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Abstract

Common marmosets usually give birth to twins and form a social group consisting of

a breeding couple and pairs of same‐aged siblings. The twins may engage in the first

agonistic fights between them, twin‐fights (TFs), during adolescence. This study

investigated the TFs based on records accumulated in our captive colony over

12 years to elucidate the proximate causations that trigger the TFs. We aimed to

determine whether the TF onset mainly depended on internal events (such as the

onset of puberty) as previously suggested or external events (such as the birth of the

younger siblings and the behavioral change of the group members). Although both

events usually occur simultaneously, the birth control method (i.e., manipulation of

ovulation and interbirth‐intervals by prostaglandin administration to females) could

temporally separate these events. A comparison of the onset day and occurrence

rate with or without the birth control procedure revealed that TFs were triggered by

a combination of internal and external events, that is, external events were the

predominant triggers of TF, under the influence of internal events. The timing of TF

onset was significantly delayed when the birth of the younger siblings was delayed

and the twins grew older under the birth‐controlled condition, suggesting that the

birth of younger siblings and related behavioral changes of group members, as well

as twins' developmental maturation, could trigger TF. Higher TF rates between

same‐sex twins were consistent with previous studies, reflecting the characteristics

of same‐sex directed aggression in callitrichines.

K E YWORD S
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1 | INTRODUCTION

Common marmosets (Callithrix jacchus), a small New World primate,

have recently been investigated as a promising translational animal

model in medical and neuroscience research due to many biological

advantages. This includes a highly shared evolutionary history with

humans compared with rodents and its high fertility among

nonhuman primates ('t Hart et al., 2012; Kishi et al., 2014). They

are characterized by unique social organization, living usually in

monogamous families consisting of breeding couples (a mother and a

father), and pairs of twin siblings in the infant, juvenile, and subadult

phases (Yamamoto et al., 2009, 2010; and for some social variations,
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see Huck et al., 2020). Three to 15 individuals belong to a family

group, as a breeding female often gives birth to twins and

occasionally triplet or singleton (Ferrari & Lopes Ferrari, 1989;

Stevenson & Rylands, 1988). In contrast with frequent aggressive

interactions between the different families (Epple, 1970;

Hubrecht, 1985; Lazaro‐Perea et al., 2000; Poole et al., 1978),

established marmoset groups are stable and show less intragroup

aggression (Rothe, 1974; Stevenson & Poole, 1976; Stevenson &

Rylands, 1988) because of their tolerance or cooperativity in a family

(de Oliveira Terceiro et al., 2021; Garber, 1997), where age‐related

status exists (De La Fuente et al., 2022; Digby, 1995; Sutcliffe &

Poole, 1984). Additionally, the marmosets' high nutritional reliance on

exudates, a relatively stable resource throughout the year, may

increase the marmosets' group stability (Díaz‐Muñoz, 2016; Ferrari &

Digby, 1996; Ferrari & Lopes Ferrari, 1989). They can compensate for

shortage of food depending on the environment or seasonality by

increasing their gum consumption (Pinheiro & Mendes Pontes, 2015).

Food related aggression within a group would be less likely as their

home range includes areas of high densities of gum‐producing trees

(Scanlon et al., 1989).

Despite the low occurrence of intragroup aggression, which is

most often observed in forms of visual displays or vocalization (de

Boer et al., 2013), two forms of aggressive behavior, including

physical conflict causing physical injuries on both of the combatants

or changes in constituent members of the group, have been identified

in captive common marmosets. One form of aggression occurs in

their subadult phase, where one subadult is attacked most often by

their twin sibling or other elder members, making the subordinate

individual being isolated within the family (Stevenson &

Poole, 1976, 1982; Sutcliffe & Poole, 1984). Another aggression

form is a phenomenon uniquely observed in juvenile marmosets'

twins, namely twin‐fight (TF, hereafter), aggressions between twins

usually aged 5–8 months (range 4–10 months) in captive colonies

(Buchanan‐Smith & Carroll, 2017; Poole et al., 1978; Rothe

et al., 1988; Stevenson & Poole, 1982; Sutcliffe & Poole, 1984).

The TF is primarily linked with their unique reproductive cycle.

Marmosets frequently have siblings of the same age, and the twins

usually play together (Stevenson & Poole, 1982; Voland, 1977).

However, the TFs differ remarkably from playful interactions and

cause injury, submissive postures, and calls (Stevenson &

Poole, 1982). The TF is a vigorous and persistent event, often lasting

30min (Poole et al., 1999). It terminates within a day, and

intervention from other group members usually fails (Kleiman, 1979;

Poole & Evans, 1982; Poole et al., 1999; Rothe et al., 1988;

Stevenson & Poole, 1982; Sutcliffe & Poole, 1984). The twins pounce

on each other, lock together firmly, bite the opponent mostly in the

face and upper parts of the body, and consequently inflict numerous

wounds on each other (Figure 1). TFs start abruptly, at least to human

observers (Rothe et al., 1988), with no aggressive cues (Stevenson &

Poole, 1982). After the fight, the twins promptly return to a calm

relationship, as if nothing had happened (Poole et al., 1999).

Decades have passed since the first report of TFs in captive

settings. However, the triggering mechanisms remain unclear. To

date, a couple of hypotheses regarding causations have been

proposed and can be classified into two groups: internal and external

causations. As an internal cause, one hypothesis stressed that the

developmental maturation of the twins could be a trigger, as the

circulating gonadal hormone level and the period of frequently

occurring TFs were well correlated, which start to increase from 5 to

6 months of age (Abbott, 1979; Abbott & Hearn, 1978; Abbott

et al., 2003; Chandolia et al., 2006; Rothe et al., 1988; Sutcliffe &

Poole, 1984). As the external causes, possible triggers suggested are

the younger siblings' births (usually occur when the twins are around

6 months of age), the mother's estrus, and the behavioral change of

the group members to the twins induced by these events (Rothe

et al., 1988; Sutcliffe & Poole, 1984). Sutcliffe and Poole (1984)

proposed that attention transfer to newborn infants and increased

intolerance toward the twins indirectly influence twin relations and

may act as signals to initiate fighting (Sutcliffe & Poole, 1984). Rothe

et al. (1988) reported someTF cases in their captive colony seemingly

triggered by the estrus of the breeding female, that is, the first and

second postpartum estrus, and the postconception‐false‐estrus in the

midpregnancy, which have been reported in captive lion tamarins

(Kleiman & Mack, 1977; Rothe et al., 1988). One TF case in a captive

lion tamarin study (Kleiman, 1979) also suggested a combined

situation of the younger siblings' presence, the mother's estrus, and

behavioral change after the first transfer of infants from the mother

to the father induce conflict between the twins.

Additionally, the functions of TF remain unclear. Developmen-

tally, TF is considered a part of establishing the social relationships

between the twins (Sutcliffe & Poole, 1984). In marmoset groups,

intragroup social relationship is linked to the breeding status. It is well

known that common marmosets have more egalitarian social

relationships than rhesus or Japanese monkeys, which do not exhibit

clear social hierarchies, although in fact, age‐dependent, gradual

social rank can be observed. The breeding pair are dominant over the

group members, and the elder twins are dominant over the younger

twins. However, no sex differences in “dominance” were observed

(Digby, 1995; Sutcliffe & Poole, 1984). Sutcliffe and Poole (1984)

F IGURE 1 A typical example of a common marmoset twin pair
after a twin‐fight (TF) with wounds (arrows) on their faces.
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suggested that the age‐related rank formation might cause TF as the

twins are of the same age (Sutcliffe & Poole, 1984).

The possible TF causations, that is, the internal (the twins'

developmental and hormonal status) and external causations (social

influence from family members) occur simultaneously, when the

twins are over 6 months of age. Both males and females enter

puberty about 7–8 months of age with elevation in circulating level of

testosterone or estradiol and attainment of adult size of testis or

genital pad size (Abbott, 1979; Abbott & Hearn, 1978; Lunn

et al., 1994). Chandolia et al. (2006) investigated intratesticular

testosterone and testicular development and reported the ongoing

activation of the testis at 21 weeks (5–6 months) of age (Chandolia

et al., 2006). In addition, the younger siblings of the twins are most

likely to be born around this age in a normal reproductive state with

5.7 months of interbirth‐interval (IBI, hereafter) (Yamamoto

et al., 2009). This coincidence of both internal and external

causations creates challenges for determining which causation is

more important in the occurrence of TF.

This study tested the hypotheses on TF triggers by analyzing

the longitudinal records of reproductions and TF occurrences in

the marmoset colonies of our laboratory. Additionally, the records

enabled us to test the possible influences of the artificial

manipulation of the mothers' physiological states, namely,

prolonged IBIs induced by prostaglandin (PG) administration in

the midluteal phase. PG administration is a common form of birth

control by changing the ovulation timing and IBIs of common

marmosets (Carroll et al., 2017; Kropp et al., 2017; Summers

et al., 1985) and has been routinely performed in our colonies

since 2014 to prevent mother's fatigue. Consequently, data were

collected under the birth‐controlled condition (BCC, hereafter)

and the uncontrolled condition (UCC, hereafter), enabling us to

analyze which factor, internal or external, could be the more

critical TF trigger by using the following possible outcomes. If the

TFs are predominantly triggered by the maturation of the twins'

internal states, prolonged periods of the mothers' IBIs caused by

PG administration would not strongly influence the onset of the

TFs. Moreover, other possible candidate factors that would

influence TFs, such as sex composition of the twins (Rothe

et al., 1988) and group size were examined.

2 | METHODS

2.1 | Ethics

Records of TFs, reproductive events and records of individual

animals were obtained during daily observations and routine

husbandry procedures. Additional observations were conducted

when TFs were detected. These observations, as well as all the

husbandry procedures including housing and PG administrations

complied with the institutional and/or national guidelines for the

care and use of animals, and adhered to the legal requirements of

Japan.

2.2 | Animals

We investigated 73 common marmoset (Callithrix jacchus) twins from

22 breeding pairs born in colonies at the Primate Research Institute,

Kyoto University, from August 2009 to June 2020, with known sex,

mothers' identity, family composition, mothers' birth control proce-

dure status, and experimental history. The marmoset families of 4–12

members (median = 8) were housed in cages of 100 × 100 × 150 cm in

size, equipped with nest boxes, wooden perches, and other

enrichment devices. The lighting of the cage rooms was on a 12/

12 h light‐dark cycle, and the temperature and humidity were

maintained at 28 ± 2°C and 40 ± 20%, respectively. The animals were

fed 14 g of New World monkey pellets (SPS; Oriental Yeast Co., Ltd.)

twice a day and supplemented with food such as gum arabic,

mealworms, fruits, and infant formula. Provision of pellets and

supplemental food were increased to groups with lactating mothers

and infants. Water was provided ad libitum. All procedures complied

with the institutional guidelines (Primate Research Institute, 2010).

2.3 | TF records

The marmoset colonies have been maintained since 2009 for multiple

experimental purposes, with every birth and family composition

recorded. Accordingly, we have sufficient records regarding the

twins' age, the sex composition and size of the group, and the

presence or absence of younger siblings to analyze the potential TF

triggers. We obtained TF and other related data from the database

that continuously recorded important health and behavioral events

during husbandry and reproductive events. Daily observations to gain

these data were performed twice a day, morning, and evening, for all

weekdays and once for weekend or holidays according to a

predefined husbandry check‐up list by multiple caretakers including

a veterinarian. The records of animals have been kept completely

without missing any observation dates. Events that occurred out of

the daily observation were also added to the database. We confirmed

occurrences of TF by direct observations of ongoing fights between

the twins or by detecting numerous bites or scratches, mostly on the

face and in the upper parts of both twins' bodies simultaneously

(Figure 1). Additionally, the occurrences of TFs were confirmed by

the consensus of at least two caretakers, not by only one observer.

We defined the day of TF (TF‐day, hereafter) and calculated the age

of the twins on that day (TF‐age, hereafter), as well as the period

between the younger siblings' birth and the TF‐day (days postpartum,

hereafter) (Figure 2). To explain in more detail, TF‐day is a single

event on a time axis. In contrast, TF‐age is the age of the twins at the

time the TF occurred. TF‐age data were used in our analysis.

Subsequently, we scored the occurrences of TF (TF‐occurrences,

hereafter) as binary data for each twin and calculated the occurrence

rate of the TFs (TF‐rate, hereafter), which is the ratio of TF twin

numbers per all recorded twin numbers. We only used TFs that

occurred until the age of 12 months, following the previous definition

of TFs (Missler et al., 1992; Stevenson & Poole, 1982). Therefore,
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twins who did not fight before they reached 12 months were

regarded as twins showing no TF (no‐TF twin) (Table 1).

2.4 | Birth control

We administered the PGF2alpha analog Cloprostenol (Estru-

mate®: MSD Animal Health and Dalmazin®; Kyoritsu Seiyaku

Co.) to control parturition (Carroll et al., 2017) from May 2014

onwards for planning the colony maintenance. Of the 22 mothers,

10 bred before May 2014, another 11 bred after that, and only 1

bred during both investigated periods. Mothers received an

intramuscular injection of 0.75 μg Cloprostenol/350 g of body

weight (Estrumate® was diluted with saline from concentration

0.250 mg/mL, or Dalmazin® was diluted from concentration

0.075 mg/mL, on the day of use) in the thigh, beginning 24 days

after parturition and every 24 days thereafter (Mustoe et al., 2012;

National Academies of Sciences, Engineering, & Medicine, 2019).

PG administration physiologically induces rapid luteolysis and

initiates the next ovarian cycle. This continued for at least

3–4 months after parturition until litters weaned and mothers

gained enough weight (Figure 3).

2.5 | Data analyses

Initial tests were to determine if the TF‐ages, IBIs, TF‐rates, and sex

compositions between the BCCs and UCCs, differed by usingWelch's

t test for TF‐age, Mann–Whitney's U test for IBIs and the group size,

and the χ2 test and/or Fisher's exact test for the TF‐rates and sex

compositions. The collected data from both BCCs and UCCs allowed

us to analyze which factor, the internal and the external, would be

more critical to trigger TFs.

Subsequently, we constructed two generalized linear models

(GLMs) and then performed the model selection procedures to

evaluate the significant parameters in the models. The parameters

considered were those that had been suggested as likely to be

involved inTF (i.e., age and sex), plus BCC, which was the focus of our

current study, as well as testable factors recorded in the colony over

time (presence of younger siblings and group size). For the binary

data of the TF occurrences, we constructed the model fully

considering the BCC, twins' sex (male–male, female–female or

male–female twins), group size, the presence or absence of younger

siblings on the TF‐day, and the interaction term between the BCC

and twins' sex as explanatory variables, using the binomial error

distribution with the logit link function. For the TF‐ages, we

constructed the full model considering the BCC, twins' sex

(male–male, female–female or male–female twins), group size,

presence, or absence of the younger siblings at TF‐day, and the

interaction term between the BCC and twin's sex, using the Gaussian

error distribution with the identity link function. For all possible

combinations of explanatory variables, the variance inflation factors

of each model were 1.07–1.37 and 1.12–1.50, respectively, indicat-

ing that collinearity among independent factors would not affect the

results. We examined a set of models with all possible combinations

of the explanatory variables and ranked them according to the Akaike

information criterion (AIC). We selected to report multiple models

with ΔAIC ≤ 2, where ΔAIC = AIC − minimum AIC within the candi-

date model set. We performed GLM fitting using the glm() function

implemented in RStudio 1.3959 (RStudio Team 2020), and model

selection procedures using step AIC() of the MASS package. All

candidate models selected were carefully examined and it was judged

F IGURE 2 Schematic overview of the
timeline of TF‐age, the IBI and days postpartum.
Days postpartum, the period between the
younger siblings' birth and the day of TF; TF, a
twin‐fight; TF‐age, the age of the twins on the day
of their twin‐fight; TF‐day, the day of TF; The
interbirth‐interval (IBI), the period between
successive births of twin pairs.

TABLE 1 Occurrences of TFs in sex compositions and birth‐controlled condition.

Sex compositions

Uncontrolled condition (UCC) Birth‐controlled condition (BCC) Total

TF twins No‐TF twins All twins TF twins No‐TF twins All twins TF twins No‐TF twins All twins

Male–male 3 4 7 7 2 9 10 6 16

Female–female 5 8 13 9 1 10 14 9 23

Male–female 5 19 24 3 7 10 8 26 34

Total 13 31 44 19 10 29 32 41 73

Note: Number of twins listed by sex composition which had TF (TF twins) and had not (no‐TF twins) with the total number of the twins (All twins), under
both birth‐controlled condition (BCC) and uncontrolled condition (UCC).

Abbreviation: TF, twin‐fight.
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that the parameters included in most of the candidate models were

factors with valid explanatory power. Subsequently, we computed

the confidence intervals of the parameters included in the best

models (minimal AIC model) using the model_parameters() methods in

the parameters package. For the calculation of the parameter effect

sizes, we used standardize_parameters() methods in parameters

package and eta_squared() methods in the effect size package. As

effect size statistics, we calculated the odds ratios and eta squares for

binominal and Gaussian GLM, respectively. For the discussion of the

parameter estimations, we set p < 0.05, as the criterion for statistical

significance.

Lastly, to further investigate the effect of the perinatal period of

younger sibling on TF‐age, we performed a linear regression analysis

between TF‐age, IBI, and days postpartum. For this analysis, we used

data from 14 TF twins under the BCC, which already had the younger

siblings at that time.

3 | RESULTS

3.1 | Overall distributions of TF‐age and
TF‐occurrences

We identified a total of 32 cases of TFs from observations of 73

twins in 22 families, occurring between the ages of 6 and 11 months

(Figure 4), and the TF‐age was 270.3 ± 46.3 days (mean ± SD, N = 32).

Three exceptional TF cases were identified apart from the 32 cases;

two resulted in the early death of the younger siblings earlier than

15 days postpartum under the UCC and BCC, and a case of two

consecutive miscarriages under the BCC. Considering the external

factors (i.e., younger siblings' birth, the mothers' estrus, and the

behavioral change of the group members related to these events)

that have been suggested to influence TF occurrences in previous

studies (Rothe et al., 1988; Sutcliffe & Poole, 1984), these three cases

were excluded from the data set. Out of the 32 cases of TFs, 12 cases

(5 under the UCC and 7 under the BCC) were directly observed and

20 (8 under the UCC and 12 under the BCC) were identified asTFs by

wounds and scars afterwards. All the TFs were independent;

happened once per a twin pair and often ended after about 30min

if we kept the twin together until they stopped to fight. When we

first observed TF directly, as well as the second time, we separated

the twins in the middle of a fight to get them to stop fighting.

However, when we put them back together again the next day or a

few days later, they started fighting again and continued to fight until

some sort of settlement was seemed to be reached. Because of this

experience, and as suggested by Poole et al. (1999), we had not

interfered in the middle of a TF and left the twin together until they

naturally stopped fighting.

Under the UCC, the median of IBIs was 162.5 days (median,

N = 12, range 155–251). Most of the cases (9/12 cases) followed

the normal gestation period (i.e., 143–144 days) plus the days to

ovulation after parturition (i.e., 9–13 days). However, under the

BCC, it was significantly prolonged to 275.5 days (median, N = 18,

range 224–448, p < 0.001, Mann–Whitney U test). TF‐age was

significantly delayed under the BCC (UCC: 230.8 ± 34.8 days,

BCC: 297.2 ± 34.8 days, N = 32, t28.29 = 5.76, p < 0.001, Welch's

t test). The TF‐rate under the BCC (65.5%, 19/29 twins) was more

than two‐fold higher than under the UCC (29.5%, 13/44 twins:

χ21 = 7.7838, p < 0.001, χ2 test, Table 1), whereas the group size

under the BCC was significantly lower under the UCC (BCC:

median = 6, N = 29, range 4–9, UCC: median = 8, N = 44, range

F IGURE 3 Schematic overviews of the
timeline of interbirth‐interval (IBI) under the
uncontrolled condition (UCC) (top) and
birth‐controlled condition (BCC) (bottom). Under
the BCC, mothers received prostaglandin (PG)
administration to prevent their fatigue by
prolonging the IBI.

F IGURE 4 The number of TF‐occurrences by twins' age in
months when they first had a TF. TF, twin‐fight; TF‐age, the age
of the twins on the day of their TF.
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5–12, p < 0.001, Mann–Whitney U test). Under the UCC, TF‐rates

were not significantly different between larger groups (above

median) and smaller groups (median or less) (larger groups; 22.2%,

4/18 twins, smaller groups; 34.6%, 9/26, p = 0.51, Fisher's exact

test). The sex compositions of theTF twins between the UCCs and

BCCs (UCC: male–male 3/7, female–female 5/13, male–female 5/

24, BCC: male–male 7/9, female–female 9/10, male–female 3/10,

N = 73, χ22 = 3.4703, p = 0.18, χ2 test, Table 1) were statistically

nonsignificant. TF‐occurrences were statistically higher for same‐

sex twins (N = 73, χ21 = 9.1708, p < 0.001, χ2 test). Six out of 32

cases of TFs occurred without younger siblings in the groups

(UCC: 1 case, BCC: 5 cases). We have included these TF cases

because they were also included in the analysis of a previous

study (Rothe et al., 1988), which suggested that maternal estrus

may be involved in TF‐occurrence. Four of the six cases occurred

while the mothers were pregnant, all under the BCC. The

occurrence of the four cases ranged from 1st to 3rd trimester of

gestation (28, 42, 71, and 115 days before parturition), while the

ages of the four pairs of TF twins was concentrated between 8

and 10 months of age (238, 234, 249, and 333 days, mean

263.5 ± 40.5 days, N = 4). Two of the six cases had no younger

siblings afterward because of the breeding males' death (under the

UCC) and continuous birth control procedures to the breeding

female due to the delayed postpartum weight recovery (a case

under the BCC). These two cases occurred around the mothers'

ovulations (4 days before and 2 days after; which were estimated

from calculation that the ovulation occur 10 days after luteal

regression, that is, parturition, abortion and PG administration,

and the estrus cycle was 28 days.)

3.2 | The IBI, days postpartum, and TF‐age

As shown in Figure 5a, most IBIs were approximately 160 days under

the UCC (open circles). However, it varied under the BCC (filled

circles). We found a significantly positive correlation between TF age

and IBI under the BCC (N = 14, r = 0.602, R2 = 0.362, p = 0.023). These

results indicated that the later the birth of the younger siblings,

the later the TF occurred. In contrast, we found a significantly

negative correlation between the IBI and days postpartum (N = 14,

r = −0.755, R2 = 0.570, p < 0.001, Figure 5b), indicating that the later

the birth of the younger siblings and the older the twins, the shorter

the time between the birth of younger siblings and the occurrence of

TF. There was no correlation between TF‐age and days postpartum

(N = 14, r = 0.0700, R2 = 0.00487, p = 0.81). Taken together with the

comparison of the timing of TF‐occurrence between BCC and UCC in

the previous subsection, where TF‐age was associated with delayed

delivery, these three correlation analyses consistently suggested that

TF‐age was linked to delayed timing of maternal pregnancy and

delivery, which in turn delays the timing of TF‐occurrence, that is,

delayed TF‐age. In other words, these results also suggested that the

TFs were likely induced by the birth of the younger siblings but were

independent of the age of the younger siblings.

3.3 | Estimated models accounting for
TF‐occurrences and TF‐age

The model selection results with GLM analysis for TF‐

occurrences revealed that the best model included BCC, sex

(a) (b)

F IGURE 5 Plots of relationships among the IBI and TF‐age (a), and the IBI and days postpartum (b). Open circles represent the data under
the uncontrolled condition (UCC) (N = 12), and filled circles represent those under the birth‐controlled condition (BCC) (N = 14). Days
postpartum, the period between the younger siblings' birth and the day of TF (TF‐day) in the context of TF‐age (i.e., the age of the younger
siblings on the TF‐day) (see Section 2 for detailed explanation); TF‐age, the age of the twins on the day of their twin‐fight (TF); The interbirth‐
interval (IBI), the period between successive births of twin pairs.
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composition, and younger siblings (Table 2). Echoing the analysis

in Table 1, this suggested that TF‐occurrences were likely

significantly higher in the BCC than in the UCC, and higher for

the twins of the same sex composition than for those of different

sex composition (male–female twins) (for posthoc parameter

estimations, see Table 3). There were no significant differences

between male–male twins and female–female twins. Additionally,

the twins with younger siblings likely showed the TF significantly

higher than those without younger siblings. When the parameters

of the six candidate models with AIC differences less than 2 from

the optimal model were checked, sex composition was included in

all the candidate models, and for BCC and younger siblings in five

of the models (Table 2). Considering the analysis of the

parameters in the best model together with the analysis of the

other candidate models, we can state that these three parameters

were effective in explaining the data of TF‐occurrences. The

model selections for the GLM fitting to the TF‐age data revealed

that the best model included the BCC and the presence of

younger siblings as well (Table 4). For TF‐age data, we also

checked the parameters of the three candidate models that

TABLE 2 The GLM model selection reports for TF occurrences.

Model
order

Birth‐controlled
condition (BCC) Twins' sex Group size

The younger
siblings

Birth‐controlled condition
(BCC): twins' sex AIC ΔAIC

1 * * * 88.9 0.00

2 * * * * 89.1 0.18

3 * * * 90.2 1.26

4 * * 90.2 1.28

5 * * * * 90.6 1.62

6 * * * * * 90.7 1.77

7 * * * 91.7 2.75

8 * * * 92.1 3.19

Note: Results of the model selection procedure for GLM accounting for TF occurrences. The models are listed in ascending order, from the model with the

smallest AIC (the best model) to the model with the largest AIC. Asterisks (*) indicate explanatory variables included in the model, and the differences
between the AIC of the model and the model with the smallest AIC are shown as ΔAIC.

Abbreviations: AIC, Akaike information criterion; GLM, generalized linear model; TF, twin‐fight.

TABLE 3 Parameter coefficients of the best GLM for the TF occurrences.

Estimate SE z p Std Odds ratio 95% CI

Intercept −1.09 0.77 −1.42 0.16 0.34 0.067–1.43

BCC 1.57 0.58 2.70 0.0068 4.81 1.60–15.94

MM 0.054 0.74 0.073 0.94 1.06 0.25–4.68

MF −1.65 0.64 −2.58 0.0098 0.19 0.051–0.65

The younger siblings 1.19 0.69 1.73 0.083 3.29 0.91–13.97

Note: Results of the parameter coefficients of the best GLM for the TF‐occurrences.

Abbreviations: BCC, birth‐controlled condition; GLM, generalized linear model; MF, male–female twin; MM, male–male twin; Std Odds ratio, standardized

odds ratios, which are often reported as effect sizes in binomial GLM; TF, twin‐fight.

TABLE 4 The GLM model selection reports for TF‐age.

Model order
Birth‐controlled
condition (BCC) Twins' sex Group size

The younger
siblings

Birth‐controlled condition
(BCC): twins' sex AIC ΔAIC

1 * * 315.7 0.00

2 * * * 317.4 1.69

3 * * * 317.4 1.72

Note: Results of the model selection procedure for the GLM accounting for TF‐age. The models are listed in ascending order, from the model with the
smallest AIC (the best model) to the model with the largest AIC. Asterisks (*) indicate explanatory variables included in the model, and the differences
between the AIC of the model and the model with the smallest AIC are shown as ΔAIC.

Abbreviations: AIC, Akaike information criterion; GLM, generalized linear model; TF‐age, the age of the twins on the day of their twin‐fight (TF).
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resulted in an AIC difference of less than 2 from the best model.

The results showed that BCC and presence of younger siblings,

which were considered in the best model, were included in all

candidate models. Considering the analysis of the parameters in

the best model together with the analysis of the other candidate

models, we can say that these two parameters are effective in

explaining the data in the analysis of TF‐age. This result

suggested that the onset of the TF was delayed for the twins

under the BCC and was induced by the younger siblings or its

related events, which was consistent with the chi‐square tests

and the linear regression analysis (Table 5).

4 | DISCUSSION

Our data indicated that the TFs in captive common marmosets were

predominantly triggered by external cues, combined with internal

cues. PG administration to the mothers delayed the TF timing, and

the more the birth of the younger siblings was delayed and the twins

matured, the more the TF‐age increased. Having younger siblings was

not prerequisite for triggering TFs which could occur without having

younger siblings. These results indicated that TF was triggered by the

birth of the younger siblings or related events under the influence of

the twins' developmental maturation. Of course, the limitations of the

data must be acknowledged. That is, it is difficult for human

observers to perfectly detect TFs, and we may miss observing the

occurrence of TFs. In addition, since our subjects were a captive

group, there is a possibility that TF is a behavior that is restricted to

captive individuals, and it may be difficult to generalize it to be a

universal behavior in common marmosets. These concerns and

limitations will likely be overcome by advanced machine learning‐

based techniques, for example, precise 3D tracking system for

multiple free‐moving marmosets (Yurimoto et al., 2022), that will

allow us to track perfect behavioral observations in the future.

However, we believe that our data and results are worth reporting.

The rate of occurrence in this colony (43.8%) is not very different

from that reported by Rothe et al. (1988, 32.5%) and replicates the

overall trend reported in previous studies (Rothe et al., 1988).

Furthermore, the recent marmoset guidelines for caretakers also

mention TF (EAZA, 2017), and an important observation in their

description is the presence or absence of distinct scars that occur

simultaneously between twins. Our observational data are both

long‐term and large. It is a record of social behavior that should be

examined in field observations, and the data are extremely valuable.

To our knowledge, this is the first report showing that TF was not

mainly due to age‐dependent maturation‐related factors. However,

our database contained six cases in which the TFs occurred without

the birth of younger siblings. Therefore, the birth of the younger

siblings is not always necessary.

4.1 | TF triggers

The PG administration consequently delayed the birth of the younger

siblings to the group. Marmoset social groups are comprised of kin‐

related members and are stable. However, it has been reported that the

stability decreases with fluctuation of the group members, that is, when

recruitments (i.e., births and immigrants) and vacancies (death and

emigrants) occur in the group (Ferrari & Digby, 1996; Lazaro‐Perea

et al., 2000). The birth of the younger siblings could significantly impact

group members' behaviors. Mothers increase their foraging time to

supply the energy demand for lactation and decrease the time spent in

active social interactions (Nievergelt & Martin, 1999). Parents and other

older family members invest mainly in new siblings, not the twin siblings.

In addition, the older mature siblings would face conflict on whether to

stay or leave the natal family, as recruitment through births would be

balanced by the systematic dispersal of mature offspring (Ferrari &

Digby, 1996). This departure would frequently occur within a month

after the birth (Anzenberger & Falk, 2012). Thus, the fluctuations in the

interactions and relationship within the group after the younger siblings'

birth could be the trigger for TFs.

Concurrently, both parents show less tolerance toward the twins.

For example, they exhibit chastising behavior and stop sharing food

(Saito et al., 2008). The twins would not receive much‐needed

interactions and tolerance from parents and other helpers. Rothe et al.

(1988) reported that TFs occurred more frequently in small families than

large families (Rothe et al., 1988). Twins in larger families might have

more opportunities to receive care from nonparental helpers than those

in small families, which plays a role in reducing the twins' conflicts and

inhibiting TF‐occurrences. The stress and costs caused by infant care can

be shared among group members, but in small families with fewer

helpers, the costs are greater, which may have affected the occurrence

of TF because it increases stress on the entire family.We do not consider

this phenomenon to be explained by density, which is determined by

TABLE 5 Parameter coefficients of the best GLM for the TF‐age.

Estimate SE T value Pr (>|t|) 95% CI Partial η2

Intercept 202.22 15.94 12.69 <2.31e‐13 169.62–234.81

BCC 72.14 11.53 6.26 7.90e‐07 48.56–95.72 0.57

The younger siblings 31.02 14.51 2.14 0.0411 1.34–60.69 0.14

Note: Results of the parameter coefficients of the best GLM for the TF‐age.

Abbreviations: BCC, birth‐controlled condition; GLM, generalized linear model; η2, eta square statistics, an effect size of the parameters of this GLM;
TF‐age, the age of the twins on the day of their twin‐fight (TF).

8 of 12 | MIWA ET AL.

 10982345, 2023, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajp.23528 by C

ochrane Japan, W
iley O

nline L
ibrary on [27/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



group size and rearing space, as we showed in the result that TF‐rates

were not statistically different between large groups and small groups.

The result of Rothe et al. (1988) also supports this trend, considering the

housing condition of their study populations, that 4–18 marmosets were

housed in quite large cages or rooms (100 ×200×250 cm to

500×700×300 cm) although TFs occurred more frequently in small

groups than in large groups (Rothe et al., 1988). Moreover, TF‐rates of

the two studies were about the same or slightly lower in our study (our

study under the UCC: 29.5%, Rothe et al., 1988: 32.5%) (Rothe

et al., 1988), indicating that simply expanding living space in captive

setting would not be likely to reduce TF‐occurrences. Thus, the twins'

conflicts induced by a behavioral change toward them would be a key

foundation for determining TF onsets.

Along with external factors which would be proximal triggers of TFs,

the internal factors, that is, the age or developmental state, would be

other key factors influencing the onset of TFs. The birth control

procedure (i.e., PG administrations) prolonged IBIs. Therefore, twins were

more mature when the younger siblings were born. Stevenson and

Rylands (1988) reported that the reproductive conflict between twins,

which would be peripheralized and eventually cause the defeated twin to

leave, occurs from 11 months of age and at a high frequency at

15 months (Stevenson & Rylands, 1988). The TF‐rate under the BCC

doubled compared with the UCC (Table 1) and could be interpreted as

the twins' maturation and increasing tendency to fight. An increase in

fighting before the twins reached 12 months was clearly shown by our

data (Figure 5b) and could be driven by some internal factors as well. The

six TF cases occurred without having younger siblings would be another

example driven by the age or developmental state of the twins.

The high TF‐rate under the BCC might also be influenced by the

prolonged periods of estrus seen in mothers on birth‐control, where the

cycles of estrus without parturitions repeat more rapidly than those

under the UCC. We have no systematic observations of the mothers'

reactions to family members. However, the prolonged estrus might

modify the group members' social reactions to the twins, increasing the

time spent on pair‐bonding interactions between mothers and fathers

while decreasing maternal and paternal investment in infants (e.g., the

carrying rate of fathers decreased particularly around 10‐days postpar-

tum which corresponded with the restart of the mothers' estrus, see

Mills et al., 2004), which result in burdening the twins and other siblings

with the care for infants. In this study, four out of six TF cases without

having younger siblings occurred around the timing of mothers' estrus,

around the mothers' ovulations (2 cases: at 4 days before and 2 days

after), and in the midpregnancy false estrus period (2 cases: at 42 days

and 71 days of pregnancy, see Kleiman & Mack, 1977), suggesting the

possible role of the mothers' estrus on TF‐occurrences.

4.2 | Functional role of TFs

The functional role of TFs remains unclear. One of the possible roles

could be an early rank formation, mainly proposed by previous

studies (Poole & Evans, 1982; Poole et al., 1999; Sutcliffe &

Poole, 1984). Personal observations of ongoing TFs might support

the rank formation hypothesis where forced cessation by human

interaction, that is, the temporal separation of the combatants, did

not end the TFs. They seem only to end when the twins reach some

state, often with a scream from one combatant. Poole et al. (1999)

mentioned that the separation of combatants should be prohibited,

and that the intervention extended the fighting period, regardless of

the separation period, from a few hours to a few days (Poole

et al., 1999). Given that no apparent agonistic interaction occurred in

immature twins before TF, it would be the first direct opportunity to

experience the social hierarchy. The rank formation, a basic social

relationship in a family, starts at the early stage of development

before social development and might stabilize the social hierarchy in

a family and avoid intense agonistic fights that might lead to serious

injury, as suggested by the social rank formation hypothesis (Poole &

Evans, 1982; Poole et al., 1999; Sutcliffe & Poole, 1984).

Additionally, we found that sex composition also influenced the

TF‐rate, and TFs frequently occurred between same‐sex twins,

consistent with previous observations in common marmosets (Rothe

et al., 1988; Sutcliffe & Poole, 1984) and closely related species of

Callitrichidae, for example, red‐handed tamarins (Saguinus midas

midas) (De Moura, 2003), golden lion tamarins (Leontopithecus rosalia)

(Inglett et al., 1989), and cotton‐top tamarins (Saguinus Oedipus)

(Snowdon & Pickhard, 1999), reflecting the characteristics of

callitrichines showing high aggression toward same‐sex individuals

(Epple, 1970; Fitzgerald, 1935; Stevenson & Poole, 1976; Stevenson

& Rylands, 1988). Ecologically, reproductive conflicts between the

same sex may explain frequent aggression in same‐sex siblings (De

Moura, 2003; Snowdon & Pickhard, 1999; Sutcliffe & Poole, 1984).

As a possible interpretation, the higher rates of TFs between same‐

sex twins reflect future reproductive conflicts. TFs usually start

around the age of 6 months when the sex hormones begin to

increase (Abbott & Hearn, 1978; Abbott et al., 2003; French, 2013).

According to Chandolia et al. (2006), male marmosets' gonadal

activation become evident from 21 weeks (i.e., 147 days) of age, then

they reach the puberal threshold around 43 weeks (i.e., 301 days) of

age and attain all the qualitative parameters of spermatogenesis

around 52 weeks (i.e., 364 days) of age, and mature further, reaching

sextual maturity at 70 weeks (i.e., 490 days) of age (Chandolia

et al., 2006). Female marmosets exhibit plasma estradiol elevation

from about 200 days of age accompanied with appearance of

ovulatory cycles and development of copulatory behavior

(Abbott, 1979, 1992; Abbott et al., 2003). The hormonal profiles

might suggest that the twins are exposed to sexual conflicts at that

time. Therefore, TFs are induced more frequently in same‐sex twins

based on future reproductive rivalry. We propose that the conflict

between twins is a common component linking the functional roles

of TFs.

Little is known about the process of rank formation between twins.

For twins, the parental and sibling relationships are identical in terms of

relatedness. Thus, the ranking cannot be explained by inheritance as

theorized in matrilineal societies identified in macaques

(Maestripieri, 2018). Our observation that the outcome of aTF continues

to influence the social rank between twins might suggest a potential
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functional role in shaping the social rank of callitrichines with a unique

reproductive ecology of twin births, including marmosets. Furthermore,

given the socio‐ecological background of common marmoset societies in

which offspring emigrate from their natal families, the early formation of

a social rank between twins might be an important social event with

long‐term effects on subsequent emigration or family formation. To the

best of our knowledge, there have been no reports or studies of TFs in

the wild. This may be due to the difficulty of detectingTFs in the wild, as

inferred from cases in captivity. The reasons for this are: TFs usually last

about 30min and are not repeated; injuries caused by TFs during the

juvenile stage are minor because they occur before canine teeth erupt;

the main detection targets are the faces of small primates that live in the

canopy in the wild and weigh less than 300 g; the injuries do not cause

any behavioral abnormalities such as breaking; the relationship between

the twins do not seem to change after the TF; and the twins remain in

the family afterwards. The evaluation of the socio‐ecological role of TF

needs further refinement through long‐term follow‐up observations

combined with observations in the wild. Still, in the aspect of husbandry

management of common marmosets, it is worth keeping in mind that TF

is a natural event which might relate to formation of social relationships

and deal the situation properly as suggested in EAZA Best Practice

Guideline for Callitrichidae, that is, only careful monitoring is needed

usually and human intervention is necessary only if the injuries are

severe, in which case the submissive individual should be removed

(Carroll et al., 2017).
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