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Introduction

The purpose of this research was 1o describe intracave distribution and
dispersion patterns within g population of the troglobitic carabid beetle
Riwudine sobiervaned.

Caves und their animals are especially suited to certain kinds of ecological
studies because of the considerable isolation of the habitat, the near von-
stancy of the environment, and the relative simplicity of the community
structure, These phenomena permit a reasonable hope for progress in the
investigation of many biological problems which are excecdingly difficult to
appraach in the more comples and variable epigeal environments. The
dispersion studdies 1o be discussed in this paper illustrate this point guite
clewrly.

[Dspersion patterns within many plant ancd animal populations have besn
described in the past, but seldom has ao attempl been made to elucidate the
cuuses of the pattern observed. This general sterility of the literature on
dispersion has resulted in large part from the many complexly interrelated
and highly varying phenomena which operate to cause pattern in cpigeal
populations. Definable dispersion pulterns are certainly structural and
functionally adaptable characteristics of populations, and their study should
continue te demand the attention of the ecologist, but with greater emphasis
upon cause and functional significance of tbe patterns. Because of the rela-
tive sinplicity of the cave environment, il was possible in this study not
anly Lo describe the dispersion pattern in this beetle population, but also to
determine the major fuctors which produce jt and to show that the pattern
is ol adaprive value,

Fheline satwerranes (Yan Dyke) is but one of many troglobitic rhadinid
beetles known (o inhabit caves of the Edwards Platcau of central Texas.
The species has been recorded from several caves near the Baleones Escurp-
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ment in southern Williamson and northern Travis Counlivs, Texas (Barr
1900 Burr, Reddell, perocoms. ). Boswheerrarca, deseribed inodetail by Barr
and Lawrence (1960, s shout 7 & man i leneth, hohtly plemented, and
microphibatmous. | have previously shown (19681 that a pramarey Tood
source af This beetle s the eges ol the couve crickels Centfopfiify cumienlorls
and €7 n.sps The Teeding babits ae ol great inmportance in this paper,

The popubation of & safeerraeen which | studied inhabkits Beck's Buanch
Cave {Fig, 11 i southern Willlamson Coo (Reddell, 19630 This cave s
formed in Triohle strala of BEdwards Limestone of the Lower Crelaceous,
There wre about GO0 m ol gocessihle passages. The HAoeor les about 1 m
banealh the surface (ot entriance evell and mest of it area is covered by a
powdery colaereons deposic of varving depth and compuctness, For con-
venicnes | will refer te this matenal as sile althoogh it s not an aliosivm Buot
rather w lormed in place by osweathering of the limesoone.

Mluterials and Methods

Confusion easls in the leratare regarding use ol the teems Y cdhacei betion™
and “dispersion™, In this paper T shall wse “distribution” te describe pros-
enee or absence wnd relutive abumdance of anomals i diferent arcas. and
Sdispersion 1o desoribe pattern: iLoe, Hhe mure of The spacing between
individonls in areas of vecurrenoe.

Distribotion und dispersion data were bath abtained by the quadral
count technigue. The gquadrats were square, 3 dmoon a side. Choaee of this
dimension was dictated by the necd to keep the sive small 1o minomize
substrile heteropeneity while @t the same time being sulficienty Brse o
oI adequate dar.

Cuadrats werg outlined by owire Trames (Fig 2 constructed of pwooaires
crossed ut right aneles ot their midpoints and seldered. Less were forme:d
crver @ template to Fucilitate bending and e assore uniforim Trame dimensions.
Thus cach Trame was stracturally the twe dizgonuls of o 3 dm o square which
could be casily visualized when making counts by looking dircctly down upon
the frame or by sighting from lee oo e The Trames were used on silt walls
ansd ceilings by pushing the legs inlo the substeate, amd they could have been
wsed on rocks walls and ceilings as well by ension crewted by shight inward
PBending of the legs. These [rames, which are easy and inexpensive to make,
shiould be adaprable to making gquadrat counis of a great many terrestrial
cavernicedes, especially since all substrata sove the smoothest rock walls and
ceilings should be amenable e sampding by a single method, an impoariane
comaideration i the dots wre w be wsed comparatively.
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The substrate was gualitatively stratified (Table 11, and within each
stratum guadeat locations wuere randomly selected, Locaoons of the steata
are indicated on the Jdetailed map of the Left Tunnel (Fig, 3. A transect line
running through cach siratum was used as o base for quadrat randomization.
This line was randomly placed with respect 1o the guacdral study since it was
laid originally as an aid in mapping. This line wias marked at 1 m intervals,
anel oomark near @ boundary of cuch stratim was chosen as a reference
poinl, A pair of numbers was obtained from o random numbers 1akle, the
first indicaling distapce along the line Trom the relerence point and the
second indiculing distance at right angles from the line, lefl or right depen-
ding upon whether This number was oven or odd. The distances correspon-
ding te the random numbers were in 1 m or 1 mointervals depending apon
the area of o particular stratum, Pairs of numbers were rejected when
placement was impossible o owhen the point indicated wus ol of the proper
stratum, Twenty quadrats were located 1n each stratum, Ten censuses were
made aver a 21 day period during 1he winter (Febrsary of 1963) giving 200
quadrat observafions in each strutum, There was no rogubicily in ccnsus
interval arin time of day when counts were made, although mosl were made
in the aliernoon. During the following summuer (ale of 1964) the gqoadrat
number in Stratom 1 was raised 1o 64 aod three censuses were made.

The guadral technigue wias also gsed oo gather date on the dispersion of
cave cricket eges in the sill deposit of Arcas 10and 11, One bundred samples
af 51l were taken with a Plexizlos device | dm on a side which could be
pushed inte the sill. A sliding bodlom which could be inserted alter pushing
the sampler inte the sill permitled the taking al @ sample 2 oo depth.
Sumprling sites were randomiy selected 10 the same way as were those far
placement of the wire frames wsed in beetle sampling, Individual sile samples
were placed inlo plastic bags which were then sealed. Edch sample was later
sigved indrvidoadly inowater through a copper screen of |1 mm mesh. T wias
impaossible 1o sleve the sile with this small mesh sercern without e use of

water, The cogs were cusy Lo see even on the presence of larger particles of
limestone broaose of thar shape and smoecth sarface. Eges of 1he twa spegics
ol cave crickets worg cusily separable on the basis of size, degree of opacity,
and shape, [8was not possible Nor the eges of cither species 1o pass through
the screen,

Dhila on interaction ol the sexes were puthered using experimental
chambers (alernative boxes) and metheds described clsewhere by me (1968),
A patr of bectles € 7, 55 0L 20 L S was introdoced into each box and at five
minwle intervals for a duration of two hours 1he Beetles were recorded as
oueurring lagether {on the same side of e box) or aparl, Also recorded wis
the number of beele occurrences (0, 1, or 2 on each box side (designated X
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and © respeclivelvh, The latter constituted the control data checking lor
possible blas between X and O sides.

Hesults

Fristrifution

[t seemed from qualitative examinalion of the cave that bectle distribution
was localized, Substrata decp. uncompacted silt appeared o have the
highest densities while few, if any, bectles were seen on varinus other types
of substrata. The first ohjective af this research was Lo examine quantitatively
this apparent heterogeneity in distribution,

Table 2 shows the total nombers of beetles {f, values) recorded from
guadrats in each of the nine strata during the February censuses, This
observed distribution is compared 10 an cxpecied distribution (F, values)
which assumes equal density among strata. The large 2 demonstrales
clearly the great heterogeneity in beetle distribution. 10 is obvicws thal
the greatest contributions o the total w2 result Trom the extreme localization
of heatles in Strala 1 and 7, Over 902 of the beetles observed were present
in these strata. These guantitative data merely lend support 1o a reacily
observable fact.

LXispersion

The second objective of this study was to determing the patrern of spacing
of individuals in their areas of ocourrence; i. e, whether the dispersion was
random, contagious, or regular. Only Strata | and 7 provided sufficient data
Tor analvsis, These Jdata are given in Table 3 in the form of abserved fre-
quency distributions of guadrats containing (1, 1, - - n Beatles for the separate
census periods.

The most conunonly used statistical 1est Tor randomness in analyzing such
data is the comparison by the 2 test of an observed frequency distribution
wilh an approprigte Poisson distribution. Often, Trequency data pertinent
to 4 specific problem are obtained in component paris (here, from differene
atrata and from several census periods), If there are sufficient data in each
component distribution to permit caleulation of a 2 for each, refined analy-
scs based upon the “additive property™ of 32 (Snedecor, 1956) are then
possible. This allows caleulation of three additional $2's; a summed 2, the
st of the component 2% ; u poeled 2, a 2 obtained by pooling component
distributions; and a heterogeneity 2, the difference between summed and
pocled ¥2's.
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Table 4 gives the comparisons of the ohserved component distributions
with their corresponding cxpected distoibutions from the Stratum |
February counts, and Table 5 gives similar comparisons from the Stratum
1 — luly data. Table 6 gives the summed, pooled, and heterogeneily X2
for all Steatum | data. The non-significant ¢2's in this table permit puoling
af the Stratum | component distributions, The pooling of the Stratum 7
data is probably permissable although the component distribufions could
nat be tested statistically for heterogeneity. Since this lest was impossible,
Slratum 7 dala were not pocled with Strafum 1 data. Table 7 tests the
sepurate pooled distributions, while Table & tests the distribution formed by
pooling all Stratum 1 data.

It should be poted that the final cxpected values in the distributions
presented 1o Tables 4, 5, 7. and 8 have becn ullowed to fall below five, This
15 usually not practiced in Trequency distribution comparisons becawse of the
passibility of disproporiionate contribulions o the total 2 by a amall
fraction of the data (the leasl likely events), Al the same time it resalls in
loss of information, T allowed the Ginal 1, values o fall below five for the
following reasans: . The power of the test is increased. 2. The P ovalues
oftained are conservative, 3, 1t is essenlial to have al least three classes in
cach distribution. Otherwise, there would be no ol £ available for o teo-
class distribution making it impossible 1o apply the 2 test.

Other lests for departure from randomness are available. One s the
variance {21z mean (m ratio rest. This test s often used when the mcan is low
(in the range of the means from Lhe beatle data) since low means will often
result in a two-class distribution with no d. f. Depending upon the nature
of the observed frequency values, either the »2 test or the s2:m ralio lest
may detect depariure from randomness while the ather fails 1o do so (Greig-
Smith, 19643 So, aparl from the occasional necessily 1o use a test other than
+2, the 52 ; m ratio test muy prove valuable,

The tesi is based upon the Tact that in a Poisson distribulion the m = 52,
Il sty in the observed distribution is =~ 1, contagion is indicated; of = I,
regularity is indicated. Significance of the differcoce hetween the observed
ratio and unity may be tested with the rtest (Greig-Smith, 1964). Application
al the 52; m les! o the Stratum | February data yields 52:m = 10763,
po= 76271994, F, and P o= 40, Siratum T — July data vield 52 m = 8732,
f= 12395191 d. i, apd P == 20 Stratum 7 data yield s2:m = 1.0796,
= 9260199 4.f., and P = 40 ln testing the distribution formed by
pooling all Stratum | data, s2:m = 10368, r = . 5147391 4. ., and P == .64,
It isx abvious that in no instance does the 82 m lest indicate significant
departure from random cxpectation.

Less powerful tests for randomness based upon numbers of occupled and
unoccupied guadrals are given by Greig-Smith (1964). These fests make use
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of the fact that i a contagiousiy dispersed population there will be more
uncceupied gquadrats than in a random dispersion of the saine density,
Conversely, there will be fewer unocoupicd gquadrats inoa regularly dispersed
population than a random one of equal density, 115 obvious that 1hese
teats would fail Lo indicale departure from randomness since the T, and f,
valoes {Tahles 7 and 8) for class O are nearly cgual.

In addition 1o the furegoing beetle dispersion data, limited data were
also ohtained on the dispersion of cave cricket eggs in the deep sill substrate
of Arews 10 and 11, Table 9 shows the comparizons of observed frequancy
distributions of these eggs with uppropriate Poisson distributions. Mot only
does the distribulion of eggs without regard (o species Tail to depart sigoifi-
cantly from expectation, but neither do the separate distributions Tor the two
species of crickets. 1t may be assumed that crickel ege dispersion in the
homogenecus sill deposil of Areas 10 and 11 is randeo.

The 100 samples comprised onc m? of aubstrare, and vielded o wotal of 50
eges. Treating |he number of eges as a Poisson variable (Ricker, [948)
gives an estimate, with 93% confidence limits, of 37 10 66 vges per mé of
subsirate surface at the time of samipling, late MNovember of 1964,

Fregueney distribations compiled from the sex interaction experiments
were compared with appropriate 1:1 expected distributions giving 1he
Follovaing Tesults,

A Contral: 1136 X, 11480, X2 = 028, P 80,

Yo Control: [1E8 X, [ 146 O, X2 = 062, P = RO

LT Condrol: LA X 1130 O X2 006, P 0.

oo Experimental: 464 T (ocvarrences of boch beetles on same box side),
688 A foccurrences of bectles on different box sides), 2 == 43,56, 17 < 001,
Mules preferred 1o remain apart.

T % Faperimental: 494 T, 638 4, X2 = 2335, P 0, Temales preferred
L remdin dpart.

A F Experimental; 013 77, 5337 A, X2 = 528, 1P <0 020 Males and females
preferred Lo remain ogether, An additional experiment was run after a lapse
of 24 hours during whivh time the beetles were 1ot together in the boxes,
This wielded 639 T, 513 A, X2 13178, P« QWL Males and females still
preferred (o remain wgecher, This experiment alse provided some incidental
imformation abour mating, During the intial twoe-hour period 17 of 448
pairs mated, and during the latter pericd 1] pairs mated. If a pair of begtles
will male without respect 1o previous matings, theo (7487 of the number
mating during the second peried should have mated during the first period
wlsa. 17/48% of || = 2.9, Three pairs of Beelles mated during both periods,

Tor determine if there was a significant difference between degree of (7,
and =, ¢ experimental distributions were compared with cuch other in a
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2w 2 contingency table. This test vielded a 2 = 1.30 and a P = 200indi-
caling no significant difference in intrasexs repulsion bBetween the two sexes,

Since in o population of animals in which there = 3 151 sex ratio (numer-
ous checks on K. subrereanea sex ratn indicated no significant departure
fram 1o1), there exists also a |1 ratio in potential interses vs, intrasex
pairings, Becaose of this it is possible to compare Lhe prececding data in such
i vy 1o oblain an indication of any difference between intrasex repulsion
and intersex attraction. A 2~ 2 contingency table constructed as follows
may be used in this est. An event s either an occurrence of the beetles
fopelber or apart,

Mare commean  [ess comman

cvient vent
Tao and T events 1340 (A G581} 2304
o gvents al3 (T ST AN 1152
N o l’B"E: - 14935 - - .‘-456-

This table yields an 2 - 773 and a P = 00 indicating signilicant depar-
ture from hemogeneity in the distribotions compared. It 15 thus apparent
that the relative strengths of intersex attraction and intrasex repulsion are
nat equally counterbalancing, but thar the strenzeh ol intrases repulsion
exceads that of infersex altraction {under the experimental conditions
imposcd].

Liscussiot

Intracave distribotion was so markedly heternpeneous that the guadral
study failed to reveal any gross dislibutional phenomena nol readily
apparent from observation, ™Mol ooly were bectle densitics the highest in
those areas of deep, uncompacted silt, but bectles were almost entirely
restricted to these areas. Beetle larvae were found in this silt, 5o it 15 possible
that reproduction has some role in this distribution, but the primary
reason probably is that these arcas are the most favorable sites for cave
cricke! oviposition.

Although the presence of cricket eges in this silt has besn demonstrated
(Tahle % and Resuls), preswmpiive evidence muost suffice in lieu of detailed
studics of the cave crickets themselves that oviposition is concentrated here.
Wheon a female cricket oviposits, the full length of the ovipositor (sliohtly
e bomin O clricadords and slightly < 1 emon O, spa) s inserted into the
subsirate, Obviousky, oviposition cannot occur in rock, nor does a thin
corvering of silt over o rocky substrate seem any mare favorable. The deep,
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but compacted, silt deposits do nol appear to be suitable either, Although
the ovipositor i3 one of the most highly sclerotized structures of a cave
cricket, it is not Tigid and inflexible. Tt cun possibly be pushed into a soft
substrate only, although it must be remembered thal many insects insert
their delicate ovipositors info a very hard substrate. An ovipositing cricket
lifts her abdomen high and flexcs i1 until the ovipositor s approsimately at
right angles to the substrate, She then probes about the surface of the sub-
sirate with the tip of the avipositor for a time before inserting it, giving
cvery appearance of a search for the softest lacation. These observations
suggest that the ceep, uncompacted sill is the substrate preferred for
avipositon,

The most interesting diata to come from the gquadratl study are thase
relating 1o dispersion. Since none of the 2's in Tables 4 — 8§ are signifivant,
there is no reason 1o refute the null hypothesis thal the observed frequencics
are merely chance departures from Poisson expectation, Random dispersions
have seldom bheen discovered in natural populations of either planis or
animals (Greig-Smith, 1964; Andrewartha and Birch, 19547 Cole, 19460
Ddepartures from randomness are almost always in the direction of contagion
rather than regularity. So common is contagion that il bas prompeed the
development of a hody of mathematical analyses which attempt its deserip-
tion {Creig-3mith, 1964), Mo comparable theory has developed about the
regular dispersion.

Tn a truly random dispersion the pccwrrence of an event {1, 2, --n
individuals per sampling onit) is doe o chance alone; boc., prescoe or
absence of an individual in no way influences presence o absence of other
indivicuals. Because of the aclive and passive interactions between living
individuals, it is apparent why random dispersions are seldom encounterad
in natural populations, However, when randommess is indicated by a statisti-
cal test, it does not necessarily Mollow that these living individuals are not in
some way acting opon each other, Tt seems to have been gencrally overlooked
thut a “rancdom™ dispersion in nature may be an emergent cifect of inter-
actions just as are the more ohbvious contagious and regular dispersions.
The Tailure of an observed frequency distribution o depart significantly
lcom an apprapriate expected random distribution may nol necessarily,
then, be an indication of “statistical randomness™.

The dispersion dala of R, subrereanea illusirate the preceeding clearly,
Although none of the observed frequency distributions differed significantly
from random expectation, it cannot be assumed that individual beetles were
not interacting, Quite 1o the contrary, the inleraclion experiments demen-
strated very definite interactions, individuals of the same sex tending to repel
cach other and individuals of 1the opposite sex tending to atiract each other.
I have no experimental data relating to the means whereby ane beetly detects
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another in the absence of physical contact, However, the beetles do produce
a distinct pungen! odor, and | suspect that chemoreceplion is an important,
il mat the primary, mechanism operative here. | have seen male beetles
proceed 1o females ina direct line from distances of at least one dm, so it 15
apparcnt that detection without physical contact does occur.

Intersex attraclion is af ohwvicus selective advantage, The twa 25, 7 inter-
aclion experiments show thal allraction between the sexes persists through
time cven Thoush matings may occur. This is an important Gnding sincwe
it indicatcs thal intersex attraction is a continuing force infuencing the
dispersion pattern,

The selective advantuee al intrases repulsion is probably associaled with
the bectles, use of cave cricket eges as Tood and the dspersion of these ces.
Since female cave crickets deposil egos singly, moving 1o a new localion after
cach ovipostion, it wouold seem hat ege dispersion would al least nod be
highly conlagious. Table ¢ shows that crickel epg dispersion was, in Jact,
random within an area of homogenecous silt subsirate (precisely that area
where the beetle dispersion data were gathared).

Since one egp will suffice [e engorge only a single beetle and since the
eggs ure nob contagiously dispersed. it Tollows that conagion in bectle
dispersion would not be a1 a selective advantaes, Rather, selection for the
greatest efficiency in food location and wtilization would resull in a heetle
dispersion ending toward regalarity, In lact, if repraduction could be
dismissed, | would fully expect the beetle dispersion 1o be regular, bt
recularity is broken up by intersex attraction.

Although none of the observed dispersion patterns departed significantly
from random expectation, the goodness of it was, of course, never perfoct,
I helieve that it is instroctive to examine the direction of departure from
expectation which is best revealed in the Stratum 1 pooled distribution
{Table 81, There were fewer quadrats with no beetles than expected, more
with one beetle than expected, and less with two beetles than expected. While
none of these shows drastic depariure from its corresponding [, value, each
is exactly the kind of difference to be expected in a dispersion tending toward
regularity, Since 1here are several ather combinations af ways in which the
T, values might have departed from expectation, there is ul least the sugges-
tion that the kinds of { ,—T, difterences in Table Bare nat coincidental. This
direction of departure would also seem Lo be an antcipated result since Lhe
interaction cxperiments sugeest a greater strength of intrasex repulsion than
of intersex attraction. But, again, i1 must be stressed that the differences
belween observed and expected values were not great enough to indicale
significant departure from random expectation. In fact, il the £, valoes in
Table 8 are truly proportionate, it would require their doubling before a
significant departure from randomness could Be demanstrated.
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The quadrat data and 1he sex interaction data gathered in this study seem
sufficient to describe Lhe major features associated with dispersion in this
population of Stadive sebeorvanea, Indersex attraceion tends (o prodoce
contagion while infrasex atrraction tends to produce cegularity. These
cppesing forces create o dispersion patiern which does not depart signifi-
cantly frony randomness, although there is a departure toward recularity
resulting from the greater strenght of infrasex repulsion. The cmergent
patern is of aduplive valee since it results in efficient ulilization of a primary
food source while at the same lime providing cpporiunity Tor mating.

paventbre [9eT
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Table 1

Locations amd deseriptions of strata sampled in guadrat study. Locaticns refer o

Hiratum

12

LA

4

-

Locatian

Acreu 10

Moo 12

Ared 11

MArea 7

Avpa b

Areis |,
Byl 14

Aren 3

Aren 12

Arew

areay mndicated in Fig, 3.
1Pescription

Deep, uncompacted silt on fAoer, Depth = | om,
usually much greater: in some places up o 1,
Wery Few mocks present,

Lreep, campacted il on Noer, chiefly covering large
breakdown boulders. Depth = L om, b scldom
e | dim,

Dreep, commacted sile on wall, Depth = 1 cm,

Wl rock. Fum of swater covering traverline Waler
was ripping fram ceiling and overfowing Trom drip
puacH 5,

Wel silt with high organic content evideneed by very
dirk eolorafon. Moisture maintained by overflow
from peols behind small travertine dums. Depth
-l emon mosl pluces,

[ary rock with no silt cover. “Dre™ indicates only
that no abvious film of water was present; all cave
surfuces woere mare or less moist,

Creep, nneampaeted silt on foor, Similar to Satem
1, bt depth lesss = Lem but 0 D dme Bumeraus
small rocks present,

[Peep, cempacted it an ceiling, Depth generally

=N N

Thin, compact st an flear, chiefly cavering farge

breakdown bouwlders. Simlilar @0 Stratum 2 oexcepl
Pt depeh ol silt | v

Tuable 2

Test [or heterapeneity in beetle densily belween strata, The [ valoes are numbers
ol beetles recorded in 200 quadral obsorvations in each straotum, The G values are
pummbers expeeted assuming eyua] density among strata,

Hlralum

L
o
3
i

fa P P
100 18,50 43101
4 |E.526 11.42
4 18,36 11.42

W] | £.50 |56
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Stratum

= ]

FERALT = 57413

P -2 .00

I £
| 18.56
{ 1H.50

46 18.36
il 16,56
4 18,56

Tuble 3,

1661
1E.56
40.57
[ 8.56
1.4

Obsecved frequencics of quadrats comtaindng &, 1, 2, 3, or 4 heetles For the separate

Class

e —

da

Lluss

W o — 02

b T P ]

I3
L]

census perinds. O lasy

[ 3]

I — i

(=]

Lo

oo

Stesdum | — February

Census Peranl

3 4 5 B
11 13 13
8 5 5 5
i 2 i 2
0 i i I
il ] 0 o

Strutum 1 -

Census Period

July

139
i
5

=-J

Cliss | 2 3
" 43 48 44
1 14 14 15
X 2 3 |
Btrutim 7 — Fohruwry
Censs Perisd
i H 5 i)
12 16 13 |5
3 k1 5 4
&} o il |
0 | 1 il

[ == P

numbier of begtles per quadrat.

b 9
11 14
9 5
0 [
] |
0 [
o

1 0
2 ]
B 1
I 1t

10

= D A

far — 1
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Stratum |
with their corresponding expected distrbutions. I
to contain thatl number of beetles indicuated by cluss value, o = number of guadrals

Felbruary dats. Comparisans of the observed component distributions
number of gquadrats abserved

Table 4

expocted o containd, 1, -- n beetles as caleulated from Poisson probabilivy distri-
bution. ™ = tofal number of gquadrats. B
number of bectles per guadrad. o — boase of natural logarthms.

Class

1=

Class

Pt =

s

bd —

Cligsy

I —

Class

[

I

[ R )

Census |
fa
9491

0495
iz

Census 2
fe
3.50

416

Cemsgs 3
I

12,13
A7
.80

Census 4
I
1275

274
.51

15.4]
5.3h

KE

7
139
003

J2ad
L5
b2z

87
Sl
S35

a

P
SR

AWE
Aae

Census §
x.'
148

1300
1230

™

tari] number of beelles, m -

=2, B=14 m
e- = JURSHS

41 AR = .25

P o= L5l

mein

L

W —20,B=I1T.m= 45
-

pArd o= 3007

= 427415

[ i

™ B =10, m S0
et = BHST]

A F = LusT

P =30

W=20H 9 u-= .45
g = (37624

P01l 259

P 50
N=—20B8=48 m-=_.40

em — 670320
2T = 2478

¥
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Tahle 3

Stratumy | — July data, Compacisons of the ohserved companent disteibutions
with their corresponding expected distributions. Symhbols as in Table 4,

Census 1
Cluss fa [ o
0 3 4465 A ] N =04, B= 23 m— i
| 14 107 534 em o= GATETE
2 2 123 LS00 LT ]S
P 25
Cengus 2
Class T fe ¥
i 44 43,37 Hlek] M-64 0 (8 m=.28
1 14 13,54 AIT s Ny JTRENE4
2 2 2.04 004 il o= 023
F o= .80
Censas 3
Class Ta fe B
[T} 4% aH. K5 15 N =84 B=I1T,m=.27
I 15 1314 245 g = 73379
1 | 1.6 el #Hld o Fo= 733
P =30
Table &
Summed, pacled, and heteeageneity s for the Stratuny 1 data.
Stratum 1 — Febrpary
d. f, e
Surmmed y* 10 12,717
Pooled x* 2 2,135
Heterogeneity »* 5 1582
Btratwm |
. I i P
Summed * A 1851 = T
Pooled y? L 1.615 = M
Heteropeneity x* 2 Beh T 11
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Stratem | — Pooled Daela

. d. i F
Summcd x* 13 [ 4. 56H e A0
Foglod 7 Rt w30
Heterogeney 11 I 1316k A0
Table 7

Camparisens of the separate powled distributions with their
correapanding expected distributions

Strituni 1 February
Cless Fy fs e
0 115 L1655 21 Mo 200, B = 108, m — 54
i 5" G394 543 e SE2T4E
x 12 | .k 1460 52, = 135
a3 a4 152 AMGE [ =30

Stratum | — July

Class  fa I i
¥ 134 142,24 L7 WM=[9,B—58 m .3}
| ek 42a7 Nilir c-m o— T4 S
2 3 T 4874 FHE LR TGS

P 20

Stratwm 7 February

[ T [ =2
U 159 158.9] RATNIN] Mo— 20, B = 46, m = .23
| 13 BN 150 e 184534
2+ 1 454 52 ;.:’-'l d.fo= 5RO

' e M

Tuble 3

Comparson of the Strutum [ opoaled distribution with ies
corresponding espected distribugion.

Class T, fa 2

i 254 18750 A4 N =231EB=I16m=".42
1 Iy [0H. 14 R b g o= G M7

2 L7 3.7z 1440 #42 A6 = 2268

i- ] 354 Rl Poo-an
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Talble 9

Comparisens of observed freguency distributions of cave cricket eggs in the silt of
Areas [0 and 11 with their corresponding expected distributions.

Ceprhapfeifies runicilaris

i M gt
] L) TE.65 N2z Moo= 100, no, egps = 24, m = .24
L L7 | .58 JIHT e~ TRGE2E
2| 3 2.di s ¥l - 329 =50
Cewthophilio o, 5p,
L Te e
i TH T 10 .01 ™ 10D, e, epgs = 26, m.26 =
| | & 2005 20w eem o= 771052
4 4 245 Abd Bt I PR R 1 O e
Both spocies
Fes f xi
4] ik alGs (] W = 100, no.eggs — 50, m — .5
I 27 L B3 o= HE3]
4 7 T.58 g T fo— 20585, F o= 3)
3 3 |.45 | 65T

EXFPLAMATIONS OF PLATES 85 (1) —40 {1}

Plute 88 (1) Beck's Ranch Cave, autling of aceessible portion
Plute 8% (23 Design of wire frnme for aetlinine quadrit.
Plate 90 (30 Left Tunncl af Beck's Ranch Cave, detad] of substrate.
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SUMMARY

Intracave distrihution and dispersion patleros within 2 papulation of the
traglohitic carahid hectle Rhadine sabeerranea were studied.  Distribgion was
murkedly heterogeneous, the beetles being almast entirely restrictod to substracs
of deep, uncompacled silt, Dispersion of the beetles an the silt substrats did not
depurl Trom random expectation, It is shown, however, that this is a functionally
emergent pullern resulling fram an intrascx repulsion refated e feeding which
tends o produce repularity counterhazlenced by an intersex altraction related o
reproduction which tends to produce contagian.
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REZUME

Létude de la distribution el du trpe {paticrnd de dispersion du Carabique trogla-
Ipic Rhadine sufterranea o &1¢ eecteds sur une papulation de cet Insecte.

La distribution ext netlernent hétérogéne, les Insectes étant presque tous inféades
& un sal particalier, profand et non campact, analogue 4 un limoen. Leur dispersion
sur ce substrat ne difére pas 3 une distriheton supposée due ay basard, Qoo po
cependant démantrer que lo type particulier de distribution décogverl est da
["équilibie qui s™érablit eotre la répulsion des imdividus du méme soxe (o qgui tend 4
produire T régalurité de la distributiond el PMatleaction entre individus (e soves
oppasés fee qui tend 4 proveguer des cassemblements).
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