











FIGURE 4. Pooled data for frequency of behaviors in control vs experimental
conditions

Effects of Absolute Body Size on Agonistic Behavior

Using the same three categories of behavior, It was tested whether absolute
body size had an effect on the frequency of agonistic and avoidance behaviors. Due to
the paired nature of the data, the effects of body size for all animals in both the resident
and intruder status were tested. No significant correlation was found between body size
and behavior category for either the residents or intruders. For residents, no significant
correlation was found between body size and overt aggressive, passive aggressive or
avoidance behaviors (Z=-0.02,P=0.92; 2=-0.17,P=0.41;Z=-0.23, P=0.27,
respectively). Similarly for intruders, no significant correlation was found between overt
aggressive, passive aggressive or avoidance behaviors (Z=-0.05,P=0.33;Z=0.21,P =

0.33;Z=-0.09, P = 0.67, respectively).
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FIGURE 5 A — F. Correlations between size and behavioral category for both residents
and intruders

Do Males and Females Differ in Behavior During Agonistic Interactions?

The data was partitioned to test whether resident males and females differed in
their behavioral patterns during territorial contests against conspecific intruders. There
were no significant differences between male and female residents for time spent in
head-raised (Z=0.63, P = 0.53), chin-raised (Z=0.07, P = 0.94) flat (Z=0.55, P = 0.58) or
snout-raised (Z=0.18, P = 0.8).(Figure 5). There was also no significant difference in the
frequency of overt aggressive (Z=-0.52, P = 0.6), passive aggressive (Z = -0.85, P = 0.39)
or avoidance behaviors (Z=-0.7, P = 0.48) between male and female residents (Figure
6). Male and female intruders where then tested to determine whether they differed in
their time spent in the postures (Figure 7) and the behavioral categories (Figure 8). .
There were no significant differences between male and female intruders for time spent
in head-raised (Z=0.61, P = 0.54), chin-raised (Z=-0.96, P = 0.34) flat (Z=-0.17, P =
0.86) or snout-raised (Z=0.7, P = 0.45). There was also no significant difference in the
frequency of overt aggressive (Z=0.66, P = 0.51), passive aggressive (Z=0.04, P =0.97)

or avoidance behaviors (Z=-0.31, P = 0.76) between male and female intruders.
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FIGURE 9. Frequency of behavioral categories by intruder males and females
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Does residency status have an effect on agonistic behavior?

In order to test whether or not residency status had an effect on behavior, the
data for males and females was pooled. There were no significant differences between
residents and intruders for time spent in head-raised (Z=-1.11, P = 0.27), chin-raised (Z
=-0.086, P = 0.93) flat (Z = -1.85, P = 0.06) or snout-raised (Z=-1.38, P =0.17).There was
also no significant difference in the frequency of overt aggressive (Z=-1.74, P = 0.08),
passive aggressive (Z=-0.35, P = 0.73) or avoidance behaviors (Z=-1.43, P =0.15)

between residents or intruders.
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FIGURE 10. Mean time spent in postures in pooled data
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FIGURE 11. Frequency of behavior categories for pooled data

Do male’s behavioral patterns differ when paired other males and females?

Sexing D. tenebrosus by external features was uncertain, so after the trials all
animals were euthanized and sexed by inspecting the gonads, and it was found that
there were 16 males and 7 females. Due to the uneven sex distribution and deaths
during the course of the study, there ended up being eight male-male, five male-female,
one male-female and one female-female resident-intruder pairs. Because there were

not enough female-male and female-female pairings, these analyses were limited to
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male-male and male-female pairings. The difference in time spent in postures by male

residents when paired with male intruders vs female intruders was tested There were

no differences between male-male vs male-female pairings in head-raised (z2=0.95, P =

0.34), chin-raised (Z=1.83, P=0.068), flat (Z= 0, P = 1) or snout-raised (Z=-051, P = 0.61).

However, there was a general trend of males spending more time in each of the

postures when paired with other males than when paired with females (Figure 11). Commented [DR64]: Move to discussion?
Males did not differ significantly in overt aggressive (Z=0.73, P = 0.46 ), passive aggressive

(z=-0.58, P=0.55 ), or avoidance behaviors (Z=0.58, P = 0.55 ).(Figure 12).
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FIGURE 12. Mean time spent in postures by male residents against male and female
intruders
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Do certain postures act as aggressive or submissive displays?

In order to determine whether certain postures acted as agonistic displays, |
partitioned the data by counting the number of times a BITE occurred, and recording
the postures of the participants pre and post-bite. If certain postures act as threat
displays, then bites should occur most often when both participants are in those
postures. After a bite occurs, the attacker’s posture should be more threatening, and
the bitten animal’s posture should be more submissive. This should distinguish the
difference between threat and submissive displays. | scored the postures head-raised,
chin-raised, flat, defense, all-trunk-raised, front-trunk-raised and retreat. | defined

retreat as any time an animal was climbing on the wall, on top of, or into a shelter.

TABLE 3. Frequency of postures used immediately before and after a bite attack

Pre-Bite Post-Bite
Posture Attacker Defender Attacker Defender
HR 65.4 32.7 423 19.2
CR 28.8 40.4 48.1 51.9
FLAT 0 7.7 5.8 9.6
Retreat 1.9 13.5 1.9 7.7
DF 1.9 0 0 3.8
ATR 1.9 3.8 1.9 5.8
FTR 0 0 0 1.9
ARCH 0 1.9 0 0

There were 52 interactions that included bites (Table 2). For each posture to be

included in the dataset, the individual must have maintained the posture for > 30
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seconds before or after the bite. Instances in which multiple bites occurred by the same
animal without separation of at least 30 seconds were scored only as one bite. Attackers
used HR significantly more often (x? = 5.67, P = 0.017) pre-bite than did defenders (65%
and 33%, respectively). This pattern held post-bite, with the attacking individual using
HR significantly more frequently (x?= 4.5, P = 0.034) than defenders (42% and 19%,
respectively). The use of CR did not differ between attackers and defenders pre-bite (x2
=1, P=0.32) or post-bite (x> = 0.08, P = 0.78). Post-bite, however, both attackers and
defenders increased their use of CR to 48%. This suggests that CR may be a more
submissive or defensive posture than HR, since after a bite, and occasionally a brief
wrestling match, both attackers and defenders would likely be on alert and adopt a
more defensive posture. Many of the other postures had too low of occurrences to
draw meaningful conclusions. However, it should be noted that a bite was never
administered while the attacker was in FLAT, and post-bite occurrences of FLAT
increased for both attackers and defenders. Similar to CR, this could suggest that FLAT is

used as a submissive or defensive display (Figures 13 & 14).
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Discussion

Posture utilization

During staged agonistic encounters, D. tenebrosus exhibited 19 discrete
behavioral categories, which were classified into three groups, postures, non-contact
behaviors, and contact behaviors. In order to determine whether postures acted as
visual displays, the control and experimental conditions were compared. For the four
most common postures; head raised, chin raised, flat and snout raised, the mean times
spent were compared, and only flat was significantly different. This suggests that flat is a
visual display used by D. tenebrosus. This behavior has been observed in other
salamander species, and is often interpreted as a submissive display (Jeager 1984). Flat
likely serves a similar function in D. tenebrosus, as most individuals used flat after and

aggressive interaction.

The insignificant difference of use of other postures, however, does not
necessarily imply that these postures are not used as visual displays, and it is likely that
they serve multiple functions depending on the context of an interaction. Head raised
appeared to have the function of an investigatory behavior in both the control and
experimental conditions, and also as a threat display during aggressive interactions, as
attacking individuals used head-raised more both before and after a bite attack. Chin-
raised seemed to serve as a resting posture both during the control and experimental

conditions, as salamanders would often slowly sink from the head-raised posture into

66

Commented [DR66]: Find others



chin-raised, and remain in that position for a long period of time. During aggressive
interactions, chin-raised seemed to serve as a defensive posture, as after an attack both
the attacking and defending individuals increased their use of chin-raised. Other
postures occurred infrequently, and it is difficult to determine their probable functions,
however, snout-raised appeared to be an exploratory behavior, as salamanders often
entered this posture in response to the observer lifting the habituation chamber. All-
trunk-raised and front-trunk-raised were likely threat or defense displays, as they were
only used during aggressive interactions, and arch was likely a defense display, as it was
only used by defending individuals in response to an attack, and often as an apparent

response to handling while setting up an encounter.

Males vs Females

When the sexes were compared, there was no difference in either posture
utilization or behavioral category in regards to residency status, or in the case of males,
sexual identity of an intruder. However, the power of these conclusions are limited due
to the small sample size. It is worth noting that male intruders showed a general trend
of increased usage of postures when paired with other males than when paired with
females. Males also showed more overt aggressive behaviors when paired with males
than with females. This may suggest that males show higher rates of interaction with

intruding males than with females, and that this interaction may be more aggressive in
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nature. In some wild populations, males of Plethodon cinereus tend to form intersexual
pairs with females (Gillette et al. 2000; Lang and Jaeger 2000), but in staged laboratory
encounters, male P. cinereus did not show different levels of aggression towards other
males than to non-gravid females (Jaeger 1982). It would not be surprising if male D.
tenebrosus showed different aggression levels towards other males vs females,
however, little is known about the breeding behavior of D. tenebrosus, and eggs have
been found from spring into autumn, suggesting little synchrony in breeding activity
(Lawrence et al. 2005). This study was conducted outside of the likely courtship season,
and this combined with the effects of the experimental condition may cloud any

meaningful conclusions that can be made.

Effects of Residency Status

There was no significant difference in overt aggressive, passive aggressive or
avoidance behavior between residents and intruders, though residents exhibited overt
aggressive behaviors slightly more than intruders, and intruders exhibited avoidance
behaviors slightly more than residents. This suggests that residency status does not give
individuals a higher success rate of excluding intruders. Both residents and intruders bit
opponents, and bites were often administered by both in the same trial. It is difficult to
determine whether these bites were administered as a defense, or simply as a feeding

response. Bites were usually administered in apparent response to the movement of the
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opponent salamander, and after a bite the pair would typically separate for a period of
time with no apparent behavioral interactions, until the movement of one individual
elicited the interest of its opponent. D. tenebrosus are voracious predators, Bury (1972)
found evidence of mammals, lizards, salamanders and large-sized land invertebrates
while examining the gut contents of D. tenebrosus (D. ensatus at the time). Bury noted
that when housed in the same terrarium, individuals would administer damaging bites
to conspecifics, bitten individuals losing large portions of their tail. This voracity was
mirrored in the present study, as many individuals would lunge at any movement, even
the movement of an observer through the walls of the housing containers. This leads
one to believe that this high level of aggression is likely due to feeding responses, rather
than territorial defense. However, this aggressive behavior likely contributes to the
spacing of individuals in the field, and the rarity in which individuals in this population

are encountered inhabiting the same refuge (Fessler 2012, pers. obs.).

There was no evidence of enhanced chemoreceptive behaviors such as “nose-
tapping” (Dawley and Bass 1989; Gertis and Jaeger 1990) or scent-marking behaviors
such as “vent rubbing” (Simons and Felgenhauer 1992; Davis 2002) in any of the trials.
Unlike plethodontid salamanders, Dicamptodon do not posses nasolabial grooves, which
are involved in the transfer of chemical cues from the substrate into the vomeronasal
organ (Dawley 1998). Ducey Ritsema (1988) observed the Ambystomatid species,
Ambystoma maculatum, touching their snout to the substrate and to conspecifics,

which they interpreted as an enhanced chemosensory behavior. This was not seen in
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