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lthough the efficacy of mimicry 
alamanders has been demonstrated 
i caged birds, there have been no 
mpts to demonstrate the advantage 
mimetic coloration to free-ranging 
s (1). Attempts have been made to 
,ss the value of mimetic coloration 
moths and butterflies to wild bird 
imunities by releasing and retrieving 
viduals painted to resemble palatable 
unpalatable species (2). None of 
;e studies included the use of un- 
red mimics or restricted predation 
irds, which are generally assumed to 
responsible for the evolution of 
netic colorations. 
n our study, we tested the survival 
ie of a presumed mimetic color 
ph of the polymorphic salamander 
thodon cinereus. Certain populations 
'. cinereus have two color morphs: a 
-striped morph, which is present in 
st portions of the species' range, and 
all-red morph, which is nearly uni- 
nly red-orange (3). This all-red morph 
hought to be a mimic of the eft stage 
Notophthalmus viridescens that is 
ic, aposematic, and a model for other 
nic salamanders (1, 4). 
n order to test the survival value of 
ural mimics to natural avian commu- 
es we have developed an experimen- 
design exposing unaltered salaman- 
s to predation only by birds. Single 
imanders were placed in 50 trays 30 
square with an aluminum wall 10 cm 
; the top of the aluminum was bent in- 
rd, forming a 3-cm lip to prevent the 
ape of the salamanders (5). Each tray 
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was nailed to a vertical section of pine 
log, 60 cm in length and 15 to 20 cm in 
diameter. Each tray contained four dead 
maple or oak leaves (or both) from the 
adjacent deciduous forest; the leaves 
were soaked with water just prior to each 
trial. The trays were placed in three rows 
of 18, 17, and 15 trays; the rows and 
trays within a row were 10 m apart. The 
rows of trays were positioned between 
rows of trees in a 50-year-old pine plan- 
tation. 

The distribution of salamanders within 
this grid was randomized from a hypo- 
thetical community of a million animals 
made up of 30 percent N. viridescens 
efts, 40 percent Desmognathus och- 
rophaeus, 24 percent striped P. cinereus, 
and 6 percent all-red P. cinereus; a com- 
puter generated random orders of con- 
tact for 50 individuals from this commu- 
nity. In each trial, an independent ran- 
dom distribution of salamanders was 
used and the actual percentages varied 
slightly from the hypothetical commu- 
nity as follows: N. viridescens, 29.4 per- 
cent; D. ochrophaeus, 41.4 percent; 
striped P. cinereus, 23.3 percent; and all- 
red P. cinereus, 5.8 percent (6). The D. 
ochrophaeus were offered as alternate, 
palatable prey because mimicry is ef- 
fective only when an alternate food 
source is available (7). 

Initially each trial lasted for 4 hours (5 
to 9 a.m. and 5 to 9 p.m.); the predation 
rate during five 4-hour trials was 75.1 
percent of all edible salamanders (D. 
ochrophaeus and P. cinereus). Because 
of this high predation rate, the length of 
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Table 1. Differential survival of salamanders exposed to free-ranging birds. 

Number offered (percentage of survival) 

Notophthal- Desmog- Plethodon cinereus 
mus viri- nathus ochro- 
descens phaeus Striped All-red 

4-hour 73 (95.9) 97 (30.9) 60 (15.0) 20 (25.0)* 
2-hour 

First seven 106 (99.0) 145 (53.1) 87 (47.1) 12 (50.0)* 
Second seven 100 (99.0) 145 (42.1) 76 (31.6) 29 (58.6)t 

All 2-hour 206 (99.0) 290 (47.6) 163 (39.9) 41 (56.1)* 

*Not significantly higher than for striped: 4-hour trials, X2 = 1.039; first seven 2-hour trials, x2 = 0.035. 
tHigher than for striped: X2 = 6.449, .01 < P < .025.' Higher than for striped: X2 = 3.584, .05 < P < .1. 

each trial was reduced to 2 hours (7 to 9 
a.m. and 5 to 7 p.m.). In all, 950 salaman- 
ders were used. Results were recorded 
as: salamander removed from tray (we 
assume these did not survive) or sala- 
mander remained in tray (survived). 
From these data, it is possible to contrast 
the survivorship between species and be- 
tween the two color morphs of P. ci- 
nereus. Since no species or morph sur- 
vived significantly more often during the 
morning or afternoon trials we have 
combined these data. 

The efts of N. viridescens survived far 
more often than those of the other spe- 
cies; birds removed only 2 of 206 during 
the 2-hour trials (Table 1). This result 
was expected because efts are toxic, 
bright orange-red in coloration, and 
avoided by birds (1, 4). Desmognathus 
ochrophaeus survived slightly more of- 
ten than the striped P. cinereus 
(X2 = 2.996, .05 < P <.1); this difference 
was not significant when analyzed for ei- 
ther the first seven or last seven 2-hour 
trials (Table 1). 

All-red P. cinereus survived signifi- 
cantly more often than striped P. ci- 
nereus when all 2-hour trials or only the 
last seven are considered (Table 1); this 
is also true when the last five, six, or 
eight trials are considered (8). There is 
no difference in survival when only the 
first seven 2-hour trials are contrasted, 
suggesting that the all-red morph ofP. ci- 
nereus survived in later trials because 
birds learned not to take red salaman- 
ders. Since both the striped and all-red 
morphs of P. cinereus were from the 
same localities, we assume that they are 
equally palatable and that any difference 
in survival is due to their different color- 
ation. 

Birds were seen (as salamanders were 
being placed into the trays) during 14 of 
the trials in or near trays (16 robins, 1 
catbird). All birds seen in or near trays 
were adults; one fledgling was seen being 
fed by an adult during the last trial, but 
not near any tray. Bird droppings were 
seen in an additional 48 trays as they 
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were checked at the end of each test pe- 
riod. Leaves had been thrown from 
trays, ripped, or greatly moved around in 
149 of 700 trays during the 2-hour trials. 
This could only have been the result of 
bird activity in the tray (5). The percent- 
age of trays in which leaves had been 
moved did not differ between salaman- 
ders (9). 

By contrasting the survival or removal 
of sal< 
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D. ochrophaeus survived at the same 
rate, and there were no differences be- 
tween these and all-red morphs when 
leaves had not been moved (Fig. 1). 

We can conclude that free-ranging bird 
communities avoid model and mimic sal- 
amanders while eating nonmimic sala- 
manders and that the all-red morph of P. 
cinereus is a mimic of eft N. viridescens. 
Mimetic individuals (at a frequency of 20 
percent) of a polymorphic species had 
a great survival advantage over non- 
mimetic individuals. Further utilization 
of our experimental design should allow a 
more natural demonstration of the pre- 
cepts of mimicry but should be used to 
augment rather than replace studies with 
caged avian predators. 

EDMUND D. BRODIE, JR. 
EDMUND D. BRODIE, III 

Biology Department, 
Adelphi University, 
Garden City, New York 11530 
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Theory of Natural Selection (Dover, New York, 
1958). 

8. All-red P. cinereus survived more often than 
N D S R striped P. cinereus during the last five trials 

(2 = 4.828, .025 < P < .05), the last six trials 
Survival of salamanders as related to (2 = 9.204, .001 < P < .005), and the last eight 

lent of leaves in test trays by birds. trials (2 = 5.096, .01 <P < .025). 9. The following percentages of trays had leaves 
circles represent survival in trays moved: N. viridescens, 22.8; D. ochrophaeus, 

leaves had been moved. Open circles 18.6; striped P. cinereus, 23.9; and all-red P. ci- 
int survival in trays where leaves had nereus, 22.0. No pairs of values are significantly 
on moved. Abbreviations: N, the mod- different by chi-square analysis. movedA10. We thank the E. N. Huyck Preserve and its di- 
Notophthalmus viridescens; D, Des- rector R. C. Dalgleish for support. S. G. Tilley 
thus ochrophaeus; S, striped Pletho- pointed out this case of mimicry and helped us 
:ereus; and R, the mimic, all-red P. ci- obtain specimens. R. G. Jaeger, D. R. Forma- lereus' and R, the mimic, all-red P. ci- 

nowicz, Jr., and P. K. Ducey helped formulate 
The mimics survived significantly the experimental design, and the last two with J. 

ften than the nonmimetic striped P. ci- C. Bodenweiser, M. L. Manis, and M. S. Bobka 
when leaves had been moved helped with collection of animals and data. 

.540, .005 < P < .01). 6 December 1979 
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