Biochemistry 
and Physiology, 37, 589-593. 

Epstein, S. (1979). The stability of behavior: I. On predicting most of the people much of the time. 
Personality and Social Psychology, 37, 1097-1126. 

Epstein, S. & O'Brien, E.J. (1985). The person-situation debate in historical and current perspective. 
Psychological Bulletin, 98, 513-537. 

Falconer, D.S. (1989) Introduction to quantitative genetics. Longman Scientific and Technical, 
Harlow, UK. 

Festing, M.F.W. (1976). Phenotypic variability of inbred and outbred mice. Nature, 263, 230-232. 
Gärtner, K. (1990). A third component causing random variability beside environment and geno-

type. A reason for the limited success of a 30 year long effort to standardize laboratory ani-
mals? Laboratory Animals, 24, 71-77. 

Gosling, S. D. (2001). From mice to men: What can we learn about personality from animal re-
search? Psychological Bulletin, 127, 45-86. 

Henderson, N.D. (2005). Use of repeated measures to interpret genetic and environmental correla-
tions in animal research. Behavior Genetics, 35, 313-322. 

Hogg, S. (1996). A review of the validity and variability of the elevated plus-maze as an animal 
model of anxiety. Pharmacology Biochemistry and Behavior, 54, 21-30. 

Hunter, J. E., & Schmidt, F. L. (1990). Methods of meta-analysis: Correcting error and bias in 
research findings. Newbury Park, CA: Sage. 

Krishnan, V., Han, M-H., Graham, D.L., Berton, O., Renthal, W., Russo, S.J., … & Nestler, E.J. 
(2007). Molecular adaptations underlying susceptibility and resistance to social defeat in brain 
reward regions. Cell, 131, 391-404. 

Lewejohann, L., Zipser, B., & Sachser, N., (2011). ‘‘Personality’’ in laboratory mice used for bio-
medical research: a way of understanding variability? Developmental Psychobiology, 53, 624-630. 

Milner, L.C. & Crabbe, J.C. (2008). Three murine anxiety models: results from multiple inbred 
strain comparisons. Genes, Brain and Behavior, 7, 496-505. 

Nilsson, L.A., Björck, L., & Ouchterlony, Ö. (1985). Paper discs impregnated with capillary blood. 
A sampling technique for immunoassays by means of DIG-ELISA and DIG-TIA. Transac-
tions of the Royal Society of Tropical Medicine and Hygiene, 79, 314-318. 

Passos, H.C., Siqueira, M., Reis, M.H., Ferreira, V.C.A., Ibanez, O.M., Santanna, O.A., & Biozzi, 
G. (1977). Genetic control of immune response to protein antigens. I. Two-way selective 
breeding of mice for quantitative antibody responsiveness to bovine serum albumin and rabbit 
γ globulin. Journal of Immunology, 119, 1439-1444. 

Shadish, W.R. & Haddock, C.K. (2009. Combining estimates of effect size. In: H. Cooper, L.V. 
Hedges, and J.C. Valentine (eds.) The handbook of research synthesis and meta-analysis (2nd 
edition), pp. 257-277. Russell Sage Foundation: New York. 

Siegmund, A., Kaltwasser, S.F., Holsboer, F., Czisch, M., & Wotjak, C.T. (2009) Hippocampal N-
acetylaspartate levels before trauma predict the development of long-lasting posttraumatic 
stress disorder-like symptoms in mice. Biological Psychiatry, 65, 258-262. 



 J. Vidal 247
   

 
Anuario de Psicología/The UB Journal of Psychology, vol. 45, nº 2, septiembre 2015, pp. 235-247 
© 2015, Universitat de Barcelona, Facultat de Psicologia 

Sih, A., Bell, A., & Johnson, J.C. (2004). Behavioral syndromes: an ecological and evolutionary over-
view. Trends in Ecology and Evolution, 19, 372-378. 

Simon, P., Dupuis, R., & Costentin, J. (1994). Thigmotaxis as an index of anxiety in mice. Influence 
of dopaminergic transmissions. Behavioural Brain Research, 61, 59-64. 

Strekalova, T., & Steinbusch, H.W.M. (2010). Measuring behavior in mice with chronic stress depres-
sion paradigm. Progress in Neuro-Psychopharmacology & Biological Psychiatry, 34, 348-361. 

Tamashiro, K.L., Wakayama, T., Yamazaki, Y., Akutsu, H., Woods, S.C., Kondo, S., Yanagimachi, 
R. & Sakai, R.R. (2003) Phenotype of cloned mice: development, behavior, and physiology. 
Experimental Biology and Medicine (Maywood), 228, 1193-1200. 

Treit, D. & Fundytus, M. (1989). Thigmotaxis as a test for anxiolytic activity in rats. Pharmacholo-
gy, Biochemistry and Behavior, 31, 959-962. 

Vidal, J. (2002). Improvements to the enzyme-developed radial immunodiffusion technique. Jour-
nal of Immunological Methods, 270, 163-170. 

Vidal, J. (2013). Does open-field exposure during infancy influence open-field behavior of the same 
adult mice? Anuario de Psicologia, 43, 313-321. 

Vidal, J. (2014). Open field modifications needed to measure, in the mouse, exploration-driven 
ambulation and fear of open space. Anuario de Psicologia, 44, 7-19. 

Vidal, J. & Rama, R. (1994). Association of the antibody response to hemocyanin with behavior in 
mice bred for high or low antibody responsiveness. Behavioral Neuroscience, 108, 1172-1178. 

Wahlsten, D. (2001). Standardizing tests of mouse behavior: Reasons, recommendations, and reali-
ty. Physiology and Behavior, 73, 695-704. 

Walf, A.A. & Frye, C.A. (2007). The use of the elevated plus maze as an assay of anxiety-related 
behavior in rodents. Nature Protocols, 2, 322-328. 

Walsh; R.N. & Cummins, R.A. (1976). The open-field test: A critical review. Psychological Bulle-
tin, 83, 482-504. 

Wong, A.H.C., Gottesman, I.I., & Petronis, A. (2005). Phenotypic differences in genetically identi-
cal organisms: the epigenetic perspective. Human Molecular Genetics, 14, Review Issue 1, 
R11-R18. 

  


