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Chemical communication appears to be an impor-
tant means of avoiding predation in aquatic environ-
ments, where murky, dark, highly structured habitats
are common {Dodson et al, 1994}, Chemical alarm
signals play an important role in risk assessment and
predator avoidance for a number of aquatic vertebrates
{e.g., Hews and Blaustein, 1985; Hews, 1988; Petranka,
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1989; Smith, 1992; Mathis and Smith, 1993}). In many
of these cases, the chemical alarm signals are released
following mechanical damage to the skin. Therefore,
damage-relcased chemical alarm signals are good in-
dicators that a predation event has occurred recently
in the vicinity, and these stimuli often elicit an avoid-
ance response by conspecifics (e.g., Mathis and Smith,
1992; Chivers and Smith, 1994).

Newts are well-pratected from some predators by
their toxicity (e.g., Brodie, 1968; Webster, 1960), but
may be at least somewhat vulnerable to predation by
others (Brodie, 1968; Hurlbert, 1970; Shure et al,
1989). Behavioral antipredator responses to predators
or to simulated predator attacks have been described
for adult newts {Brodie, 1977; Ducey and Dulkiewicz,
1994), but the extent to which chemical signals influ-
ence predation avoidance for this species is not
known. In a laboratory experiment, Marvin and
Hutchison (1995) demonstrated an avoidance response
by adult red-spotted newts (Nofophthalunits viridescens
viridescens) to terrestrial substrates labeled with chemn-
ical stimuli from injured conspecifics. Similar re-
sponses also have been reported for central newts (N,
u lotisianensis) tested in the laboratory in an aquatic
environment (Woody, 1996). We tested the hypothesis
that adult newts avoid areas in a natural aquatic en-
vironment that are labeled with conspecific skin ex-
tract.

We prepared skin extracts from both N, viridescens
and Pletfwdon serratus to serve as test stimuli. We used
skin extracts from P sermfis as a control for general
responses to damaged salamander hissue. Because P
serralus occupies a terrestrial habitat, we felt that it
was unlikely that N. viridescens would have any inna-
te/learned responses to alarm stimuli from B serrafus
skin (Mathis and Lancaster, unpubl. data), as has been
observed for some pairs of microsympatric heteroge-
ners (e.g., Mathis and Smith, 1993; Chivers and Smith,
1994). Plethodon serratus extracts werce also used by
Marvin and Hutchison (1995) as a control in their lab-
oratory study of red-spotted newts. We decapitated
three newts (SVL: 42 mm, 40 mm, and 39 mm) and
removed the skin from the head, neck, torso, and tail.
This Hssue consisted mostly of skin, but included
some muscle, We homogenized 0.8 g of newt tissue
with 100 m! of dechlorinated water, using an Omni
tissue homogenizer. The mixture was then filtered
through glass wool and its volume was increased to
533 ml by the addition of dechlarinated water. We pre-
pared the Plethodon skin extract (PSE} in the same
manner, but eight P serratis (SVL mean = 40.9 mm,
range 37—45 mm) were required to equal the concen-
tration (0.8 g of tissue in 533 ml of dechlorinated wa-
ter} of the newt skin extract (NSE). We divided both
stimulus solutions into 10-ml portions in plastic snap-
cap tubes and immediately placed them in a freezer
al =20 C. Dechlorinated water was similarly frozen.
All stimuli were thawed at room temperature on the
morning of the trial.

Two experiments were conducted. The first experi-
ment quantified numbers of newts caught in traps la-
beled with either N5E or dechlorinated tap water
(H.Q) and the second quantified captures of newts in
traps labeled with either PSE or H,O. For both exper-
iments, cellulose sponges (1 X 25 X 4 cm) were
soaked with 5 ml of stimuli (NSE or H.O for experi-
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F1G. 1. Mean (%1 SE) number of newts caught in traps labeled with either salamander skin extracts or with
dechlorinated tap water. Separate experiments (A and B) were conducted using skin extracts from newts (NSE)
and skin extracts from the terrestrial salamander, Plethodon serratus {PSE). Prabability values are from two-

tailed Mann-Whitney U-tests.

ment 1, PSE or H,0 for experiment 2} and immed;i-
ately placed on separate trays in a freezer at —-20 C.
After the sponges were frozen, we placed them into
separatc sealed plastic bags, one for cach stimulus.
The sponges were kept in the freezer or in a cooler on
ice until the trials began. One sponge was wired into
the middie of each minnow trap (Gee's improved min-
now traps: cylinders of 5 X 5 mm wire mesh, 43 cm
long and 22 cm in diameter, with inverted cone en-
trances at each end) at the field site.

The two experimenis were conducted in three
ponds in March 1996. All trials were performed after
dark between 1930 and 2230 h. We placed traps into
the water by throwing them 1 to 3 m from shore; the
traps sank to depths of less than 1 m. Traps were
spaced 1 m apart in random order and were left in
the pond, undisturbed, for 2 h. Two ponds were used
for experiment 1 {N5SE frials}, one in Stone County,
Missouri (oval farm pond, 15 m X 12 m X <1 m deep)
and one in Webster County, Missouri (rectangular
farm pond, 30 m X 40 m X <2 m deep). A total of
30 NSE traps and 30 H,Q traps were used, with both
approximately equally represented in each pond. Ex-
periment 2 {PSE Irials) was conducted in one pond in
Webster County, Missouri (rectangular wooded pond,
12 m X 4 m X <1 m deep) and 15 PSE and 15 H,;0O
traps were used. Fewer traps were used for experi-
ment 2, because a higher density of newts in this pond
resulted in greater trapping success.

After two hours, we collected the traps and record-
ed the number of newts in each trap. The newts were
placed into a holding, bucket until all the traps were
checked and were then released. Newts were the only
vertebrates caught in the fraps.

We analyzed the data using hwo different statistical
tests. We compared the mean number of newts caught
in the two types of traps (extract versus H;0) using
Marn-Whitney U-tests (Siegel, 1956). It is not known
whether newts are attracted to each other, but social
facilitation might amplify any differcnces between
treatment groups. Thercfore, we also compared the
proportion of traps containing newts for the two treat-
ments using Chi-square tests (Siegel, 1956). All statis-
tical lests were two-tailed.

In the NSE trials {experiment 1), we caught signif-
icantly more newts in traps labeled with control water

{19 individuals in 30 traps} than in traps labeled with
NSE (one individual in 30 traps) (Mann-Whikmey
U-test, Z = 3.56, P < 0.001; Fig. 1A). Over half (17
out of 30) of the control traps contained newts {range
= {}-2 newts/trap) compared to one NSE-labeled trap
(X7 = 1786, df = 1, P < 0.001). In contrast, in the PSE
trials {experiment 2), we caught 43 newts in 15 control
traps and 37 newts in 15 PSE-labeled traps, with no
significant difference between the two treatments (Z
= 1.14, P = 0.254; Fig. 1B). Similarly, the proportion
of PSE-labeled traps containing newts {14 out of 15
traps; range = (~10 newts/trap) did not differ from
the proportion of control traps containing newts (13
ont of 15 traps; range = 0-5 newtls per trap) (X2 =0,
df =1, P > 0.99).

The results of our study indicate that adult newts
in a natural habitat aveid areas labeled with stimuli
from damaged conspecifics. Therefore, the results of
previous studies of newlts demonstrating avoidance in
laboratory tests (Marvin and Hutchison, 1995; Woody,
1996) are also applicable under more natural condi-
tions. For salamanders, as for vertebrates in general,
there have been fow studies of chemical communica-
tion under field conditions, largely due to method-
ological difficulties {Mathis et al., 1995). The methods
used in this study may be broadly applicable to field
studies of attraction/avoidance responses of aguatic
salamanders. More defailed behavioral studies are
needed to determine if newts also exhibit more subtle
antipredator responses te conspecific alarm signals. In
addition to avoidance, responses by fishes are known
to include increased shoaling, darting behavior, hid-
ing, and reduced foraging (Smith, 1952).

Although we, like Marvin and Hutchison (1995), in-
terpret the avoidance of chemical stimuli from dam-
aged conspecifics as an alarm response, an altermabive
explanation is that the newts were simply avoiding the
scent of conspecifics. There is evidence that newts of
this specics occupy relatively small home ranges (Bel-
lis, 1968) and behaviorally distinguish between famil-
iar and unfamiliar conspecifics (Wise et al., 1993}, but
it is not known whether they are territorial. However,
our anecdotal evidence is not consistent with the con-
specific-avoidance hypothesis as up to 10 newts in this
study were found in a single ap.

This study demonstrates that central newts avoid
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areas in natural habitats that are labeled with a con-
specific skin extract. By avoiding these areas, newts
may increase their probability of avoiding predation.
However, further studies are needed to clarify the fit-
ness consequences of this behavior,
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