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Interaction between Competition and Predation
in Cave Stream Communities

by

David C, CULVER*

In most cave streams in the Appalachians, competilion i a more imporiant interac.
tion than predation. This observation is justified because in most caves in the
Appalachians potential predator populations consist of only an occasional salaman-
der or crayiish near the cave enlrance (see Barr 1961, Frane and Slifer 1971 and
Haolsinger [9464). However, there are a few caves in the Powell ¥Valley of Virginia
and Tennessee that have a large, permanent population of the salamander
Ceprinophiing porphyeiticus. The gilled larvac of porpfiyeticns live in cave streams
several years hefore transforming into adults. During the larval perind, they suhsist,
at least in cave streams, almost entirely on the invertebrates they capture in the
cave stream. The appetite of porglivriticus in the laboratory can be quite large: ane
larva ate 27 of 30 isopads offered to it in a five day period. Sinca the natural
density of isopods and amphipods s usually less than 30 per m?, the potential
effect of porpferificns In cave streams 1 very preal, especially since reproductive
rites of the prey are low.

The purpozz of this study is twofold. The first 1s the determination of the effect
of predation by €7 porpfipriticus lavvae on their prey species (the sopod Asefluy
recurvatuy and the amphipod Crengonvx antennatis), which are themselves com-
peting. Since the work of Paine (1966) showing that predatars can increase speciss
diversity, there has been considerable ioterest in delermining whether predation
generally increases diversity in a community. Counterexamples have been found
{see Addicart 1974}, and May (1973a) has provided a theoretical basis for under-
standing the role of the interaction of competition and predation in affecting
speuies diversity. Ooe of the important points he makes is that there 15 no general
rule about the effect predators will bave on the diversily of prey species. The
present stidy shows that the effect of predation depends on environmental hetaro-
geneity, and that diversity of prey is increased by predation in complex habitars,
but not in simple ones. [ will attemnpt 10 assess not just predation by the salamander
{(Culver 1973u1) or the competitive inleractions of lhe crustucean prey (Culver
1973h), but rather | will emphasize the interaction of the two.

The second purpose of this study is to put forward some explanations [or the
rarity of porpleriticus in caves. Porglipriticus may be missing from many caves
because of the island-like natore of caves (Culver 1970, 19710, hut this does not
explain why most populations of this salamander in caves consist of only a few

*= Department of Biological Sciences, Northwestern University, Evanaton, Hlineis 60201, U5 AL
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scattered individuals, As will be seen, this appears lo be a conscquence of the ease
of invasibility by the predator and the difficulty in reaching a stable equilibrium
with the prey, which results fram changes in prey availabilicy,

METHODS AND MATERIALS

Most of the data reported here were collected in McClure™s Cave in Lee County,
Virginia. MeClure’s Cave is 4 small stream passage cave at the end of a amall blind
vallew. The small stream in the cave, which enters the cave from an inaccessihle side
passage, flows over mud, gravel, and rocks and can be followed for 300 m before
the cave pussape petls too low to follow. Four main hahbitats occur in the cave:
ritfles, mud-bottomed poals, gravel-botromed pools, and water flowing over traver-
tine and flowstone. The riffle-paol structure typical of many small streams {Leo-
pald et al. 19%64) 15 mcompletely developed, perhaps becavse of the presence of
considerable ameounts of travertine and flowstone, The cave was sampled ar four
times--2{ April 1973, 17 December 1973, 14 May 1974, and 30 July 1974, On cach
trip the number of salamander larvae i the stream was recorded and Lhe position of
each larvae was marked by a pile of rocks. Salamanders were counted while walking
and crawling downsiream beeause they often hide under rocks when the water is
disturbed. Between 23 and 32 random square foot (109 m?) samples were taken of
the prey in cach of the four habitats on the trip out of the cave (Table 1) [n
addition, on the last three trips ane to four square fool samples were faken within
one meter of each salamander larva. These samples were taken to assess local pray
depletion by a larva. In cach sumple, loose rocks and gravels were individually
checked, and a tea strainer placed immediately downstream collected any animals
that were dislodged. There was generally not sufficient water flow to use a Surber
sampler. The entire stream down to a low waler crawl was sampled. 1o July 1974,
the upstream 50 meters of the stream was nearly dry with only isalated pools
remaining. Few predators ar prey were present and the section was not sampled,

. Data were alsa taken in Sweet Potato Cave, a small cuve in Lee County, where
there is a series of cascadiog rimstone pools (pours) which disappears inlo a passage
too low to follow. The pools were sampled on 21 April 1973 and 8 Auagust 1973
All censusing was done visually,

RESULTS AND DISCUSSION

Table 1 lists the mean densities of Aseffus recurvatus and Crargonyvy anfonnains in
the four habitals both with and without nearby porpfivriffcns larvae, 6
porghvriticus and its two crustacean prey are the only species known [rom the cave
strear except for several lumbriculid olizochaetes collected by David Couk in May
1974, and occasional dense concentrations of the flatworm Sphalloplana virginiams,
Cave flatworms are supposedly predators of amphipods and isopods {Mahr and
Poulson 1966), and sabamanders may eat Hatworms. However, over 90 percent of
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the flatworms that [ have seen in the cave were on Uhe surlace (lm of solated pools
with no salamanders, isopods, or amphipods, These concentralions ol flalworms
wene probably tecently hatched from cocoons, and seemed ta be feeding on the
microbial scum on the surface of the pools. The role of Oatworms in cave stream
cammunities will be the suhject of a later paper.

The best available estirnate of the relative frequency of riftles, mud pools, pravel
poals, and flowstone is the total number of times each habitat was sampled in areas
nat near salamander larvae (Table LB) on the four trips to MeClure's Cave. The
relative frequencies of the four habitats are not significantly different from equality
,:xzm = 257, PP 0.20) and so when overall densities are calculated, the habitats
are assumed to be in cqual proportivos.

The density of 4. recurvates s reduced markedly in the immediale vicinity of a
salamander larva for each sampling period (Table 1C, D), The reduction in density
was 31 percent in December 1973, 83 percent in May 1974, and 75 percent in July
1974 all of which are significant decreases (t - test, P > (.95). Qo the olher hand,
the abundance of C anterngtus increased when salamander larvae are nearby {Table
1AB). The increase in density was 90 percent in December 1973, 220 percent in
May [974, and 730 percent in July 1974, The July increase was siponificantly
different (P > 0.95), the other two were oot This increase is not because
parpdieriticus does not eat € aurennarus, Porplieritions readily eats O antennatus
{althoush A, recwrvatus is preferred) in the laboratory (Culver 1973a), and it is
found in the guts of larvae taken from the cave (Table 23 Rather, the increase
occurs because O anrenngiuys experiences intense competition from A, recurva fus
(Culver 197303, and predation on A. rectercainey reduces its effect on O anbensnatus.
On the other hand, recurvaruy is less affected by competition with safennatis

Table 2. Gut contents of four Gyrinophilus porpiyriticus larvae from MeClure’s Cave.

Mo, of O antennaties No. of 4. recurvaius [Relative frequency of O anfenmarns
in gut in gut in nearby acceszible habitats
| 0 2 .40
11 1 1 .00
111 1 0 1.00
v 0 i 0 None
Average 0.5 0.75 0.35

*A portion of one lumbricid was alzo in the pot,
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Table 3. Distribution of Aselfus recurvatus and Crangomys anteniaing in imstone
pools in Sweet Potato Cave, Pools are classified according to whether or not
a-porplyriticus larva was present,

CPORROIYX  gNleniaing Asellus  recuriaing

Present Abzent Present Absent
Predator Ahsent L1* 0} 5 2]
Predator Present 2e* 2 1] 4

¥ Abundance of O onteraaiuy ranged from 10 to more than 440 in a pool,
#* abundance of C gatennsiuy was 10 or less in a poal,

{Cubver 1973b) The amount of decrease of 4, recowrvatus and the amount of
increase of O aerdennefus vary greatly, but the amount of change is large in all cases.
There is also a hint of reciprocity between the decrease of 4, recwrvaims and Lhe
increase of O aedennatus. The smallest decrease in recuregius oceurs at the same
time {December 1973} as the smallest increase in O anfennetus. This s also consis-
tent with the idea Lhal the two species compete,

The papulations in Sweet Potato Cave provide an inleresting contrast with those
in MeClure's Cave. The only available habitat is rimstone pools {gours), the rough
cquivalent of mud pools in McClure's Cave. In those pools where larvae are present,
no recirvaius are present, and the density of anfennatus is reduced by over x50
percent {Tuble 3). In MeClure's Cave, that part of the prey population living in
riffles and on flowstone is inaccessible to the salamander predators because the
larvae apparently requive still water in order to detect prey (Cooper and Cooper
1968, Culver 1973a), and consequently, the salamander larvae rarely oceur in these
habitats (Fig. 1). Thus there is a refugium for prey that will in general act to
stabilize the predator-prey interaction { Rosenewelg and MacArthor 1963 In Sweet
Potato Cave there 15 no refugivm,

Even though only two prey species are involved, the changes in density can be
translated into changes in diversily, The point diversity (see Sklobadkin and
Fishelsarn 1974} in McClure™s Cave increases when salamander larvae are nearby
because the densitics of the two prey become similar, ie., equitability increases,
The point diversity in Sweet Potato Cave decreases because A recuniafuy s not
present when salamander larvae are nearby.

The hahitat niches of both C ertensaris and A. recuriauy show changes when
provphivriticus larvae are nearby (Fig. 1. To caleulate habitat frequencies, the aver-
ape Trequency of each species for each habitat for the three sampling dates was
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1l

Riffles Flowstong Mud Pocls  Grovel Pagls

Crangonys anienngtus

0.6+

Freq. -

0,2 -

- — M

Riffles Flgwstans Mud Faole Gravel Pools
Asellus recurvatus

Frag.-

Q.2

N
Rifflas Flowstone Mud Fools Gravel Ppals

Gyrinophilus porphyriticus

Fiz. 1. Habdtat miches of Crangonys saternoics, Asefles recurvades, and  Gerinopiiiys
porphyrivices in MoClure's Cave, The solid bars represent habitat niches af the prey
when a gorpioerificns larva 15 nearby. The open bars reprosent habitat niches of the prey
when a porphyeiices larva s nat neachy. The frequencies displayed in the figure are the
average frequencies of oceurmence for ol sunpling dates. Niche hreadths are as follows:

Predator Nearby Predator Mot Mearky
O urlernhatiis 3.3 33
A, recurvatus 1.5 .6

(5. parpiipriticus 1.8 -
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used. Miche breadths were caleulated according to the following formula (Leving
1968):

B
Bi: 1/]1 Pih.

where Py, 15 the Irequency of species | in habitat h. The preferred habitat of
recurvaiies 15 clearly riffles, and it has o narrow niche whether or nat a predator is
present, This @s in accord with the pencral principle that aquatic cave organisms
prefer riffles (Culver 19730} When salamander larvae are nearby, the frequency of
isppads in the two habitats where salamanders oceur {mud poals and gravel pools)
decreases and cavses o small reduction in niche beeadth {(from 1.6 w 1.3). The
siluation with ewfeiniiuy i3 more complex. Unlike recunadus aintennatus bas a
broad habitat niche (3.3, when larvae are nearby, and 3.3, when they are not) {Fip,
1), However, like recoervatus, the preferred habitat of antesnais is probably riftles
{Culver 1973b). In areas nol near a larva anfennafus is commaon in nan-offle habi-
tats. This is hecause of the high deosity of the sopod comperitor in ciffles. When
larvae are ocarhy. we would expect an increase in frequency in ciffles and on
Aowstone, but in fact only the frequency on flowstone increases. Few salamanders
are on flowstane, and perhaps {lowstone 3 preferred by anresnatus. Sucprisiogly,
the frequency in gravel pools, but not in mud pools, decreases-——bath frequencies
wure expected 1o decrease. O gutennafus may avoid predators by burrowing in the
mud {Holsinger and Holsinger 1971},

The dilTerence hetween the tutal niche breadth and average niche breadth was
used by Levins et al. (1973} to measure niche plasticity, The sverage niche breadth
is simply the averuge of niche breadths for cach sampling date (see Table 13, and
total niche breadth is computed by using the average habitut frequency cwver all
sampling dates [Fig, 1), 10 oiches are difterent ar different times, total niche breadth
will be preater than average niche breadth. I niches do not change, the twao will ke
equal, The only case where niche plasticity was found was [or gntemaa s when
predatars were not nearby. In this case, plasticity seems to measure niche uncer-
tainty brought sbout by exclusion by recnrvains of enfennaies ftom a prelemed
habitat.

Since that part of the prey population in McClure's Cave that occurs on flow-
stong and in riffles is inaccessible to salamander larvae, relative predation rates
depend not only on prey preferences, but also on that proportion of the prey
population that is accessible to salamander larvae. From laboratory experiments on
feeding preference, it was found that porphyriticus larvae take recurvatus three
times as frequently as it takes anfennafus (Culver 1973a). To obtain relative preda-
tion rates, these frequencies (0,75 and 0.25) must be multiplied by accessible
proportion of the population, i.e., the proportion in mud pocls and in gravel poals.
This calculation is shown in Table 4 for two siluations—tor a predator invading a
previously unexploited area and for a predator present in an arga. For both situa-
tions, there 15 no significant difference belween the predation rates an anfeiaine
and recurvates. However, the potential predution rate on mzfeansfus by a larvae



INTERACTION BETWEEN COMPETITION AND PREDATION 237

invading a previously unexploited area is significantly greater than the pelential
predation rate on grfentarns by a resident (t = 2,26, P 2= 0.93). The difference
between the two rates for A fecnrvatus 18 significant only at the %0 percent leve] (1
= 1.76).

LISCUSSTON

Srivesthriiey

In 2 general way, there is a clear dislinction between a species invading a com-
munity, and the stability of a commuonity with all species at their cquilibrium
population sizes. This distinetion carries over into thearerical models of species
interactions as well. lo order for species i to invade y community, dN;/dt {the rate
of change of population size) must be positive when M is smadl, or al least 1he
invading individuals in the propagule must abtain sufficient food to maintain them-
selves bur without sufficient food for reproduction. In order for a community to

Table 4. Relalive predation rates by Geeinopliiles posphovritious on Asellus rocurva-
fus and Grangonyx aifeiiiatis, The accessible proportion of the population
is the proportion in mud pools and gravel pools. These proporlions are
multiplied by 0.2% in the case of C enrernitis and by Q.75 in the case of
A, rectvatey to correct for prey preferences, This number is the relative
predation rate. Invasion refers to the siluation when a predator invades
an unexploited area; resident refers to the situation when a predator has
been in the area for some time,

Relative Predation Rates

L antenitatug AL recurvalis
Invader Resident Invader Resident

April 1973 0125 - 0,172 -
December 1973 0,155 i 0.120 00480
May 1974 Q. 100 (10135 0,202 0.135
July 1974 0.123 0065 0,105 Q.00
Mean 0126 0072 0,150 0.075
Varanoee 0.00015 o7 00020 0.0047

Standard ertor 0011 0.023 00223 0,040
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have a stable equilibrium point, population sizes must return to 1his equilibrium
point following small perlurbations. However, tfor most of the models clustered
around the ‘comumunity matrix® concept {Levins 1968; May 1973a), the formal
criteria For invasihility and stability are identical (Strobeck 1973) because of the
strofig linearity assumptions in these models. The data on predation rates {Tuble 4)
suggest, although the formal criteria for invasibility and stability may be identical,
the parameters (the predation rates) themselves change. That is, potential predation
rates are greater al the time of invasion than al cquilibrivm, This in tum suggests
that, in the fisld, most porpferiticns populations should consist of only a few
individuals (successful invasions) and only a few populations should cansist of more
than a few individuals (roughly equivalent to equilibrium populations). Tlus is in
fact the case (Fig. 2). This is alsa consistent with the small number of prey items io
salamander guts (Table 2).

This phenomenan of invasion being easy compared to establishing a stable equi-
librium may be a peneral characteristic of predators that eat prey occurring in a
heterogeneous environment where habitats differ in their accessibility to predators,
Consider the situation prier to invasion by @ predator, Even if 2 communily does
not have the maximum stable number of competing prev species, thase species Lhal
are present are likely to cxpand their habitat niches so thal most available hahitats
gre used by one or more species, This i3 the well documented phenomenon of
habitat telease (Diamond 1970; MacArthur 1972), By assumption, some of the
habitats are inaccessible to a predator that invades, and some are vulnerable. When a
predator invades, there will be a relacively abundant food supply. As the predator

81
B-
4

No. of
Populations 5_

| B

1-3 4-6 >7

Population Size

Fig. 2 Dustribution ol pepulaton sices of Germophitis poprpdyereticey laceae and adudts in
Powel] Valley Caves.
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population grows, the svailable food supply contracts since a grearer proportion of
prey will be in refugia. This process may result in the extinction of some prey
populations, but [rom the point of view of the predator, the total amount of food
available decreases as its population grows. This may lead ta instability in two ways,
First, there may nat be enowgh food available for the predators to reproduce, or
second, time lags in predator population response may cause the predator popula-
tien to overshoot and then crash {May 1973b),

The situation with competitors is likely to be quite different. Onee again con-
sider an unsaturated community. Habitat release will act to fill most available
habitats. When a competitor invades, it is likely to face intense competition, or at
least greater habitat niche overlap. If the initial invasion is successful, population
increase may become progressively easier as the habital niches of the resident
species contrast, which would cause a reduction in interspecific competition. As the
pupulation increases, intraspecific competition increases and slows prowth rates.
However, intraspecific competition does not cause a negative growth rate when
population size is below the carrying capacily, whereas interspecific competition
van, vspecially (as is argued above) when population size is small. Since niche
release is much less frequent for species that eat different foods in the same habitat
than for specics cating the same food in different habitats {MacArthur and Wilson
1967}, we would not expect extra difficulty for invasion when niche separation is
primarily by diet, Howcever, lor guilds of species for which habitat separation is
important, such as prey species discussed in this paper (sce Culver 1973h), one
wiolld expect that most populations would be close to equilibriom rather than in
the early stages of invasion, OFf the 19 prey populations in the 11 caves with
salamander populations, ooly one (O ardennmeas in Surgeners Cave) 15 small enough
that it is possible that it is in the early stages of invasion, in contrast to the
salamander populations (Fig. 2).

Slahility

In this section the stability of the predator-prey system and the prey system alone
will be analyzed. To dao this [ will start with the following equations (Cramer and
May 1971}

dHi M e,

a - tyHy 0l K, X I — #H P (1
dH H sy H .

T - H (- =) - PHP 2)
dp

G = Pal-d+ yH +0il) (3)

where Hy 15 the population size of C anferpmius, Hy the population size of A
recutvaius, Py the population size of (¢ porphyriticus, ; the rate of increase of
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species i, K the carrying capacity ol species i, oy the effect of competitor j an
species 1, the predation rate of porpigritices, d the deatl rate of the predalor, and
the rate of increase n the predator population brought about by cating 4 prey
organism. The assumptions involved with vsing such simplified equations have been
discussed extensively {(see Gilpin and Justice 1973, MacArthur 1972; May 1973;
Maynard Smith 1974; Neill 1974). One assumption should be especially noted--the
cguations are assumed to hold near cquiibrium, therefore the community is as-
sumed te be near equilibrium. The linearity of predation {(HP,) seems to he a
reaspnable assumption, In the laboratory, the functional response curve (Holling
1965) of porpiyritices 18 linear when only one prey species is present (Cuolver
unpublished). While switching may oceur (Lawton ctal, 1974; Murdoch and Marks
1973), the failure of conditioning experiments to produce changes in prey prefer-
ence of porpfyritices (Culver 1973a) indicates that switching is unlikely, The most
obvious inaccuracy is in eguation {3). Since the adult stage of porplivriticus does
nat live in the stream, there should be, at a minimum, time lags in same of the
terms in equation [3). Bishop (1941) believes that the larval period of porpliyrit-
cusin springs lasts three years, and one year as an adult before sexuval maturity is
reached, and it is likely thal cave populations have an even Jonger life history (see
Brandon 1971).

The effect of using equation (37 without Ume lags will be to overestimate the
stability of the predator-prey svstem (see May 1973hb].

The data in Table 4 indicate that the predation rates on the two prey are ool
sipnificantly different, and il also appears that the carrying capucities of C aHteng-
fus and A. recurvatus (Ky and K, ) are very similar, sccording 1o two independent
estirmates. First, in a previous paper {Culver 197303, | claimed that the carrying
capacity for the prey species is directly proportional to the inverse of the washout
rate of individuals from » riffle in an artilicial stream. The ratio of the carrying
capacities o this case % 0.96. Second, by combining a dircct count of individuals
(M} in a section of stream in Gollahan's No, | Cave with competition coeflicients
determined in the laboratory, the ratio of Ky and K5 was found to be 101, Finally,
the competition cuefficients (o;) were calculated in Culver (1973b)—— ;5 = 1.0,
@y = 0.3,

At equilibrium, equation (1) to (3) are, in matrix form:

(4)
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or_ |_ i b
£ |
K | 1.0 1.0 Be H,
I
‘K ‘: 03 10 K 1, (5)
Iz
—d —p =y 0 Py
Il i B

May and his colleagues (May 1971, 1973a; Cramer and May 1971) bave done a
complete stability analysis of systems described by equations like the ones discus.
sed ahove, and their results will be followed closely.

The stable coexistence ol a system of competitors is subject to two constraints,
First, the equilibrium st be stable 1o small perturbations, and second, the cqui-
librivm must lie in that part of the phase space where all population sizes are
positive. This second constraint has heen called feasihilivy by Roberts {1974). This
distinction can be made clearer by a brief consideration of two-species campetition
models. Tn terms of the standard isecline graphs of two-species coapetition {e.e.,
Krebs 1972, p. 216), stability requires that the slope of the isocline far specics | (%‘
= O} be less than the slope of the isacline for species 2 557 'lN = (1. Feasihility requires
that the intersection of the two isoclines must he in tlm upper right quarter of the
phase plane, The standard graphical treatment of two species competition partially
Blurs this distinction (Vandermeer pers. comm.}). None-feasible systems are not
mathematical artifacts without ecological importrance (Roberls 1974), because
non-equilibrivem states can occur with all population sizes positive {Ricklefs 1973,
p. 515) Recent theoretical work has emphasized stability rather than [easibilicy
(Levins 1970; May 1972} in purt because stability snalvsis indicates complexity
generally decreases stability, counter to the usual biclopical intuition (Hotchinson
1959, Feasibility may be importanl in real communitics as well, because maost
randomly construcled uwnstable communities are not feasible as well {(Roberts
19743, In the paragraphs below, both feasibilicy and stability of the McClure’s Cave
commuity will be examined.

Trapslating May's stabilily criteria in terms of equation (3) Lhe predator-prey
systemn will be stable if

12 Hy

07 (22

10 (&)

which will be positive if Hy i3 positive. In terms of the interaction coclficients, the
system is always stable. The prey system will be stable if

rlrg H Hg

07 (—4+—=1>0 (7
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Table 5. Equiliboum population sizes calculated from eguation (5).
See text [or details,

Species Salamanders Present Salamanders Absent

. A
g L 5K+d}£r1 _rj}

Cramponyx arienmafi O
4,78/
Aselfus recurvaris ~(4K ~d} (3K - 0.3d) K
+
Ia I
0.7 3
d
Gryrinophilus §K —d
POl ritious 3BK/1

which will also always be stable if population sizes are positive, Tt 15 the equilibdum
population sizes, ie., the feasibility, that set real constraints on the system {Table
5). These constrainls operate either by making » positive population size impossi-
ble, or by reducing population size to the point where chance fluctuation are likely
1o cause extinction. For the predator-prey system, the equilibrivm population size
of aoy of the species may be zero, depending on the particular value of the para-
meters {Table 5). For the prey system alone, the equilibrivm population size of £
anfennaies is caleulared to be zero, when in fact it s small but positive (Table 7.
This indicates that either a5 is slightly Jess than one, or K, is slightly greater than
Ko I the population sizes calewlated i Table 5 are taken to be completely accu-
rate, the predator-prey system 15 mare stable. A mare general point, and 3 mare
robust conclusion iz that the reduction in populalion size is more likely Lo capse
extinetion than the instahility of the equilibeium,

FPatohinesy

The major environmental differcoce between MeClure's Cave and Sweet Potato
Cave is that the habitat in Sweet Potato Cave consists of a series of highly hamo-
genenus patches (rimstone pools, or gours) whereas the habitat in McClure's Cave is
heterogeneous (rffles. flowstone, cied and patehy (e.g., different pools are sepa-
rated from each other). In other caves simiar to MeClure's, recurvatus and
anteanelus persist in the absence of porpfyriticus. Thus it seems that the habitat
heterogencity of these streams allows for continued persistence of both the prey
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system and the predator-prey systerm. In Sweet Potato Cave, it is likely that the
combination of the two prey species or the complete predator-prey system is un-
stable if one pool is considered in isolation. Consider the two prey species without
the predator. The pools are very homogeneous, and we would expect competitive
exclusion on theoretical grounds, especially since there is interference competitivn
between the two prey species (Culver 19730, However, the time to exclusion may
be very long (Miller 1967). In any case, there will be migrants both fraom water
seeping into the cave and from other pools. Theoretically, migration can resuli in
the regional coexistence of species that cannot coexist indefinitely in a single patch
{Levins and Culver 1971; Slatkin 1973, Levin 1974). This seems to be happening in
Sweet Potate Clave, That is, the expected time to exlinction is greater than the
expecred time between migrations. When a predator is present, population sizes are
decreased (especially for recwrvafus) and extinction times become less than the
times between migrations.

Finally, the role of competition and predation in both communities can be
compared. In both caves, competition decreases populalion Sizes-anternaius is
more affected in MoClure™s Cave while recunaiis seems to be most affected in
Sweet Potalo Cave. If reduced population size increases the chance of extinetion
{MacArthur and Wilson 1967}, then competition destabilizes the community. Pre-
dation in MeClure's Cave tends to equalize population sizes af the two species, and
thus reduces the chance of extinction. W is a stahilizing force (Paine 1971). In
Sweel Potato Cave, it reduces both prey populations and this is a destabilizing force
{Addicott 1974),

SUMMARY

Predation by salamander larvae (Gyrinopiifus porphyriticus) reduces the density of
one of ity prey (the isapod Aselius recurvaties) but increases the density ol the other
ithe amphipod Crengows aafennabes inoa Virginia cave stream. This happens be-
cause predation on the isopod reduces its compelitive effect on the amphipod. Both
prey populations lend to occur more (tequently in refugia when predators amne
present. In apother cave where there are no prey refugia, the predator reduces the
density of both species, It appears that it is easier for 2 predator to invade a
community than to reach u stable equilibrium with the prey, if the prey have
refugia, Persistence of Lhe prey system and the predstorprey system is constrained
mare by low population sizes than by the wnstability of the interaction coefficients.

RESUME

La prédation excercée par les larves de Salamandre (Crprinophills porphyriticns)
fait décrodtre lu densité d'une de ses proics (I'lsopode Asefius recurvatius ), mais fait
saceroftre celle d'une autre (U Amphipode Cranponpx artennans) dans un cours
d’eau souterrain de Virginie. Ceci est d0 4 ce que la prédation sur U'lsopode dimninue
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sa compétitivité vis 4 vis de 'Amphipode. Les deux populations de proies tendent 4
se rencontrer plus fréquemment dans des zones refuges lorsque les prédateurs sont
présents. Dans une autre grolte o n'existent pas de refuges pour les proies, Je
prédateyr fail diminuer la densité des deux espéces. 1l apparaft qu’il est plus facile
pour un prédateur, si la prode dispose de zone de refuge, d’envahir une communauote
que d'arriver & un équilibre stable avec la proie, La persistence du systime des
proies et du systéme prédateur-proies est maintenue plus par les faibles effectifs des
populations que par Finstabilité des coefficients d'interaction.
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