
( t  = 0.886, P > .5 and t = 0.243, P 
> .05, respectively). In the latter condi- 
tion the subjects were receiving 21.4 and 
22.2 ml, which is more than the 16.5 and 
19.9 ml that the control subjects received 
when their intake was inhibited by the 
saline counterinjections; however, since 
these differences in volume are not very 
large, one more experimental manipula- 
tion was undertaken. 

For this final test, the vagotomized 
and control groups were tested under the 
three experimental conditions as before; 
however, this time their milk was dilut- 
ed 1 :  1 with tap water during the 30- 
minute meal. Under these conditions the 
intake of the normal subjects increased 
only slightly, but the intake of the vagot- 
omized subjects showed a steady in- 
crease until, after 4 days, it reached the 
control level. On the fifth day the ani- 
mals were tested under baseline condi- 
tions to make sure that stabilization had 
occurred. Then they were tested under 
two experimental conditions. In one, 0.9 
percent saline was infused into their 
stomachs at a rate equal to half the 
voluntary consumption. In the second 
condition, 10 ml of their gastric contents 
was siphoned off as they drank. The 
results are presented in Fig. 2. Milk 
intake by control subjects was affected 
by both saline infusions and nutrient 
withdrawal. Vagotomized subjects ad- 
justed their intake only in relation to 
nutrient withdrawal. 

After the behavioral tests were com- 
pleted the subjects were anesthetized 
with sodium pentobarbital, the condition 
of their implants was checked, and the 
success of the denervation operation was 
verified by an electrophysiological test 
involving electrical stimulation of the 
cervical vagus nerve (6). Finally, the 
possibility that the vagotomized subjects 
were not responsive to gastric distension 
due to an enlargement of their stomachs 
was investigated. [Such enlargement has 
been observed in vagotomized subjects 
kept on solid food (9).] Autopsies 
showed the stomachs to be of normal 
size (10). 

It appears that gastric distension, one 
of the signals that control meal size, has 
no effect on consumption after the vagus 
nerve is cut. However, gastric nutrient 
content is still monitored in the normal 
manner. Clearly, signals conveying in- 
formation about nutrient content must 
take another route to the central nervous 
system. 

M. F. GONZALEZ 
J. A. DEUTSCH 

Department of Psychology, 
University of California, San  Diego, 
La Jolla 92093 
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Predatory Salamanders Reverse the Outcome of 
Competition Among Three Species of Anuran Tadpoles 

Abstract. The outcome of competition among three species of anuran tadpoles in 
replicated artijicial pond communities depends on the density ofpredatory salaman- 
ders present in the community. Predators differentially affect the survival of anuran 
species to metamorphosis and reverse the pattern of anuran relative abundance 
resulting from interspecific competition among tadpoles in the absence ofpredators. 

Theoretical community ecology has 
been dominated by the assumption that 
interspecific competition is of paramount 
importance in the determination of the 
species composition of most communi- 
ties ( I ) .  In contrast, experimental studies 
of assemblages of plants and sessile in- 
vertebrates have demonstrated that 
predators may alter the outcome of inter- 
specific competition among their prey 
(2). Despite the demonstration of an in- 
teraction between predation and compe- 
tition in communities of potentially 
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Fig. 1. Summary of the effects of newt density 
on the mean relative abundance of three spe- 
cies of anurans at metamorphosis. Percent- 
ages refer to the mean composition of the 
tadpole guild over four replicate communities 
at each level of newt density. Increasing in- 
tensity of predation corresponding to increas- 
ing newt density leads to a significant reversal 
in the composition of the tadpole guild (9); 
A = ,170; P = .02. 

space-limited sessile species, the study 
of the interaction between competition 
and predation in free-ranging vertebrate 
prey has been neglected (3) even though 
descriptive and experimental studies of 
vertebrates have provided the founda- 
tion of arguments for the preeminence of 
interspecific competition as a mecha- 
nism producing patterns of community 
structure (4). While interspecific compe- 
tition undoubtedly occurs in some verte- 
brate communities (9, the effects of vari- 
ation in intensity of predation on the 
outcome of competition are usually un- 
known. Recent reevaluations of earlier 
descriptive studies of vertebrate commu- 
nities have also questioned the statistical 
validity of much of the indirect evidence 
(for example, character displacement) 
that has been cited to support the role 
played by competition in the structuring 
of communities (6). These studies have 
suggested that much of the purported 
pattern in vertebrate communities sim- 
ply reflects stochastic interspecific varia- 
tion in morphological attributes usually 
associated with resource utilization, 
rather than a systematic partitioning of 
resources consistent with competition 
and niche theory. 

I have investigated the potential inter- 
action between predation and competi- 
tion by conducting a community-level 
experiment on the eEects of different 
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Table 1. The effects of predator density on mean weight [2 standard error of the mean (S.E.M.)] at metamorphosis and survival to metamorpho- 
sis for three species of anurans. Values given are means of population means at each level of newt density. The level of significance of an analysis 
of variance for the effect of predator density on the population statistics of each species is given on line P (see column 1). 

Newt density Mean ( i  S.E.M.) weight at tail resorption (mg) Survival to metamorphosis (%) 
(number 
per tank) S. holbrooki H. crucifer B. terrestris S. holbrooki H ,  crucifer B. terrestris 

intensities of predation by the broken- 
striped newt, Notophthalmus virides- 
cens dorsalis, on the relative abundance 
at metamorphosis of three species of 
larval frogs, Scaphiopus holbrooki, Hyla 
crucifer, and Bufo terrestris. Notophth- 
almus is a generalist predator (7) which 
co-occurs with these anurans in natural 
temporary ponds in the Sandhills Region 
of south-central North Carolina. An ex- 
periment with these species of amphibi- 
ans in replicated artificial ponds has 
demonstrated that increased density of 
Notophthalmus can generate nonrandom 
patterns of anuran relative abundance 
and reverse the pattern of anuran rela- 
tive abundance that results from inter- 
specific competition among tadpoles in 
the absence of predators. 

During the first 2 weeks of March in 
1980, I reconstituted simple replicated 
temporary pond communities in 16 cylin- 
drical tanks made of galvanized steel and 
painted with epoxy enamel. The tanks 
(1.52 m in diameter by 0.61 m) were 
filled to a depth of 0.51 m with tap water. 
Each tank additionally received 550 g of 
dry litter from a Pinus palustris savan- 
na, 50 g of Purina Trout Chow as an 
additional source of nutrients, and a 
standard volume inoculum of plankton 
derived from pooled plankton collections 
from eight natural ponds in the Sandhills. 
Fifty rooted stems of the aquatic macro- 
phyte Myriophyllum pinnatum were 
planted in the litter of each tank to 
provide additional cover for the prey. All 
tanks were covered with lids of fiber 
glass window screen stapled to hexago- 
nal wooden frames. The lids retained 
metamorphosing amphibians and pre- 
vented the uncontrolled colonization of 
the tanks by ovipositing frogs and preda- 
tory insects. 

The intensity of salamander predation 
was systematically varied by adding 
none, two, four, or eight Notophthalmus 
to each tank on 22 March, at a sex ratio 
of 1: 1 within tanks. Newts were random- 
ly assigned to tanks according to a ran- 
domized block design for variance analy- 
sis, and four replicated tank communi- 
ties were used at each level of Notophth- 
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almus density. Hatchlings of four species 
of frogs were obtained by collecting eggs 
and breeding pairs of frogs in the Sand- 
hills. On 27 March, I added 200 Scaphio- 
pus holbrooki, 300 Hyla crucifer, and 100 
Rana sphenocephala as hatchlings to 
each tank. On 2 May, I added 300 Bufo 
terrestris hatchlings to each tank. Inter- 
specific differences in the number of 
hatchlings added to each tank reflect 
differences in the availability of hatch- 
lings. The initial densities of predators 
and prey fell within the range of variation 
observed for these species in natural 
ponds. 

Each tank was examined daily for 
metamorphosing anurans, which were 
recognized as metamorphs by their fore- 
limbs. All metamorphs were identified 
to species, counted, towel-dried, and 
weighed to 1-mg precision. Metamorphs 
were retained in the laboratory at room 
temperature without feeding and were 
again weighed when tail resorption was 
completed. The dates of collection of the 
last metamorphs of Scaphiopus, Hyla, 
and Bufo were 12 May, 28 June, and 15 
July, respectively. 

The relative abundance of meta- 
morphs of Scaphiopus, Hyla, and Bufo 
within each tank was used as a measure 
of tadpole guild composition (8). Sca- 
phiopus and Bufo were relatively abun- 
dant in control tanks without newts, ac- 
counting for 62 and 33 percent of the 
total metamorphs (Fig. 1). In contrast, 
Hyla accounted for only 5 percent of the 
frogs metamorphosing from the control 
tanks. This pattern of relative abundance 
was reversed with increasing newt densi- 
ty. Tanks containing eight newts pro- 
duced a preponderance of Hyla meta- 
morphs (68 percent), while relatively few 
Scaphiopus (20 percent) and Bufo (12 
percent) metamorphosed. A multivariate 
analysis of variance of the simultaneous 
transformed relative abundances of 
these three species of metamorphs dem- 
onstrated the statistical significance 
(P = .02) of this predator-mediated re- 
versal of guild composition (9). 

The relative rarity of Hyla meta- 
morphs in tanks without newts can be 

best explained as a result of interspecific 
competition with Scaphiopus and Bufo. 
The wet weight of an amphibian at meta- 
morphosis is a sensitive measure of the 
intensity of competition experienced 
during larval growth; moreover, there is 
an inverse relation between weight at 
metamorphosis and the intensity of com- 
petition experienced by a given tadpole 
(10). The fourfold increase in mean Hyla 
weight that accompanied increased pred- 
ator density (Table 1) suggests that the 
increased intensity of predation evoked a 
release from the intense competitive 
stress manifested by Hyla in the absence 
of predatory newts. This predator-medi- 
ated release from competition was signif- 
icantly correlated with a concomitant 
reduction in the survival and density of 
Scaphiopus and Bufo at higher predator 
densities. A stepwise multiple regression 
analysis of the logarithm of mean Hyla 
weight in each replicate as a linear func- 
tion of the number of metamorphs of 
Hyla, Scaphiopus, and Bufo collected in 
each replicate yielded the equation: 

W = -0.0030 ( S )  - 
0.0018 (B)  + 2.4160 

where W is the logarithm of mean Hyla 
weight in milligrams, and S and B are the 
respective numbers of Scaphiopus and 
Bufo metamorphosing from a replicate 
(11). This analysis demonstrates that 
there is a significant negative relation 
between the final density of Scaphiopus 
and Bufo and the weight of Hyla at 
metamorphosis (P = .0001, R~ = 0.85). 
This relation indicates the effect of inter- 
specific competition among tadpoles. 
Hyla weight was not related to the num- 
ber of metamorphosing conspecifics in 
this analysis or in a simple product 
moment correlation analysis (r = .40, 
P = .11), which suggests that any intra- 
specific competitive effects in Hyla are 
being swamped as a result of strong 
interspecific competition by Scaphiopus 
and Bufo. The low survival to metamor- 
phosis of Hyla (Table 1) is attributed to 
the apparent intensity of interspecific 
competition exerted by Scaphiopus and 
Bufo in the absence of newts. Increased 



survival of Hyla in replicates with higher 
predator densities can be attributed in 
part to a reduction in interspecific com- 
petition corresponding to a predator-me- 
diated reduction in the survival and den- 
sity of Scaphiopus and Bufo (Table 1). 

Diffefences in survival to metamor- 
phosis among the species of anurans 
resulted in significant differences in tad- 
pole guild composition at different levels 
of newt predation (Table 1). The reversal 
in guild composition shown in Fig. 1 
resulted from the steadily decreasing 
survival of Scaphiopus and Bufo that 
accompanied increased newt density, 
while Hyla survival increased along the 
same direction of the predation gradient. 
Differential predation experiments con- 
ducted with these species in the labora- 
tory have demonstrated that Scaphiopus 
and Bufo are relatively preferred prey of 
Notophthalmus, and this result may ac- 
count for their relatively poorer survival 
at higher predator densities (12). 

The above results demonstrate that 
predation and competition can interact 
to produce deterministic patterns of rela- 
tive abundance in a guild of vertebrate 
prey. Furthermore, the outcome of inter- 
specific competition among tadpoles in 
the absence of predators is not a reliable 
predictor of tadpole relative abundance 
when newts are added to the community. 
Notophthalmus can act as a keystone 
species (13) and prevent the virtual ex- 
clusion of competitively inferior species 
by reducing the survival and density of 
competitively superior anurans. Any 
general predictive theory of community 
ecology must consider the importance of 
biological interactions among and within 
trophic levels to account for these re- 
sults. While descriptive studies of verte- 
brates may provide only questionable 
support for the importance of interspe- 
cific competition in the structuring of 
communities, results from controlled ex- 
periments can demonstrate that analogs 
of natural communities may be dramati- 
cally structured by interactions among 
competitors and their predators. 

PETER J. MORIN 
Department of Zoology, 
Duke University, 
Durham, North Carolina 27706 
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Auditory Intensity Discrimination After Selective Loss of 
Cochlear Outer Hair Cells 

Abstract. The contributions of the inner and outer hair cells of the mammalian 
cochlea to auditory intensity discrimination were evaluated in a combined behavior- 
al-anatomical study of the guinea pig. Intensity dzrerence thresholds were un- 
changed from baseline values after selective destruction of outer hair cells, suggest- 
ing that those cells are unnecessary for normal intensity discrimination. 

The two populations of auditory re- cochlea, and inner hair cells receive the 
ceptor cells, the inner and the outer hair rest (3). 
cells, differ morphologically in several Although precise functions have been 
important respects (1, 2). Neural inner- assigned to the two populations of visual 
vation patterns of the two cell types also receptor cells, the rods and the cones, 
differ; outer hair cells receive only 5 comparatively little is known regarding 
percent of the afferent innervation of the the possible differential activity of the 
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Fig. 1. Right ear cytocochleogram of S20. 
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