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Abstract.—Mistaken identity and competitive exclusion are two alternative hypotheses proposed to
explain interspecific aggression between males. \We examined agonistic behaviour in males of two lizard
species: Platysaurus minor and P. monotropis. In each of nine outdoor field enclosures, we maintained
amale and a female of both species (i.e.,, four total) and observed the dominance relationship between
the males. Interspecific aggression was intense and P. monotropis was dominant in eight of nine enclo-
sures. Furthermore, P. minor males received significantly more bite marks than P. monotropis males dur-
ing the course of the experiment. To distinguish among the two hypotheses for interspecific aggression
(mistaken identity and competitive exclusion), we presented P. minor males from sympatry and allopa-
try with model lizards of both taxa and measured aggressive responses. All trials with models were con-
ducted in field enclosures where males were kept alone for the duration of the experiment. The model
experiment revealed that compared to P. minor from sympatry, allopatric P. minor males were no less
aggressive towards the heterospecific model than the conspecific model, afinding that supports the mis-
taken identity hypothesis. Finaly, in the same experiment, we included a supernormal stimulus (pink
Platysaurus model) to test if males were ssimply responding to a brightly coloured male lizard. Males
showed some aggression towards the supernormal model, but significantly less than towards the two
models (P. minor and P. monotropis) combined.
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competitive exclusion.

nimal signals have a diversity of functions

(reviewed in Dawkins and Krebs 1978;
Ryan 1990; Maynard Smith & Harper 1995;
Johnstone 1997) that include recognition of
mates and rivals (Ryan & Rand 1993). Such
signals are the product of natural selection act-
ing on signal structure and receiver sensory
systems (Johnstone 1997). In addition, how a
signal is perceived by a receiver is strongly
influenced by microhabitat and environmental
conditions (Endler 1992, 1993), resulting in
coevolution of signals, sensory systems, and
microhabitat choice (Endler 1992). In the case
of male rival recognition, agonistic responses
are generally most intense among conspecifics
(Cooper & Vitt 1987a; Hess & Losos 1991),
but may be just as intense among het-
erospecifics (Oritz & Jenssen 1982).
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Interspecific aggression has been explained as
mistaken identity (i.e., misdirected intraspecif-
ic behaviour) resulting from a lack of discrim-
inatory ability (Murray 1971; Kohda 1981;
Nishikawa 1987), or as competitive exclusion
by interference competition (Myrberg &
Thresher 1974; Jenssen et al. 1984; Nishikawa
1987). Competitive exclusion may be regarded
as an adaptive response to the presence of a
competing species, while mistaken identity, if
beneficial, would be exaptive (Gould & Vrba
1982; Nishikawa 1987). A possible conse-
guence of interspecific aggression, depending
on the dominance relationship, may be the
exclusion of one of the two speciesfrom part of
its habitat (Jaeger 1971; Reed 1982; Jenssen et
al. 1984). For example, Jamaican Anolis opali-
nus are forced to perch much higher than
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preferable, when in the presence of a competi-
tor (A. I. lineatopus) (Jenssen 1973).

To distinguish among the two alternative caus-
es of interspecific territoriality, Hess & Losos
(1991) measured aggressive behaviour of A.
cristatellus towards A. gundlachi in an area of
sympatry and alopatry. They argued that if
interspecific territoriality towards a competing
species is adaptive, aggression would be
stronger in sympatry than in alopatry; in alop-
tary, there would be no opportunity for the ori-
gin of interspecific aggression. Conversely, if
interspecific aggression were misdirected
intraspecific behaviour, males from sympatry
and alopatry would show the same level of
aggression towards heterospecific males. A
similar approach was used for salamanders and
showed evidence of mistaken identity and com-
petitive exclusion (Nishikawa 1985, 1987).

Interspecific aggression among males has pre-
viously been observed between the two
cordylid lizards Platysaurus minor and P.
monotropis (MJW pers. obs.). The aim of this
study was to verify experimentally interspecif-
ic aggression and to elucidate any dominance
relationship between P. minor and P. monotro-
pis. Furthermore, an experiment using a con-
specific and a heterospecific model was
designed to address the cause of interspecific
aggression (competitive exclusion vs. mistaken
identity). Finally, a supernormal (pink) model
was used to test if males were merely respond-
ing to brightly coloured male lizards with a
Platysaurus-like morphology.

MATERIALS AND METHODS

Sudy area.—Lizards were collected from two
study areas in the Northern Province of South
Africa (1) the foothills of the Blouberg
Mountains (23°11'S, 28°50'E); and (2)
Warmbad (24°15'S, 28°18'E). In the Blouberg
Mountains, P. minor (‘P. minor (s)’ for sympa
try hereafter) and P. monotropis are sympatric.
They inhabit isolated rocky outcrops that were
fragmented by Kalahari sands about 10 000
years ago (Broadley 1978). The outcrops range
in size from < 30 m to > 500 m long and many
of the outcrops are separated by < 50 m. In

Warmbad, only P. minor (‘P. minor (&)’ for
alopatry hereafter) is present, occurring on the
rock faces of hills. The two study areas are sep-
arated by 200 km. A number of isolated P.
minor populations occur between the two sites,
but P. monotropis is only known from the
foothills of the Blouberg Mountains (Branch
1998). Therefore, due to the very specialised
habitat requirements of Platysaurus, it is rea
sonable to assume that P. minor (a) (i.e., from
Warmbad) has not been in recent contact with
P. monotropis.

Study animals.—Platysaurus minor and P.
monotropis occur in a very restricted area in
north-western South Africa (Branch 1998).
Platysaurus minor males have a grey-black
back, a blue or yellow-green throat, orange
sides and a light-red tail while the females are
grey-black with three pale dorsal stripes
(Branch 1998; Broadley 1978). Male P.
monotropis have a bright orange throat, a blue-
green dorsum and an orange-red tail. Female P.
monotropis differ from other Platysaurus
females by having some orange on the labials,
throat, and belly (pers. obs). Males of the two
species therefore differ considerably in colour,
while females are similar dorsally.

Most of the discrete outcrops in sympatric
areas were occupied by one of the two species,
and dispersal between the outcrops may be
very limited (Broadley 1978; Jacobsen 1994).
However, both species have recently been
found together on one outcrop (L. Verburgt,
pers. comm.). Also, small outcrops containing
Platysaurus were frequently separated by mar-
gina distances (50 m in one case). Such popu-
lations may be very small (< 20 adults, pers.
obs.) and it seems extremely unlikely that they
had been isolated for thousands of years with-
out immigration. Therefore, we expect that
there is at least periodic dispersal between the
outcrops and contact between the two taxa.

A total of 109 lizards were collected, of which
73 males were measured soon after capture. We
measured snout-vent length (SVL) to the near-
est mm with a ruler. Two head variables were
measured to the nearest 0.01 mm with digital
calipers: head length (HL), from the anterior
tip of the tympanum to the tip of the snout, and
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head width (HW), the distance between the two
widest points on the occiput. Body mass was
measured to the nearest 0.1 g with an electron-
ic balance. All lizards were returned to their
site of capture upon completion of the study.

Field enclosures—We maintained lizards in
field enclosures at the Experimental Farm of
the University of Pretoria. The field enclosures
measured 1.8 x 1.8 x 0.8 m. The floor of each
enclosure was rough concrete, while the walls
consisted of Nutec® ceiling boards. Each
enclosure contained two discrete refuges, 340 -
360 mm apart. Each refuge consisted of four
concrete building blocks (390 x 190 x 140 mm)
forming a crevice for shelter. All enclosures
were of equal size and design. Lizards were fed
a continuous supply of termites and provided
with water ad libitum. All observations were
conducted during the morning activity period,
from behind blinds.

Experiment 1: mixed enclosures—We investi-
gated interspecific aggression and dominance
between males in field enclosures containing
one male and one female each of P. minor (s)
and P. monotropis (‘mixed enclosures'). Males
were approximately size-matched. Females
were included because we expected their pres-
ence to increase male territorial/aggressive
behaviour. Five-min focal observations during
peak activity (08:00 - 10:30) were recorded on
a dictaphone. Each mixed enclosure was
observed one to three times in a morning,
depending upon weather conditions. At least
one hour elapsed between successive observa-
tions on the same field enclosure, and the field
enclosures were observed in a different order
each day.

At the beginning of each 5-min observation
period, we noted the position of each of the two
males (on top of a refuge; looking out of a
crevice; on the concrete floor). During focal
sampling, we recorded which male initiated a
contest and which male won (defined as the
male which did not move away). We aso
recorded bite marks on al male lizards at the
beginning and at the end of the experiment. We
maintained nine mixed enclosures during
November - December (i.e., during the breed-

ing season) 1998 and conducted a total of 22
observation periods on each enclosure.

Experiment 2: lizard models—We tested
whether interspecific aggression was due to
competitive exclusion or mistaken identity
using lizard models presented to P. minor from
sympatry and allopatry. Models were cast from
dead lizards, creating exact replicas made from
a silicon-plastic mix. They were painted by a
professiona artist to closely resemble living
lizards. Three models were used: a P. minor
male (SVL = 71, HL = 15.8, HW = 12.7 mm,
mass = 6.7 g), a P. monotropis male (SVL =71,
HL =16.7, HW = 13.3 mm, mass = 6.8 g), and
a supernormal model (SVL = 71, HL = 16.2,
HW = 13.69 mm, mass = 7.9 g) painted brown
on the dorsum, and pink on the labials, sides,
and venter. The purpose of the supernormal
stimulus was to test if males respond to any
brightly coloured Platysaurus. We chose pink
because it does not occur in any Platysaurus
taxon. The pink model was made from another
Platysaurus, P. orientalis, in order not to match
its shape with one of the two tested species.
Models were presented to male P. minor (s) and
P. minor (a) kept aone in field enclosures.
Before tests began, we waited at least four
days, thereby allowing the males to establish a
territory. Each male was tested with all three
models in a counterbalanced sequence (repesat-
ed measures design) with a minimum interval
of 24 h between trials. Trials were conducted
during December 1998 and January 1999.

All experiments with models were conducted
using the same procedure. The model was
placed on a building block between the two
refuges such that it was level with and about
150 mm from each crevice. When placing the
model into an enclosure, the resident disap-
peared into one of the crevices. Resident males
were observed for 5-min, starting when the
male re-emerged from his shelter (usually after
2 - 5 min). The sequence of aggressive behav-
iours (Table 1) was recorded on a dictaphone.
The highest level of aggression shown by the
tested male was used as the aggression index
(Al) for thistrial.

If the resident male did not emerge from his
crevice after 10 min, the trial was terminated
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and the model removed. Such males were
retested with the same model on another day
and were only dropped from the study if they
failed to emerge from their crevice for three
consecutive trials. Ten male P. minor (a) and
eight male P. minor (s) responded to al three
models.

Data analysis—Statistical analysis followed
Conover (1980) and Zar  (1996).
Nonparametric analyses were performed where
the assumptions of normality or homoscedacity
were not met. We used the software package
SYSTAT, and set a = 0.05; al tests were two-
sided.

REsuLTS

Body size—Body measurements for all collect-
ed animals are reported in Table 2. Compared
with P. minor (s), P. monotropis males were
significantly larger in all body variables mea
sured (Mann-Whitney test, SVL: U = 269.5, P
=0.008; HL: U = 16, P < 0.001; HW: U = 32,
P < 0.001; mass: U = 246, P = 0.003). To fur-
ther examine differences in proportions, we
regressed the log (base 10) of HL and HW and
the log of the cube root of mass on the log of
SVL, for P. monotropis and P. minor (s) com-
bined. The residuals were then compared
between P. monotropis and P. minor (s). This
procedure removes the effect of size (Vitt
1993). The difference of the residuals was
highly significant for HL (U = 13, P < 0.001)
and HW (U =45, P < 0.001) but not significant
for mass (U = 332.5, P = 0.084). The compari-
son of the measurements between P. monotro-
pisand P. minor (s) showsthat P. monotropisis
not only about 3 % longer, but also is a bulkier
lizard with a proportionally larger head.
Platysaurus minor (s) males were significantly
larger than P. minor (a) males in all four body
variables measured (SVL, HL, HW, and mass,
al U<4.2, al P<0.001).

Experiment 1: mixed enclosures—Aggressive
interactions between males occurred in al nine
mixed enclosures and were generally of very
short duration. The subordinate male almost
always ran away immediately upon sighting the
other male and chases were brief. Only five of

Table 1. Types of aggressive behaviour used in the
model experiment. The numbers are the scores given to
each behaviour. For each trial, the highest score
reached was used as its aggression index (Al).

1 Head bobbing: the head is rapidly moved up
and down for ca. 0.5 s

2 Throat display: the lizard stands high on its
forelegs, head held up, facing the model

3 Lateral display: the lizard stands sideways to
the model

4 Ventral display: as for lateral display, but
includes lifting the side facing the model such
that the belly is exposed towards the model

5 Lateral approach: usually in the position of
ventral display, the lizard rapidly approaches
the model, running sideways like a crab,
stopping only a few cm from the model

6 Back arch: as for ventral display, but showing
the dorsum to the model

7 Tail trembling: the terminal half of the tail
trembles rapidly

Bite

Tail trembling and bite shown simultaneously

26 contests (19 %) lasted longer than 5 s, and
only one physical fight with jaw locking and
wrestling was observed. Platysaurus monotro-
pis won more contestsin eight field enclosures,
P. minor in one (X% = 5.44, P = 0.02). In three
field enclosures, the P. minor males were found
dead, probably due to the stress inflicted by the
P. monotropis male. These deaths occurred
very early during the experiment and were not
anticipated. Subsequently, in one field enclo-
sure (data not included in the anaysis) the
males were separated when the P. minor male
first appeared stressed. In the six enclosures
without deaths, the dominant male won 89 -
100 % of the contests (Table 3). Fourteen con-
tests resulted from chance encounters between
thetwo males, i.e., acontest started immediate-
ly upon visual contact between the males and
no clear initiator could be defined. The other 12
encounters were all initiated by the dominant
male. The only dominant male which was
never observed initiating a contest was P. minor
from Field Enclosure 2 (Table 3), the only field
enclosure where P. minor was dominant. The
subordinate or dead males had significantly
more additional bite marks at the end of the

142



KORNER ET AL. — Interspecific aggression in lizards

Table 2. Body measurements (mm) of male
Platysaurus. Platysaurus minor from sympatry (s) and
alopatry (a) are shown separately. Means + SD and
ranges (in parentheses) are given for snout-vent length
(SVL), head length (HL), head width (HW) and mass
(9).

P. monotropis P. minor () P. minor (a)
N 29 31 13
SVL 7221+292 70.39 £ 2.04 66.31 + 2.56
(66 - 77) (66 - 75) (62 - 70)
HL 16.88 + 0.73 1519+ 0.39 14.61 + 0.47
(15.36 - 18.27)  (14.24- 15.84) (13.87 - 15.47)
HW 13.68 + 0.71 12.22 + 045 11.55 + 0.55
(12.40-15.11)  (11.07-12.97) (10.81- 12.45)
mass 754+ 133 6.57 £ 0.91 5.18 £ 0.58
(4.7-95) (44-86) (4.3- 6.0)

experiment than the winning males (Wilcoxon
matched-pairs test, T = 0, N = 9, P = 0.008,
Table 3). The SVL of the winners was not sig-
nificantly different (Wilcoxon matched-pairs
test, T=17.5 N =9, P = 0.94) from that of
losers (Table 3). There was also no difference
in mass (T = 16, N = 9, P = 0.44). However,
winners had significantly longer (T=5,N=9,
P =0.038, Table 3), and a trend towards wider
heads (T = 7.5, N =9, P = 0.076).

The position of the males at the beginning of
each focal observation was anaysed for only
the six field enclosures where the P. minor male
survived. The winner sat exposed significantly

more often than the loser (Wilcoxon matched-
pairstest, T=1, N=6, P = 0.046, Table 3). In
the only field enclosure where this was not the
case, the difference between winner and loser
was small (11 vs. 13), while in the other cases,
the difference was always marked.

Experiment 2: lizard models—There was no
relationship between order of presentation of
the models and level of aggression (Friedman's
ANOVA with the factors ‘first’, ‘second’, and
‘third presentation’ for P. minor (s) and P.
minor (a) combined (18 cases): x>=0.194, P =
0.91). In fact, on average, the model presented
last scored highest, the second model lowest.
Therefore, lizards did not become habituated to
the models.

Figure 1 shows the means of the aggression
index (Al) for both populations of P. minor
towards the three models. For each lizard, we
divided its score towards the heterospecific
model by the average score towards the con-
specific model, for both populations separately,
in order to remove possible population specific
differences in baseline aggressiveness
(Nishikawa 1987). We then compared the val-
ues for P. minor (a) and P. minor (s).
Platysaurus minor from allopatry were no less
aggressive towards the heterospecific P.
monotropis model than the P. minor from sym-
patry (Mann-Whitney test, U = 35, P = 0.65).

Table 3. Male body measurements (mm) and results of male-male agonistic interactions in the mixed enclosures
(groups of one male and one female of P. minor (s) and P. monotropis). In Field Enclosure 2, P. minor was the win-
ner, in all others, P. monotropis. Statistical tests comparing winner vs. loser are given in the text. f.e. = field enclo-
sure, SVL = snout-vent length, HL = head length, P. mo = P. monotropis, P. mi = P. minor (s).

f.e Body measures (mm) Contest wins Additional bite marks Sitting exposed*
SVL /HL

P. mo P.mi P. mo P. mi P. mo P. mi P. mo P. mi
1 75/18.3 731155 2 0 0 10 13 7
2 72116.6 70/15.2 0 2 2 1 1 16
3 67/16.0 70/15.7 win died 0 4 — —
4 66/15.4 68/15.3 3 0 1 8 1 4
5 75/17.1 71/14.8 8 1 4 8 11 13
6 67/155 71/15.0 win died 0 5 — —
7 69/16.2 70/14.4 7 0 0 2 16 8
8 72/16.9 72/15.7 3 0 1 7 10 1
9 77/18.1 721152 win died 0 7 — —

From all the focal observations, number of times the male was seen sitting exposed at the beginning of the obser-

vations.
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Aggression towards the supernormal model
was on average lower, although the difference
between the response towards the three differ-
ent models was not significant (Friedman’s
ANOVA, P. minor (s):x% =0.25, P =0.88; P.
minor (a): x% = 1.25, P = 0.54). We combined
the Als towards the conspecific and heterospe-
cific model by taking their average and com-
pared this measure with the supernormal model
using a Wilcoxon matched-pairs test. For P.
minor (s) and P. minor (a) combined, the Als
towards the supernormal model were signifi-
cantly lower (Z =-1.15, N =18, P = 0.013).

DiscussioN

Our results confirm that male P. monotropis
and P. minor are interspecifically aggressive.
The mixed enclosures revealed that P. monotro-
pis is the stronger lizard. Platysaurus minor
died in three field enclosures, probably due to
the presence of the P. monotropis. In the six
field enclosures where P. minor survived, P.
monotropis won more contests in five of them,
P. minor in one. One male usually won all con-
tests, except for one field enclosure where P.
monotropis won eight and P. minor one contest
(Field Enclosure 4 in Table 3). Dominant males
(contest winners) spent more time in an
exposed position, initiated more contests, and
had less bite marks. This consistency shows
that the variables ‘winning/initiating contests’,
‘additional bite marks', and ‘sitting exposed’
are valid measures of dominance in this lizard
species, at least under our experimental condi-
tions.

A comparison of body size between the winner
and the loser of each field enclosure suggested
that SVL was not an important factor determin-
ing dominance. Head size was a better predic-
tor of contest success, athough our study did
not specifically address the role of head sizein
determining dominance. Nevertheless, it is
likely that larger heads offer an advantage dur-
ing male-male contests (Cooper & Vitt 1987h),
especialy in Platysaurus, where escalated con-
tests often include biting.

We found that P. minor (@) showed high levels
of aggression towards a model of P. monotro-
pis. This result suggests that the interspecific
aggression performed by P. minor (s) is not a
specific adaptation to the presence of P.
monotropis. Rather, it seems that P. minor mis-
take P. monotropis for a competing conspecific
male. Note that our findings do not say any-
thing about potential benefits from interspecif-
ic aggression. By definition, if thetrait is bene-
ficia but has not specifically evolved for its
present purpose it is called an exaptation
(Gould & Vrba 1982). Therefore, if our conclu-
sion of mistaken identity istrue and the aggres-
sive behaviour confers a benefit to P. minor, it
would be called exaptive. On the other hand,
the dominance of P. monotropis over P. minor
observed in the enclosures may imply that
being aggressive is not beneficial to P. minor,
and that P. minor might eventually be displaced
by the larger P. monotropis. However, field
observations suggest possible microhabitat par-
titioning through subtle differencesin rock type
(PK, MJW pers. obs.), supporting the idea that
each of the two species may be the better com-
petitor in its own microhabitat. If so, coexis-
tence may be stable, at least at present.

If, contrary to our conclusion, the aggression in

sympatry has evolved as aresponse to the pres-
ence of the congeneric species, then interspe-
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Figure 1. Mean (+SE) aggression index (Al) for
Platysaurus minor (sympatric) and P. minor (allopatric)
for the model experiment in which lizards were pre-
sented with a conspecific (CS), heterospecific (HS: P.
monotropis) and supernorma (SN) model in a repeated
measures design. Ngympztry = 8, Nyjjopatry = 10
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cific aggression found in the allopatric P. minor
population needs explanation. Gene flow
between the area of sympatry, where interspe-
cific aggression might be selected for, and the
area of allopatry (200 km distant), is likely to
be nonexistent or extremely low due to the very
specialised  habitat  requirements  of
Platysaurus. Also, the observed differences in
the body variables between P. minor (s) and P.
minor (@) is consistent with the assumption of
low gene flow. In the study areain allopatry, no
other Platysaurus were present. It is therefore
impossible that P. minor (@) confused the P.
monotropis model for a similar and competing
speciesto which P. minor (&) could have adapt-
ed by evolving interspecific aggression. The
observation that test lizards responded with
reduced aggression towards the supernormal
model shows that the males were not indis-
criminant in their aggressive response towards
any lizard-type stimulus that appeared in their
territory. Such an indifference might be a con-
sequence of the experimental situation (Hess &
Losos 1991), but this was clearly not the case
here. It must be stressed that we only investi-
gated mistaken identity vs. competitive exclu-
sion in P. minor, and not P. monotropis. Also,
we were only able to work with one sympatric
and one allopatric population. This fact has to
be kept in mind when interpreting the data,
athough we see no obvious reasons to believe
that the two populations were not representa-
tive. Finaly, if competitive exclusion was oper-
ating, we would have expected aggression
between heterospecific females and even
between heterospecific males and females. No
such aggression was ever observed.

Models are purely visual stimuli. Other cues
are almost certainly involved in the process of
species recognition. Behavioural patterns and
chemicals are known to be important signalsin
certain lizard species (Echelle et al. 1971,
Cooper & Vitt 1985; Cooper & Garstka 1987,
Cooper and Greenberg 1992). Also, we do not
know how exactly the lizards perceived the
colours of our models. On the other hand, the
use of models has the advantage of reducing
the experimentally induced variance between
trials (Macedonia & Stamps 1994).

Platysaurus monotropis and P. minor are inter-
specifically aggressive even when they have
the full range of signals available, as demon-
strated in the mixed enclosures. The model
experiments suggest that the lizards at least
visually mistake one another.

This study was initiated on the finding that P.
monotropis and P. minor are interspecifically
aggressive. Our data support the mistaken iden-
tity hypothesis for male-male aggression and
show that P. monotropis is dominant over P.
minor. Although these results were obtained
under semi-natural conditions, they may pro-
vide insight into historically natural processes.
The two Platysaurus are not sister taxa
(Jacobsen & Newbery 1989). It is therefore
unlikely that the two species lack discrim-
inatory ability due to a recent ancestral split.
However, given that very few Platysaurus are
sympatric, let alone syntopic (Broadley 1978),
there may be an evolutionary lag resulting in
taxa that respond to other Platysaurus species.
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