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bstract

When the same set of individuals are placed in different social contexts, some groups members often experience a change in dominance status. We
xamined the context-dependence of social status using a group fusion protocol in male green swordtail fish (Xiphophorus helleri). Six individuals
ere matched for size and separated into two groups of three fish. Each triad established a stable hierarchy after which time the two subgroups were
erged into one larger assemblage. The maintenance of within- and between-group rank relationships was examined. Relative rank was preserved
ithin each subgroup across social contexts but we found no evidence that familiarity with dominant animals assists individuals of one subgroup

n achieving higher rank (coat-tail effects). Dominant individuals from the pre-fusion groups were significantly likely to obtain high status in the
erged group and vice versa for subordinate pre-fusion animals. These results demonstrate that social rank in swordtails is relatively impervious

o changes in social context, but we address some deviations from this trend. Small differences in standard length were a significant predictor of

he most dominant rank in the post-fusion hierarchy, with the largest animals tending to occupy the alpha position. We discuss our results in terms
f the potential factors involved in within- and between-group rank maintenance, including individual recognition, winner and loser effects, or
symmetries in dominance-related characteristics.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The initial stages of hierarchy formation are marked by social
nstability but, at least in small groups, linear dominance orders
ften emerge and ranks are maintained for relatively long peri-
ds of time when individuals are kept under static conditions.
f the hierarchy is disturbed or the individuals are placed in a
ifferent context, however, there is a non-negligible probabil-
ty that some individuals will experience a change in status.
or instance, Dugatkin et al. (1994) demonstrated that groups of
ockroaches (Nauphoeta cinerea) establish different hierarchies
f placed together at different times with intervening periods of

solation. This phenomenon of context-dependent dominance
ppears to be widespread across taxonomic categories. From
nvertebrates to primates, there is evidence that the status an ani-
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al acquires, even relative to individuals that it had dominated
r was dominated by in the past, depends in part on the context
n which it is obtained (e.g., presence of familiar/unfamiliar ani-

als, place of residence; Bernstein and Gordon, 1980; Nelissen,
985; Cristol et al., 1990; Wiley, 1990; Verbeek et al., 1999;
hase et al., 2002).

Group fusion, a method that entails merging two small
roups of equal size into one larger assemblage, has been
tilized to detect the effects of prior residence or familiarity
n status acquisition in avian species (Junco hyemalis; Balph,
979; Yasukawa and Bick, 1983; Cristol et al., 1990; Wiley,
990; Cristol, 1995a). Before the groups are merged, indi-
iduals within each subgroup establish a stable dominance
ierarchy. The context in which the animals re-form (with famil-
ar opponents) or establish (with unfamiliar opponents) domi-
ance relationships following the merger is inherently different
rom that which they experienced prior to fusion. The pur-

ose of this study was to examine the effects of group fusion,
change of social context, on within- and between-subgroup

ank relationships in male green swordtail fish (Xiphophorus
elleri). Will individuals retain rank relationships with ani-

ierarchies: Effects on dominance rank in male green swordtail fish
c.2006.07.001.
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als of their original subgroup in the larger assemblage, as
s often the case in avian group fusion studies (e.g. Wiley,
990)? Is familiarity with the incumbent dominant member of
he larger group an asset in terms of status acquisition (e.g.,
oat-tail effects; Cristol, 1995a)? Is dominance rank in the small
roup transferable to a large group context (e.g., initially dom-
nant/subordinate animals retain high/low ranks)? Swordtails
ere chosen as a model species for this investigation because

ndividuals exhibit stereotypical agonistic behavior (Franck and
ibowski, 1989) and because their behavior in social groups
nder laboratory conditions (Beaugrand et al., 1984) reflects
eld observations (Franck and Ribowski, 1993; Franck et al.,
998).

. Materials and methods

.1. Test subjects

Heterosexual groups of X. helleri were obtained from Sun-
hine Aquatic Farms (Tampa, FL) and were transferred to labo-
atory aquariums ranging in size from 189 to 429 l. Each hold-
ng tank was equipped with chemical and biological filtration,
ubstantial aeration, gravel substrate at a depth of 6 cm, and
lants and clay pots as refuge. The temperature was maintained
etween 25 and 27 ◦C and the pH at 7.6 with a photoperiod of 12h
ight:12 h dark. Aquarium salt and Stress CoatTM were added as
eeded to reduce osmotic stress, condition the water, and replen-
sh the natural slime coat of the fish (e.g. following a water
hange). The fish were fed TetraMinTM flake food daily with
ccasional supplements of brine shrimp (Artemia) nauplii. One
ay prior to experimentation male X. helleri were removed from
he holding tanks for measurement. Six males were matched
or total length (standard length + sword length, cm), and body
nd sword characteristics were noted for identification pur-
oses. The fish used in this study exhibited substantial variation
n macromelanophore body patterns (Franck et al., 2001) and
word characteristics (e.g., upper/lower black stripe presence,
idth, and continuity; color variation from orange/yellow to
reen; see also Basolo and Trainor (2002)), which, together
ith differences in sword length (see below), allowed for accu-

ate discrimination among the six grouped animals. Subjects
ad a mean (±S.E., cm) total length of 6.98 ± 0.08, standard
ength of 4.44 ± 0.05, and sword length of 2.54 ± 0.04. Total
ength was measured from the tip of the snout to the pos-
erior tip of the sword; standard length was measured from
he tip of the snout to the caudal peduncle; sword length was

easured from sword origin to its posterior tip. The mean dif-
erence (±S.E., cm) between the six matched individuals was
.309 ± 0.024 (4.4%) for total length, 0.117 ± 0.015 (2.6%) for
tandard length, and 0.295 ± 0.021 (11.6%) for sword length.
hese six males were arbitrarily separated into two groups of

hree fish; each individual was assigned a letter (e.g. Group
1 consisted of individuals A–C and Group #2 of individuals

–F) for purposes of data recording. Hereafter, these three-
ember groups will be referred to as pre-fusion hierarchies or

roups. 40 pre-fusion groups were established and utilized in the
nalyses.
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a
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.2. Experimental apparatus and observational methods

Each pre-fusion group was placed into a 38 l experimental
quarium with similar conditions to the holding tanks. A heater
nd aeration stone were separated from the experimental arena
y a porous partition to prevent the fish from seeking refuge
ehind the devices during aggressive interactions. In doing so,
he animals were prevented from removing themselves from the
nteraction space, which would interfere with assessment of rank
elationships over time (see below). The lack of refuge did not
esult in injuries or death due to aggressive interactions during
he trial period. A 60 W bulb positioned 10 cm above the center
f the aquarium provided illumination. The tanks were covered
n three sides with white paper in order to prevent visual contact
etween fish in adjacent aquariums. The fish were allowed 16 h
o acclimate to the experimental tanks. All observations were
onducted between 08:00 and 18:00 h.

Behavior was viewed from behind a mesh screen to minimize
istraction of the fish by the observer. Each of the three fish in
oth Groups #1 and #2 were observed, in random order, for a
eriod of 15 min each day for a maximum of 7 days. During
he 15 min observation period, all aggressive and submissive
ehavior was noted, including the aggressor and recipient of the
ct as well as the behavior type (Altmann, 1974). Observing the
sh in random order minimized the possibility of overlooking
ank reversals that could have occurred on a given day. Five types
f aggressive behavior (approach, attack, bite, chase, and threat
isplay) and two types of submissive behavior (avoid, retreat)
ere recorded; see Franck and Ribowski (1989) for behavioral
escriptions.

Each group was observed until a stable, linear hierarchy
rose, which we defined as a hierarchy in which no intransi-
ive relationships existed and where each individual occupied
he same rank for at least 3 days. If a group did not establish a
table linear hierarchy after 7 days, the group and its pre-fusion
ounterpart were discarded (N = 3 group pairs). The number of
ays required to reach the stability criteria varied between 4
nd 7 days depending on the groups. High-, intermediate-, and
ow-ranking fish were designated the � (alpha), � (beta), and �
gamma) members of the pre-fusion hierarchy, respectively.

When the hierarchies in both groups stabilized, the six fish
ere removed from the initial experimental aquariums and were

mmediately (and simultaneously) transferred to a neutral tank
ith the same conditions and design as described above. This
as termed the ‘fusion event’ and the resultant six-member
roup will be referred to as the post-fusion hierarchy or group.
he substrate was changed to small, multi-colored gravel at a
epth of 5 cm in order to eliminate familiarity with aquarium
haracteristics. The fish were given 16 h to acclimate to novel
ank during which time no behavioral data were collected.

Each fish in the post-fusion hierarchy was observed, in ran-
om order, for 15 min each day for a maximum of 7 days.
uring each 15 min observation period, aggressive and submis-
ive behavior was tallied as in the pre-fusion groups (see above
or behavior recorded). The six individuals were allowed to inter-
ct until a stable linear hierarchy formed; all hierarchies met
he stability criteria (see above description) within 7 days. The

ierarchies: Effects on dominance rank in male green swordtail fish
c.2006.07.001.
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ferent patterns of aggressive behavior (F5,234 = 32.7, p < 0.0001;
Fig. 1). On average, � individuals accounted for the majority
(73%) of total group aggression; the proportion of aggression
directed by � toward both � and � was significantly higher
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op-ranking individual was assigned a rank of 1 and the lowest-
anking fish was assigned a rank of 6. Twenty post-fusion groups
erived from the initial 40 pre-fusion groups were established
nd utilized in the analysis.

.3. Statistical analyses

There was a significant negative correlation between the
ggressive and submissive behavior exhibited by individu-
ls both before and after fusion (pre-fusion: r119 = −0.43,
= 0.0001; post-fusion: r119 = −0.53, p = 0.0001). In keeping
ith the majority of studies on hierarchy formation in animals

e.g. Moore et al., 1988; Oliveira and Almada, 1996), we chose
o use aggressive behavior in the statistical analyses.

In both the pre- and post-fusion hierarchies, the average pro-
ortion of total group aggression directed by one individual
oward another across the days required for stability was cal-
ulated to control for differences in the absolute number of
nteractions among groups. A one-factor analysis of variance
etermined whether �, � and � of the pre-fusion groups exhib-
ted different patterns of aggression during hierarchy formation.
iven the large number of interaction pairs in the post-fusion
roups (36) relative to the pre-fusion groups (6) we utilized
he τKr statistic, which evaluates the number of aggressive acts
n individual directs toward versus receives from each other
roup member, to examine trends in directionality of aggres-
ion (Goessmann et al., 2000). A p-value corresponding to
he τKr was obtained for each group each day and these p-
alue were summed across groups to determine the overall
aily trends for directionality using a technique for combin-
ng probabilities (−2Σ ln P; Sokal and Rohlf, 1995). Of main
nterest were the p-value corresponding to the left tail of the
istribution (−τKr) because these indicate the degree of uni-
irectionality of aggression in the hierarchy. Unidirectionality
efers to a situation where � directs aggression toward each of
he remaining group members without reciprocation, � directs
ggression toward all others except � without reciprocation, and
o on.

Coat-tail effects were assessed using interdependence and
ifference-in-rank scores (see Wiley (1990), Cristol (1995a) for
etails). The interdependence score assesses the likelihood that
ubgroup members occupy adjacent ranks; this score ranges
rom 0 to 4 for six-member hierarchies with a score of 4 indicat-
ng that all members of one subgroup rank above all members of
he other subgroup. High difference-in-rank scores (range: −2 to
) indicate that members of the subgroup containing the highest-
anking fish in the combined group achieved higher status than
embers of the other subgroup (Cristol, 1995a). Average inter-

ependence and difference-in-rank scores for the 20 post-fusion
ierarchies were compared against the scores of the 20 possible
ierarchies for groups of 6 individuals under the constraint that
elative pre-fusion ranks are maintained after fusion (see Section
; Wiley, 1990) using a Mann–Whitney U-test with n1 = 20 and

2 = 20. Logistic analysis assessed relationships between pre-
nd post-fusion ranks both within and between subgroups. We
ested the influence of size on rank using the standard normal
pproximation for the Page statistic (Page, 1963; Hollander and

F
t
E

Please cite this article as: R.L. Earley, L.A. Dugatkin, Merging social h
(Xiphophorus helleri), Behavioural Processes (2006), doi:10.1016/j.bepro
al Processes xxx (2006) xxx–xxx 3

olfe, 1999). The �-level of significance was set at 0.05 for all
tatistical analyses.

. Results

In total, we conducted 403.5 h of observation of the sword-
ail groups. For the three-member groups, average observation
ime was 5.14 h per group (1.71 h per individual per group) and
or the six-member groups, average observation time was 9.9 h
er group (1.65 h per individual per group) over the 4–7 days
nteraction periods.

.1. Pre-fusion hierarchies

Across all three-member groups, the minimum number of
nidirectional aggressive interactions between any two individ-
als, in which aggression by one animal resulted in submissive
ehavior by its opponent, was 16. The mean for minimum uni-
irectional aggressive interactions among three-member groups
as calculated by averaging across groups the number of unidi-

ectional aggressive encounters that occurred between the dyad
f each group that interacted least frequently. The mean for
inimum unidirectional aggressive interactions for all pairwise

ncounters in the three-member groups was 165.83 ± 17.5 S.E.
range 16–578) and the median was 148 (inter-quartile range:
13.5). The �, �, and � individuals exhibited significantly dif-
ig. 1. Directionality of aggressive interactions in the pre-fusion groups. Nota-
ion on the x-axis follows the form ‘aggressor-receiver’ with ranks �, �, and �.
rror bars represent the mean proportion of total group aggression ± S.E.

ierarchies: Effects on dominance rank in male green swordtail fish
c.2006.07.001.
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ig. 2. Directionality of aggression in the post-fusion groups. Notation on the x
ean proportion of total group aggression ± S.E.

han by � or � toward any group member (Tukey’s post hoc;
< 0.05). Dominant individuals distributed aggressive behavior
qually among � and � animals. Beta individuals accounted for
pproximately 23% of the total group aggression and directed
ggression significantly more toward � than toward � (Tukey’s;
< 0.05). Gamma individuals accounted for only 4% of the total
roup aggression and directed aggression toward � and � at
qually low frequencies (Fig. 1).

.2. Post-fusion hierarchies

.2.1. Directionality of aggression and hierarchy linearity
Across all six-member groups the minimum number of unidi-

ectional aggressive interactions between any two individuals, in
hich aggression by one animal resulted in submissive behavior
y its opponent, was 8. The mean for minimum unidirectional

ggressive interactions among six-member groups was calcu-
ated by averaging across groups the number of unidirectional
ggressive encounters that occurred between the dyad of each
roup that interacted least frequently. The mean for minimum

s
χ

p
t

able 1
aw data for the relationship between pre-fusion rank and final within-subgroup po
re-fusion rank (�, �, �) obtained each within-subgroup post-fusion rank (�, �, �), (2
ogistic analysis (see Section 3 and Fig. 3)

re-fusion rank Post-fusion rank (within subgroup) Nu

� 25
� 9
� 6

To

� 8
� 19
� 13

To

� 7
� 12
� 21

To
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follows the form ‘aggressor-receiver’ with ranks 1–6. Error bars represent the

nidirectional dyadic interactions for all pairwise encounters in
he six-member groups was 47.9 ± 7.6 S.E. (range 8–132) and
he median was 45.5 (inter-quartile range: 52.5). The degree
f unidirectionality in the post-fusion groups was highly signifi-
ant on days 1–4 (all days: χ2

40 > 77.6, p < 0.001), significant on
ays 5 (χ2

36 = 51.9, p < 0.05) and 7 (χ2
32 = 46.2, p < 0.005), and

arginally significant for day 6 (χ2
36 = 48.6, p < 0.1). Dominant

embers of the post-fusion groups accounted for a substantial
ajority of the total group aggression (51%) followed sequen-

ially by the second (20%), third (13%), fourth (8%), fifth (5%),
nd sixth (3%) ranking individuals (Fig. 2).

.2.2. Within-subgroup rank maintenance
Logistic analyses examined whether the ranks obtained in the

re-fusion hierarchies were maintained within each subgroup in
he larger assemblage. There was a highly significant relation-

hip between pre- and post-fusion ranks within subgroups (Wald
2
1 = 22.6, p < 0.0001; Table 1; Fig. 3), indicating that original
re-fusion ranks are maintained when the individuals interact in
he context of a larger group.

st-fusion rank, expressed as the: (1) number of times an animal with a given
) observed probability of each event, and (3) predicted probability derived from

mber Observed probability Logistic probability

0.625 0.608
0.225 0.281
0.150 0.111

tal: 40

0.200 0.250
0.475 0.382
0.325 0.367

tal: 40

0.175 0.155
0.300 0.331
0.525 0.514

tal: 40

ierarchies: Effects on dominance rank in male green swordtail fish
c.2006.07.001.
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Fig. 3. Probability that �, �, and � from the pre-fusion hierarchies would obtain
any of the ranks �, �, or � relative to their original subgroup members in the
post-fusion hierarchy; all probabilities are derived from logistic analysis on the
o
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riginal data (see Table 1). Smoothed lines are drawn for convention only, not
o indicate that rank is a continuous variable.

.2.3. Effects of familiarity: coat-tail effects
Neither the interdependence (Mann–Whitney U = 194,

′ = 206, z = −0.162, p = 0.87) nor the difference-in-rank
′
Mann–Whitney U = 189, U = 211, z = −0.298, p = 0.77) scores

eviated from the null expectation given relative rank mainte-
ance, indicating a lack of coat-tail effects in merged hierarchies.

h
a
t

able 2
aw data for the relationship between pre-fusion rank and final between-subgroup p
re-fusion rank (�, �, �) obtained each between-subgroup post-fusion rank (1–6), (2)
ogistic analysis (see Section 3 and Fig. 4)

re-fusion rank Post-fusion rank (between subgroups) N

1 1
2 9
3 5
4 2
5 6
6 3

T

1 4
2 6
3 9
4 9
5 7
6 5

T

1 1
2 5
3 6
4 9
5 7
6 1

T
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.2.4. Between-subgroup dynamics
Logistic analyses examined whether final post-fusion status

ould be predicted by final rank in the pre-fusion hierarchies
finalpre; ranks �, �, and �), and rank on the first day of the
ost-fusion hierarchy (initialpost; ranks 1–6). The overall logis-
ic model was highly significant (Wald χ2

3 = 43.1, p < 0.0001);
oth finalpre (Wald χ2

1 = 5.82, p = 0.016) and initialpost (Wald
2
1 = 8.80, p = 0.003) had a substantial influence on final rank

n the post-fusion hierarchy. However, the finalpre × initialpost
nteraction was not significant (Wald χ2

1 = 0.91, p = 0.34) indi-
ating that previously high-ranking animals (i.e., final pre-fusion
r initial post-fusion status) were likely to obtain more domi-
ant positions in the final post-fusion hierarchy (Tables 2 and 3;
igs. 4 and 5).

.3. Effects of size on rank

Although the fish in both the pre-fusion and post-fusion
roups were matched closely for total length, small variation
n size could potentially influence rank acquisition. None of the

easures of size (total length, standard length, sword length)
redicted rank in the pre-fusion groups (L* < 1.06, p > 0.14, k = 3,
= 40). Neither sword length nor total length predicted rank in

he post-fusion groups (L* < 0.56, p > 0.29, k = 6, n = 20). Despite
tandard length being less variable than the other size measures,
t was a significant predictor of post-fusion status (L* = 2.5,
ighest-ranking individual of the post-fusion hierarchy being
mong the largest of the group; ranks 2–6 had similar size dis-
ributions.

ost-fusion rank, expressed as the: (1) number of times an animal with a given
observed probability of each event, and (3) predicted probability derived from

umber Observed probability Logistic probability

5 0.375 0.329
0.225 0.259
0.125 0.174
0.050 0.111
0.15 0.075
0.075 0.052

otal: 40

0.100 0.124
0.150 0.168
0.225 0.189
0.225 0.184
0.175 0.175
0.125 0.160

otal: 40

0.025 0.063
0.125 0.100
0.150 0.141
0.225 0.179
0.175 0.229

2 0.300 0.288
otal: 40

ierarchies: Effects on dominance rank in male green swordtail fish
c.2006.07.001.
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Table 3
Raw data for the relationship between post-fusion rank on day 1 and final post-fusion rank, expressed as the: (1) number of times an animal with a given initial
post-fusion rank (1–6) obtained each final post-fusion rank (1–6), (2) observed probability of each event, and (3) predicted probability derived from logistic analysis
(see Section 3 and Fig. 5)

Post-fusion rank day 1 Post-fusion rank final Number Observed probability Logistic probability

1

1 16 0.800 0.759
2 0 0.000 0.185
3 1 0.050 0.034
4 2 0.100 0.013
5 0 0.000 0.006
6 1 0.050 0.003

Total: 20

2

1 2 0.100 0.197
2 12 0.600 0.367
3 0 0.000 0.207
4 3 0.150 0.113
5 3 0.150 0.071
6 0 0.000 0.045

Total: 20

3

1 0 0.000 0.037
2 3 0.150 0.132
3 5 0.250 0.178
4 3 0.150 0.200
5 4 0.200 0.223
6 5 0.250 0.230

Total: 20

4

1 0 0.000 0.032
2 1 0.050 0.117
3 7 0.350 0.165
4 1 0.050 0.195
5 7 0.350 0.233
6 4 0.200 0.257

Total: 20

5

1 2 0.100 0.049
2 3 0.150 0.167
3 3 0.150 0.202
4 4 0.200 0.202
5 4 0.200 0.199
6 4 0.200 0.181

Total: 20

6

1 0 0.000 0.029
2 1 0.050 0.107
3 4 0.200 0.155
4 7 0.350 0.191
5 2 0.100 0.239

otal:
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. Discussion

The aims of this correlational study were to characterize
he dynamics of hierarchy formation in male green sword-
ails and to determine whether relative ranks within subgroups
nd rank trends (e.g., dominant/subordinate) between subgroups
ere maintained from pre- to post-fusion social contexts. Both

he pre- and post-fusion hierarchies exhibited significant uni-
irectionality of aggression, providing quantitative support for

he existence of asymmetrical rank relationships among group

embers. Individuals rarely challenged rank-order superiors but
irected aggression with approximately equal frequency toward
ll individuals of lower rank, a result consistent with Beaugrand
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0.300 0.280
20

t al. (1984) investigation of heterosexual swordtail hierarchies
n captivity.

Rank maintenance, both within and between subgroups, was
emarkably robust in the post-fusion hierarchies indicating little
ariation in status with social context. Familiarity with dominant
nimals did not assist low-ranking animals of one subgroup in
chieving higher status (coat-tail effects), which contrasts aviary
tudies on birds (Wiley, 1990; Cristol, 1995a; but see Wiley et al.
1999)), though little is known about the importance of coat-tail

ffects in wild bird populations. The ability to identify familiar
pponents via individual recognition, however, might explain
ank stasis within subgroups. Several species of swordtails (X.
elleri, X. multilineatus, and X. nigrensis) are capable of individ-
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Fig. 4. Probability that �, �, and � from the pre-fusion hierarchy would obtain
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Fig. 5. Probability that individuals ranking 1–3 (upper panel) or 4–6 (lower
panel) on the first day post-fusion would obtain any of the ranks 1–6 in the final
p
o
t

d
t
b
1
D
c
s
a
a
n
r
e
i
t
s

ny of the ranks 1–6 in the final post-fusion hierarchy; all probabilities are
erived from logistic analysis on the original data (see Table 2). Smoothed lines
re drawn for convention only, not to indicate that rank is a continuous variable.

al recognition and familiarity with past opponents influences
yadic contest dynamics in these species; subordinate animals
ubmit quickly when encountering previous dominants a second
ime (Zayan, 1974; Morris et al., 1995a). Thus, it is reasonable to
uppose that individual recognition could preserve rank relation-
hips within existing subgroup hierarchies, particularly in small
roups (e.g., Barnard and Burk, 1979). Concordance between
re- and post-fusion status might also reflect uneven distri-
ution of unmeasured dominance-related asymmetries among
ubgroup members (e.g., intrinsic aggression levels).

Significant overall correspondence between pre- and post-
usion ranks (e.g., high-ranking animals generally retain dom-
nant positions) is a bit more perplexing due to the number of
ossible explanations for the trend. Individual recognition per se
annot explain between-subgroup rank maintenance but status
r class recognition (Appleby, 1993) might provide a mecha-
ism by which individuals gauge relative rank. Postural changes
r alterations in skin pigmentation patterns (e.g., Morris et al.,
995b; O’Connor et al., 1999; Hoglund et al., 2000), which
ccur in Xiphophorus in response to changes in social status,
ould serve as cues for such recognition mechanisms. If status
arallels the distribution of some unmeasured trait that affects
ominance across subgroups, asymmetries in this attribute might
lso be responsible for between-group patterns of rank acqui-
ition. Small differences in body size in swordtail males, as
easured in this study, do not appear to be important at least

nsofar as explaining the eventual status of each member of the
arger assemblage.

Previous dominant or subordinate experiences affect success
n dyadic contests between male swordtails, with prior win-
ers having a significant advantage in contests against previous
osers (e.g., Thines and Heuts, 1968; Franck and Ribowski, 1987,

989; Beaugrand et al., 1991; Beaugrand, 1997a; Beaugrand and
oulet, 2000; see Hsu et al. (2006) for a review). Simulation
odels implicate these so-called winner and/or loser effects in

he process of linear hierarchy formation, and demonstrate that

s
i
(
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ost-fusion hierarchy; all probabilities are derived from logistic analysis on the
riginal data (see Table 3). Smoothed lines are drawn for convention only, not
o indicate that rank is a continuous variable.

ominance experience exerts an influence on hierarchy struc-
ure even when measurable asymmetries in fighting ability exist
etween group members (e.g. Bonabeau et al., 1996; Beaugrand,
997b; Dugatkin, 1997). In an empirical test of these models,
ugatkin and Druen (2004) employed a random selection pro-

edure (see Chase et al., 1994) in which size-matched green
wordtail males were given winning, losing, or no experience
nd then placed together to form a dominance hierarchy. Hier-
rchies in which previous winners achieved the dominant rank,
aı̈ve animals the middle rank, and prior losers the subordinate
ank were significantly overrepresented, providing compelling
vidence that winner and loser effects can affect the ordering of
ndividuals in a social hierarchy. Thus, it is possible in our study
hat status in the post-fusion group reflects prior dominant or
ubordinate experiences in the pre-fusion hierarchy.
Despite the highly significant correspondence of individual
tatus between the two social contexts, there was some variation
n how well pre-fusion rank forecasted final post-fusion status
Fig. 4). Several interesting patterns of rank shifting were evi-
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ent in the post-fusion hierarchies. For instance, at least one
re-fusion � occupied a dominant post-fusion rank (1 or 2) in
5% of the observed hierarchies but, �’s that failed to secure
dominant position in the post-fusion group on day 1 were
ore likely to drop to the subordinate positions (5 or 6; 45%

f observed hierarchies) than to adjacent intermediate positions
3 or 4; 35% of observed hierarchies). This suggests that main-
aining pre-fusion dominance status might be costly enough to
recipitate significant loss of rank should a previous � lose early
n. Cristol (1995b) revealed a similar trend for dark-eyed juncos
here previous dominants experienced substantial loss of sta-

us and elevated metabolic rates when introduced into the home
viary of another flock (e.g. Cristol et al., 1990; Wiley, 1990).
ne such cost for dominant swordtails could come in the form
f chronically elevated corticosteroid levels, which can prohibit
nergy regulation and homeostasis (Goymann and Wingfield,
004). Hannes et al. (1984) demonstrated in X. helleri that both
ominant and subordinate members of a pair experience elevated
orticosteroid levels after 72 h, and up to 14 days, of cohabitation
elative to control animals that had not engaged in an agonistic
ncounter. Furthermore, Netherton (2005) revealed in X. helleri
hat losers of aggressive interactions show a more pronounced
ncrease in corticosteroids immediately after a contest relative to
inners and isolated controls. Together, these data suggest that
aintenance of dominance in the pre-fusion groups could have

een stressful, and that pre-fusion dominants that became subor-
inate in post-fusion groups could have experienced even greater
yperactivity of the neuroendocrine stress axis. Although we did
ot examine corticosteroid levels in this study, it is possible that
osing an initial encounter in the post-fusion groups exacerbates
he already vulnerable homeostatic state of previously dominant
nimals and thus precipitated, or at least contributed to a dra-
atic loss in status.
Our empirical results for pre-fusion � individuals are con-

istent with a recent model developed by Dugatkin and Earley
2003), which demonstrated that under certain social circum-
tances, one pre-fusion � would drop to a subordinate rank
ollowing group fusion. This model, however, did not reveal
ncreases in rank for pre-fusion � animals under any condition
hile this study showed that at least one of the previous �’s often

chieves intermediate (3 or 4) status in the post-fusion group
70% of observed hierarchies), but occupies a dominant posi-
ion considerably less often (30% of observed hierarchies). Our
tudy does not permit us to tease apart the mechanisms respon-
ible for rank shifts. These trends could be a manifestation of
ifferences among individuals in characteristics associated with
ominance or they could indicate that ‘social factors’ such as
inner/loser effects or eavesdropping are operating during post-

usion hierarchy establishment (Dugatkin, 1997, 2001).
Given existing evidence that winner/loser effects and eaves-

ropping affect contest dynamics at both the dyadic and
roup levels in swordtails (e.g., Beaugrand et al., 1991, 1996;
eaugrand and Cotnoir, 1996; Earley and Dugatkin, 2002;

ugatkin and Druen, 2004), it is possible that ‘social factors’
ave a substantial impact on post-fusion hierarchy formation in
his species. Future experiments could address the relative con-
ribution of previous fighting experience, eavesdropping, and

B
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ominance-related characters to hierarchy formation by system-
tically manipulating these variables and examining the emer-
ent rank-order. The dearth of empirical field research on X.
elleri social behavior, particularly social organization, points
o a greater need for rigorous testing of these laboratory findings
n a natural setting (see Franck et al., 1998), as has been done
or other swordtail species (e.g., Morris et al., 1992). The rela-
ionship between field and laboratory research on X. helleri is of
articular concern because animals purchased from the breeder
ould be hybridized (e.g., with X. maculatus or X. variatus; see
azianis and Walter (2002)), inbred, or artificially selected for

raits that might alter contest competence (e.g., body size, col-
ration patterns, aggressiveness; see Doyle and Talbot (1986)).
e attempted to eliminate the use of hybrid animals, which

ave distinct phenotypes (Kazianis and Walter, 2002), but an
nvestigation of additional aquarium breeding pressures might
e spearheaded first by using wild-caught animals to examine
ierarchy formation in the laboratory and subsequently validat-
ng these findings in the field.
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