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The Dusky Moorhen (Gallinula tenebrosa), which is 
common in swamps and waterways, feeds on seeds 
and the tips of grasses and shrubs (Marchant and 
Higgins 1993). During the breeding season, adult male 
and female Dusky Moorhens are colorful, with bright 
orange frontal shields. The color of the shield of fe- 
males and younger males fades to black or greenish 
brown in autumn and winter (Eskell and Garnett 1979). 
Juveniles have a black shield and beak with a green- 
ish-yellow tip and olive-green legs. Both adult and 
juvenile Dusky Moorhens possess white undertail co- 
vers. Like many other members of the Rallidae, Dusky 
Moorhens foraging on the ground flick their tails 
vertically, revealing their conspicuous undertail co- 
verts (e.g. Garnett 1978, 1980, Woodland et al. 1980; 
but see Ridpath 1972). The function of this behavior 
is poorly understood (see Craig 1982, Alvarez 1993). 

There are several possible explanations why Dusky 
Moorhens tail-flick, none of which are mutually ex- 
clusive. First, tail-flicking may signal to conspecifics 
that a predator is present, or it may signal a degree 
of alertness to a potential predator, thereby discour- 
aging pursuit (see Woodland et al. 1980, Craig 1982, 
Caro 1986). These ideas can only be tested by exam- 
ining the behavior of birds in the presence and ab- 
sence of predators. Second, tail-flicking may be a con- 
specific signal of an individual's state of vigilance or 
perception of danger (see Caro 1986). This idea pre- 
dicts that birds that are more vigilant should also tail- 
flick more frequently. Finally, tail-flicking may signal 
the social status of the individual (Craig 1982), in 
which case tail-flicking rates should covary with the 
social status of the individual. 

We investigated whether tail-flicking in Dusky 
Moorhen represents a conspecific signal indicating 
an individual's perception of danger and/or its social 
status. We assume that scanning behavior is associated 
with predator detection (see Lima 1990) and that in- 
dividuals adjust their scanning rates according to their 
perceived risk of predation (Lima and Dill 1990). Nu- 
merous studies show that scanning rates change with 
group size and the location of individuals within the 
group (see Elgar 1989), which may reflect differences 
in the risk of predation (see Lima 1995). Thus, scan- 
ning and tail-flicking rates should vary similarly for 
individuals in both different-sized groups and dif- 
ferent locations within a group. Additionally, if tail- 
flicking signals social status, then individuals of dif- 
ferent status should differ in tail-flicking rates. 

Methods.--Dusky Moorhens were observed be- 
tween 1300 and 1700 EST during March 1994 at the 
Prince's Lawn in the Royal Botanical Gardens, Mel- 
bourne, Victoria (37ø50'S, 145øE). The lawn is an open, 
grassy area of about 3 ha, flanked by bushes on three 
sides and inclining to an ornamental lake towards the 
eastern edge. At least 25 Dusky Moorhens frequented 
the general vicinity of the lawn at any time. Pacific 
Black Ducks (Anas superciliosa) also were seen occa- 
sionally on the lawn, foraging among groups of Dusky 
Moorhens. 

The behavior of Dusky Moorhens foraging on the 
grass was recorded from a garden bench that afforded 
a view of most of the study site. The presence of 
observers on the bench apparently did not influence 
the behavior of the birds. Individual Dusky Moor- 
hens were selected arbitrarily from throughout the 
study area. We noted the color of the frontal shield 
of the focal bird and categorized the bird as either 
alone or in a group. A group was defined as four or 
more birds within 2 m of each other. Solitary birds 
were greater than 2 m from any conspecific. We also 
noted whether individuals were at the edge or center 
of the group. A bird was defined as being at the edge 
of a group if there were no other birds within 1800 
of the perimeter of the group. We did not collect data 
'for birds in pairs or trios because it was not possible 
to discern whether individuals were at the center or 

edge of the group. It is probable that some birds were 
observed more than once; while this is unlikely to 
introduce any systematic bias into the analysis, it may 
reduce the statistical power. 

The numbers of tail-flicks and proportion of time 
spent scanning were recorded over a 2-min period, 
after which another bird was selected. A tail-flick was 

defined as a single rapid movement of the tail in an 
upward direction. Birds were recorded as scanning 
when they lifted up their heads and turned them on 
a horizontal plane. Observation periods were termi- 
nated early if the composition of the group changed, 
a disturbance caused the birds to run or fly, or the 
birds were fed by visitors to the gardens; data from 
terminated observations were discarded. 

Data were analyzed using procedures in the pack- 
age SYSTAT 5.2 for the Apple Macintosh computer 
(Wilkinson 1992). Tail-flick rates were log(x + 1) 
transformed in order to approximate a normal distri- 
bution. 

Results and discussion.--A two-way ANOVA, with 
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TABLE 1. Scanning and tail-flicking rates (per min; 
• _+ SE) of Dusky Moorhens with and without de- 
veloped frontal shields foraging alone, in groups, 
and at center or edge of groups. 

n Flicks Scans 

A. Frontal shield and group size a 
Frontal shield present (adults) 

Solitary 17 23.8 7.1 0.39 0.04 
Group 27 6.3 2.4 0.19 0.02 

Frontal shield absent (juveniles) 
Solitary 17 43.8 9.4 0.33 0.05 
Group 30 9.1 2.2 0.20 0.02 

B. Frontal shield and position in group b 
Frontal shield present (adults) 

Center 7 2.14 2.14 0.14 0.03 

Edge 20 7.75 3.08 0.20 0.02 
Frontal shield absent (juveniles) 

Center 9 5.00 1.55 0.16 0.03 

Edge 21 10.81 2.97 0.22 0.03 

ß Tail-flicking rates (log transformed): frontal shield, F,,• • 4.63, P = 
0.03; group size, F• = 18.77, P < 0.001; interaction, F.• = 0.01, ns. 
Scan rates: frontal shield, F.• = 0.28, ns; group size, F• = 26.72, P < 
0.001; interaction, F• = 1.11, ns. 

b Tail-flicking rates (log transformed): frontal shield, F,• = 4.24, P < 
0.05; position, F•z• = 2.13, ns; interaction, F,• = 0.21, ns. Scan rates: 
frontal shield, F• = 0.37, ns; position, F,z• = 3.11, P < 0.08; interaction, 
F,• = 0.01, ns. 

presence of a developed frontal shield as one factor 
and grouping (solitary or group of four or more) as 
the other, revealed that solitary individuals spent more 
time scanning and tail-flicked at higher rates than 
individuals in groups of four or more (Table 1A). The 
relationship between scanning rates and grouping is 
consistent with those of numerous other studies of 

birds and mammals (Elgar 1989, but see Catterall et 
al. 1992). Alvarez (1993) also reported a negative cor- 
relation between group size and tail-flicking in the 
European Moorhen (G. chloropus). A similar two-way 
ANOVA, with presence of a developed frontal shield 
as one factor and position within the group (center 
or edge) as the other, revealed little evidence of a 
group location effect on either scanning or tail-flick- 
ing rates; there was qualitatively more time spent 
scanning and higher tail-flicking rates for Dusky 
Moorhens at the edge of a group, but this pattern was 
not statistically significant (Table lB). 

In both of the above analyses, the variation in tail- 
flicking rates was significantly explained by the pres- 
ence of a developed frontal shield. Dusky Moorhens 
without shields tail-flicked almost twice as frequently 
as those with shields, but these differences in tail- 

flicking rates were not reflected by similar differences 
in scanning rates (Table 1). 

The correlations between tail-flicking and scanning 
also were influenced by whether the birds were alone 
or in a group. There was no significant correlation 
between the time spent scanning and the tail-flicking 
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Correlation between rate of tail-flicking by 
Dusky Moorhens in groups of four or more and pro- 
portion of time spent vigilant (r = 0.417, P = 0.001, 
n = 57). Correlation remains significant after remov- 
ing observation (upper right) of bird that scanned for 
a long time and tail-flicked very rapidly. 

rate for individuals foraging alone (r = -0.05, ns, n 
= 34). This result contrasts with the significant pos- 
itive correlation reported for the solitarily foraging 
Purple Gallinule (Porphyrio porphyrio; Alvarez 1993). 
However, tail-flicking and scanning were signifi- 
cantly correlated for individuals foraging in groups 
of four or more (Fig. 1). This correlation was not con- 
founded by group size, because neither tail-flicking 
nor scanning were significantly correlated with group 
size for groups of four or more (r = - 0.116 and - 0.022, 
respectively). Alvarez (1993) also reported a positive, 
significant correlation between vigilance and tail- 
flicking among European Moorhens foraging in 
groups, but the possible confounding effect of group 
size was not controlled. 

The results of our study are difficult to interpret 
within the context of a single function of tail-flicking. 
The similar patterns of variation in the time spent 
scanning and tail-flicking rate support the idea that 
tail-flicking in Dusky Moorhens provides a signal 
about an individual's state of alertness or perception 
of danger. Perhaps Dusky Moorhens spend more time 
scanning when alone than when in groups because 
they perceive a higher risk of predation (see also A1- 
varez 1993), and they must tail-flick more frequently 
because the intended recipient, by definition, is not 
nearby. The positive correlation between scanning 
and tail-flicking rates for individuals in groups of four 
or more may reflect natural variations in the per- 
ceived risk of predation, with the birds adjusting their 
behavior accordingly. In contrast, solitary birds may 
invest so much time tail-flicking and scanning that it 
is not possible for them to vary it consistently with 
any additional changes in the perceived risk of pre- 
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dation. Finally, although individuals at the edge of 
the group spent qualitatively more time scanning and 
tail-flicking than those at the center, these differences 
were not significant. While there may have been in- 
sufficient power in this statistical analysis, it is also 
possible that the birds at the edge of a group did not 
perceive any additional risk of predation. 

The difference in tail-flicking rates of Dusky Moor- 
hens with and without frontal shields suggests that 
tail-flicking may also represent a signal to conspecifics 
about social status (see Craig 1982). Dusky Moorhens 
without developed frontal shields may be of lower 
social status and indicate this by tail-flicking at higher 
rates. Additionally, scanning in Dusky Moorhens may 
allow individuals to monitor other members of the 

group, as well as any external dangers. Thus, indi- 
viduals in groups that have higher tail-flicking rates 
also spend more time observing the behavior of oth- 
ers in the group. 

Combined, these data suggest that tail-flicking in 
Dusky Moorhens represents both an interspecific sig- 
nal of alertness and an intraspecific signal of social 
status. In the former case, tail-flicking may be a more 
reliable signal than scanning because the conspicuous 
undertail coverts, which are flashed during the tail- 
flick, may be more visible over relatively long dis- 
tances. Resolving the function of tail-flicking clearly 
requires comparisons of both scanning and tail-flick- 
ing rates of individually identified birds of known 
social status. 
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