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Studies on the Niche Separation in Two Carabid Cave Beetles

by

Tom MCKINNEY®

INTRODUCTION

Twea closely reluted species rarvely inhabit an arcu ol limited resources because of
their ceclogical similarity (LElton 1946, In this study T looked at aspocts of scasonal
papdation change aod behavior of Prendaophthalmes wmevetriesi and £ pubescens
{Carabidae: Trechinid with the porpose of explaining why these two heetles can
coexist i the same caves where food mput 15 restricted.

METHODS
Foprefation Studics

Population counts were made, when possible, gach month from July, 1972, until
December, 1973 by qonanually capturing all che beetles in three one meter square
stations in g 13 m?2 purlion of 4 rocky stream hed {approximutely 203 of available
habitat) and at one 40 m? stream side bank station {approximately 155 of available
habitat) in Walnue Hill Cave, 3 ko soutl of Park City, Barren Co. Kentucky. The
buetles were identified to specivs, sex and whether teneral or fully sclerolized and
then released at their collevtion site. The substrate level teinperature, sircam water
level, signs of recent flooding, and the amaount of leaf litter al the stations were also
noted.

Faduitat Kooy

The habitats occupied by Pevdarophthalms meneteiest and £ padescens were
examined in Walnue Hill Cave and Parker Cave 2.8 km SW ol Park City in Barren
T, Ky, and Hanson Cave 3.9 ki SW ol Hisewille, Barren Co, Ky, Five distinel
tvpes ol microhabitar in these caves that were commaonly occupied by Prend-
apespfitharlnnes, were examined: bace clay shebves in Parker Cave (surveved 5 times
hetween August 1971 and February 1972, an area of heavy litter in Hanson Cave
isampled 3 times from June to Seplember 1973), and three areas in Walnut Hill
Cave {examined ar least 12 times from SNovember 1972 o December 1973 The
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first af these Walnut 10 Cave areas was a rocky steeam bed with pockets of litter,
the second was o silty stream bed with scattered litler adjacent to the rocky area
{hoth examined twice, in July and August 1973) and the last was a silty stream side
bank with scattered litter, The relative abundance of the two beetles and their
habitat niche breadth were caleulated from these dala. These habitars differ in the
amount and age of litter present, from na litter on the Parker Cave clay shelves to
an almost continuans cover in the Hanson Cave study area. The Walnae Hill Cave
rocky stream bed has scartered pockets of litter and both the stream bed and
slream side bank silt areas have scattered pieces of litter. The ape of the litter also
varies, from ald (precisely how old is not known) in Hanson Cave to relatively fresh
in the Walnut Hill Cave strearn bed sites, Litter an the stream side bank station was
clder than the stream Bed litter, but net as old as the Haoson Cave litter, In Walnut
Hill Cave, high water replaces some or all of the stream bed litter @ — 11 times per
vear and replaces the srream side bank litter 2 — 3 times per year.

Habitat niche breadth was caleulated from the Shannon-Wiener information
Formuta ( Ricklels 196487

Bi= X pjlog Pija

here py. ds the proportion of the individuals of species 1 which 15 associated with
habitat |. Bi = | when the proportion of species | associated with each habitat jis
equal and Bi = 0 when all members of species i are restricted to ane hahitat.

That beetles of both species are more abundant in litter areas was obvious from
preliminary observations in Walout 1l Cave and i other caves {T.C. Barr personal
communicalion). To cxamine whal happens when [resh cave litler is added 1o an
area with low beetle densities, litter was added to three Parker Cave clay shelf
stations, leaving a fourth one bare as a contrel. Approximately 730 cm? of litter
wis placed on stations 1, 2 and 4 on Tune 28, 1972 and on May 13, 1973, 4600cmd
was added to station 1, 7100 cm?d was added to station 2 and 5800 om” was added
to station 4, giving approximately equal densities per m? at each station, Station 3
wias left wuomodified again (o oact as o control. The beetle and micra-arthropod
populations were surveyed either monthly or himonthly.

Tuterspecific Interactions

Interspecific interaction experiments were carried out for two different lenaths af
time. Short term experiments were run in storage jacs with 1 cm depth and about
600 cm> area of wniform cave clay as substrate, Six tests of voe hour vach were
dane using ane mrederriest and ooe pubescens of the same sex. In preliminacy tests
one piece of litter was placed in the jar but, as the heetles did not stap on, wnder ar
near it and it occasionally interfered with observations, litter was not uwsed in
subsequent rests.

Langterm interspecific interaction experiments were tun in 3.8 hiter stee] framed
Lecrariy with 2 em of Parker Cave clay covering the bottom which had an area of
abrut 400 cm2. Frash cave lirrer, with attendant microarthropods and vligochactes,
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covered approximately 40 percent of the substrate. Two beetles of each species
were placed i each of the five terraria which were checked every three or four days
to determine which beetles were still alive. Food (litter) was not renewed,

Dhigeine fxperimenis

Digging experiinents were un in LU em by 11 cm by 2.5 om o extruded plastic
sandwich boxes with 1 cm of cave clay substrate on the bottam. Two hour tests
were run with 40 beetles of each species in each test with une bueetle per box, At

the end of the test period the number ol holes dug by all the heetles of each species
was eounted. The results were analyzed using a ¥ 2 test,

RESULTS
Popredation Studies

Beetle population changes were extrapolated ta the 13 m2 study portion of the
tucky stream bed area based on the number of beetles at the three ane m? stations.
Total surveys of this arca were dooe twice for another purpose and the number of
beetles found coresponded well to population estimates done one week later {July
14, actual count 15 mresetries] and 9 pubescens, with an estimate on July 21 of 13
meneretes) and 9 pubeseens; August 7, 1973 actoal count 22 menetriesi and 13
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Puopuluting Nuctuaticss in & medetriesi and Popuebescens in Waloat Hall Cave on e
strearn bank (For a4 3906 m? area).
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BETTLES
—

Fig, L Populaticn changes in Mreudonopiathaimuy menetries, B osiritus (8) and Populoseens
m Walnut Hall Cuove Ter the vears 19710 1972 aned 1973 % P sfrigris present,

prbescens witls August 14 estimates of 29 menetricst and @ pubescens), The popula-
tian estimates for the rocky stream bed area are presented in Figore | and Figure 2
represents the actual counts made on Lhe stream hank station. The population densi-
ties of both mretesriesi and pubeseens chanped repularly with highest levels reached
during the summer and {all and the lowest levels reached during the winter in the
streary bed stations, but remaining relalively constant on the stream bank station,

There iz a permanent stream in Walnut Hill Cave which flooded to o deplh of
over 2 meters twoe or three times a year and to a depth of between |0 and 30 cm
nine or len limes a vear during the time this cave was examined, The cave was
visited shortly after two different floods, one of 1.6 meters on Moy 12, 1973 und a
less extreme one on December 15, 1972, On December 135, 1972 water covered the
stream bed o a depth of 3 - 10 cm and no survey could be made. but the stream
hank station was cxamined, Four srenesieies! were taken, a not unosual number.
bt five peebescens were caught, 2 nunther twice that seen previously (Figure 1.

O May 12, 1973 the water level was only slightly higher than normal, but there
were signs of recent very high water (Tresh litter clinging to the cave roof and wall).
In the stream bed stations the menefrics’ numbers were slightly lower than usual
(1.3 te 1.0 beetles/m™) whereas the pubeseens population mereased {from 0.7 o
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1.0 beetles!m*). The stream hank station popululions were much higher than nsual,
but the pubdescens mereased much more than meneries. The preaciefest population
was glmost lwice us dense as usual (0,12 to .20 beetlesy m? ) whereas the pebescens
population ingreased from an average of 0.03 to 1.1 beetles/m? (Fiaure 2).

Fopudaticnr Rechabinen !

Teneral inenetriesi entered the population over u period o 150 days (July 14 10
December 150 while teneral pubescens appeared over a much shorler period of
time, 08 days (May 12 to July 18] ¢ Table 1) 10 is important to note that there is
almoest oo overlap in the time of teneral appearsnce. Some pufeseons may appedr
before May cach year and some senetrivsl may appear alter December sinee the
December  April period has been smopled the leasr, bt there is probably nu
winter overlap. The lack of summer overlap is real and not due to g lack of
abservation.

fabitar Stidies

The watio of prebesecnsimenetrioss found i cach of the miceohabitats s presented
in Tahle 2, The proportion of pubeseeny increases as Uwe amount of litter in the
microhabital inceeases, The ratio is lowest (relatively maore smewcreiesd) on the bare
Parker Cuve shelves and the highest (eelatively few smieaeteiesdy in the Hanson Cave
litter areas, with the three Walnot Hill Cave stations falling in hetween.

The calewlared habitat hreadth indscates that eedeirfes’ has o relatively low
selectivity (Wi = .74} whereas prbescens 15 mure discriminating for hahitat choiee
(bi=0.43).

The initiul additjon of litter (June 1972) caused 2 sharp increase in the number
af menetriesi found in the modified Packer Cave shelves and a proportionately
greater increase in the pebeseons popudation (compare Table 3A and JB). There was
little increase in the visible microarthropod faena, hut large olipochaetes did in-
crease in number, which would soggest an increase i small oligocheeres {Table 4.
Other studivs (MeKinney in preparation] have indicated thal pebescens readily
utilizes small oligochaetes as foed, bul mepeiries’ eats microarthropods belore il
will attempt to esr olignchsstes and then elen the worms are only maripolated
and not eaten.

After the ioital inercase the enemioss population was relatively stable while
the pubesceny population declined until g neur normal density was reached after 7
wonths. The pubescens/menetriess ratio had dropped below that of the control
survey period by Febeuary 25, 1973, There was little decomposition of litter over
this perivd of time. The contrel station (Table 306 showed no increase in beetle
density, and actually lacked pubesceny most of the time,

The change in Psevcdanoplithalrms populations was greater on these same shelves
after the sddition of ten times as much leal litter in May 1973 (Tahle 34} With the
addition of this large amount of litter the number of beetles and the ratio of
piibescens/menctriesi went up, with prebescens again fncreasing proportionately
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mare than did mererries. The rato oblained was actually higher than for all of the
natural microhabitats exasmined except the Hanson Cave litter areas. The micro-
arthroepods and large olizgocheates {and probably small aligochactes) also incroused
dramatically (Table 4), Az after the Orst modilication. the numbers of meneiriest
remained relatively constunl, st least throogh Qctoher 1973, while the pubescens
population [vll below the menetriess population by Ceraber. There was only o slipht

Table 1. Date of appearance and per cent light teneral Prendarnoph fralinus in
Walnut Hill Cave, Parker Cave and Hanson Cave. Pootenerriesi appedars over
alonger period of time than & pabeseens and there s ke temporal overlap
belween the two specics with praescens showing spring and menerrics!
shuwing summer-lall recoatment.

Fomenetriesl

Parcant M ber of
Lave Ihate teneTal teneraly
Walnut Hul Cave F473 ¥ I of 20
Parker Cave BITH/TD 17.1 Fnf 1k
Purker Cave 99T 30 [ of 20
Walnut Hill Cave Bi1e/72 g laf 12
Hanson Cave Q2T 143 Lol 7
Walout Hill Cave Y3873 100} L of 10
Walnut Hill Cave [O/23:71 [5.4 2of13
Parker Cave ' 102471 J A4 L af H
Walnot Hill Cave Lo 1973 20003 2al 10
Walnut Hill Cave Liamis 18.64 Jaf )2
Walnul Hill Cave 121372 125 Lof &
Purker Cave 12114473 | Lof 9
Walnut Hill Cave T2 T4 131 2of 6
=139

Fonubeseens

Walnut Mill Cave 201272 15.3 2of 1l
Walnut Hill Cave G/26073 333 Laf 3
Hanson Cave GIERITE 13.% fof 30
Parker Cave G073 7.1 lof 14
Parker Cave TH2T2 L33 Yof13
Hansan Cave LR . 1 of 33

i
1
s
=
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Table 2. Freudanophchalmus pubeicens/F menericsl ragios o Walnut Hill Cave,
Parker Cave, and Hanson Cave show thal £ pubescens/F, mengoriess ratio
increases with incregsing licter (caves arranged in increasing order of their

litter content).

Sample sile

Parker Cave shelves
Walnut Hill Cave
siTearmn side bank
Walnut Hill Cave
srream bed sill
Walnut Hill Cyve
stream hed rocks

Hanson Cave
slream bed litter

P menerriess

nurmber

30

56

27

34

number)

m?i

1.1

P opubescens
number

23

93

number)

m?

019

0.03

030

.95

3.8

Hatio
#r.p.!
#P.m.
017
0.9
0.22
.61

3.3z

Tahle 3A.  Freudanopiithalmus pubescens (Pp) and P omenerriesi (P ) numbers
and densities, and the Fp /P ratios which show an increase with

litter addition (total ares = 5,13 m?).

Mp.
Initial ® an

Maodifieation f (light litter)

1872

T2 19
BEirwiT2 5
QT2 Y
10722472 )
2735173 H

F.p./m

1.1

3.4
1.4
L.6
[.2
.4

Litter placed on shelves

F.m.

3

T I A A

* Lased on fve vistts From Auogust 1971 until Febogary (972,

Modificarion 2 {heavy litler)

513773

630773 14
730073 13
4/13/73 1z
TOH1E!TS |2

12014/73 4

Ta

oaad s
R

Litter placed nn shelves

(2
14
19

P, fm?

0.1

2.0
.9
0.7
05

-

s

=P /=P.m.

017

(.58
.51
044
0.43
0.13

1.35
1.04
1.54
0.54
0.50
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Tahle 3B, Presdencopiithalmuy pabescens and Poomenerries! numbers, density and
the £ p éf . ratio for the vomodified conteol scation (ares - 375 m?)
showing population changes during the periods of modification of

othur slations.

"y, P.p.im? Fom. . m? ZPpizPm.

Tire aof medificutin |

Tz 3 0o 2 (.5 [l
RilwT2 o - ]
Qa2 3 0,49 0 - —
02272 2 0.5 0 3. -
22573 ] - 0

Frme of modification 2

630,73 3 0.9 1 0.5 .33
1973 ! 0.3 i} .

/13773 2 0.5 1 0.3 0.50
10/ 1873 1 0.3 0

12/14/73 1 0.3 0 3

change in prey species numbers from May 1973 undl Decenber 1973, but small
oligochaetes could noet be surveyed and could possibly have declined.

The number of heetles seen at the conteol station increased somewhat during
1973 (Table 3B). This bectle ingrease is possibly due to un overflos from the
modified stations since the microarthropod fauns at this control station did not
change {Tubile 4},

INTERSPECIFIC INTERACTIONS

In short term experiments gubescens clearly showed that it is more aggressive than
imenetriest, willl 30 aggressive acts committed va 12 for senetriosi in six hours of
ohservation { 12 individuals in & paies Tor 1 hour per pair). These aggressive cocoun-
ters started when two beetles made contact with each other aond ended when ong,
the loser, ran from the victor. I all cases the beetle that initaled the agaression
after contact was the dominant becetle in that encounter, The losing beetle alwavs
ran away from the winner whe usually remained in place 2 - 3 seconds and then
resumned its normal walking pattern. Cecasionally the winoer chased the losing
beetle 2 - 3 ¢m before it resumed it3 normal belavior, On 14 occasions there were
neutral encounters when the beetles touched each other bur did nat change their
behavior.

Noointraspecific interaction experiments were tun in storage jurs, but a few
intraspecific interactions were nbserved in conjunction with other experiments run
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un the two species. The interactions were similar, however much less common (2
aggressive interactions initeted in 10 howrs by spenedress and 4 aggressive interac-
tions initiated in 10 houes by podescens using 3 pairs for each species).

Longlerm interaction lests ulso showed that pubescens was the more agpressive
af the twa species. The first heetle eliminated from 3 of the 5 terrariz was o
speitertiess and the survivor of 4 of the 5 experiments was a pubeseons. [0 the 4
tests wlere eeverrfess was eliminated the last prese tricss disappeared 125, 200, 119
il 12% days afler the starl of the test, This is well wilbio the Teogth of life of this
species as contrals lived for an avernge of 219 days and the meneiriesd that ended
wp as the survivor was still alive after 165 days.

DIGGING EXFPERIMENTS

£ menetriesd dug significantly Tewer holes than # puedescens did during the two
' - A '

hour test periods (9 vs 70, x= = 472, p=005). Muny ol the holes dug by hath

species were jnirregularities in the clay along the edgze of the test chamber.

BISCUSSTOMN

The population lows in the stream bed statiens m Walnee Hill Cave were probably
caused by cold temperstores (Lhis cave is relatively short and there was o 3.6 C
pange in temperature recorded during the period of study ) aod a cold, deving wind
that blew inta the cave during the winter, This wind current formed a layer spprox-
imately 0.6 m deep next Lo the floor and only minimally affected the stream hank
station, On “warm™ winter davs when there was little wind, and warmer tempera-
tures, the stream bed populations increased in size (see Jan. 1972, Figure 2% Whelh-
er the beetles hid in cracks or moved (o deeper and inaccessible passages of the cave
is unknown.

Deike (19671 felt that chere is a larpe stream passage inaccessible to man, 16 m
below the end of Walnut Hill Cave. The rupid inerease in the visible population size
of peehescens after heavy flonds, even during the winter, suggests thal pedescens has
large populations. in this and other lower level cave passages, that ure sctive al all
times and can be foreed up o higher levels by Ooods, The visible popuolations of
menetricst ingreaze less than pubescens afler Moods which implies that the lower
level pubescens populations are larger relative to the accessible menerries’ popula-
LieaLg,

It is tempting to speculate that because of the differences in the time of appear-
ance of tencrals i wrewetries’ and pubescens populations (Table 1) the breeding
Limes are dlso dilTerent. With larva of the two species at different stages of develop-
ment and sives, potential competition between the larva could be lessened. Most
epigean carakids are either summer or fall breeders (Vilim, et al. 1961 and species
of both types can be found in any one geographical area. Usually species of one
penus reprodoce at the same time of the vear 20 one location (Calkert 19567 bul in
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Table 4, Parker Cave station organisms by month and station illustrating change in
organisms with the addition of ltter: +=5 — 13, ++ =13 — M), +44 = 20+
[Area experimental stations = 3.1 m?, area control station = 3.8 m?)

Date Creaniam
Station

(")

Cladenaecus subrerrgnens {Orthoptera)
Neaphoenaps telikampfii (Coleoptera)

Sinelle cavernarum (Collembola)
Freudanopfichalniug phescels

Tomacerus flovescens (Collembala)
Fseudanouphithalmus menetriesi ()

Seorerpes p. (Diplopoda)
Flusiocampa sp. {Diplura)

Fromaphagus hirtws ")

=
=
z
2
2
o
87148/
Control station 7 a 9
Experimental station 3 2
Gr1aiT]
Control station 1] 2
Experimental station f 7
Lo 2471
Control station + s 0 1] a 4]
Experimental station | 4 +++ 0 5 2
1172771
Control station ] id
Experimental station 1 X 44 7 3 1
123072
{Contrel atation 3 1 4 2 4
Expeomental station + 1 T +++ H 4
628777 First addition of litter
T2
Control station (¥ | 4] §] 1] 1] 1]
Fxperimenial station 3 ++ A + 2 19 11
Hi1EITD
Control station 2 4 Q L]
Experimental station + + + ++ 3 q 3
TN N il
Control station + 0 1] 0 a
Experimental station <+ + 4 o 4
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Drate
Station

1072272
Contral station
Experimental stalion

Crpanism

Seoterpes po {Diplopoda)

Oligochaete sp.

+

=+

51372 Second addition of leter

B 3172
Control stution
Experimental station
THHTS
Control stalion
Experimental station
Hi13/73
Control station
Experimental station
[0/ 1873
Control station
Experimental station
12/1573
Control station
Experimental station

L] i}
T
1 4]
P X
1] ]
++ 1

1] ]
+++ ]

0 i}
P |

Sinelly cavermerwn {Collembola)
Tomocerus Qovercens (Collembala)
Gadenoecys suhterranens (Orthoptera)

Plusiocgmpr sp, (Thplura)

+

Megphaeraps rellkampili (Coleoptera)

wo

LeF]

{l

— 0

]

!
1"

Prevudanaphthalmus menetriesi
Prewdidoph thglms pubesocns

-1 S
P =

75

Prowtaphagus hirtes {7)

0
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these congeneric beetles il would be advanlageous 1o separate breeding limes, The
Iovw percentage of tenerals cneowntersd in these populations sugeests that these
Ervendanphifigbinney live for more than one year, nnlike most other carabids
[ Murdoch 1966} and possibly breed more than onee (Gilhert 19563,

During the time of appearaoce of tencrals bl the mettetriesi an average of 13594
ol the population is made up of light-colored tenerals for 3 months which micens
that approsimately 700 of the population is recriited into the population in one
vear and the popalation turns over every | /3 vears, Similarly an average of 1073
of the pubescens population are lipht-colored tenerals fur 3 months and so 335 of
the population 35 recroited cach wvear, which means that it takes 3 years for the
peebeseeny population too tarm over. These calculations are bazed on two assump-
tions and subject to one reservationn, The fust assumption is that theee was no
overlap between the teoeral individuals seen from ooe visit Lo the nest. This is
really no problen since only light tenerals were counted; those that were almost
fully sclerotized were noted. but not wsed to figure the pereentape of tencrals in the
papulation. The second assumption is Lhat the number of tenerals approximates e
number of adult beetles dying in the same perind of time. This cannot be prosven
from the information availalle, but theee i3 no reason to doubt that on average this
5 what happens. The big problem lies in e fact that the pebescens populalion
seems Lo be centered, in Walnot Hill Cave at least, in an area that cannot b
surveyed and therefore the percent teneral puefescens may really be higher than
indicated by the sampling done in the acessible portion of the cave,

[n the fve different miceohubitats examined in Parker Cove, Walnoe Hill Cave
and Hanson Cave the arcas walh the grestest amouont of litter had the largest
Frewdanaphtiahmuy populations and the proportion of prbescens was the highest.
Foomenetriess was relatively much more abundant than puedbescens in the areas with
tow litter content. [t would seem that senetrics! i3 better able to utilize the re-
sources available i opeo and scatteced litter areas than is prubescens, This may be
due to the fact that paebeseens prefers o cat small ltter dwelling olipochaeles over
the microarllicopods that are loond in open areas und that preweries 15 more
efficient at catching these small collembala and mites (McKinney in preparation ).

Microarthropads and other potential food items in the cave litter added o the
litter-free shelves o Parker Cave in the habitat modification experiments allowed
bath beetle populations o inerease by immigration, The litter added in July 1972,
wis seatlered Loy preateor extent Lthan in thie Walnot Hill Cave stream bed areas and
could not indefinitely support sume prey species and the high beetle populations.
The larger amounts of litter added m May 1973 allowed prey species to reach
higher levels so higher beetle populations were supported for longer periods of time,
There was o slight decresse in mosl prey specics numbers Trom May 1972 until
December 1973, but small oligochaetes could not he surveved and passibly could
lave become less common thao other orpanisms whicl could haye caused a dispro-
porlionate decrease in the pubesceny population,

The ahility of £ menedrfess to maintain relatively large popualations in botl itter
and nonlitter areas also suppests that this species is either an unspecialized predator
and can take advantage of prey species that maintain populations outside ol the
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litter and that pubesceny docs nat wtilize these organisms, or that gredeteioss s more
efficient at catching prey o open areas than pubescens, or both, The fact that
prchescens digs significantly more holes than sreneericsd also supeests diffcrences
exist in the food preference for the two species,

Both the shart and the longrerm interspecific interaction experiments indicate
that meheseens is more apgressive thao reaedriest when the two species encounter
cach olher. Lven if this interference i small, it may be importanl o lessening
competition for scarce resources. Because there are mare collembolafunil volume of
litter in Hanson Cave Lhan Walout Hill Cave (McKinney in preparation) mienetimesd
would be expected to have higher populations in Hanson Cuave than Walnut Hill
Cave, bur it does not. Competitive inlerference {(Cameron 1971, Culver 1970) in
Hanson Cave caused hy the large pudescens population may keep the number of
tnenetriest lower than could ke supported by the available food supply.

COMNCLUSION

Potential competition in the closely related beetles could be lessened by: 17 the
differences in the timing of lareal development, 23 by differeoces in hahitat niche
breadih, 31 b diffarences in food preference, and 4) by compelitive interference of
Fopubescens with Poomenetriess when prefescens populations are large,
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SUMMARY

Fopulation, huabitat and behavioral stodies carricd oot on Peesdmeapita (s
menrcirtest and Foopobesceas in the sauth central Kentucky karst ares are deseribed
and discussed. Differences which exist in the timing of populution recrurtment,
habitat prelerence, habitat niche breadth snd o the degree of wgression are all
important in lessening competition betwesn these leo species.

RESUME
Lavteur décrit et discute des études menées dans la zone karstique du Centre-Sod

du Kentucky, sur la population, Phabilat et le comportement de Psesdanopiitfial-
mins mpwiedriesi el £opabeseens. Les différences qui existent entre Tos durdes de



TH TOM MOKINNEY

rencuvellement de la population, la taille des biotopes et Je laux d'agressivilg entre
les espéces, sont d'autant plus importantes qu'elles diminuent la compétitivité entre
les deux pespéces.
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