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ABSTRACT 

The indirect approach developed by Maiorana (19?1) was employed 

to study foraging strategy of the dusky salamander, Deaaoe;nathus 

fuec\18, in three populations and at two seasons, in Montgomery County, 

Tennessee~ Theoretical predictions of predator feeding activity 

(Schoener, 1969&, 1969b, among others) were considered empirically in 

analyzing features ot the salamanders' diets, and inferences were made 

from these data, and fro• eal&Jllander activity p,.tterns as influenced by 

rainfall, in postulating a mode of foraging for this species. 

Desmognathus fuscua shifts fr0111 a alt-and-wait predator 

(Schoener , 1971) during periods of dryness, to a more actively search­

ing predat or as substrate moisture increases, Selectivity for both 

prey species and size increaaeft with an increase in the frequency of 

rainfall, Litter. samples show that most prey items are consistently 

abundant, so that they are problbly limited in relative rather than 

absolute availability to the salamanders. As the substrate dries, 

salamanders retreat beneath moisture-retaining objects, and their for­

aging range shrinks to the limited si:aee beneath the object. There 

they may either feed or await the next rain, after which they may dis­

perse widely, Some sexual partitioning of food items occurs , and t his 

may be an adaptation to increase the total energy available to the 

species and reduce intra-specific competition, Possibly c0111plimentary 

feeding niches are sustained where 12,, fuscus shares a habitat wit.hone 

or mor e species of Eurycea, 



The significance of the foraging strategy in the life h1etory 

of~. fuscus is discussed, as ar~ eome of the difficulties involved 1n 

conducting such a study, Laboratory experiments are proposed for cri­

tically testing the influence of many variables, such as temperature, 

atmospheric relative hU111id1ty, and the nutritional state of the preda­

tor itself, on the foraging behavior of this apec1ea. 
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CHAPTER I 

INTRODUCTION AND REVIEW OF THE LI'IERATURE 

The concept of species diversity has aroused considerable in­

terest among biologists in recent yea.rs, and many workers have focused 

their attention on evaluating factors that regulate the species diver­

sity achieved by a given lineage. Particularly important are the con­

straints placed on that lineage regulating the nUlllber of species that 

coexist w1 thin a comnmi ty. The }Xlyletic history of any group places 

constraints on the degree of ecological divergence among its species 

and, thus, on the number of species that the lineage may pack into a 

given comnnmity (MacArthur and Levins, 1967). Those constraints gen­

erally considered important in regulating the species diversity of a 

particular lineage area (1) the structural configuration of the can:­

Jllunity inhabited by the lineage, (2) potential canpetitors for vital 

resources, &.nd (3) the biology of the lineage. 

There is now strong evidence supporting the idea that commun­

ity structure is important in the vertical and horigontal partitioning 

of space among cohabiting species of the same lineage. Studies of 

birds (Cody, 1968 J MacArthur, 1958; MacArthur and MacArthur, 1961 I 

Mo~e, 1967, 1971, Oriana and Horn, 1969) and lizards (Andrews, 19711 

Pianka, 1966, 1967, 1969, 19731 Schoener, 1968, 19701 Schoener and 

Gorman, 1968) show that, within these groups, coexistence is achieved 

and competitive exclusion is avoided to some degree by a. separation 
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of structural niches among many species. Many 11u.rds and birds exhi­

bit species-specific affinities for perches of a certain height and/or 

diameter and utilize different foraging areas on the same tree (near 

the trunk, on the peripiery, etc.), and this is an important basis for 

food resource partitioning. Alternatives to this type of niche segre­

gation might be the utilir.ation of different sets of resources (such 

as different predator species feeding on different prey species) or 

the exploitation of certain patch types within the environmental mo­

saic, utilizing all resources within these patches (feeding 1n certain 

types of trees). The problem then becomes one of defining the evolu­

tionary oha."lllels by which these two diverse and independently evolving 

groups (lizards and birds) arrived at a carunon means of resource d1vi-

8lon-spat1al separation. No doubt the biology of these two lineages, 

the nature of the food resource, and potential canpetitors interacted 

to favor one method of resource partitioning over another. 

Among species of a group not occupying sepirate structural 

niches, selection would favor a reduction of competitive interactions 

along other major niche dimensions. Many studies (Ashmole, 19681 Bury 

and Martin, 19731 Hespenhe1de, 19731 Jaeger, 1971, 19721 Lynch, 19731 

Menge, 1972bs Root, 1967s Schoener, 19651 Spotila, 1972) have shown 

that differences in body she, trophic appendages, piysiological re­

quirements, environmental tolerances and other features of the biology 

of any lineage may be important in the sei:aration of niches of sym­

patric species. Since ecological compatability is a prime requirement 

for sympa.try, and the shape of a species' niche is related to the : 

proximity and abundance of canpet1ng species (MacArthur and Levins, 



1967), the diversity attained by a lineage often depends on the size 

of the reaource ba.se that that lineage can CQllll&nd for its use under 

c01T1peti-tive pressures. The more finely a lineage can subdivide cri ti­

cal resources, the more species it can pa.ck into a c011111unity until a 

point is reached where all available resources are utilized. The 

pa.eking of species may be closer when niche dimensionality decreases 

and if niche breadth is small. For example, most ampiibians have a 

tongue feeding apparatus specialized for capturing small terrestrial 

invertebrates, they have been \ll'lable to exploit plant foods. All else 

being equal, -the diversity achieved by this group depends on how fine­

ly it can subdivide a food base of 811&11 invertebrates while c011peting 

with other lineages for this resource. Additional. features of their 

biology, such as a water-dependent reproductive mode and a highly vas­

cular1zed integu1Rent requiring moisture, further restrict amphibians 

to specific types of c0lllllun1ties. 

Of the many phyletic groups available for the investigation of 

commtmity structure and species diversity, salamanders of the family 

Plethodontidae offer some advantages. Representatives of three major 

groups within this family (Desmognathines, Plethodontines, and 

Bolitoglossines) have left the ancestral motmta1n streaa habitat on 

three separate occasions (Wake, 1966). Attendant modifications 1n the 

feeding structure suggest that partitioning of food resouretta may have 

been important 1n developing the diversity achieved by this family. 

Of the three major groups mentioned above, the Desmognath1nes possess 

the most generalized tongue feeding apparatus and display the least 

species diversity, while· the Bolltoglossines, possessing a highly 
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specialized tongue feeding ap:p3.ratus, display the greatest species di­

versity. This developnent follows a general ftmct1ona.l trend toward 

increased extensibility and greater protrusion of the tongue from the 

mouth, associated with an increasingly terrestrial existence (Regal, 

1966). 

Of the feeding specializations that have accompanied adoption 

of a terrestrial mode of life by these salamanders, studies of forag­

ing strategies have been largely ignored, due no doubt to the cryptic 

and nocturnal habits of these animals. Maiorana (1971), working with 

Batrachoseps attenuatus, developed an indirect approach of analyzing 

the foraging strategy of natural populations of this salulander 

through inferences made from observations of diet and behavior, 

I have followed Ma1orana's approach in my investigation of the 

foraging strategy of Desmognathus fuscus. Though no such studies have 

been previously conducted on any species in this genus, it should be 

well suited to such studies since the genus displays an evolutionary 

trend toward an increasingly terrestrial mode of life parallelled by 

decreasing body size (Organ, 1961s Tilley, 1968). This trend from an 

aquatic to terrestrial existence is also correlAted with an increasing 

trend toward active prey search (Stewart, 1970). Food habl t studies 

of various members of this genus have shown that the feeding niche is 

more terrestrial than aquatic (Donavan and Folkerts, 1972 r Hairstcn, 

19491 Huheey, 1966). 

Desmognathus fuscus is the mcst widespread member of its ge­

nus, suggesting that it may be the most flexible along one or more 

critical dimensions of its niche. Its feeding niche is semi-aquatic 
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to terrest rial (Barbour and Lancaster, 19l6t Bennett and Bellis, 19721 

Hamilton, 1932), and, though it has a restricted hOJne range (Ashton, 

19751 Barthalmus and Bellis, 1972), the size of the home range may 

fluctuate widely (Barbour et al,, 1969). Thie varying home range size 

may allow the adoption of seasonally varying foraging strategies, 

making a seasonal analysis imperative, 

The foraging strategy concept-4low a preda.tor locates and se­

lects its p--.cey-repreaents a relatively recent approach to preda.tion 

theory, Models formulated by sane workers (Emlen, 1966, 1968; 

Pulliam, 19741 Rapport, 1971, Schoener, 1969a, 1969b) go beyond de­

scriptions of preda.tor-prey systems in an attempt to predict the op­

timal diet (that which maximizes net energy gain per tmit foraging 

time) of a predator under a given set of conditions, A 'tasic assump­

tion made in these models is that a predator has certain food prefer­

ences (that a predator will, if given a choice, choose prey 1te11s re­

presenting the highest caloric value, nutrient gain, ease of acquisi­

tion, etc,) that have been established ~hrougb natural selection act­

ing to maximize energy gain per llllit foraging time. Within the f:raae­

work of the proposed models, the optimal diet of a predator may be in­

fluenced by• (1) changes in environmental conditions, (2} changes in 

the predator's condition (hllllgry or satiated), (J) changes in prey 

abtmdance or availability, and ( 4) competition for available food. A 

number of testable predictions emerge froJll these models that lend 

themselves to an empirical approach, 

Schoener (1971) summarizes previous discussions of two basic 

types of predators, The first is a. sit-and-wait predator (time mini-
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mizer) that, while watching for food, simultaneowsly monitors mates, 

territorial invaders, and predators of itself. It expends no more en­

ergy searching for food than it would have expended in other activi­

ties. Conversly, an actively foraging predator (energy maximizer) ex­

pends considerable time and energy searching for food as well as ex­

pending energy for other activities. All else being equal, aotively 

foraging predAtors tend to be more specialized than sit-and-wait pred­

ators either in their diets or foraging areas or some combination of 

the two. Table I illustrates features of the diets, derived from the­

ontical expectations, of these two modes of foraging. 

One prediction derived from the models is that searching pre­

dators (energy maximizers) will show less diversity of stomach con­

tents than will sit-and-wait predators. The argument is that the for-­

mer cover a larger area of the environment, thus encountering more 

items from which to choose, and can spend more time searching in areas 

of the more favorable prey (Schoener, 1969a). A si t-a.nd-wait predator 

is expected to reflect in its diet the :patchiness of the microhabitat 

distribution of prey. Since the actively foraging predator will 

chance to encounter more of the preferred prey types, it is expected 

to take fewer of the lees preferred prey types than is the stationary 

predator (MacArthur and Pianka, 1966). Also, since the active preda­

tor Gxpends more energy in searching than does the stationary preda­

tor, it should have a more restricted range of potential prey items 

representing a net energy gain, given that the methods of capturing, 

handling, and assimilating 'f!J:8Y are similar, This prediction can be 

t ested by quantifying the diets of a population of predators in a giv-



TABLE I. Theoretical characteristics of stomach contents, based 
on two modes of foraging (modified from Ma1orana, 1971) 

Sit-and-wait predator (time minimizer) Actively :foraging predator (energy maximizer) 

Prey 
species 

Prey 
size 

Diverse, many taxa. taken, 
large numbers of less pre­
ferred prey types 

Much individual variation 1n 
stomach contents, reflecting 
patchy distribution of most 
prey types 

Diets show small deviation 
from proportions fo prey 
species as they are available 
in the habitat 

Wide range of prey sizes taken 

Proportionally smaller prey 
items taken 

Not as diverse, fewer taxa taken, 
large numbers of more preferred 
prey types 

Less individual variation, re­
flecting wider areas covered in 
search of preferred prey types 

Diets deviate considerably from 
the proportions of prey species 
as they are available in the 
habitat 

More restricted range of prey 
sizes taken 

Proportionally larger prey items 
taken 
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en habitat, quantifying the prey items available in that habitat, and 

COl!lp&ring prey ingested by the predators with prey available in the 

habitat. 

A second important prediction is that the width of a pre4a­

tor'a feeding niche is an inverse fllllction of prey availability. When 

prey items are scarce, optimal feeding calls for essentially all po­

tential food items enco\llltered to be taken, and as prey become more 

avail.able or as the predator becomes more satiated, selectivity should 

increase (Emlen• 1966, 19681 Rapport, 1971 1 Schoener, 1971) • Where 

prey are regularly avail.able, specialization should be favored, but in 

tmstable environments where prey species fluctuate unpredictably in 

availability, generalists should be at an advantage (Schoener, 1969b). 

The intensity of competitive pressures must be considered as a factor 

influencing the width of a predator's feeding niche. COJnpetition, if 

it affects the diets of competitors at all, will tend to cause greater 

generalization over a brief period of time, although the long range 

evolutionary effect might be increased feeding specialization and 

thereby reduction of direct competition. To test these ideas I have 

compared the diets of salamanders and prey populations in habitats 

that differed in the density of potential cOlllpetitors. Seasonality 

was also considered as a factor possibly influencing prey availability. 

In the absence of heterospecific competitors, a species may 

increase the breadth of certain critical dimensions of its niche by 

developing pronotmced sexual differences in size or morpiology associ­

ated with differences in structural niches occupied and/or prey sizes 
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taken (Jackson, 19701 Ligon, 19681 Morse, 19681 Robins, 19711 

Schoener, 1967, 1969a J Storer, 1966). This implies that the sexes are 

utilizing different sets of resources, thus reducing 1ntraspec1fic 

competition while increasing the total energy available to the species. 

I have looked for sexual dimoriibism in the salamander populations B&Dl­

pled, and assessed the degree of food resource partitioning present. 

Several models also predict that larger predators with higher 

energy requirements should take larger prey items than amaller indivi­

duals when feeding optimally, but \lllless prey are very abundant, lar­

ger anima.ls should take a greater range of food sizes than BJ11&1ler 

ones (Schoener, 1971). During periods of environmental stress, low 

prey availability, or intense competition for food, large individuals 

within the population are expected to take a proportionally greater 

number of smaller prey items, indicating a sub-optimal foraging mode. 

I have correlated salamander size with prey size taken 1n all popula­

tions sampled to determine which population was most sise-selective of 

its prey. 



CHAPI'ER II 

METHODS AND MATERIAI.S 

To test some of tbe predictions of the models and deteraine 

some of the factors that aight influence the foraging mode or 

Deaognathu fuacus, I have taken advantage of its occurrence 1n dif­

ferent babitata and seasons, This provided samples of individuals 

believed to have come fr011 environments varying with regard to such 

factors as substrate aoieture, compet1t1Ye pressures, and species com­

position and density of the prey c011J1unity. Three different habitats 

nre selected for study, all located 1n Montgomery County, TeMe■see 

on the western Highland Rill. The Iilysiography of these areas was 

broadly aimilars each was a aall wooded ravine bisected by a atreu 

of alight gradient, The slopes exhibited loose talus outcrops of 

lilleatone, and 1n places the streams had cut down to lilleatone bed• 

rock, The dominant vegetation 1n all areu was the Weatern Meaophytic 

Forest type of Braun ( 1950) , ooaposed pri.Jlarily of cab (Quercua) and 

hickories (QmA). 

Of the three areu, I worked Tank Hollow (hereinafter referred 

to aa aite I) aoat extensively, It was located about 22.5 kll by road 

SW of the Austin Peay State University caapus, where a spring eunated 

frOlll a limestone outcrop and flowed 150-200 a to its confluence with 

the Cumberland River, The stream was clear, with a liaeatone sub­

strate, moderately snft, and 1n moat places less than one II wide and 

10 
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from 1 to 12 cm deep, Stream flow was relatively stable throughout 

the year and the stream supported an aquatic invertebrate fauna, 

Depognathus fuscus was by far the moat common salamander in this hab­

itat, Plethodon glut1nosus, ~- dorpl1e. Eurvcea lucifup.. and!• 

bisl1neata were also present but were not encountered in auff'ic1ent 

numbers to be taken for comparative purposes, 

Salamanders were taken fr011 site I during three separate per­

iods, On 28 September 1974, 51 animals were collected, Thia collec­

tion mediately followed a heavy rain, and many of the salamanders 

had dispersed widely from the stream bed, No samples of the inverte­

brate comm\ll'lity were taken on that date. Salamanders were a.gain col­

lected dlrlng a four week interval beginning on 16 October and ending 

on 9 November 1974, Five salamanders were taken during each of the 

fom- weeks and the invertebrate comnmi ty was sampled twice each week 

throughout this time. During this interval rain fell only twice 

(slight both times), and the eubstrate was dry excepting the micro­

habitats beneath rocks and loges the salamanders were therefore con­

fined to a narrow corridor within one m of the stream. Since sub­

strate moisture may greatly affect the mode of foraging adopted by 

this salamander, I sampled the population again when rainfall was more 

frequent, From 1 April to 12 April, 1975, I collected JO ll• f'uacus 

(15/week) and sampled the invertebrate community of potential prey 

items twice each week, I shortened the collecting interval from four 

to two weeks to reduce the unmeasured effect of the til'lle lapse between 

weeks (since only aeasonal trends were analyzed) and to mini.Jli3e dis­

turbance to this habitat, which was very limited in she. During this 



spring sampling rainfall was more frequent than it had been 1n the 

autU11111 8&111.pllng period and the salamanders were not aa confined, 

though moat were still within one or two m of the water'• edge. 

12 

The second habitat selected for analysis waa located on the 

Austin Peay State University farm (site II) about 4.o km by road NE 

of the APSU campus, Thia area differed from site I in that the de­

grading stream fiowed only intenaittently and supported no a1gnif'1oant 

aquatic invertebrate c011111mity, For nuch of the year part of the 

st1'8&11bed waa no:r:mally dry with only one or two deep pools retaining 

water, while other sections were kept moist by minute seepages fraa 

overhanging llieatone outcrops, Very little limeatcrie bedrock was ex­

posed1 most of the creekbed a.a chert gravel, the moister :i-rt,s of 

which supported dense populations of eartbwonna. A aall population 

of g. fuacp inhabited. a section of this streubed approx1aately _100 m 

long, Other species of salamanders encountered there were Plethodon 

doraalis, Paeudotr1top I!!l!u:, and Egr;ycea 1ong1.cauda. Eupcea 

longica11d• was common and often found in the same aicrohabitat as£, 

fuacua. I considered it to be a potential competitor for food and 

collected ten specimens for comparative purposes, Thie habitat •a 

sampled during the same four week time interval as was site I and col­

lections of both salamanders and invertebrates were ll&de as at site I. 

Unfortunately I had to abandon this habitat before uJcing spring col­

lections due to a depleted population, 

A third habitat (site III) was selected with which to comp,.re 

the spring collections aade at site I, Site III was located just off 

S1.mpson Drive 6.6 kll by road SE of the APSU caapua, The area w.a aia-
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ilar to site I except that the stream carried a slightly greater vol-

uae of water (it was up to 20 CJ1 deep). The streu aa clear with a 

limestone substrate and supported an aquatic invertebrate fauna. The 

section of ravine that I studied wa.a approximately 200 m long and sup­

ported a stable population of ~. fuscus as well as a number of Eurvcea 

bisl1neata and !• long1ca.,v1-.. I collected 1'roll this area during the 

SUie two 'N8ek period as for the spring aaaple at site I, collecting JO 

~. fuacus and sampling the invertebrate couunity twice weekly. 

Eighteen Eur,cea (seven !• lopgicauda and 11 !• bilt]1p,9ata) were col­

lected for com:parative purposes. 

Table II a\111118.rius the numbers of~• fuacua taken f'rcll each 

habitat and the periods dming which they were collected. 

TABIE II. Suuary of Mllple sises and date■ of collection of 
Depognatbus fuscua taken from three habitats differing in 
stream now, potential prey available, and density of poten• 
tial c01tpetitora 

numbers of saluanders collected 

Site ujor habitat 28 Sept. 16 Oct.- 1•12 April 
differences 1974 9 Nov., '74 1975 

I permanent stream, 
.51 an1.Jlala 20 ania&la JO aniMls few heterospe-

(5/week) (15/week) cifica present 

II tuporary stream, 
20 aniUla -habitat shared - (.5/week) with Euqcea 

III pennanent stream, - JO an1lllala habitat shared - (15/week) 
w1 th Eurycea 
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In summary, my collecting effort yielded enough material for 

comparisons of populations of salamanders feeding in the presence and 

absence of potential heterospecific competitors, and under the influ­

ence of differing moisture regimes. 

All salamanders were collected before noon by turning atones, 

rocks, and other objects in the streu, on its banks, and on bordering 

wooded slopes. Captured animals were put singly in numbered plastic 

bags and placed on ice to arrest digestion. In the laboratory, ea.ch 

specimen was weighed and then frozen, and subsequent morpiological 

measurements were taken from specimens preserved in formalin. 

Measurements routinely taken were body length (measured from the tip 

of the snout to the posterior angle of the vent), total length, and 

greatest head width. All measurements were recorded to the nearest 

0.5 mm. Each individual was dissected and its sex determined, and the 

entire digestive tract was removed and stored in 70 percent ethyl 

alcohol. 

When analyzing stanach contents I first determined the total 

voll.Dlle of all food items present, using a saller version of the vol­

umeter described by Inglis and Barstow (1960) • If large enough to be 

meaaured (~.005 cmJ), I detemined the volume of the single largest 

prey item. I then measured prey items (length x greatest width) under 

a dissecting microscope fitted with an ocular micrometer calibrated to 

0.1 mm. Only intact prey items were measured, their being intact im­

plying that they had been recently ingested (Jaeger, 19721 Maiorana, 

1971). 

Most valid tests of the predictions of feeding theory carried 
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out in a field situation must be ma.de on organisnu, for which it is 

f easible to est1mate with reasonable accuracy the relative abundance 

of potential prey. Using animals that select -prey fran a food ba.Be of 

small invertebrates presents some problems, since the:re is no single 

technique available that allows sampling of the various groups of soil 

and Utter fauna with equal eff1c1~ncies (MacF'ayden, 1962). 

I utilized four methods of sampling the bab1ta.ts for available 

prey that I believe were adequa.te for determining the relative abun­

dance of those invertebrates most likely to be encountered by a 

foraging salamander. Leaf litter and loose top. soil were collected 

from 25 em 9luare plots for separation in Berlese funnels. To sample 

invertebrates too large to be separated by the fwmela, larger plots 

(50 cm ~uares) were carefully raked and the invertebrates picked out 

with forceps. Stream bed samples were made within 15 cm square plots. 

Each of these techniques wae repeated five times on each sampling day , 

and each habitat was sampled twice weekly during the sampling periods. 

To capture flying and fast-moving invertebrates that might not 'be -t&lcen 

by the other three techniques, I set out tanglefoot traps once a week 

at each habitat during the designated collecting periods, Insect ta.n­

glefoot was spread on 22 x 14 cm sheets of rag paper, and 15 of t hese 

were then left scattered throughout a habitat for 24 hrs. 

The invertebrates taken by these techniques were separated by 

tax.a, and 1n most cases aniJlals were identified to the familial level, 

Clasa1f1cat1ons followed were those of Borror and White (1970) for 

terrestrial insects, Pennak (19.5J) for aquatic invertebrates, and 

Pratt (1935) far terrestrial invertebrates other than insects. Prey 
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densitie~ were r out inely expreaeed aa the nU11ber of a particular 
2 

t&xon perm , thus all owing a detenn1nat1on of the relati ve abundance 

of all tax& in the different habitat types. The deneitiea calculated 

were undoubtedly conservative estblatea, as some groupe of litter 

anillals are a.lwaya under-represented in the samples, even when elabo­

rate techniques are used (Kempson, Lloyd, and Ghelard1, 1963) . Since 

the insect tanglefoot attracted IUllY flies, precluding an unbiased 

sample, no estimates were made of the denJities of prey items collected 

by that technique. 

Because aalamandera ny select a prey item by sise as well as 

by taxon, the Utter anlmale were also aeasured and grouped into sile 

cluaea for analysis. Prey items were measured under a dissecting 

microscope fitted with an ocular aicrcaeter calibrated to 0.11111. 

Up to 100 individual■ from each major taxon were mea.aured. The fre­

quency distribution of prey sizes in the Utter could then be coapared 

with the frequency distribution of prey sises taken by the salallanders, 



CHAPTER III 

RESULTS 

A necessary assuaption made in this study 1a that the foraging 

strategy is an adaptation of the species achieved through natural se­

lection. I have also assumed that the predator has a hierarchy of 

preferences far the prey species and, 1f g1 ven a choice, selects cer­

tain prey types over others. These favored prey species may be ranbd 

in order of decreasing importance to the predator in terms of net en­

ergy and nutrient gain per unit foraging tae. Prey feature■ that 

possibly influence their position in the predator's hierarchy of food 

preferences include a1se, color, hardneaa of integument, defense mech­

anisms, locomotory mode, etc. The degree of selectivity shown by 

Deaognathus fuscua has been measured in two way■ a (1) aelect1on of 

prey by species and (2) selection of prey by size. 

SEIECTION OF PREY BY SPECIES 

The preference for certain prey taxa exhibited by~. fuacua 

was measured by the difference of the st0J1&ch contents froa the prey 

1teaa available 1n the habitats. Most of the prey availability data 

used 1n this study u.y be found 1n the appendixes. 

Table III shows the percentages of different prey tax& con-

t 11 collecting sites and thrOugh different sea­sumed by£,. fuscus a a 

ta d E ... lon=gi~e&;:;,:iuda= are included there for sons. Eur;ycea bialine& an -• - -

17 



TABLE III. Percent of prey (by number of 1 tems) found 1n the stomachs of Deamognathua 
fuscua and Eur;ycea (including!• lcm.gicauda. under the site II column, and both!• 
lop~eauda and!• bisllneata under the site III column) from three sites (I, .' II, and 
III in Montgomery Cotmty, Tennessee. Percents are of total number of items for all 
samples 

date Sept. Oct.-Nov. April 
prey taxon g,. :f'uacua g,. fuacus Eurvcea !2.• fuscus Eurvcea 

site I I II II I III III 

Pulmonata 2.5 2.4 10 • .3 
Ollgochaeta 

Lumbricidae 1.0 2.4 27 • .3 9.8 4.J 
Araneae 4.o 2.4 
Acarina 2 • .5 1.3.8 4.J 37.5 
Diplopoda 

Cal.lipodidae 2.0 - 2.4 1.3.0 12 • .5 
Chilopoda 

Scolopendridae 1 • .5 9.1 2.4 4 • .3 
Chelonethida. 

Chemetidae 0.5 J.4 
Insect larvae 54.3 .31.7 18.2 6.9 24.4 4 • .3 12 • .5 
Lepidoptera 2.4 
DipteJ:a 

Lonchopteridae 9.1 
other fiies 2.4 9.1 

Collembol& 
Poduridae 1.0 
Sminthuridae 6.o 2.4 44.8 12.5 
Entomobryidae .5 • .5 12.2 9.1 J.4 4.J 25.0 

.... 
CD 



TABIE III (continued) 

date Sept. Oct.-Nov. April 
prey taxon Q. f'uscus Q. fuscus Eur:ycea !2.• fuscus Eur:ycea. 

site I I II II I III III 

Coleoptera. 
Pselaphidae 9.8 
Staphylinidae 0.5 2.4 J.4 2.4 4.J 
Carabidae 0.5 9.a 4.J 
Tenebrionidae 0.5 
Curcul1on1dae 1 . 0 2.4 
Elateridae 0.5 
Hydrophidae 2.4 
Scara.ba.eidae 4.J 
other beet1es 1.0 4.J 

Homoptera. 
Aphididae 0.5 4.9 10.3 
Cioadellldae 2.4 2.4 

Hemiptera. 
Cydnidae 0.5 
Nabidae J.4 
ot.her bugs 1.0 

Hymenoptera 
Form1c1dae 6.o 4.9 2.4 4.J 
Braconidae 2.4 
Eulophidae 2.4 
Cynipidae 2.4 
Platygasteridae 0 • .5 4.J 

~ -

'° 



TABLE III (continued) 

date Sept. 
prey taxon !2.• fuscua ~-site I I 

Orthoptera 
Bla.ttidae 0.5 
Gry1llda.e 0.5 

Isopoda 
Asellidae 1.5 9.8 
Oniacidae 1.0 2.4 

Am:phipoda. 
Ganmarldae 0.5 2.4 

number of stomachs 
containing food 45 1? 

tota1 number of prey 
items found in a11 
etanachs 199 41 

average number of 
prey items/stomach 
exc1uding empty guts 4.4 2.4 

Oct.~ov. 
:f'uscus Eur;y;cea !2_. 

II II I 

9.1 19.5 
9.1 

14.6 

10 9 20 

11 29 41 

1.1 3.2 2.0 

April 
fuscus 

III 

4J.4 

10 

23 

2.3 

Eurvcea 
III 

5 

8 

1.6 

N 
0 
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c~parative purposes. Beca 60 ...ad use 0.1. ..... e variation among the .. plea 1n 

the nuaber of st0111&cha containing food, th• percentage■ auat be con­

sidered relative to the sample siBe within each group. For exuple, 

the data suggest th&t a wide diversity of prey taxa were routinely 

cons'tllled, In fact much of the prey diversity was contributed by the 

large aaaple of aalua.nders taken from site I in Septe•ber, Mny of 

which contained only one it.ea (0,.5 percent of the total nU11ber of 

items) of an uncOIUllon taxon. When a 8U1ple that large (relative to 

the other aamples) is considered, the range of individual variation is 

expected to be greater, and this might account for 1aN of the greater 

taxonOllic breadth of the food base consumed by that group. S011e of 

the other saaplea may be inadequate for revealing the diversity of the 

food base, but, despite the unequal SU1ple siua, certain trends wre 

evident. 

Moat of the cOlllllon litter inhabitants were represented 1n the 

diets, but in proportions that did not correlate well with the litter 

suples, Much Iler& frequently explo1 ted by ~. MCJilf than expected 

from their abundance in the litter were the insect larvae. Only 1n 

the aaaple from site III •s this not the c,aae. All three aaples of 

~. fuacua taken fr011 site I contained a higher percentage of insect 

l&rYae than any other single prey type, Since this taxon was gener- . 

ally poorly represented 1n the litter couunity throughout the year 

1n all habitats, the possibility exiata that~• fuacua as 1elect1vely 

I Th _...•tor popwatlon at site 
feeding on larvae at a1 tea I and I • 8 ~-

__ _... • tboUgh tboae 1tua were aore 
II my alao have eeleoted for ..,.-..uvora ' 

t ite• wbil• the popul&t1on ·at site 
OOIIIIOn tbeN than at th• other WO. ' 
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Ill oorunaed 11ore asellid iaopoda and e&llipodid millipedes than •• 

expected l:aaed on the occurrence of thoae two tau. in the Utter and 

atreu euplea. Colleabolana and 11itea, by tar the aoet abundant an1-

m&l8 in the leaf Utter, were \Dlder-repnaented 1n the atouch con­

tents of all saaplea of~. fuacua. Thie represented a aecand deviat­

ion from what waa expected ot a predator indiacriainate in it• food 

preferences. 

Seasonal variation in the diet ia shown 1n Table III for the 

population of ealau.ndera at site 1. Sal.mnders taken 1n Septeaber 

(the day after a lMavy rain) conauaed aore insect larvae than anything 

else, with sminthurid and entomobryid colleabolans, and ants consti­

tuting the bulk of the reaainder of the diet, In the October~oveaber 

aaaple, insect larvae wen still the most frequently eaten pny, but 

there was an increase in the proportion of ent011obryid colleabolans, 

peelaphid beetles, and aaellid ieopode coruruaed and a corresponding 

deereue in the proportion of ants ingested, These differences •Y 

have resulted from a shift in the foraging etrategiea .er.tploytd by the 

aaluandera (there was Vflr'/ little rainfall during the October-Novea­

ber collecting period), or changes 1n the populatian structure of the 

prey cou\Dlity• but ainee no prey availability data are available for 

the Septe11ber aaaple, this point cannot be resolved, 

Seasonal variation can best be analysed 'b1 a ca1pariaon of the 

Oetober-Hovnber and April saaplea of R• fuscua f'rOII site I, far which 

The was a decreued feeding on 
prey availability data were taken. re 

1naect larvae entceobry1d colle11bolan• and peelapiid beetles 1n April 
' . 

in 
reued in density in tM litter. The 

even though all these groups c 
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decreased representation of the above thr.ee taxa in the diete or the 

salu&ndere oollected 1n April correlated with an increue 1n the 

proportion ot earthworms, ca.rabid beetles, aaell1d iaopoda, and gu­

m.arid ampiipoda consUlled, Earthworms increased 1n density from Nov­

ember to April at site Ia ca.rabid beetles decreued slightly, and 

isopoda and ampiipoda deCN&aed treaendously, April was the wetter 

of these two periods, and this may b&ve facilitated thi■ population's 

seasonal shift 1n prey selectivity, 

Variation between populations fran different habitats alao 

occurred, , In the October-Noveaber ll&llples, the ealamanders trca 

site II took a smaller proportion of insect larvae tmn did those 

from site I, even though insect larvae were about equally ab\mdant at 

both sites, Earthworms were consumed 1n greater proportion by the 

aniJll&ls at site II, but these were the moat abundant prey 1n the 

stream bed auples taken at that site. 

Samples of salamanders taken from two different habitats 1n 

April also differed in their diets, Asellld isopoda COllpriaed alaoet 

half of all J!rf!Y items ingested by the aniaals at site III, and that 

taxon made up just over half (.50 • .5 percent) of all prey individuals 

appearing in the atreambed samples. This suggests th&t individuals 

foraging within the stream or at the water'• edge were feeding oppor­

tunistically, taking the most frequently encountered prey• The ala­

manders from site I consuaed more insect larva• tlan any other single 

id ...,.ipods were the second and 
taxon, but aaellid iaopods and gammar &a.a-a• 

third most abundant tax& ta.ken, respectively, Insect larvae were 

bed samples at site I in April 
most abundantly collected in the streaa 
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(:37.5 percent of all prey individuals) foll d by , owe gamJ1&rid uphi-

pods (Ji.8 percent) and asellid isol)Oda (19.2 percent). The ealuian-

ders at thia site appeared to ignore the aquatic insect larvae 

while consuming iaopods more frequently and ampiipoda leas frequently 

than expected on the basis of the occurence of those prey types 1n the 

stream. 

The Eurycea inhabiting sites II and III showed little dieta.ry 

competition with ~. fuscus. At both sites, th• former were mostly 

opporttmiatic feeders, taking the •oet abundant taxa (aites and collem­

bolana) 1n the Utter. 

The proportions of different tax& obaerved 1n the diets of a 

sample of salamanders may speciously suggest a particular mode of 

foraging utilised by the group, since a few individuals gorging them­

selves on a single prey type can acco,mt for a relatively high percent­

age of that type in the entire sample when the dietary di.ta of all 

individuals are lumped. If the population was foraging widely and 

selectively feeding on certain taxa, then those taxa should be OOIUIOll 

to many individuals. Table IV gives the frequency of occurrence of 

the prey taxa taken fr011 the st011&chs of~. fuscus collected from all 

ha.bitata and during both sampling periods. Emoea are again included 

for comparison. 

Among the three samples taken from site I, insect larvae were 

consumed by more individual salamanders than any other taxon, 

although the percentage of' individuals exploiting this food source had 

decreased by April. The most abundant (and presumably the moat fre-

. ) in the litter generally 41d not occur in 
quently encotmtered ta.xa 



TABIE IV• Percent of stomachs of' Desmogp&t.hps fuacua and Euqcea (1ncludin8 ~. 
lgyd,capda at site II, and both!• longicaud& and!• bi•J1pqta. at site III) vhich 
contained at least one item of the designated prey t&Xcn. AniJB&ls were collected 
f'rall three sites (I, II, and III) in Montgomery County, Tennessee 

date Sept. Oet.-Nov. April 
prey taxon ~- t)lacus !2,. fuacus Eurvcea !2.• f'uscus 

site I I II II I III 

Pulaonata. 9.8 5.0 20.0 
Oligoch&eta 

Lumbricidae 3.9 5.0 15.0 10.0 J.J 
Araneae 15.7 3.3 
Acarina. 9.a 40.0 J.J 
Diplopod& 

Ca111pod1dae 7.8 J.J 6.7 
Cbilopoda 

Scolopendridae 5.9 5.0 3.3 3.3 
Che1oneth1da 

Chernetid&e 2.0 10.0 
Insect larvae 58.8 35.0 10.0 20.0 26.7 3.3 
Lepidoptera J.J 
Diptera. 

Lonchopterid&e s.-o '!i-r 
ot.her f'lies 5.0 5.0 

Colleabola 
Podurid&e 3.9 
Sllinthurid&e 17.6 5.0 60.0 
Entmobryidae 1.a 10.0 5.0 10.0 J.J 

Emvcea 
III 

16.7 

.5.6 

.5.6 

5.6 
11.1 

N 
V, 



TABIE IV (continued) 

date Sept. Oct.-Nov. April 
prey taxon !2.• fuscus !2,. fuscus Eurvce1 Q.. fuacus Eurvcea 

site I I II II I III III 

Coleoptera 
Psela].lhid&e 20.0 
St&phylln1dae 2.0 5.0 10.0 J.J J .J 
Carabidae 2.0 13 • .3 
Tenebrionidae 2.0 
Curculionidae 3.9 J.J 
Ela.teridae 2.0 
Hyd.%'ophidae J.J 
Scara.baeidae J.J 
other beetles J.9 J.J 

Han.opt.era 
Aphididae 2.0 10.0 10.0 
Cicadellidae 5.0 .3 • .3 

Heaiptera 
Cydnida.e 2.0 
Nabidae 10.0 
other bugs 3.9 

Hyaenoptera 
Formicidae 25.5 10.0 J.J 
Bra.conidae 5.0 
Eu1ophidae .5.0 
Cynipidae .5.0 
Platygasteridae 2.0 3.3 

I\) 

°' 



TABLE IV (continued) 

date Sept. Oct.-Nov. April 
prey taxon Q_. fuscus £.· fuscus Eurvcea £.. f'uscus Eurvcea 

site I I II II I III III 

Orthoptera 
Bl.a.ttidae 2.0 
Gryllidae 2.0 

Isopoda 
Aselli da.e 5.9 5.0 5.0 10.0 10.0 
Oniscidae 3.9 5.0 5.0 

Amphipoda. 
Gammaridae 2.0 5.0 3.3 

~ota.l number of sto-
ma.chs in sample 51 20 20 10 30 30 10 

percentage of 
empty stanachs 11.8 15.0 50.0 10.0 2.3.3 43.3 61 .1 
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many individual ~. fusous except at site I in September. There col­

lembolans and ants were ta.ken often, but collembolans were still under­

represented when compared to their abundance in the litter. 

As would be expected of a non-selective predator, Eurvcea 
showed a high frequency of occurrence of the common litter anillals, 

again supporting the idea that this salamander probably cons\Dlles what 

. is most readily available. 

In summary then, selectivity by D. fuscus for certain prey 

types appears high in all three habitats when diets are ccnpa.red 

against prey 1n the litter and against the diets of sym:pa.tric Eur;ycea. 

At site I• Q,. fuscus favored insect larvae above all other available 

taxa, while the second and third most important taxa 1n the diets 

varied seasonally• There waa a noticeable increase 1n the proportion 

of se111i-44uat1c prey animals ta.ken in April by the population at site 

I. The salamanders taken in the fall fr011 site II took more earth­

woms than any other taxon, while those collected from site III 

favored semi-aquatic :prey. At all three sites and during all sampling 

periods~. fuscus appeared to selectively ignore the most abundant 

prey taxa in the ll tter, while these taxa (mi:tes and collembolans) 

constituted the·bulk of the diets of both species of Eurycea. 

SELECTION CF PREY BY SIZE 

ight also be a feature for 
Theory predicts that size of prey m 

t lection of food (Schoener, 
which the predator discriminates in i 8 se 

1mately with caloric 
1969a, 1971) • Since size correlates approx 

e rel.a.ted tax&, a predator is 
content , especially among clos ly 
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expected to take the larger prey items Withi th 
n e si'le range it ia 

caJll,ble of handling, if a choice ie presented, If the predator 1■ 

hungry and/or prey are scarce, then the predator must be leaa ale­

selective if it fails to encoW1ter the preferred prey sizes often 

enough to moet its energy requirements, 

I have analyzed the degree of sise-aelectivity in :Q,, fuacua 

by comparing the frequency distribution of prey sises consmed by the 

salamander against the spectrum of prey sizes distinguished in the 

Utter, I divided all prey (those fl"OII the samples and those consumed 

by salamanders) into three size classes baaed on body length, 

In my analysis the streambed samples and the few aaluandera 

that had ingested aquatic prey we:re not considered, nor were the prey 

taken in the tanglefoot traps, due to biased s&11pling techniques or 

inadequate numbers of animals. Figures 1 and 2 show the frequency 

distributions of vreY sises aa they occurred in the leaf Utter at 

all habitats and as they were found in the diets of all :Q., fpacus 

and Eurycea samples except those collected in September at site I 

(for which no vreY availability data were gathered). 

Prey of the largest size class were more frequently exploited 

by all salamander populations than was expected from their abundance 

t small prey 1 teas (( 1 • O mm) 
1n the litter, The most abundant bu er 

in all habitats and during both 
were selectively ignored by ~. fuscus 

shared with Eur;ycea 11 the latter took 
seasons. In the two habitats 

f the largest and especially the 
prey of all sizes, but selected more 0 

ed. Fewer of the smallest prey 
intemediate sized prey than expect • 

were ea ten by Euryge& • 
Em-vce& definitely took sOllle 

but the smaller::.=-==--
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of the emalleat prey. 

A statistical com--~i . . 
_.. Bon of the prey lengths taken by D • 

fuscus from site I (Xa 4.3 ± 2 4 N 36) -
• Rill\• • w1 th those froll Bite II 

- + 
(X • 5.6 - 4.J mm, N-= 8) in the fall sh d 

owe no significant difference 

(t• -0.624 with 42 df ,o<.).05, Wilcoxon 2-sa.mple teat). The same test 

used for a comparison of prey lengths taken by the salamanders fraa 

sites I (X• 6,2 ! 5.1 mm, Na 37) and III (X• 6.1 t 3.o mm, N• 22 ) 

showed no significant difference ( t• 0.063 with 57 df, oc).05). 

A seasonal shift in prey size selectivity occurred between 

autumn and spring in the Q. fuscus population sampled from site I 

(compare figures 1A and 2A). During the October-November collecting 

interval, Q., fuscus selectively exploited the largest size class of 

vreY but also took a considerable proportion of intennediate-sized 

prey (55.5 and 45.5 percent, respectively). In April, a much greater 

proportion (78 percent) of the prey items was taken from the larger 

size class, even though this size class had declined in abtmdance 1n 

the litter. This trend, correlated with an increase in rainfall, re­

presents a considerable deviation from what is expected of an indis­

criminate predator that exploits prey proportional to their occurrence 

in the habitat, This argues that Q.. fuscus is highly selective of the 

prey s1Ees it consumes and that this selectivity increases with an in­

crease in rainfall. Further, a statistical comparison of the prey 

lengths taken by g. fuscus in the October-November mple frail site I 
- + ) 

(X• 4,J ± 2,4) with the April s&111ple from the same site (X• 6.1 - 5.1 

Bh ificant at the 95 percent confidence level 
owed a difference sign 

( .58 with 71 df, « ( .05) and at the 
With the Wilcoxon 2-sample test ta 2• · 
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99 percent confi dence level with the Std t' t ( u en s- test t• 2.88 with 

71 df ,o<.(.Ol). Not only was the population taking a greater 

proportion of the larger prey 1 terns, but the salamanders were explo1 t­

ing significantly fewer intermediate-sized prey. 

If Q, fuscus is a size-selective feeder, then the size of the 

-prey ingested should increase with salamander size, since a greater 

nutrient gain would be necessary to maintain the larger indi vidua.ls 

(Schoener, 1971), All else being equal, the larger salamanders would 

be expected to take larger individual prey items under optimal feeding 

conditions• Because the very small prey items are usually by far the 

most ab\mdant, the larger predators would be expected to occastonally 

take some of these smaller prey unless large prey were readily 

available. The smaller salamanders w1 thin the population would then 

be afforded the opportunity of selecting proportionally larger prey 

items within the size range of prey that they could handle, simply 

because they generally have a larger range of prey siHs available 

to them that represents a net energy gain, Thus the smaller 

individuals are expected to exhibit a more restricted range of prey 

i i t d Wh large individuals are forced to feed sub-s zes nges e • en 

optimally, they are expected to increasingly take the smaller -prey• 

Thus the degree of selectivity within a predator population may be 

t which its largest individuals continue to measured by the extent o 

exploit the smallest prey. 

Since head width and body length are highly correlated in !L• 
lation coefficient, rs• o.885, 

fuscu.s (with spea.man rank oorre . 
ure of the sise at-

< 01 4 )- I emplrnred head width as a meas . o<. • , N• 0 , ..,., 



34 

tained by i ndividuals within a population. 1 have drawn regression 

lines of prey size on salamander head width f 11 D 
or a _. fuscus taken 

from sites I and II during the October-November sampling period, and 

for the animals taken from sites I and III during the April sampling 

period (figm-e 3) • All regression lines are of the largest (by 

length) prey 1 tem ingested per ind:l.vidual on that individual's head 

width, The differences 1n the slopes of these lines suggest which 

populations were feeding most selectively with respect to prey size, 

For example, the large individuals 1n the population represented by 

line Ia were conslDlling prey much smaller than the maximum size they 

could handle, while maximum prey size consumed inereaaed significantly 

with salamander size in the population represneted by line II, 

The raw data for ~y length and head width were statistically 

analyzed for significance of the differences noted abov-,, and the re­

sults are shown in Table V, along with results of analyses. for mean 

prey size on salamander head width, voltune of food in the stanach on 

salamander head width, and volume of the largest single prey item in­

gested on salamander head width. The Spearman rank correlation coef­

ficient (r
8

) was employed and showed that in most cases correlation 

between salamander head width and maximum prey size consU11ed was low. 

Salamander head width correlated significantly with both maximum and 

mean prey size ingested at s1 te II , and with mean prey size ingested 

at site III. 
d orrelations between volume of 

The significance of observe c 
r st single prey item ingested 

prey consumed and volume of the la ge 
d statistically (TabJ.9 v), since 

With salamander s1~e was determine 
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TABIE V • Spearman rank correlation coefficients (rs) between 
head width of Deamogp,_+-hus fuacus and (1) mean size of J!reY items 
ingested, (2) size of the largest sin~le prey item ingested, (J) 
volume of food in the stomach, and (4) vol\Dlle of the largest 
single prey 1 tem ingested. The number (N) of indi viduala used 
in the sample and the range of head widths (HW) .in mm for that 
sample are included 

supling period 
site comparison October-November April 

(key above) (rs) (N) (rs) (N) 

(1) 0.314 (16) 0.138 (18) 

(2) 0.226 (16) -0,014 (18) 
I 

(3) 0.062 (17) 0.112 (25) 

(4) 0.171 (17) -0.035 (20) 

HW 4.1 - 11.0 6.o - 12.0 

(1) 0.92Jff (8) 

(2) 0.92Jff (8) 
II 

(3) 0.7.3~ (9) 

(4) 0,804ff (10) 

HW 6.4 - 12.0 

III 

o.65S-- (9) 
(1) 

(9) 0,350 
(2) 

0,079 (15) 
('.3) 

0,504 (9) 
(4) 

7.0 - 15.0 
HW 

t level of confidence 
t the 99 percen 

,.. represents significance a l el of confidence 
95 percent ev ce at the · * represente sign1f1ean 
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some prey items (earthworms) were not meas d by 1 . . ure ength. Again , 

with the exception of the ani 1 f 
ma s rom site II , there was 11 ttle or no 

correlation between the size of th~ salamander and the size of or the 

a.mount of food ingested. 

SEXUAL DIFFERENCES IN FEEDING 

The sample of !2,. fuscus collected from site I 1n September was 

large enough for a comparison of the feeding ecologies of adult males 

and females. The mean body length of 14 females was 44.7 ! 6.7 mm, 

and of JO males was 55.6 t 11.5 mm. Statistically (Wilcoxon 2-sample 

test), this difference in body size was highly significant (t• 4.o 

with 42 df, a( < • 01) • Thia same test was used to test the significance 

of the difference between prey lengths consumed by males and females 

of that sample. The mean prey length taken by 27 males was 6.J ! 6.4 

mm, while for 11 females it was 5.1 ! 3.2 u. The difference between 

these sizes was highly significant ( t• 4. 78 with 36 df, o< < • 01) • In 

this instance then, there was a significant sexual partitioning of 

food resources by si~P. • 

The Spearman rank statistic was again employed to test for 

significant_.correlation between head width and prey length for th8 

~24 which just missed significance two sexes. In the males, rs a•✓ , 

d (r 05 • .J29 with 27 df, 
at the 95 percent level of oonfi ence s • 

1 tion between prey length and 
0,1) o() 0,05) • In th~ females, corre a 

head width was low (rs • ,278 with 11 df' ~) .05) • This saaple thus 

te II in that the males showed a 
resembled the sample taken from si 

taken by larger individuals, 
trend toward increased -prey size being 
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The f&ct that the females showed no such significant trend may reflect 

the difference in sample sige. 



DISCUSSION AND CQ{CLtEIONS 

Although the restricted 1 
• ~e of the collecting sites necessi-

tated taking small samples and the result s presented 1n the previous 

section may need further substantiation th t , ey a rongly suggest that 

foraging DeBlllognathus _fua......,c_us_ when com--.:a t , ~~ o syapatric Eurycea, is 

a specialist in terms of prey sizes and taxa. This leada to the 

question of what 1s the adaptive significance of the feeding ecology 

in the life history of this species, and what set of factors has in­

teracted to favor this 11ode of foraging over a aore specialised or a 

more generalised me? 

My results suggested that~. fuacy shifted its foraging 

strategy in different habitats and under different aoisture regimes. 

Moat noticeable was an increase in sise selectivity of prey with an 

increase 1n the frequency of rainfall, implying that rainfall is a 

critical ell.matie influence, and that the feeding of Q,. fuacus may be 

pattemed by the spacing of rains. Evidence for this uy be seen 1n 

the followings (1) an increase in the aise selectivity and mean prey 

size taken by the salamanders collected from site I 1n April (wet), 

when compared with those taken from that site during October and Nov­

eaber (dry), (2) the fact that salamanders taken from site I imaedi-

te t prey species selection, 
ately after a rain displayed the grea 8 . 

(3) d 
frOm site I immediately after a rain 

the ingestion by sal&Un ers 

)9 



of the greatest numher of items and th 
e greatest volume of food per 

individual, and (4) the fact that th 
e same group referred to in items 

2 and J had tbe loweat percentage of empty stomachs. Many individuals 

taken from site I following a heavy •rai ll 
n were co ected well up on the 

wooded ravine slopes 50-60 m frOlll the stream, 'lfhile those taken in the 

October-November samples were mostly restricted to a narrow corridor 

along the stream within one m of the water's edge. Salamanders col­

lected from this site in April, when rainfall was more frequent, were 

a.gain widely dispersed. Thus, scant rainfall apparently restricted 

movement of this salamander, which resulted in a reduction of food in­

take. Q,. fuscus, constrained by the nature of its integument to a 

moist microhabitat, was forced to retreat beneath objects serving as 

moistm-e traps and heat shields as the litter dried between rains. 

To the salamander, r,rey may therefore differ only 1n relative rather 

than absolute availability because the animal's feeding range is 

gradually reduced with the loss of substrate moisture to 8118.11 patches 

beneath rocks and logs. The salamander then has two choices1 it can 

forage beneath the object and try to satisfy its energy requirements, 

or 1 t can expend minimal energy and wa.i.t ,mtil the next rain• 

The fact that many of the larger individuals taken from be­

neath rocks and logs 1n dry weather had empty stomachs argues that it 

l f these large saluanders to may not be energetically feasib e or 

ld be critically tested by feed at all between rains. This idea cou 

t established time intervals 
doCUll\enting prey consmned by !2.• fuscua a 

three days after, and one week 
after a rain ( such as the day after• 

f prey items (and perhaps 
predict that the nt.Dllber o after a rain) • I 
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their s ize) consumed by individual !l, f'uscus would decreue with in­

creasing substrate dryness and tha.t thi 
• a would be correlated with de-

creased movement of the aaJ•unde J ( ) 
rs• a.eger 1972 Nllpled the diets 

of Plethodon c1nereus under these thre d1t1 econ one and found tha.t tho 
mean nUlllber of prey per sa.,·--- d 

.ua.inan er was inversely proportional to tlme 

lapse since the last rain, 

A salamander faced with a drying substrate has at lea.at one 

other options it can retreat to the stream and exploit the aquatic 

invertebrate fauna. The large percentage and small frequency of 

occUITence of 1sopods in the diets of sa.lamandera ta.ken at site III 

indicates that some individuals did this, but why did these prey, 

which are easily digested and probably high 1n nutri.ent content, not 

figure more prominently in the diets? One explanation may be found 1n 

the stream.bed samples taken from site I 1n the fa.11 and 1n the spring 

(see appendixes). There wu a drastic decrease 1n the numbers of the 

most couon prey species (including isopoda) found 1n the streams, and 

this extreae nuctuation 1n the prey population may have acted to 

maintain a mostly terrestrial foraging mode 1n this otherwise semi­

aquatic salamander, 

If a rain-dependent feeding periodicity does exist tar ~. 

fuscus, as is postulated here, then it aasumedly is advantageous far 

this predator to maxi11ise energy and nutrient intake during tbe brief 

t the prey Since sa1 •vntiera 
P8r1oda when the predator has access o . • 

d this limits the sise of the 
typically awallow their prey whole, an · 

vable that prey with an elongate 
items they can handle, it is concei 

far the predator's effort than a 
body shape might yield more energy . 
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less elongate prey item. Thia might explain the apparent selectivity 

exhibited by Q,. __ fus......:c;.;;ua-. for 1n t 1arv 
- sec ae and earthworms, as these 

soft-bodied prey are undoubtedly high 1n nutrient content, More 

heavily armored prey, such as ants and beetles, f'zequently puaed 

through the gastrointestinal tract nearly intact, implying that the 

total contribution of those prey items to the salamander's energy 

budget was low, Since chitin doesn't appear to be digested, a sala­

mander limited in its feedig time would aasuaedly benefit by ignoring 

chitinous prey in favor of more readily digested forms. ~e aalamander 

could still occasionally eat a low ranking prey item as long as the 

total energy gained exceeded that spent 1n foraging, but these lower 

ranking iteas should decrease in frequency 1n the animal's diet as 

fotaging opportunities improve, 1, e, as the predator is afforded more 

ohoices, of prey, 

The foraging strategy of J2_. f'u§cua can be analysed 1n another 

context by its ccnparison to a plethodontid salamander with a differ­

ent foraging mode, Maiorana (1971) has docUDlented this aspect of:: the 

ecology of Batrachoseps a1tenuatus in California, This species has 

---1nat r--"ng mode and apparently maximizes adopted a rather indisy.i..uu e v.1.ae ... 

gul&r intervals on all prey within its energy intake by feeding at re 

1y certain prey t&xa (the striking range rather than selecting on 

it ) Batrachosepa attenuatus in­
species does show sme si" selectiv 1 • 

ti ted time available for surface 
habits semi-arid regions with res r 0 

l ode of life allows it to feed 
activity and feeding, but its fossoria m 

dat1on style. There as little 
under an object in the sit-e.nd-wait pre 

by this sa].aJn&nder: generally 
or no prey-species-selectivity shown 



the moat abtmd&nt an111a18 in the 11 tter were moat frequently consuned. 
Individuals examined a month after i 

a ran contained as much food as 
those taken the day after a rain eu6a-a ti ·th 

• -oc~B ng e species 1e not re-

stricted to feeding on ra1nly nights aa i d f , a presume or~. fpacua. 

The fact that~. attenuatua is the most abundant species of aalwnder 

in southern Callfomia (Maiora 10,,1) na, 7r bespeaks the success of this 

mode of foraging. 

Depognathus fuscus, being larger and more robust than ~. 

attenuatua, undoubtedly h&a higher energy requirements. If it ex­

ploited the moat abundant prey it would necessarily conauae a great 

number of these tiny prey to satisfy its energy requireaenta. By 

searching for and taking larger prey, however, it aatiafiea its needs 

during an optillal foraging period with a ama.ller energy expenditure 

than would be poaai ble if it confined i ta feeding to the aoat numerous 

i tellla in the 11 t ter. Over aoat of the range occupied by !2.• fuacpa 

rain 1s predictably frequent, possibly occurring often enough to off-

set any need to feed heavily between rains. 

An obvious question to raise at this point is• why is ~. 

fuscus less efficient at feeding when confined to an area beneath an 

object that is !• attenuatua? I h&ve diacuased above the conditions 

under which !2.• fuacus a1gbt not need to feed extensively while con-

""·t it 1a a.-..hologically incap-fined in space, but it -.y also bet,.- v~.t""• 

th an object. B. atteppatua 
able of feeding efficiently while benea -

which uy be extended propor.✓.. -
I>Osaeasea a highly specialised tongue 

than that of ~• f]:189Uf (Wake, 1966) • 
tionally farther from the aouth 
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In a oonfined apace, thla lgh 
m t enlarge the effective Jn'9Y capture 

t:one of ~. attenuatua. Since 1t exploits the •oat abundant prey ape­

cies, the distance between - it 
r•vY ems would be effectively reduced, 

the feeding range reatrtoted, and the aalaaander still able to eatisfy 

all of its energy requ1reaenta while feedin be th 
g nea one object. It 

is perhaps energetically 11ore feasible for g. fuacua, poaaeaeing a 

more prlaitive tongue and selecting larger prey iteu, to avoid wast­

ing energy pursuing swift prey (such as colleabolans). 

Data given in the previous section show that Eurycea 

longicauda and l• bial1peata ..... 1ao poaaeuing specialised tongues­

concentrate their feeding on 111&1lcr prey. These 11.laaandera wre 

coaon onl1 at al tea II and III, where g, fpacua were larger and not 

as numerous as at site I, The scarcity of Euryoea at aite I aight be 

explained by interapecific c0111petition with the large population of~. 

fuscus. At sit.ea II and III, Eurvcea (both loprlc&uda and bial1neata) 

and Q, fuacua may have shared c011plillentar,y feeding niches, Sise­

selective predation may thus affect •le••nder diversity 1n a wood­

land, u Dodson (1970) found it influencing predator diveraity in 

freshwater planktonic conunitiea, Just exactly how these aaluanders 

exploit the B&lle prey pool, and to what degree aillilar-ei1ed indivi­

dual.a of the two genera overlap in their feeding niches aight beat be 

determined experimentally, 

The q ueation of sexual differences in feeding by ~. tuacua 
f th liaited data gathered dur• 

needa further investigation 1n view O • 

ce 1n body aise between adult 
ing thie atmy. The observed differen 

ecting bias, due to the fact that 
111&lea and fnalea may refiect a coll 



larger fnalea were yolJtin 
g eggs and were generally better hidden (al-

moet twice as •ny 11&lea were collected) It the ditt 
• erence la real, 

then the sexes aight logically be expected to i-rtition prey by aise 

when in a situation offering optimal f,_."" 
- ... ~ ... ng ·opport\Dl1 tie,, 'as · is 

believed to be the case on rainy nights. The t1nd1ng that u.lea 

took larger prey iteas and eXhibited a positive correlation between 

body sise and mean prey a1u ingested, significant at greater than 

the 90 percent level, 1s consistent with work of Orser and Shure (1975) 

shoving that adult males are the moat active and mobile individuals 

within the population. 

Landerberger (1968) has pointed out soae of tbe probleu in­

volved 1n field studiea ccncerning selective feeding predators. Aaong 

them are the difficulties in aampllng prey avail&bil1 ty and determining 

the effects of environmental infiuences, especially teaperature, an 

the feeding act1 vi ties of poikilothel"llic predators. Unlike aoet other 

predators, by the nature of their 1nteguaent salamanders are further 

restricted in foraging activities to moiat areas. Th~ atmoa}:ilerio 

relative humidities and substrate moistures also undoubtedly in­

fluence their activities. With the influence of these variables aot 

fully known, a profitable approach to the salamander foraging 

strategy problem might be undertaken in the laboratory. 

di.,......,.,Atie&lly illustrated the feeding In figure 5 I have ~-·-
l d biotic factore that I believe niche of Q. fuscus and some physic& an 

behavior of this ea.launder. 
exert major influences on the foraging 

B the two converging lines can 
The distance between points A and on · 

1' feeding niche• A decrease 
be considered as the width of the anill& 8 

· 
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in this distance indicates increaain 
g apeoia.liu.tion (on prey else and/ 

or sper.ies), whil e gre t 
a er general1u.t1on may be abown by an increue 

in the distance between A and B Th d 
• e 1atance between point■ I and y 

represents the total range of 
prey Pl19 ical.ly aoceaa1ble and sucep-

tible to~. fuscua in a given ba.bitat d th 
. • an is distance u.ny also 

va.ry under differenct conditions The exact i tl • n uence of each of the 
variables depicted ian 't known but \Dlder 1a· '--

• proper """L1'tory candi t1one 

all could be controlled so that each'a influence might be dete:mined. 

A t est for prey aiu selectivity, for exuple, aight be eet up a.a 

follows. 

Terraria could be set up with substrates containing no prey 

iteas, and salaundera introduced into these and allowd to accllaate 

to their conditions. Temperature, relative humidity, and eubatrate 

moisture would be kept conatant. Hemi-metabolic inucta could then be 

raised and fed to the sal.Ulanders 1n kn01111 proporticna of different 

size classes. By subjecting salamanders to different rat1oB of ~Y 

size densities, data could be gathered on what type of •dec1a1on• a 

salamander would aka when prey s1se densities changed. other ~ypes 

of 110t1vat1onal factors and responses could be observed \Dlder varying 

degrees of satiation of the salalll&nd.er, er differenct gradients of rel­

ative humidity, substrate moisture, temperature, and in the preaence 

or absence of competitors. This approach wu uaed aucce911fully by 

Werner and Hall (1974) in their study of the s\Dlfish Lepc;aie acro­

chirus and Menge (1972&) 1n his study of two intertidal starfishes. 

Sel ection of -prey species co 
uld be tested 1n a 1Wlar unner. 

behavior of ant e and the bi ~logy- of 
Maiorana, (1971) considered the 
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Sal.&ln&nders in the diAcusaion of a spe ifi 
c c interaction between these 

prey and t heir potential predators. Ant .. , 
n being social insects , are 

~tchi ly distributed and concentrated i 1 t 
n c us ers, so a predator can 

spend a lot of time and energy locating a nest and specialize on these 

prey• Salamanders of the genus PJ.ethodon are thought to be active 

foragers (Stewart, 1970), and some literature regarding food ha.bits 

of members of this genus (Davidson, 1956; Rubin, 19691 Whitaker and 

Rubin, 1971) shows that ants compose a large proportion of their diet. 

Now a detailed investigation is needed to help confirm this salamander­

ant interaction or suggest a new one, Ants are not prominent in the 

diets of most Desmognathus, suggesting that this group doesn't forage 

as actively as Plethodon, or that ants are ranked as a low priority 

item, The latter idea is amenable to laboratory testing. Species of 

both genera could be confined in terraria and offered lmown proportions 

of ants and alternate prey items 

This approach of interplaying theoretical modelling and exper­

imentation has been used productively by Menge (1972a), Murdoch (1969, 

1971) , Murdoch and Marks ( 1973) , Salt ( 1 957) , and Werner and Hall 

(1974), All of these investigations involved the experimental analy-

t f predation under laboratory conditions. sis of various componen so 

Only when these components are fully mderstood can the predator be 

1 text Then the problem may be 
meaningfully studied in its natura con • 

1 pulations and a generalized approach 
attacked at the level of natu:ra po 

1 a.l modifications, would be applicable to 
developed that, with occas on 

dat Studies o f f oraging strategies of dif-
diverse groups of pre ors , 

11 age might then be intergrated 
-----+ieular ne ferent species within any ~v 
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~1th other features of the biology of that lineage and its evolution­

ary history 1n an at t empt to explai n the diversity rea.lized by that 

Uneage i n any comm'lllli ty. 



CHAPTER V 

SlJMMARy 

An eJ1pir1cal approach t ti 0 18 foraging strategy problem was 
utilized to teat predictions concern! th 

ng e feeding behavior of a 
predator mtder various envi tal rorunen stresses. The dusky saluander, 

Deamognatbus fuscus. "' semi-aquatic species common in Montgomery 

Coimty, Tennessee, was used as the study animal. Natural populat1ona 

were studied seasonally and in differing habitats to determine the 

effects of moisture, potential competitors, and fluctta.tions 1n the 

prey populations on the foraging mode of this specie~. 

Colleotiona were made fr0111 .two populations ot ule■en-'en dur­

ing October and November (dry seaam) of 1974 and again 1n April of 

1975 ( wet sea.son). One of the areas sampled in April 11as a new h&bi .. 

tat1 thus three different areas were actually stmied, The leaf 11t.:. 

ter and stream beds were sampled 1n all habitats to detel'lline what 

types of prey were potentially available to£, fuacua. 

Results showed that this salamander was both sise and species 

selective of the prey it consumed, Proportions af prey species found 

1n the diets of the salem•nders did not correlate well with the pro­

portions of prey as they occurred in the litter, Specifically, Q. 

fuscv, exhibited a marked selectivity for insect larv&e, and th18 se-

in the frequency of rainfall, lectivity increased with an increase 

· ( 1 uda and bisllne&ta), with Salamanders of the genus Epryoea long ca 

50 
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which 12.• fuscus shared two of the habitats, were found to be non­

selective of prey and cons\Dled the ~oat abundant iteas found in the 

litter-mites and collembolans, 

Depognathua fuscus took considerably more of the larger -prey 

(~J.1 mm in length) than expected on the basis of the range of prey 

sizes observed in the litter samples, This size selectivity increased 

from November to April, correlated with an increase in rainfall, 

Eurycea exhibited less prey-size selectivity, exploiting more of the 

intermediate-sized prey items ( 1 , 1 - J, 0 mm in length) • 

With one exception (salamanders at site II), predictions of 

larger individuals consuming larger -prey items were not confirmed, 

This was attributed: to the fact that the larger animals were feeding 

sub-optimally and continued to exploit the smaller prey, probably be­

cause the le.rger prey were less abundant, 

One suple was large enough to permit analysis of sexual dif­

f erenees 1n feeding and a significant sexual partitioning of food re­

sources by size was detected, This occurred in the dense population 

of ~. fuscus ( s1 te I) w1 th few heterospecifics and is interpreted as 

a means of reducing intra.specific competition, 
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APPENDIX A, AVAILABILITY DATA FOR 
PREY COLIECTED DURING THE OCTOBER­

NOVEMBER 1974 SAMPLING PERIOD AT SITE I 

Table VI• Prey collected in streubed samples taken from 
site I during October and November. Samples were taken 
twice weekly for four weeks, and all 88.llple data were 
lumped to determ.ne mean percents and dena1t1es. Mean 
percent 11!1 from total nwnber of prey 

taxon frequency of x % of r dens1 ty /112 
occurrence saaple 

Coleoptera. 
.50 0.5 15.6/a2 Dryopidae 

Trichoptera. 
.50 0.5 15.6/•2 Hydropsych1dae 

Epiemoptera 
.13 o.6 17.a/a2 

Baetidae :n.A/a2 
Insect larvae ,63 0,8 
Isopoda 

1,00 31.5 896.2/•2 
Asellidae 

Amplipoda 
1.00 51.9 1625.5/•2 

Gammaridae 
Decapoda 

.13 0.5 8,9/m2 
Astacidae 

Tricladida 
1,00 15.5 511.0/lll2 

Planariidae 
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Table VII. Prey collected by raking leaf litter at site 
I during October and Nove11ber. Saaplea were taken twice 
weekly for four weeks, and. all aaaple data were luaped 
to determine aean pe:r:cents and densities. Mean percent 
1a from total number of prey 

taxon frequency of x % of. X dens1ty/m.2 
occurrence sample 

Coleoptera 
,?5 3.8 1.3/•! Carabidae 

Scaraba.eidae .13 1.3 .B/•2 
Stapbyl1n1dae .50 1.0 .8/•2 
Melyrldae .13 2.2 .B/• 

Hymenoptera 
Form1c1dae .50 9.2 5.4/-2 

Iaoptera • 9.6 4,8/a2 
Rh1notem1t1dae .13 

Qrthoptera 
.13 1,3 .a/a2 

Gryllid&e 2.2 .a/rl- . 
Gryllacr1c1dae .13 

Thyaanura .25 4.2 .a/-2 
Iapygidae 

1:f~ 
HeJdptera .25 3,6 

Cydnidae .25 1.a .B/a2 Nab1dae .13 2.0 
4.'J/•2 Penta.tomid&e 1.00 12.8 

Inseot larVa.8 

4.4 1,.5/•~ Diplopod& ,88 3.9/m. Julldae 1.00 12.0 
PolydeSlllidae 

4.4 1.7/~2 
Ch1lopoda .75 1.1/~ Scolopendr1dae 2.8 .JS 3.1 1.2/a Scut1ger1da8 • .50 

Geoph111dae 
7.6 2.2/rl-Isopoda 1.00 

Oniscidae 
24.1 9.01~~ OUgoch&eta 1.00 4,1 1.6/~2 Lumbr1c1dae .88 1.5.6 5.0/a 

Araneae 1.00 
Pul!lonata 
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Table VII I. Prey se:pe.rated in Berlese funnel samples 
taken from si te I during October and November . Samples 
were taken twice weekly for four weeks, and a.11 eample 
d& ta were lumped to detennine mean percents and 
densities. Mean percent i s from total number of prey 

taxon frequency of x % of X density /m2 
occurrence sample 

Coleoptera 
.75 0.3 7.0/m~ Cerambycida.e 

o.4 6.4/m Staphylinidae .75 
3.2/•i PseJaJi1idae ,13 0.3 

Erot.ylidae .13 o.3 3.2/m:2 
Carabidae ,13 0.2 3.2/m 

Hemiptera 
.25 0,2 3.2/m2 

Cydnidae 
Homoptera 

,38 0,2 3.2/m~ Cicadidae 1.4 22.9/m 
Cicadellidae .75 o.a 16.6/m2 
Aphididae ,75 

0,1 3.2/m2 
,13 Psyllidae 

3.2/11~ Hymenoptera ,13 0,1 
Mymaridae 

,75 o.3 5,1/•2 
Form1c1dae 0,2 4.8/m 

.25 ).2/m~ Eulophidae ,38 0.2 
Pl&tygasteridae ,13 0,3 6.4/• 
other wasps 

177,8/m~ Collembola 1.00 9,3 
Entomobryidae 39,3 786.J/•2 
Poduridae 1.00 a.o 171.8/• 

1.00 Sminthuridae 
o.4 3,4/m2 Diptera ,50 0.1 3.2/•~ Phoridae .13 0.1 4,8/m2 Culicidae ,25 3,2/m2 Mycetophyllidae ,1J 0,1 4.8/m 

Tipulidae ,25 0,3 

3,2/~ other flies 
0,5 Orthoptera .13 6,4f 

Tetrigidae .13 0,5 37,5/m2 
Blattidae 1.00 3.4 

Insect larVae 
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Table VIII• ( continued) 

taxon 
frequency of x % ot X density /m2 occurrence BUlple 

Isopoda 
Armadillidiidae .13 0.5 J.2/m2 Oligochaeta 
Lumbrlcidae 1.00 1.6 26.5/m2 Acarina 
Galumnidae 1.00 8.6 140·.o/a2 Trombidiidae 1.00 2.1 2J.J/m2 Tetranychidae .JB 1.0 17.1/m.2 other mites .aa 19.7 J50.7/m2 

Chelonethida 

9,1/m2 Chernetidae .88 0.5 Sym1X1yla 
.63 0.7 10,4/112 Scolopend.rellidae 

Chilopoda 
0,4 3,2/m2 Lithobiidae ,38 

Scutigeridae ,13 0,2 J,2/m2 
Scolopend.ridae .13 0.5 6,4/m2 

Diplopoda 
,25 0,2 3,2/m2 Julidae 

J,2/m~ Polydesmidae .13 0.3 
Callipodidae ,13 0.5 9,6/m 
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Table IX. Prey taken in tanglefoot traps a.t site I 
during October and November. Samples were taken once a 
week for rour weeks, and all 8Ulple data were luaped 
to detenine mea.n percent. Mean percent is froll total 
nt1111ber cf prey. 

taxon 

Diptera 
Tipulidae 
Pipunculidae 
Droeophilidae 
Phoridae 
Doliehopodidae 
E11pididae 
Muscidae 
Syrphidae 
Ptychopteridae 
Culieidae 
Chiron0111idae 
Tachinidae 
B0111byl1idae 
Lonchopteridae 
Sarcophagidae 
Platypeddae 
other flies 

Orthoptera 
Gryllacric1dae 
Tett1gon11dae 

Coleoptera 
Erotylidae 
Elateridae 
Psela:phidae 

Lepidoptera 
Hesperiidae 

H011optera 
A}lbididae 
Cicadell1dae 

Colle11bola 
Entoaobry1d&e 
Sminthurid&e 

frequency of 
occurrence 

.75 

.50 
,50 

1.00 
1.00 

,50 
.75 
.?5 
,50 
.50 
• .50 
• .50 
.25 
.25 
• .50 
.,50 

1.00 

1.00 
.2.5 

• .50 
.25 
.25 

• .50 

1.00 
1.00 

1.00 
.7.5 
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x % or 
sample 

2.9 
1.1 
4.5 
6.1 
3.7 
1.1 
2.? 
o.6 
1.8 
o.? 
o.6 
1.) 
o.6 

14.B 
5.3 
4.6 

29.9 

5.2 
o.6 

1.0 
o.6 
2.J 

o.B 

3.1 
8,? 

12.6 
1.0 



Table IX. (continued) 

taxon frequency of x % of 
occurrence sample 

Hymenoptera 
Bra.conidae 1 .00 2.1 Platygasteridae .50 0.9 Collet1dae .25 o.6 
I chneumonidae .50 1.1 
Pteromalidae .25 1.1 
D1a.pri1dae .25 1.a 
Megachilidae .25 o.a 

Insect larvae .50 1.9 
Ieopoda 

On1sc1da.e .25 o.6 
Araneae .75 2.0 

6J 



APPENDIX B. AV/IILlBILITY DATA FOR 
PREY COLIEcm DURING THE APRIL 1975 

SAMPLING PERIOD AT SITE I 

Table X. Prey collected in streambed samples taken from 
site I during April. Samples were ta.ken twice weekly for 
two weeks, and all sample data were lumped to determine 
mean percents and densities. Mean percent is from total number of prey 

taxon frequency of x % or X density /m2 
occurrence sample 

Coleoptera 

.25 0.9 B.B/m2 Dryopidae 
Trichoptera 

.50 2.9 26,7/m~ Hydropsychidae 
Insect larvae 1.00 3'7,5 283,6/112 

• .50 3,3 26,?/• Naiads 
Am}ilipoda 

1.00 31,8 268,8/m2 Gammaridae 
Isopoda 

1.00 19,2 131 .2/»f Asellidae 
Tricladida 

Plana.riidae ,?5 11.1 71,2/m2 



Tablo XI, hey collected by raking leaf litter at eite I 
during April, Samplee were taken twice -ltly for two 
weeks, and all -Ple data lUlllped to dsten1ne J>orcenta 
and dena1t1ea, Mean perc..,t 1a from total DUlllber of prey 

taxon 
frequency of x % of X dena1ty/a2 occurrence sample 

Coleoptera 

.25 2.9 .. et: Stap-iylinidae 

.75 4.8 1 1 ■ 
Carabidae 

• 2 .25 3.4 .. e;. 
Chryeomelidae 

.B/m~ 
s cara l:aeidae .25 3.4 other beetles .25 J.6 ,8/m Hymenoptera 

.75 5.0 1,1/m2 
· F onnieidae 
Hemiptera 

,25 3,4 .8/m2 
Cydnidae 

1.00 12.3 2,6/m2 
Insect larvae 
Chilopoda 

3,2/m2 .25 11,4 Scolopendridae 

3,3 ,8/m2 .50 
,8/m2 

Geophilidae 
.25 2.9 L1thob11dae 

Diplopoda 

1.7/~ ,?5 7,8 
1.:M . -

Julidae 
,?5 5.6 Polydesmidae 

Isopoda 
10.6 2.2/m2 1.00 Oniscidae 

uligochaeta 

9,2t! 1.00 38,9 
J,6 .am 

LU111brieidae 
1.00 

2,1/m2 
Araneae 

,75 10.4 Pulmonata 



Table XII . Prey separat ed 1~ Berleee funnel samples taken 
f:r.om site I during April. Samples were ta.ken twice weekly 
f crr two weeks, and all sam:ple data were lumped to determine 
mean percents and densities . Mean percent 1s from total 
nU11ber of prey 

taxon frequency of x % of X denai ty /m2 
occurrence sample 

Coleoptera 
.75 0.2 7.5t~ s taii'tylinidae 

Curcu11on1dae .50 0.1 3.2 m 
Cerambycidae .50 0.2 9.6/m~ 

0.2 9.6/m Pselaphidae .25 
3.2~s Carabidae .50 0.1 

other beetles .25 0.2 6.4 

Homoptera 
1.00 o.4 13.6/~~ Cicadellldae 
1.00 1.0 30.4/m 

Aphididae 
Hymenoptera 

1.00 0.5 12.o/m2 
Form1cidae 

.25 0.2 6.4/m2 
PlAtygasteridae 

Collembola 1.00 8.6 279.2/m~ 
Entomobryidae 17.0 5<:tl..4/•2 
Sminthuridae 1.00 

27.4 826.4/m 1.00 Poduridae 
3.2/m~ Diptera .25 0.2 

Psychodidae 0.1 6.4/m 
Chironomidae .25 0.2 3.2/m~ 
Sciaridae .25 0.3 4,8/'!12 
other n1es .50 3.1 93.6/m 

1.00 
Insect iarvae 

2,6 ao.o/m2 
Ollgochaeta 1.00 

Lumbricidae 
0.2 14,9/•2 

Chelonethida .75 Chemetida.e 
2.8 88,0/m2 

Acarina 1.00 28,0/m~ 
Galurnnidae 1.00 0.7 40.0/m 
Tetranychidae 1.00 1,5 1136,0/m2 
Trombidiidae 1.00 32.2 
other mites 
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Table XII , (continued) 

t axon frequency of x % of X density/m2 
occurrenP-e sample 

Symii1yla 
Scolopendrellidae 1.00 o.4 9,6/m2 

Chilopoda 
3,2/m~ Scolopendridae ,25 0,2 

Lithobiidae ,25 o.4 6,4/m 
Geophilidae ,25 0,1 3,2/m2 

Diplopoda 
7,5/m2 Callipodidae ,75 0.2 
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Table XI I I , Prey taken in tanglefoot txapa at site I 
during April, Samples were taken once a -k for two 
weeks, and all -ple data were lumped to deteniine mean 
percent, Mean percent i s :J:ra, total number of prey 

taxon 

Diptera 
Syrphidae 
Muscidae 
Tachinidae 
Dolichopodida.e 
Empididae 
Tipulidae 
Drosophilidae 
Lonchaeidae 
Phoridae 
Mycetophilidae 
other files 

Orthoptera 
Gryllicircidae 

Coleoptera 
Carabidae 
other beetles 

Homoptera 
Aphidi dae 
Cieadellidae 

Collembola 
Entomobryidae 
Sminthuridae 

Hymenoptera 
Andrenidae 
I chneumonidae 
Colletidae 
Apidae 

Araneae 

frequency of 
occurrence 

1,00 
.50 

1.00 
1,00 
1,00 
1 .00 
.50 
.50 
.50 
.50 

1.00 

.50 

.50 

.50 

1.00 
1,00 

1,00 
1.00 

,.50 
e.50 
,50 
• .50 

1.00 

68 

x % of 
sample 

1,2 
1,6 
o.6 
J,2 
2,7 
1,0 
1.7 
1.1 
o.6 
0,8 

53,0 

O,J 

0,8 
0,8 

o.6 
12.1 

16,4 
2.8 

2.5 
O,J 
o.a 
o.J 
1.0 



APPENDIX C. AVAIIABILITY DATA FOR 
PREY COLLECTED DURING THE OCTOBER­

NOVEMBER 1974 SAMPLING PERIOD AT SITE II 

Table XIV. Prey collected in streambed samples taken 
from site II during October and November. Samples were 
taken twice weekly for four weeks, and all sample data 
were lumped to determine mean percents and densities. 
Mea.n percent is from total number of prey 

taxon frequency of x % or x density/a2 

occurrence sample 

Coleoptera. 
,13 14,2 8,9/m~ StaJilylinidae 
,13 6,2 8,9/m Cucujidae 

Thysanura 
.25 9,8 11,1/m~ Iapygidae 
,38 6.6 8.9/11 Insect larvae 

Oligochaeta 
1.00 86,2 121.2/1112 

Lumbricidae 
Isopoda 

,13 7.1 8,9/m2 
Oniscidae 

1J,4/m2 Diplopoda. ,25 9,0 
Polydesmidae 

8,9/~~ Chilopoda ,13 7.1 
Lithobiidae ,13 8,3 8,9/m 

Pulmonata 

69 



Table XV . ~ Y collected 1>y raking leaf litter at site 
II during October and Nove111ber. Samples were taken twice 
weekly for four weeks, and all sample data were lumped 
to determine mean percents and densities. Mean percent 
i s from total number of prny 

taxon 

Coleoptera 
carabid.ae 
s ca.rabaeid.ae 
Chrysomelidae 
Staphylinid.ae 

Orthoptera 
Gryllacrlcid.ae 
GrylUda.e 
Blattida.e 

Hymenoptera 
Formicidae 

Thysanura 
Iapygida.e 

Hemiptera 
Lygaeidae 

Insect ].arvae 
Di plopod.a 

Julid.ae 
Polydesmidae 

Chilopoda 
Geophilid.ae 
Scolopendrid.ae 

Oligochaeta 
Lumhricid.ae 

Aranea.e 
Pulmonata 

frequency of 
occurrence 

.38 
.13 
.13 
.13 

.25 

.13 
,13 

.13 

.50 

.13 
1,00 

.88 
1.00 

,50 
,63 

1.00 
.J8 
, 88 
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x % of 
sample 

3.0 
4.4 
2.8 
2,0 

1.6 
2,8 
3,7 

1.4 

3,9 

1,4 
7,6 

3,3 
33,3 

4.3 
2.0 

39,6 
4.0 
7.1 

X density /m2 

1.J/m~ 
2.4/m2 .8/m 

,8/m2 

, 0 8/m~ 
,8/m 

1.6/rn2 

,8/m2 

2.7/m2 

,8/m2 

3.2/m2 

1.?/m~ 
10.6/m 

1,4/m~ 
,8/m 

13,1/m~ 
1,6/m2 2,6/m 



Tabl e XVI. Prey separat ed i n Berl eee funnel aamples ta.ken 
from site II during October and November. Samples wen 
taken twice weekly for four weeks, and all BUlple data 
were luaped t o detenine lle&n percents and densities. 
Mean percent 1e frail tota.l number of prey 

taxon frequency of x % or i' denaity/m2 

occurrence sample 

Coleoptera 
1.00 2.1 15.6/m2 

cerambycidae 
.'.38 0.5 3.2; • .2 PselAJilidae 

7.2/m~ Sta:phylii11dae .50 o.s 
.13 0.1 3.2/a scaral:aeidae 
.25 0.5 3,2/m2 

cur~ulionidae 3.2/•2 
Eroty11dae .1'.3 0.1 

Hmoptera 
.38 o.4 6.4/m2 

AJil1d1dae 
Hemiptera .1'.3 o.J 3,2/m2 

Ara.didae 
10,?/•~ Hyl\enoptera .75 2.0 

Formicidae o.J 3,2/m 
Mutillidae .13 

1.0 3,2/m~ 
.13 Bracon1dae .13 1.0 3.2/112 

Cynipidae 0.2 3,2/rn 
.25 6.4/YA2 Platygasteridae 
.13 0.2 

other wasps 
56.8/112 

Collembola 1.00 6.6 
758.4/11~ Entomobryidae 41.8 

Poduridae 
1.00 9.8 110.4/11 

Sminthuridae 
1.00 

3,2/m~ Diptera .13 o,t 
3.2/•2 MycetoJiliUdae .13 0,3 
3.2/•2 o.9 Agr0111yzidae .13 1.0 3.2/11 

Phoridae .13 
Simul1idae 

0.5 
4,0/m2 

Orthoptera. .50 5.1 37.2/m2 
Blattidae 1.00 

37.2/-2 Insect larVae 5.7 Oligochaeta .88 
L\Dl\bricidae 

?1 



Table XVI, (continued) 

taxon frequency of x % of X density /m2 occurrenr.e sample 

Chelonethida. 
Chernetidae 

Acarina 
.63 0.5 3,8/m2 

Ga.lumnidae .88 5.1 65,8/m2 
Trombid11dae .75 1.6 13,3/m2 
Tetranychidae .25 5.5 30,4/m2 
other mites 1.00 26.8 595.8/m2 

Araneae 1.00 2.6 23,6/m2 
Symphyla 

4,8/m2 Scolopendrellidae .25 2.2 
Chilopcxla 

Geophilidae .J8 o.4 4,3/m2 
Diplopoda 

Callipodidae .25 0.2 3,2/m2 
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Table XVII. Prey taken t n t.anglefoot traps at site II dur­
ing October and November . Samples were taken once a week 
f (')r four weekr, , and all Ba.triple data were lumped to deter• 
mine mean per,:ente. Mean percent is from total number of 
prey 

t.axon 

Dipt era 
Asilidae 
calliphoridae 
Dix1dae 
DoUchopodidae 
DrosophiUdae 
Emp1didae 
Musc:idae 
MycetophiUdae 
Phoridae 
PipuncuUdae 
Sarcophagidae 
Syrphidae 
Tachinidae 
TipuUdae 
other flies 

Orthoptera 
Acr ididae 
Gryllidae 
Gryllacricidaa 

Coleopt era 
Carabidae 
Erot ylid&e 
Psela.phidae 
s ea.rabaeid&e 

Lepidoptera 
Hesperiidae 

Homoptera 
A:phi didae 
Cicadellida8 

Thyeanura 
LepiBW1&tidae 

frequency of 
OCC\ll.Tence 

.25 
,75 
,25 

1. .00 
.25 
,25 

: .oo 
,25 
.25 
,25 

1 .00 
1 .00 
1 .00 

.25 
~ .• oo 

.25 
.25 
.25 

.25 

.50 

.25 

.25 

,50 

1.00 
1.00 

,25 

x % of 
sample 

0.3 
1,3 
2.2 

12,2 
2,2 
0,9 

10.2 
5.4 
8,0 
1.3 
8.1 
2.6 
5.2 
1.1 

25.0 

1o1 
0.3 
0.3 

o.J 
o.J 
1,8 
1.1 

o.3 

1.8 
4,0 

o.3 



Table XVII. <~onti nu~d) 

taxon f r equency ot x % or occun:-ence BUlple 

CollembolA 
EntOlllObry1dae 1.00 8,1 Poduridae .25 1.1 Sminthuridae .50 5.1 Hymenopt,era 
Ap1dae .25 1.1 Braconidae 1 .oo 1.7 Colletidae .25 1.1 
Fomicidae .50 2.0 
Platygasteridae ,75 0.9 
Vespidae .50 1,6 
other wasps .25 1.3 

Insect larvae .50 0.7 
Araneae ,75 1.7 



APPENDIX D. AVAIUBILITY DATA FCR 
PREY COLIECTED DURING THE APRIL 1975 

SAMPLING PERIOD AT SITE III 

Ta.ble XVIII • Prey collected in atreambed suplea ta.ken 
from s1 te III dur.1.ng April . Saaplea were taken twice 
weekly for two weeks, and sample data were luaped to 
determine mean percents and densities. Mean percent is 
fr0111 total number of prey 

taxon frequency of x % or - /2 X density m 
occurrence sample 

Coleoptera 
.25 0.7 B.9/•2 

· Drropidae 
Triohoptera 

.75 0.7 27.0/~ Hydropeychida.e 
1.00 31,) 193.'J/•2 Insect l,arva.e 
1.00 6.4 48,9/a 

Naiads 
8.9/•2 Decapoda 

.25 0.7 Ast&cida.e 
408,7/.2 Isopoda 1.00 50.5 Asellidae 

ao.o/m2 Tricladida 1.00 13.4 
Planariidae 
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Table XIX o Prey collected by rt.king leaf Utter at site 
III during April. Samples nre taken twice 11eekly for two 
weeks, and all aample data -were lllllped to detemine per­
cents and dendtieso Mean percent is fl'OIR total nuaber 
of prey 

taxon 

Coleoptera 
cara,bida.e 
Scarabaeidae 
Endomychidae 

Hyaenoptera 
Form.1c1da.e 

Hoaoptera 
Cicadellld&e 

Insect larvae 
Ch1lopoda 

Scolopendridae 
Geopb111dae 

Diplopoda 
Polydesmidae 
Julidae 

Oligochaeta 
Luabr1c1dae 

Araneae 
Pulmonata. 

frequency of 
occurrence 

.25 

.50 

.25 

.50 

,25 
1.00 

.75 
.50 

1.00 
.25 

1.00 
.50 

1.00 

i' % or 
suple 

2.6 
2.7 
2.0 

41.1 

2.0 
19.0 

2.6 
5.4 

9,4 
2.0 

35.2 
4,5 
5.5 

I denai ty ;.,;. 

.8/•~ 

.B/• .s;.2 
12.0;.2 

.B/m.2 
5,8/•2 

.8/•i 
1.6/• 

2.8/•~ 
.8/m 

16.J/•; 
1.2/•2 
1.6/• 



Table XX . Prey separated in Berleae funnel 8&11plea taken 
from site III during April, Sa.aplea were taken twice 
weekly f or two weeks, and all suple data were luaped to 
determine mean percents and dena1t1ea, Mean peroent 1,8 
from total nmnber of prey 

taxon 

Coleoptera 
Psel&phidae 
cerambycidae 
curcu11on1dae 
Staplylinidae 
Ctirysomelidae 
other beetles 

Homoptera 
Aphidida.e 
Cicadellidae 
other homopterans 

Hymenoptera 
Fo:rmicidae 
Platyga.steridae 

Collembola 
Entomobryidae 
S111nthnr1dae 
Poduridae 

Diptera 
Di.xidae 
Drosophilidae 
Phoridae 
Chironomidae 
other flies 

Insect larvae 
Oligochaeta 

LUllbrici dae 
I sopoda 

Armad.illididiidae 
Chelonethida 

Chernetidae 
Aca.rina 

Calmnni dae 

frequency of 
occurrence 

,25 
,50 
,50 
,50 
,25 
,25 

,25 
.50 
.50 

1,00 
,50 

1,00 
1,00 
1.00 

,50 
,25 
.25 
,25 
,50 

1.00 

1.00 

,25 

,50 

1.00 

x % of 
8&11.ple 

0.1 
0,2 
1.0 
0,1 
0.1 
0,1 

0,3 
0,3 
0,1 

4,4 
1.0 

14,8 
8,1 

28,7 

o,4 
0.1. 
0,1 
0,2 
1,5 
'.3,2 

2,6 

0.1 

0,3 

1,3 

X dens1 ty /m.2 

3,2/m~ 
3,2/112 
3.2/m.2 
3,2/•2 
3,2/112 
3,2/• 

9,6/•~ 
8,0/•2 
3,2/m 

115.2/•! 
3,2/• 

454,4/•~ 
302,4/112 
?A,0,8/a 

a.of,~ 
3.2/•2 
3,2/•2 
3,2/•2 
6,4/•2 

63,t/m 

68,B/J 
3,2/112 

14,4/m2 

38,4/.2 -



Table XX. ( continued) 

taxon frequency of x % of X density/m.2 .occurrence sample 

Trombidildae 1.00 1.3 44.o/a~ Tetranyohidae 1.00 1.4 42.4/a other mites 1.00 31.0 1Ci+3.?/m2 
Symphyla 

Scolopendrell1dae .75 0.2 ?.5/m2 
Chilopoda. 

~ 

•. 2 Geophilldae .25 0.2 3,2/m
2 Scolopendridae .25 0.1 3.2/m
2 Lithobiid&e • .so 0.1 4.8/m 

Diplopoda 
,2.5 0.1 3.2/111~ Polydesmidae 

Callipodidae 1:~00 0.2 7.2/•2 
Araneae 1,00 1.1 29.6/•2 
Pulmonata. .50 0.1 4,8/m 



Table XXI. Prey taken 1n i a.nglefoot tra.pe at a1te III 
during April. Samples were taken once a week for two 
weeks, and all a&llple data were lumped to determine mean 
percent. Mean percent 1s fraa total mmber of prey 

taxon 

n1ptera. 
syrllhidae 
Tach1nidae 
Muscidae 
CallilitOTidaa 
Dolichopodida.e 
Empidida.e 
T1pu11dae 
Drosotililidae 
Lonoh&eida.e 
Anthomyzidae 
Phoridae 
other rues 

Orthoptera 
Tetrigida.e 
Gryllacricid&e 

Coleoptera 
Erotylid&e 

Homoptera. 
C1cadell1dae 

Collembola 
Sminthurld&e 

Hymenoptera. 
Apid&e 
Braconid&e 

Tr1choptera. 
Ara.neae 
Acartna 

frequency of 
occurrence 

1 ,oo 
1,00 
1.00 

.50 
1,00 
1 ,00 

,50 
,50 
,50 
,50 
,50 

1,00 

,50 
1 ,oo 

,50 

1.00 

1,00 

,50 
,50 
,50 

1.00 
.50 

?9 

x % of 
suple 

1.4 
1.7 
3,4 
1.1 
2,4 
0,7 
1,1 
3,3 
0,3 
2,4 
2,4 

44,2 

1,1 
0,7 

0,3 

6,9 

2,1 

0,3 
4,4 
1,1 
1,4 
o.3 -
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