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Introduction

The purpose of this research was to determine the foed source and feeding
habits of 1he cave-dwelling beetle Rfweline subterranean {¥an Dvke). Becausc
of the scarcity of food in the cave environment. it has been gencrally
presumed thul maost traglobites have seneralized feeding habils, According
te Yandel (1964}, troglobites should be regarded as detritivores. However,
scarcity of food and relative simplicity of community steocture in caves do
not necessarily rule oot the existence of food speotalists in Lhis Lvpe eco-
HYSLENT.

The genus Rfadine ranges Trom southern Canads o the north-centrul
platcau of Mexicoe with the preatest abundance of species in the southaestern
United States. The beetles are most commaonly Tound in moist, cool habitats;
under rocks and logs, in mammal burrows, and in caves, (Barr, 1960; Ball,
1960), Apparently, many species Jo oot enter caves, Approximately 25
cavernicolous rhadinids are known including those which have been de-
scribed (Barr, 1960, Bolivar v Pleltain and Hendrichs, 1984 Reddell, 1966}
ard those which await description (Barr, per. com,), Most of the species
occur in Texas caves, especially those of the Edwards Plateau of central
Texas. Aboul two-thirds of these are microphthalmous, troglobitic species,
amd most appear 1o be restricted to caves near the Balcones Escarpment Lo
the Edwards Mateau (Buarr, 1960; Barr, Reddell, per, coms).

Bhadine subterrgnea (Fig. 1) was 1he firsc of the cavernicolous rhadinids
to he described, and its diagnosis is best given by Barr and Lawrenoce (1960,
11 is noww known from soveral caves near the Balcones Escarpment in southern
Williwmson and narthern Travis Counties, Texas. These caves are contained
in the highly cavernows Edwards Limestone of the Lower Cretaceous, The
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popualation which 1 stucdied mhatsits Beck™s Ranch Cave (Reddell, 19631 in
Willlamson County,

This cave consists of about 600 m of walking and crawling passage of
which ahour one-hall runs in an easc-west direction and one-half ina norlb-
sonith direction, The Aoor lies about 11 m beneath the surface (at entrance
Jevell, Arcas of lesser depth result primarily Trom large amounts of break-
dowen o deposits of travertine or finely powdered limestone. Temperatwie
within the cave was approximately 20000 0 L and was quite stable throughoul
the yeur, AL no time could relative humidities of less than 100%, be detected
with o sling psycrometer, even during periods of cxtended drought. Adr
movement was so0 slight that it could not he measured, although it could
sumetimes be perceived at consirictions 0 the lunnel, Al wic movement
probubly resulted from wemperature and pressure differentials between the
cave and the epigeum.

A powdery calcareous depositof varying deprh and compaci ness covers mos
al the Aoor. For convenienee 1 will refer to this material as =il altbhough
it 15 not an alluvium buot is apparently formed in place by weathering of the
limestone, The beetles were almost entirely restricted 1o areas of the floor
where deep, uncompacted deposits of (his sile wens present.

Twenty-nine specics of animuls bhave been collected in Beok's Cave of
which 22 arve either trogloxenes, troglophiles, or troglobites. Of particular
wniportance ooy the present research are the cicurinnd spiders, the collembolan
FPrewdoximelfa  vieferfa,  the  gevilacrnidids  Centhopfiifuy comfendaris and
Ceuthaphiitug no ap., the staphylinid Stificaling n. sp., the bats M poriv velifer
and Pipiciretfus vy, and the racoon Procyveoe feror,

Mlaterials and MWethods

A studies were done 10 the cave 1o msure as [icde alleralion as possible
of the natural environment of the bectles. A pit approximately 4 moin dia-
meter located about 20 m from the cave entrance was chosen as the site for
the experimental studies, The lighting required Tor observation and experi-
mentation was provided by o headlamp powered by nickel-cadmium cells,
Beetle activily was apparently not affccted by this level of light intensity.

Asowill ke discussed later there was much evidence pointing to cave cricket
gms g5 a primary food source for these beetles, This section will, therelore,
he devioted to descriptions of the experiments designed to vield information
an the heetles’ feeding habits. Based on the experimental designs used,
these experiments may be conveniently discussed under the headings Alter-
native Box Experiments, Oviposition Site Detection Experiments, and Food-
finding Experiments.
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Alternarive Box Feperinmients

Sewveral different preference experiments were carricd out in boxes of the
design shown in Fig, 4, The basic experimental design was the same, and
anly it will he discussed here while the specific methods of individual
experiments will be deferred 1o the Results section.

Fifly boxes were used in ciach experiment, Results were obtamed {rom 428
of these while two were run as spares 1 the event that a beetle disd during
the course of an experiment, an gecommon oveerrence. St used as the
subsirate in cach box was sieved through hardware doth to remove the few
rocks prosent and then gach box was illsd w0 the top ol the divider. One
sicle of cach hox was then aliered 1o provide the esperimental animal a
choice, That side of cach box 1o be altered was determined randomly by the
toss of aocoin as was the direction faced by the altered side (o eliminate any
chirectional bias, Altered and unaltered sides were indicated by ™57 and 0",
respectively, primled on the box Tid,

Alter preparation of 1he boxes, o beetle was introduged inte each, and al
five minule intervals the side of ceourrence was recorded, Beetles on the
divider were recorded as cucuwrring on that side onowhach 1its head was loci-
fed, Thus, a Trequency distribation of X and O occarrences was compiled.

Chvipersiniong Sive eiecrans Experimenss

This serics of experiments was desighed 1o determine i the rhudinid
beetles dig randomly in the substrate or il they show a preference for digging
al potential ovipositicn sites, amd, if digging is selective, the melhods of
oviposition sie Jocation.

The basic experimental design wis (his) Oviposition sies were simulated
with a real or an artificial (Plexiglas) cave cricket ovipositar af randomly
selected locations on a ericket-conditioned silt substrate. Beetles were intro-
dued anta this substrate, and later, the locations of holes dog by the beetles
weere recerded.

The apparatus used in these experiments (Fig, 5) consisted of plastic boxes
i which a wire grid constructed of hardware cloth (mesh size 12 mm) could
be suspended over the substrate. Each box was provided with a 24 em =
32 em suhstrare of silt, the surface of which was immedinely beneath, but
not touching, the positioned grid. To eliminate the possibility ol bias due
to any edee effect, 1he peripheral squares were ignored in the analysis of
these experiments, although the number of holes dug in peripheral squares
wars sed im0 test For edpe eflect, Thus the osable substrate areq was L4 = 23
SQUANCS.

The silt swrface was conditioned by female cave ¢rickets; 20 of which
wiore allowed o remain on the substonte for approsimulely one hour,
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Frequent, light tapping an the box lid indoced the erickets toomove abaut on
the substrate. This general substrale conditioning was necessary 10 separile
the effects upon beetle roesponse of the mere presence of o cuve ericket and
the presence of a ericket ovipositor, Afler removal of the crickers, the grid
wis positioned and “oviposition siles” were prepared in the silt of randomiby
selected (b wse of random numbers Lable) squares. These sites werg prepured
using either the ovipositor of a cave evieketl or an artificial “ovipositoe™
made ol Plexiglas. The use of the artificiul ovipositor was designed o
climinate chemical condilioning while causing a mechanical conditioning
similar to that coused by Lhe tea] ovipositor, The altempt was made to
approsimaie the aciion of an ovipositing cave crickel. A hole was made in the
sill of w selected square and was then covercd with silt deageed Trom the arca
enclosed by 1he square using the tip of the ovipesiter, The grid was then
removed and 20 bectles (10 males and [0 Temales) were introduced anto the
substrate. Subseguently, at various intervals of dme, the ard was positioned
in each box, and the squares were recorded which contained holes dug by
heetles, Data from boxes of similar treatment were pooled. The observed
frequencics of holes present in wntrened squares and squares of various
tretment were compared slatistically to expected lreguencies assuming
raflom digeing, Detailed description ol experiments will be deferred to the
Resulls section.

Fod-fineling Exporinenis
Two Lvpes ol experiments are included here, 1the finding of cave cricket
cres by rhadinid beetles and the comparative abilicy of rhadinids, cave
crickets, and staphylingd beetles 1o find food.

The Finding of Eggs

The alternative bBoxes were gsed in this experiment, bul for convenicnee
rather than because of specific design. A hole was made in the silt of one side
of 1he o with g real crickel ovipesitor, and @ crickel e wias pushed to the
Battem al the hole with the tip of the ovipositor. The hole was then ohscured
by dragaing silt over it with Lhe lip of the ovipositor. Anolher exg wis placed
an the surface of the silt on the ather side of 1the box, Four bectles were
introdueed simultuncoushy, and the epg (o be located first by any beetle was
entered appropriately into Cole’s Closed Sequential Tese Pesion (Cole, 1962),
Individual runs were made unitl significance was indiciled.

Comparative Food-finding

These experiments were run in plastic boses 12om 0 [5em o< M em
containing @ sill substrate. A fresh, dead cave cricket was placed in the
cenler of the box us a tood source, Twe individuals, each of a differsm
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spacies, were introduced simultanecusly into Lhe box, and the first 1o locate
the food wis entered approprintely inme Oode’s Closed Sequential Test Design,
Consecutive pairs were lested until significance was indicated, All combi-
nations of male or female rhadinid beetle with male or female cave cricket
were fested s were those of made ar female rhadinid with unsexed staphyl-
inid bBeetles.

Hesults

Alrernative Box Exvperivens
Conlruls.

In the control runs the substrate of both X oand O sides was of unallered
sill so that as Tar as could be determined the twao sides differed only by desig-
nation, Observed frequency distributions of beetle ocourrences on Lhe difer-
ent sides wera comparcd with |21 expected distributions, Table | summar-
izes the control data. Since none af the Poyvalues are significant (at B = 05},
it 1s apparent that no appreciable bius was present. Comparison of experi-
mental distributions with binomdal expectation 15 therefore, valid,

Experiment 1.

Treatment: Single crushed cave cocket ploced in center of X side. Sea
tested s Male and female. Duration: Two hours. Resulis: Male; first
Vs howr — 241 X, 470, XKE = 13068, P M, X preferred. second
L hugr 125X, 163 O, XE 0 500, P -2 025, O preferred. last | oamd
ia hours — 285X, 3790, M2 = 0004, P o 00, O preferced. Female:
first Yz hour — 223 X, 65 (3, X? = 8668, P = 001, X preferred, second
o hoar — 177 X, L1162, X2 1512, P« (0], X preterved. last hour -
Jabg X, 300, X2 336, P - 05, no prefercnce (questonable O pref-
crencal.

Experiment 2.

Treatment: Silt conditioned for 36 hours by restricting female cave cricket
to X side, Sex tested: Female, Duration: Two hours, Resulis: 884 X, 268 O,
X1 = 319.39, P -2 001, X preferred. The beetles were allowed to remain
in the boxes after conclusion of the experiment, and 35 hours laler the
number of holes dug on X and O sides was counted. OF 378 holes, 3486
were on the X side, giving a X2 A3.11, PP <2 001, OF 45 beetles digeing
maore holes on ane sile than on the ather (three dug an equal nuomber on
cach sided, 39 dug mors holes on the X side, giving X2 — 2420, P - 001,

Experiment 3.

Treatment: Silt conditioned for Lz hour by male cave crickets. Obscrva-
tions made immediately after conditioning. Sex tested: Muale, Duration:
One hour, Results: 100X, 166 0O, X2 = 103, 35 P -2 001, X preferred,
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Tiaperiment 4.

Treatment: Silt conditioned for 17y hour by Temale cave crickets. Obser-
vations made 13 hours laler, Sex ested: Male, Duration: One hour. Results:
4 X, 2350, KT — 1950, P 001, X preferred,

Experiment 3.

Treatments X and O sides comditioned {for 1z hour by female and male
cave cricketls, respectively, Sex tosted: Male, Duration: One hour, Results:
240 X, 335 (0, X2 1334, 1F - 000, O preferred,

Experiment &,

Treatment: Several female cuve crickets were homogenated in a Waring
Blender, Sl in which this homogenate wias thoroughly mized was sprinkled
over the X oside, Untreated silt was sprinkled over the O side o insure
comparable texture on cuch side, Sex tested: Female, Doeation: Cne hour,
Foesulis: 147 X, 4249 (), X! L3503, P - 000, O preferred,

Fxperiment 7.

Trealment s Female cave crickets were killed and set aside Tor one day,
At the cnd of this tme they had beeon oo decompose and produce consi-
erable ador. One such crickel wis placed 0 the center of each X side. Sex
tested s Male and female. Duration: Coe hour, Resulls: Male; 212 X, 364 0,
XE=4111, P .00, O prefered. Female; 275 X, 300 G, X2 — 117,
P20, no preferonce.

Esporiment &,

Treatment: Artificial ovipositor holes. A device was constructed of Plesi-
glas und of wire the approximate diameter of o cave ericket ovipositor,
Thirtcen holes approximately | om deep were simultaneoosly prodoced in
the silt of the X side. T was unwware at the time of This experiment that an
avipositing cave coicket covers the hole with silt using the Hp of the ovi-
positor, 50 Lthe holes made with the wire were left open. Sex tested: Male
and female. Duration: Two hours, Resulls: Male, 573 X, 577 (3, X2 = 0017,
P oo 95, no preference. Female: 602 X, 5500, X2 234, P - 010k no
preforenue,

Experiment <

Treatment: Approximalely 3a liter of silt was placed into a one liter jar
along with 10 live male cave crickets. This jur was shaken continoously for
15 minutes; 1he crickers were removed ; and the sill was sprinkled eveniy
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over the X side, Untreated sile was similarly sprinkled over the O side. Sex
rested: Male. Duration: One hour, Results: 318 X, 2580, X2 634,
P - 02, X preferred.

Experiment 10,

Treatment: A pattern of 13 haoles similar to that 0 Experiment 8 was
made with cave cricket ovipositors by holding an amputated abdoemen with
forceps, The holes were covered with silt using the tip of the ovipositor,
Four boxes were prepared with each ovipositor. Sex tested: Male. Duration:
Two hours. Results: 673 X, 4700, X2 - 3200, P -7 000 X preferred,

Chvipogition Site Dwereviionr Experinicnis

Twew experiments, similar in basic design o that described in Methods, but
differing in specific design, were run. In Experiment 1, two reatment com-
hinations were presented simultanecusly o cach groop ol beetles while in
Experiment 2, six treatment combinations were available,

In Experimenc 1 the entire subsirale of each box was either compacted or
uncompacted and oviposition sites were simuolated with either a real ovi-
positor or an artifical ovipositor. The ratio between the number of squares
contaming oviposition sites and those withoot them was 1: 3, One control
hax of uncompacted silt was sel up in which 1he Yoviposition site squures™
differed from the remaining squares by designation only. In Table 2 obscrved
Meeguency distributions ure compared 1o appropriate expected disiribations
assuming random digging, and several ohserved distributions are tested Tor
homogeneily by contingency table analysis, These comparisons are based
on the number of squares containing holes at the end of one day.

In Experiment 2, one-half of the substrate in each hox wus compacted and
one-hall was uncompacted. Oviposition sites simulated with real and artifiviul
ovIpositors were present in each tvpe substrate. The ratio hetween squares
containing the six possible treatment combinations in each box was 1
compacied silt with real site; | compacted silt with artificial site: | un-
compacled sill with real sate: | uncompacted silt with artificial site: 6 com-
pacted sil0 with no site; & uncompacted silt with no sile,

Tahle 3 gives comparisons of observed and expected disiributions and
contingency table analyses of varioos observed distributions from the data
of Experiment 2, The lirst five comparisons (A —E) are based on the number
al sguares containing holes as revealed by counts made at the end of the
first and second davs. The following nine comparisons (F—N) are based
an the number of sguares in which bectles dug holes between the sevand
and seventh days. Thus, sguares which were dug inte during the first two
days were not included in the seventh day count. The expeeled Trequency
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distributions appeopriate W the seventh day data are based on the ratios of
the different types which had not been dug into by the end of the second day,

The last compartson (00 in Tuble 3 provides & way of testing the effect of
progionity aof the contdiner wall upon hole-digging. Only sguares lacking
cvipositor siles were used in commling the observed frequency distrilation
since the peripheral sguares were intenbonally excloded Trom freatment by
ovipositors. The ratio of cdge squires to central sguares lacking ovipositor
siles was 10 344 The observed Frequency distribution is based on the
number of sguares contwining holes at the end of seven davs.

Fooe-fincdonr Fvperinaenty

The Finding of Egs

In mone of the individual rans in which beetles were presented with one
cave cricket ege Lnoan oviposition site and one on the surface of the substrate
wits the g on the subsirate localed prier o that in the ovipostor hole,
Analyzed by Cole’s (19921 Closed Secguential Test Design these resulls are
significant ac ' = 03, The eges on the surface were freguently touched by
antennag and masdlary palps of the heetles, but never was such an cgg
grasped by the mandibles of o beetle, Tn contrast, eoch ege which was located
after a beetle had dug into an oviposition site wis seized by the mandibles
of the beetle and remeved from the hole.

Comparative Food-finding

Tahle 4 shows the resuls {significant at P = 03) of the series of experi-
ments esting 1he comparanve Tood-findme abality of rhadingds and cave
crickels ¢ Cegthonhifns curmieplagels ) and of rhadinids and staphylinid beetles
(&iffcafing n. ospol In some of these runs the rhadinid would approach
withinn | em of the crushed cave cricket being used as the food source and
would begion 1o dizg. Inosome of those Tew instances where the rhadinid
Tocated the food st o cove erickel would shortly locawe the food also,
rasp it in fs mandibles, wnd leap o another part of the box dislodging the
rhadinid. (M the total of 99 mdividual comparisons, m only une did the
rhiaclinnd Bocate the Toond fiest.

PHscussinn

It s generally recognized that in most caves populated by obligate ciavern-
icales food iz exceedingly limited, althooeh Vandel's {19064] views are some-
what 1o the contrary, His contention that other workers have over-gmpla-
sized the shortze of food s, however, based largely on an unconvineing urea-
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ment: e g, cavités dans lesquelles on peut récolter, par centaines, des
Amphipodes, des lsopodes, des Myriapodes ou des Bathysciinés, renferment
certainement des ressources alimentaives abondantes™. A non-comparaiive
consideration of the eneroy available 1o caves 15 of little value, Much more
meaningful is the compuarison of the available epergy in coves relative 1o
that in other habitats in which are found forms related o the cavernicoles,
in other words, is the cnergy input into epigcal habitats significantly
different from cnergy inpur inee caves T Mo guantification is necessary 1o
demuonstrate that it 3s wvastly greater in the cpiveom, This limited energy
source makes detailed studies of cavernicale food and leeding habits of
urmost importance pursuant to many other ecolagical studies. especially at
the population and community levels.

The Food source of an animal is olten not obyviaos, Only six dmes doring
this study did | discover a rhadinid in the process of feeding, Tacking exen-
sive direct observalions of feeding in the natural habitat, i is frequently
necessary o infer the food source Trom clues provided by a varicty of ather
phenomena,

Mo focd habits are koown for any of the species in the senus Mhadine,
althpugh the carabids as a oroup arc ivpically predaccous. Yandel (1964)
places 1the beetles of the curabid subfamily Trechinae at the summit of the
fooad pvramid i, e, the carnivores) in caves. Barr (1964) repores that cpes
and first instar nymphs of the cave ericket Moadesodcns subrerranens arc o
majur Food source Tor the eveless trechinid Meaphaerops tellkampf, He does
not state how extensive were his observations.

Althovgh the food which an animal will take in captivity may reveal some-
thing ol the general natore of the food normally eaten, it may prosvide little
or no information about the specilic Food source. The crushed cave crickets
which were provided or the captive rhadinids were readily eaten, and it
appeared that the beetles could have becn maintained indefinitely on them.
Barr (1260} has maintained 8, caeedera for teo months by providing bam-
burger on which the beetles fed readily. The former example, therefore, is
meaningful only il Treshly dead cave crickets are normally available to the
heetles in the cave.

A likely Tood source would seem to be other arthropods, especially,
because of their abundance, the collembolan Psewdovimella viofenra, the
staphylinid Cenrhophifng confcafaris and C, n, sp. Oceasionally the cave
crickets used as food for caplive rhadinids would not be removed prompely
but would remain Tor several days, During this time bigh densities of collem-
bolans would accumulate. § never saw a beelle seize or carry ahoul a collembo-
lan, and since bettle and collembolan densitics were both often high, it would
secm that numerous observations of Teeding would have been made il the
callembolans constitute a major Tood source Tor the bectles, Since my study,
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James R, Reddell (per, com.) has recorded a single observation of an indi-
vidual Kfaefine spheerranen carrving a collembolan in s mandibles. Several
times | saw encounters Between very small cave cricker nymphs and rhadinid
beetles, both in captivity and on the cave floor, The beetles invariahly showed
no response (o the presence of the nymphs, oven when guite close, until
rhysical contact was made. The beetles then retreated rather than make an
attempt at capture. The same observations have been made [or conlacls
between captive rhadinids and staphylinids,

The substrate near the front of the cave had the highest concentration of
particulate organic material {hased on calor of substrate) in the cave, Macro-
scapic (and preswmably microscopicy fungi were accordingly the mos!
abundant io these areas, However, distributional studics revealed a virtual
ahsence of rhadinids from this tvpe of substrate, The results of studes on
distribution and dispersion will be reported o in delail inoa subsegquent
paper, suffice tosay here that thecave substrate was quulilatively stratified, and
within each stratum equal numbers of randomly posiconed quacdrats were
periodically censused. OF a total of 16T Benles recorded Trom all sirata,
LOE were [rom ong area al deep, homogeneaus, aneompacted silt, 46 from
anither such ared, while anly one beetle was recorded Trom the stratom
richest in orgamic debris and fungi. The pavcity of siphe records of rhadinigs
an this latter type of substrate supports the resulis of The distoibulional
studies. Whether the beetles prefer some other tvpe of substrate more, or
whether they respond nesatively to this tvpe (for whatever reason), the end
result is the same; they do not frequent those areas highest in particulale
organic material content and Tungus density, These potential Tood sources
can apparently be disregarded.

Feoes of several animals were also available, The two species of hats
pocurred 10 such low numbers (A vadds was seen only Dwice,) thal o accu-
mulations ol guano were presend, Feces of a skunk (probably Coseparns
ferconatny, 4 commoen inhabitant of the area) were cccasionally present near
the cotrance, The most abundant feces in the cave were those of the racoon.
Collection in, under, and near the racoon leces was productive for several
invericbrales bul nol for the thadinids which were never taken near mammal
feces, although beetles were locally abundant in cne area where racoons
fregquently defecated. The only other source of an appreciable quanlity of
feces was the cave crickets, Crickel guanoe was mosl apparcnt in o limiled
ared near the entrance, bul bectles were never seen there, nor were they
scen to feed on those fecal pellets present in experimental boses the sub-
strata of which had been conditioned by cave crickels,

The general activities of 8, sebrervanea could be casily observed on those
substiratd of uncompacted sile where heetle densty was the highest, The
most frequently abserved activities would seem 1o relale directly o the
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search for food, The beetles moved aboul with the antennac beld forvard
much as in Fig. | with the deflexed tips continually “tapping” the substrate.
The tips of 1he extended maxillary palps also maintained contact with the
substrate. A commaonly observed activity was hole-digging aned it was
remarkably consistent, A beetle would dig inwe the silt 1o a depth approsi-
mately equal wo the length of 5 body by pinching Toose the silc with i1s
mandibles angd removing it by pushing it posteriorly berween the legs
with theventral surface of the head, The Tast pair of legs was used somewhal
in clearing the hale but apparently not as actively as in & caidorg which
digs (Bare, 19600 by throwing the sand oot with the hind legs.

The beetles would rarely remain for an appreciahle length of lime in the
hales bt would shortly back oot and continue their walking about, This
digging was not an escupe or hiding response caused by light o oiher
disturbance becavse all undisturbed substrate of deep, uncompacted sl
in the cave was pocked with these shallow heles. Furthermore, a bectle
disturbed by air movement {beeath of the observer, quick movements of the
hand, vie) or by vibrationdjarring of the substrate) would not then dig a hole
but ratherwould cease its present activity and run, sometimes with sorpris-
ing rapidity, from 1he vicinity. Perhaps coincidentally, but possibly mal,
the depth of the holes was within the same order ol magnitude as The depih
probed by the tp of the ovipositor of an egz-laving cave cricket.

Although direct ohservations of feeding in the natural habitat were fow,
they are meaningful and deserve some claboration, The first rhadind which
J syw with an object in i1 mandibles proved Lo be garrving o cave cricket
ege A sccond rhadinid was later seen walking about with g cricket ege in ils
mandibles. Afler carcving the egg for aboul 15 minutes, 10 came Lo rest on g
small chert outcrop, and during the next 30 minufes it emptied the coe of s
contents, Afrer the contents had been s depleted thatl the ege mombrane
hiac almost the appearance of a Aat sheet, the beetle dropped the eeg.

O three occasions | noticed rhadinids that were remaining in their holes
for Tonger times than seemed vsual. Each time 1 was alle to probe inte the
hole alongside them without cavsing 1hem to leave, 1 could even push the
beatle away, bul it would retwrn to the same spot. 1o cach instance [ was
ahle 1o locate a cave erickel ego in the silt where the Beetle had been digging,
Al another time | discovered 2 rhadinid feeding on the tom end of a cave
cricket femur, A cave crickel nymph appeared, seized the femur, leuped
away, and began feeding on it

Whether feeding on cave gricket epos or on a freshly dead cave cricket,
the provess was sanular, The mandibles and the maxillary lacinae plerced the
ege and the contents were then pumped into the gut. The cge membrane
wiag nob eaten. When provided with crushed cave crickets, the rhadinids
would [irst search about the exoskeleton untl they Toceied a break in the
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integument or 4 thin, membranous portion of the exoskeleton such as Lhat
of & leg joint. IF at a rupture, the beetle would Begim immedialely 1o pump
in tissue fusds, at times Bursig 1he head in the tssues. IF at 2 joint the
beetle would first pierce the membrane with its mandibles. A beetle locating
a membranous arca before locating a rupture would wsually begin (o feed
immediately rather than search Murther Foe a poind more accessible to the
tissue fuwids,

The experimental data gained leom the aliernalive box experiments, the
avipasition site detection experiments, and the food-finding experiments
provide the most significant and detailed information on a variety of
phenomena related o the feeding of B sufrerennen, Most of the results have
plausible correlations with abservalional data,

The initial results of Allernative Box Experiment [ oestablished that
unengorged Beetles preferred an arca having food (o crushed cave cricket)
over ane lacking food, a hardly surprising resull, and thal 1he beetles began
ty Teed bomediately upon locating the oricket. This was apparent from
sbservation and from the subscquent, distinet and abrupt shift in peelerence
of 1he beetles as a group. [t is possible that a large, immovable Tood sourge
elicits immediare feeding, but when the food item can be transported (such
as @ cave oricket eged, 1he beetly may remove it o some ares where the
presenve of another animal cannot be detected before it Begins 1o Teed,
Either behavior would increase the chances For maximum Tood olilization,

The switch in preference after feeding 1o negalive response to food {or the
nnrnediate vicinity of @ Tood source) indicated by Alternatve Box Experi-
ment | s intriguing, The reality of the results i the last one and one-half
hours of the male run cannot be guestioned, and T believe that the data Trom
the last howr af the fermale run probably indicate w similar result slthoogh P
is slightly gpreater than (05, One bypothesis which might be advanced 1o
cxplain this is the avoidance of predators which mighl be allmcied o Lhe
vicinity of the food sowrce. The cieurinid spiders were Tregquently observed
in the vicinity of racoon feces. Some conslructed their webs among the fecal
pellets, Al least the largest cicurinid preved on the beetles as evidenced by the
prescnce of rhadinid excskeleral remaing beneath rocks inhabited by the
spiders. A somewhat similar hypothesis consistent with observations is the
averndance of other animals attracted 1o the feod source which might rupture
the delicate dorsum of the abdomen made vulnerable by engorpement which
is 50 extreme that the elytra Maillo cover @ large part of the membrane (Fig 23
Puncture of this membrane might result from an attempted macing o from
being kicked or stepped on by a cave cricket, both of which have been
observed in encounters between rhadinids amd cave crickels in caplivity and
in the cave.
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Alternative Box Experiments 2, 3 and 4 indicated that the rhadinids were
attracted to areas where live cave cnckers had once becn and had in some
manner “conditioned” the silt, The beetles responded positively to this
conditioning whether by male or female cricket, Sufficient conditioning o
elicit response oecurred quite rapicdly (in one-half hour in Experiments 3
and 4}, and the effect persisted quite lone (L8 hours in Experiment 4), The
distribution of holes dug 1o the conditioned and uwnconditioned silt in
Experiment 2 revealed a striking preference of the rhadinids Tor digging inte
a substrate previously frequented by cave crickets.

In Experiment 3 the beetles preferred silt condinoned by male crickets over
that conditioned by female crickets, T believe that this response resulted
leon the quantity rather than quality of conditioning, While in the boxes, the
female crickets were guile placid, bol the males were continoally active,
walking o leaping about, or scratching the substrate, This differential
behavior could vasily have biased the experiment.

Alternative Box Experiment 6 was designed o test for bectle response Lo
chemica] conditioning by cave crickets in the absence of mechanical condi-
tioning, but il becarme instead a test for respanse (o ador of carrion because
the cricket homogenale used in the experiment had begun (o decompose
before the experiment was tun, A sirong preference for the untreated silt
was shown by female rhadinids. This experiment sugpested Experiment 7
in which a puirid cave cricket was placed on one side of each box, Male
Beetles preferred the untreated side as expected, but the females failed oo
cxhibil a preferance.

1 have no explanation Tor the differing responses of the female beatles in
Experiments & and 7, since 10 would seem that any plausible hyvpotheses
explaining negative response Lo carrion showld apply equally to both sexes,
Megative response to carrion would remove the heetles from the presence of
odors which might possibly mask those leading to a food source, This
negative response might dlso remove the beetles from possible sources of
Fungal infestation. Invariably, fungi funidentified) bean to grow on dead
cave orickels. When rhadinids were confined with decomposing crickets,
they often became inextricably emmeshed in the fungal hyphae, At least
one al these fungl was apparently a faculative parasite since some beetles
became coversd by a growing myechium which eventaally caused death,
Death could not always De prevented by remowing the carrion and its
adhering fungi, although the beetles appeared to be free of hyphac,

In Allernative Box Experiment 9 chemical conditioning was adeguatcly
achicved by ireating one side of each box with silt previously shaken with
cave crickets, and the beetles responged positively to the treated side.
Positive response to mechanical conditioning in the absence of chemical
conditioning seems to be ruled out by Experiment 8 in which artificial
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ovipositor holes failed to attract 1he heetles. However, since these holes were
left open {1 did not learn until after this experiment was run Lthat ovipositing
cave crickers drag silt over the hole with the tip of the ovipositor), it s
possible that this type mechanical conditioning was not of the proper gualiy
to elicit response,

Alternative Box Experiment 10 demonstrated a preference for sill con-
taining holes made with cave cricket ovipositors. These holes were covered
by dragging silt over them with the tip of the ovipositor. Although response
ta the presence of these “oviposition siles” was positive, il 15 nat possible in
this experiment to scparate the cffcets of mechanical conditioning and
chemical condinoning, Furthermare, if the response was to chemical condi-
tioning, the effects of general presence of cave crickets and specilic presence
of cricket avipositors arc not adequately scparated.

The data from the alternative box experiments demonstrate that the
bectles respond positively to the presence of cave crickets ar to a substrate
conditioned by cave crickets and, further, that chemareceplion is imporiant
in the detection of a conditicned substrate. All the foregeing observationil
andd experimental data indicate a definite relationship between cave crickets
and the leeding of rhadimids.

The bodics of freshly dead or dving cave crickets are an obvious polential
food snurce hecause of cricker abundance and because they were fed upon
readily by captive rhadinids. However, the availability of this food source to
the rhadinids s of critical consideration. It has already been shown that
cricket bodies are not suitable food sources once edors of decomposition
bemin 10 be produced (abour one day’s time), The staphylinid Seificediva sp.
also Foeds reudily on dead crickets.and (he crickets themselves are voracious
feeders on their own dead.

The observation of the rhadinid's |oss of the cave cricket femur to a cricket
nymph suggesied the comparative Food-finding experiments pairing rhadinids
and cave crickets, rhadinids and staphylimds, Crickets and staphylinicds were
the only experimental competitors used since, because of their e and
abundance, they would probably be the only serious competitors for dead
cave crickets im the cave, The resalts of these experiments (Table 4) clearly
demonstrated that the rhadinids were much less efficient al locating this
source of food than were either erickets or staphylinids. The bole digging of
the rhadinids obviously has nothing to do with locating food on the surface
of the substrate, presumably the place where dying cave crickets would fall.
Since many species of staphylinid beetles bury their food, it might be
supgesied that the rhadinid beetles dig {for erickets which have been buried
by staphylinids, However, the species of staphylinid iy Beck’s Cave is not a
burving beetle. Mone of the cave crickets provided as food for captive
staphyvlinids were ever huried. Large numbers of staphylinids and cave
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crickets were taken at all seasons in pit traps (glass jars) bailed with dead
crickers and embedded in the substrate, hut rhadinids were rarely faken,

[t is probable, therefare, that while rhadinids may occasionally feed on
1he hodies of cave crickets, such feeding is fortuitous and 15 not of major
importance, A primary food source of the # sebrerranea scems apparently
Lo be the eges of cave crickets singe this is the only inference consisient with
observational and experinental datu,

The oviposition site detection experiments demonstrated conclusively that
when on a substrate containing oviposition sites, the rhadinids do not dig
randomly but exhibit a preference Tor digging inoe these sites. Experiment |
indicated a greal proficiency for finding oviposition sites in compact sill
whelher these were simulated with a cricket ovipositor {a “'real™ site) ar an
artifiia] ovipositor (an “artificial™ site} (Takle 2, B and C). Mo differential
abilicy in localing the two types of sites was indicated (I3). 1o uncompacted
silt the heetles showed a prelerence for digeing into real sites {F) while they
didd ned differentiate between squares with artificial sites and those withour
sites (Fh However, since no significant difference was indicated in the direct
comparison (G of the abserved distributions in E and F, this experiment way
partially inconclusive,

In Owiposition Site Detwecction Experiment 2 the beetles were presented
simultancously all the combinations offercd only in pairs in Experiment 1.
Digaing was not random but was highly selective (Table 3, A and H). There
was a strong preference For digging inta uncompacted sl over compacted
silt (B and Iy, The uncompacted silt in these experiments was roughly
aquivalent to the uncompactad silt in those arcas of the cave where beetles
were espectally abundunt, and the compacted silt wis comparable to that
in areas where beetles were sparse, Tois sugeested by these experiments and
by the distributional studies which revealed o paucity of rhadinids on
compacted silt struta that cave crickets oviposit primarily in areas of uncon-
pacted silt. However, no dala are available on the distribution of cave
vrickers” eggs in the various types of subsirata in the cave.

Two days after preparation of the experiment a significantly greater
number of holes had been dug into real sites than into arclicial sites (D)
demonstrating the importance of chemoreception. However, since the
degree of silt compaction had ne efect upon the propartion of holes dueg
inte real and artilicial sites (C and J) but did have an effect upon the pro-
portion of holes dug into squares with sites as opposed 1o squares without
sites ()10 is apparent that mechanoreception isalso mportant in oviposition
site detection,

The distribution of holes dug between the 2od and Tih days differed
sighificantly from that of the first two davs {Table 3, G). The proportion of
tetal holes dug in compacted yersus uncompacted silt did oot change
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significantly between days two and seven {1}, and neither did that of holes dug
in aviposition siles in compacted versus uncompacted silt (K nor that of
total holes dug in squares with sites versus squares without siles (L), How-
ever, there was a lughly significant difference between the proportion of holes
dug in real sites versus artificial sites between davs two and seven (M) At
day seven there was no significant difference between the nombers of hales
dug into real and artificial sites M3, It is thus apparent that a decrease in
actual importance of chemoreception and an increase in the relative impor-
tunce of mechanoreception oocurred through tme, Ui Turther possille that
subsequent to day two all oviposition sites which were Tound were located
b mechanoreception, especially since the efficicnoy of site location did naot
differ significantly from day tweo to day seven (There was a slight decrease in
efficiency, but it was not significant. ),

It must be noted that these expeoriments were cspecially biased against
revealing the actual importance of chemoreception in oviposition site
localion. While the nature of mechanical condilioning at these simulated
oviposition sites wis probably not greatly different from (hat al an aciual
site in the cave, hoth the quality and quantity of chemical conditioning
conld well have been Far different, The chemical attractants deposited when
a cave enivket acloally ovipesits are possibly quite different than when an
amputated ovipositor s used to simulate oviposition sites, The length of
titne that the ovipnsitor and the tip of the ahdomen remains in contact with
the substrate is also far oreater when a cave cricket oviposits than when the
real sites were simulated o these experiments, Thos, chemoreception may
e more important in oviposition site detection than these cxpCrimients
indicate,

The oviposition site detection experiments also demanstrated (Tuble 3, 0)
that the rhadinids show a negative edoe effect in the digeing of hales, It i3
possible that this reflects a4 simildr response in ovipositing cave crickets, bt
no data are available on the latter.

It was demenstrated by Food-finding Experiment 1 1n which beetles were
preseried with eges on the surface of the substrale and egas in simulated
oviposition sitgs that the beetles do not scarch for the ege atself. The eges
placed on the substrate were never eaten although beetles did contact them
with antennae and maxillary palps, Since only the eges in the “oviposition
siles’ were caten, it appears that the digeing serves as a releaser in the
recognition of the eges as food. Recognition of the ege is probably a function
of the maxillary palps since they are extended during digging (Fig. 3k
Because of the abundance of lactile setae on Lhe teeminal palp segment, it is
possible that mechanorcception is of greatest importunoe in detection of the
egp.
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All the faregoing data seem to warrent the following summation of the
Feeding habits of this population af Rloadine sbferranes,

k.

-] owm B

Primitive plants, particulate organic material, carrion, and feces are not
fond sources.

. Motile animals, regardless of sive, are oot an important food source,

. Dead, but unputrified, cave crickets and possibly other inveriebrates

are probably o minor food source.

. The contents of cuve crickel eges are a major food source,
. The beetles respond positively (0 a substeate frequented by cave crickets,
iChemorcception is inportant in the above response.

. The heetles do not dig rapdomly but dig selectively inla oviposition

SI0ES,

. Bath chemoreception and mechanoreception are important in detecting

aviposition sites with mechanoreception apparenily being more impor-
want in the location of older sies,

. The beetles bocate cave cricket cgps as a consequence of their scarch for

aviposilion siies,

. Reeopnition of un ege as food requires a prior digging into the substrate

Ty the beetle,
Octobre | 967
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Table 1,

Alternative hox control duta. X5 and M5 appropriate to X and © Mrequencics arc

wiven for different periods of time, Succeeding periods of the stated times begin at

Ly hour mtervals, Summed and belerogeneily X*s are based upon the fzhour
compenent periods of the longer time periods.

Aule

Time period LA S xE P Sum x* I Fler %* P
Ist 1. hr 141 147 A28 T

Zd L he 147 T 135 =T

Ird 1)y he 145 (42 014 - en

41h 1Y, hr 145 141 A4 = 80

| sr by 2RE ZEH M 1.1} _254) el 4 250 50
Xnd hr 9 2g4 At e M 39 80 029 =R
Arid hr 2] 2 2R LB 23 g o BV |00
st 117s hr 43%  4xl A5 =m0 264 e US L2530 = B0
Ind 1. hr 437 427 dle M 33 = 94 a7 o
2 hrs 3TH a7 A4 S Y ] ATE =, B 26d < hs

el

Time period b T & B Xt P Sum X I Het X* P
Tat 4/, hr 145 141 A e 20

2nd Ve hr 140 144 _2ax 5

drd 1y b 140 148 222 = A0

41h &, hr 125 135 I1.125 S, 29

| st hr 185 20 62 - B 2% e B 74
Ind he 2B 294 Mdd = B0 Add o= R0 LMY
Aril hr 2493 281 7 = 80 1417 e 1,420
et 1002 Tr 425 Ex1 227 i ] A5E i A%2
Ind 1V hr 411 41] AHIS T JHE | .56 P 0511 1.565
2 hry 57K A4 14 e 50 1,583 = .50 | 569

Tahle 3.

[etcctinn of avipasitivn sites, Experiment 1, The numbers are number of squares of
inddicated treatment containing holes dug by beetles, Counts were made at end of
first day. ¢ - compacted silt, u = uncompacted silt, ¢ = oviposition sice simulaged
with real cave crickel oviposiler, a = oviposition sile simuladed with arificel
evipositer, b= absence of simulated oviposition site (a “Hunk™ squarey, T

total number af sguarcs characterized hy any following symbuol or symbals,
Compirison A is the control mnowhich “site” differs from b by designation only,

A i o

Tl‘l rl.‘: E‘I:l rI.' rl\.l r'."
Tgite’ 7 H.50 ch | 5250 ch T M7
I 44 4250 or 42 10,50 il 1 4,83
AT [ — (373 HALACF = 11340 Xyl1ad. i - 724

P50 [ 1] oo AHH
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[ k-
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o in A nbove 4z )| uls 11
ul 45
[oio B oabove 22 7
X4
XA f = .42 B0
P 50
F L1
with
T I, altes
ub 54 5750 T in T abhove 45
Lt 15 [1.30 et
fa in E ahove 15
X4 d f, = 1,28
Ll it XiUd {0 90
' R
Tuble 1

Te

1 300 (b
2 ()

1600

withamat
sites

1Kl
4

Dretection af ovipmsition sites, Experiment 2, Comparisons A —E based on data of
dovs | oand 2 Compuerisons Foo O based on data of day 7 and of days 1 and 2.
Symbols ay explained in Table 2,

A (H] [y
o 1¢ | P ¢ oou
ch 4 4302 e 23 5750 ro14 24
e 14 710 Tu Y2 57350 -
wil I ] H 3 013
ub 50 4302 WL =414 T
weo 24 109 P 00) S Fhte= s
we 13 709
XE8d. 1= 114,54
P o 00l
| I i
¢ fw Fe ch cr
moo19 42 b 17 6192 Day 2 4 14
er IF 932
i3 4 0 s 12 HEdK Daw 717 10
X1 F = &.66 R X%S5d. T = (773
| LN |1 ] na 31 940 P 0038

RESA L =989
™0l

I

fo fa
Te 43 30.50
Ta I8 350
XL
10,24
-2 005
ra ub our oua
5 50 29 13
12 68 1% M
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fa fe Te Tu ©ou LCra uare
Te 19 81.27 Day 2 23 92 P10 19 Day 2 1% 42
Tu |18 7533 = e "
[ay 7 2 113 a 12 3 Day T 21 30
X1 dol, - 4358 o ’
P oo XA 1, =63 X laoFo= 0 ®uELd.f0— a3
P o= A P T P =
I i M O
TraTh Te Ta fa fa F-::- Fe
Dy 2 {:] 54 D,le_‘_'-', 4__?. iR- I 29 JZ[M . cige sgquares 22 3488
—— Ta 431 3T central squares 13} 120012
Dy ¥ 72 853 Day? 29 43
— - o UL — 142 X5ID 64
X1 d fo=1.10 X¥1d.l— 1Y p-, o o0
) il B o-o AW

Tahle 4.

Fesulls of comparative Tood finding abiliy c:-:p;urim::nt.l;. Cole's (1862 closed
seguentisl test desipn used for anelesis, Besolts significant at P = 05,

Experiment serics E Al animals starv-
cd for Tour diys prior 1o experiments.

Andimals Compared “Winner”
¥ orhadinid — o7 cave gricket cricket
Yorhadipid — 4 cavecricket  cricket
o thadingl — = cave cricket cricket
o rhadined — 2 cavecricket  cricket
 rhadined  rove beetle Ve

A rhadinid — rove beetle Foee

Experiment sertes 2. Bhadinads staryved
for 14 days. Cave crickers collecled
Trom cave imomediarely prior o experi-
M=,

Animals Campared Winner”
D rhadinid — fcavecricket  cricket
Sorhadined 2 cavecrickel  crickel
< rhadinid - o cavecrickel  cricket
= rhudinid cave cricket  cnicket
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SUMMARY

Foodl and Feeding habits of @ population of the froglohitic carabil beetle Bhadine
srfterraiea imhabiting Beck's Hanch Cave, Williamson Co., Texus, wire investiza-
tedd, O3hservational and experimmental data demonstrate that o primary Toed source
uf this beetle s the exps ol cave crickels (Cessophifes sppob The beetles Jocate
epes by oselective digeing into substrati where cave crickels have oviposited,
Chemoreception and mechanarceeption a:¢ impactant io the lacation of ovipesition
silCs,

RESUMLE

La noursiture et le mode d alimentation & une papalation du Caraligue troglobie,
Riroifine suberrgwers ont eté Studids dans la Beck's Ranch Cave, Williamson Ca.,
Teonas,

Iabservarion direcie o lexpérimendacion ont montré gque les ocufs Jdu Girylhe-
cride cavernicole, Cewrapfiiing AR, ConaUiLent une principale source de nowrribare.

Le Curabigue les lecalise en creusant defagon sélective aux endreits oo 'Oothap-
tére o eflectud =g ponte dans |z grotwe, La chémoréoeption et by mécanaoréception
Junert un rale important does B lecalisation exacte do leo droviposition.
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Plate 83 (1)

Plute K4 (2):
Plate B5 43}

Plare 86 {4):
Plate 87 {5):

EXPLAMATIONS OF PLATES 19{[}-21 (3

Rhadine suhrerranea. Lack of apparent eves and the altenuation of
appondages wnd prothoray are typicel of many tcoglebitic carabid
bootles. Matice that the tips of the maxillury palps and the deflexed
tips af the antennae are in conract with the substrate.

Engorged Riudine subrepranea. Compare with Plate |-

Riveoine aulstereanes remaving cave cricket egg from silt. Matice that
the terminal segments of the maxillary palps are in contact with the
CEE.

Altcrnative box design,

Apraratus used o the experiments on avipasition site detection.
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