Preference Responses and Tolerances of the Troglobitic
Carabid Beetle, Rhadine subrerranca
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Introduction

The purpose of Lhis research was (o determine the preference responses
and tolerances of the lroglobiue carabid bettle Bhading subierranea Lo hgh,
temperature, and relative humadity.

H is somewhat surprising that rather Tew intensive studies have been mode
of the responses of cavernicoles to physical factors of the cnvironment, This
is especially so since the stability of such physical Tactors as light, tempera-
ture, and relative humidity in caves is matched by fow, if any, other environ-
ments, Perhaps this stability itself has been the major reason why many
researchers have not been attracted to such sludies; it is all too casy to
assume that troglobites are stenothermal, stenohyerobic, photonegative,
and have preferences for saturated ailmospheres, narrow temperalure pre-
ferenda closcly corresponding to their cave lemperatures, cle.

It is pecessary only Lo exzmineg the summary information provided by
Wandel {1964) to appreciate the paucity of data bearing on these phenomena,
Although there have been several excellent studies made of various caverni-
cales, hoth terrestrial and aguatic, the daia which have been gathered o
date are not suffcient to support any zeneral conchusions,

The papulation of fladine subterveasa which 1 stodied inhabits Beck's
Ranch Cave in southern Williamson Co., Texas. More detailed information
an this beetle, the penus Readine, and Beck's Ranch Cave may be found in
Bull {19601), Barr (1960u4), Barr and Lawrence (19607, Bolivar y Pieltain and
Hendricks (19643, Mitchell {19683 and 19685, Reddell (1963 and 1966),
aned Yan Dyke (1918),

1 Department of Biology, Texss Technological Colleae, Lubbock, Texas Y9419,
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Materials and Methods

Preference Studies
Light Preference Experiments

For theose experiments, allernative boxes of the design shown in Fig, |
were constructed. Because of the complexity of the design and the limitations
imposed by available lighting equipment, only ten of these boxes were built.
The walls of the boxes were made of transparent Plexiglas, so it was neces-
sary o set the baffles into the walls to provent lght transmission through the
Plexizlas intn the dark side. The haffles were not et into the Aoor since the
sill used as a subsirate prevented light entering the Plexiglas bottom, The
“dark"™ side of each box wias made opague by painting ils exterior black,
The entire exterior of the box was then patnted white to nuinimize diffcrential
healing,

Each box way checked For hght tghiness by placing a piece of Panatomic
X film in the dark side and exposing the closed box under a WNo. 2 photo-
Moad bampy Tor 15 munutes. The film remained unex posed.

Towor 30 watt Morescent lighe fubes were suspendad aver the boses resulting
in an umination of about 200 foot cundles mewsured ul the subsirate level
and through the Plexielas cover of the Lid.

One box was used 10 determine if differential heating was accurring he-
tween light and dark sides. A hole was drilled in each end ol this box just
ahove the level of the silt substrate, and & thermometer was inserted tightly
into each hole. An experonental run was simulated, and no measurable
difference belween the temperalures of each side was notegd.

Fepeited cxperiments were conducted 1o give a sumple siee of 48 beetles,
Observations were made at ten minute intervals Tor two hours. The centler
baffle divided the box equally and was psed as the boundary hetween light
and dark sides for recording purposes, 174 beetle could nol be seen throegh
the transparent parct of the lid. the trapdoor was removed o check for s
presence in that small area hetween the center baffle and the bafflc on the
light side, Beetles seen here were recorded as present on the light side
although they occurred in an arca of reduced brightoess, Beetles were infro-
duocted into the boxes by removing the trapdoor and dropping them onlo
the silt near the free end of the center haffle. Each hox contained only @
single boetle,

Tempevative Preference Expeviments

The apparatus used in these experiments (Fig, 2 consisted of an insulaed
test chamber with a cold water bath at one end amd a hot water bach at the
other 1o establish a temperature gradient within the chamber, An aluminum
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channel 2 mm thick with inside measurements of 34 mm » 56 mm made
upr the bottom and walls of the chamber, The Plexiglas 11d enclosed w dead
dir space to aid in insulation. The chamber was closed on cach end by picoes
of Plexiglas which were an inlegral part of the [id and which fitted precisely
inte the aluminum channel. The lid was sealed to the chunnel with petroleum
Jully.

Plastic tuhes fuled with rubber stoppers passed throush the lid ac 10cm
intervils so that thermometers could be inserted for temperatyre measure-
ment. The bulbs of the thermomelers were held slightly {1 mm) above the
substrate. There was a variation amonyg the 13 thermometers of about 1/, "C
when all were used to measure the same temperature.

An insalaling strip of polystvrene foam 4 mm thick which fitted loosely
in the chamber was provided as o substrate for the experimental animals,
This insulating malerial was used to minimive wemperature differential be-
tween substrate and air, 4 commonly ocourring problem in apparatus of
this type. Mo wmperature difference was detectable when the bulbs of the
{hermometers were pressed onto the substrate, Beneath the foam substrate
was pluced a lining of bloter paper saturated with water from the cave 1o
maintain a salurated atmosphere in the chamber. Waler vapor could pass
reely from the bloter into the air space of the chamber around the cdees
and through small holes of the loosely Arfing Toam substrale, Saturation
wis evidenced by the condensation of water oo 1he inner surfave of the fid
Beginning immediately on the “hot™ side of 19.5°C {0 cave tomperatwie)
and by the fact thal there was po apparent change in the amount of Lhis
waler f condensation once the gradient wis slabilized.

The water-bath comtainers were made of cight-liter metal cans Lo each of
which was soldered an additional bottom which fitted into the channel 1o
provide for efficient heat (ransfer. The use of eight liters of water, the insu-
lation of the entire apparatus with polystyrenc foam, and the circulation of
water by means of aeration all aided in maintaining a quite stable fempera-
ture gradient, A mixture of salt, oo and water was used 1o eslablish the cold
cod of the gradient, 11 was possible to lower the temperature in the cold end
10 0°C, By sliding the cold bath container fartber Trom the end of 1he ex-
perimental chamber, ather desired cold end temperatures could be estab-
lishedl, The hot water bath was heated wilh a 100 watt aquarivm heater,
Aboul twe hours were required to stabilize @ gradient of upproximately
370 botween extremes.

Data were gathered by recording ul intervals the number of beetles
present in each of the 12 areas of the chamber delineated by the thermo-
meters, When the experiment was run initially in June, 1964, four groups of
12 female beetles each were tested in a gradient of 37°C 1o 3270, Six were
introcuced intoe the chamber ane-third the distance from the cald end and
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six one-third the distance from the hot end, Observations were made of cach
group at five minute intervals over o two hour peried. To determine if the
preference would change afler long exposure to the gradient, the first 36
heetles {ested were returned to the chamber at the conclusion of that run
using the fourth group of 12 beetles, Data were gathercd from this group
of 48 heetles 14 honrs later using 12 observational intervals of five minutes
duration, Mo allempl was made 1o maintain the original oracient aver this
18 hour peried. The msulation, however, retarded lemperature chunge, and
at the end of 18 hours the gradient was 1170 (o 23.5°C.

Control data were gathered in a similar manner in the absence of a gracient.

The temperalure preference experiment was repeated in December, 1964,
when two groups of 12 female heetles each were tesled in a gradient from
3°C b0 37 °C using 12 live-minute observational intervals.

Relatove Homidiny Prefevence Exporinnens

The construction of an apparatus in which a relutive humidity gradient
may be readily established 35 quite simiple, but the problems of measuring
the gradient are considerable,

The gradient chamber (Fig. 3) was construcled of Plexiglas and had a
tight fitting lid sealed with petroleum jellv, Tn ithe bottom of the chamber
were six rectangular glass dishes for holding agueous solutions of sulluric
acid o establish the gradicnt. The densities of the solutions used were such
that if cach selution were to have been placed into a separale, scaled chamber
relative humidities of 100%;, #5574, 859, 70%, 50% and 25% would have
been produced. A porous substrate of partly fused polyethvlene chips which
was 6 mm thick was placed over the dishes,

An opening, sealable with a Plexiglas inserl, was provided in one end of
the chamber [or introduction of the sensor of a relative humaidity meter.
Unforiunately, the only availahle meter proved (o be inoperalive when an
attemipt was made to measure the gradient,

Twelve bettles, however, were infroduced and observed for abour 15
minutes, Afer | and 1/ hours the beetles were again ohserved. Although it
was obvious that the beetles were responding to 1he gradient, 1 decided 1o
discontinue these experiments since the gradient could not be meusured,

Tolerance studies

Because beetles were available from the cave only in limited numbers, and
since a constant supply wis necessary for other experniments, refined tolerance
experiments were not permitted. The use of small sample sizes and termi-
nation of experiments before death of all beelles helped in conserving the
beetle supply, The usual resull was insufficient data 1o test for statistical
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significance, so the tolerance studies are more indicative than conclusive.
Mevertheless, such data are uselul Foc speculation.

Franperainee Toleranee Expoviments

The apparialus used in these experiments (g, 4 consisled of a polvsiyrene
foum box conlaiming waler and hoosing a partially submerged  plastic
specimen chamber _The water was warmed with a 100 watt agquarium heater.
A Lightly ftting Feam Nd was provided with a Plexiglas window for viewing
of the beetles, Acration of the waler bath aided temperature control and
maintenance of 4 saturated atmosphere, Al temperalure in the specimen
chamber was measured by a thermometer the bulb of which was held about
I mm above the botton of the chamber,

After stabilizution at the desired tfemperature the beetles were introduoced
into the chamber through a stoppered hole in the lid. The sample size for
cach experiment was 10 (except in one experiment where it was nine)
Temperatures of 30 °C and 35 'C and limes of one and bwo hours were used,
Ar the conclusion of cach experiment, beetles were removed o scparale,
labeled boxes ar cave temperature. loomediately after remnvoval from the
chamber the begtles were examined and were recorded as being “alive™ if
they exhibited movement of wny body part, Afler ene weck Lthe beelles werg
regxaimined and recorded as “normal™, “abnormal”, or dead as explained
in Lhe discassion of relative humidity tolerance which Todlows.

There were two major Taults an s apparatus, Occasionally water of
condensation would run into the specimen chamber, und at times water from
the bath would encer the chamber theough the perfarations when the cham-
ber was buing removed at the conclusion of an experiment. Jince heat
exchange between boetles and water was more rapid than betwegn bectles and
air, the data from suchexperiments wereuzeless. The second fault was that no
insulating substrate was provided in the chamber. The temperature of the
witer buth was several degrees higher (han air lemperature in the chamber,
The 1 mm thick plastic bottom of the chumber was in direct contact with
the hath, and the beetles were placed directly on this. Thus it is probable
that the beetles were exposed (oo considerably higher emperatare than
that measured by the thermometer. This would resull in an underestimale
af the ability of the beetles to tolerate the cited air temperatores, However,
an underestimate provides mare significant data than an overestinate since
conclusions or speculalion about the lolerances lend 10 be conservative,

Rodorive Huamiddioy Toleravee Experinments

The apparatus {Fig, 5} was constructed of Plexiglas and consisted of six
chumbers bailt inlo g single unitl which was sospended inaowater bath, & tube
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opcning through the lid peravitted introduction of beelles inta a specimen
rray susperded above g glass jar comtaining the solution, Dwring an experi-
ment these tuhes were tightly stoppered and the lids were sealed with petro-
leum Jelly.

Dyistillecl swarer wis wsed 10 establish a conteol chumber ol 1067, relative
humidity, Relative humidities of 905, T5%, 30%, 25% and 0% were
eatablished in the ather chambers using aqueous of sulfuric acid of Jensites
L4, 1.230, 1336, 1480 and 1580, respectively. Experiments were nal
conducted until the day following imtroducton of the soluticn to allow
ample tme for equilibration. Since instrumentation was not asailable {for
actual measurcment of the relative humidity o each chamber, the stated
relative lumidites must be regarded s approsimalions,

Samplesizes of 10 beetles per chamber were used. Two araups were tested,
Gt males, then 60 feniales, bodh al cave temperatire for o duralion of four
hours. At the conclusion of each experiment the begtfes were remuoved (o
separate, labeled boxes For subsequent observalion. One hour afler removal,
the bectles were examined (o determine the number of imimediate survivors.
The posterior of each beetle was prodded with q probe, and anly those which
wigre capahle of movingforward were recorded asalive™, The same procedury
wis repealed after one week ancd after four weeks. At these limes each boetle
was recorded efcher as “normal™. “aboormal”, or dead. The criterion Tor
“normality’ was the ability to both move and coordinate movement ol all
s1x legs, Some bootles which were not deuwd could not walk, or if they could,
did not have use of the metathoracic legs. T was assumed that all deaths
resulied from dessication.

Resulis
Ligrte Prefeeciioe Eperinmenis

Control dula were gathered firsl in the absence of light. Male control data
comsisted of 283 occurrences an the “highi™ side and 293 vecurrences on the
“dark™ side, vielding a ¥2 = 174 and P = 500 Female contral data con-
sisted of 287 "lght” cccurrences and 289 “dark™ eccurrences, vielding a
2 T and P S0 These Powalees indicated the absence of bias in the
box design and permitied comparison of the experimental data 1o the
theorctival expected 1:1 distribution.

Male cxperimental data consisied ol 263 occurrences on the light sicde and
33 oecurrences on the dark side, viclding a 2 = 434 and P 2 .03, Female
crperimental data consisted of 244 light side oceuwrrences and 332 dark
oceurrences, yickling a 2 = 6,72 and P <2 01,



Speleclogy 1. Mitchell 05

Femperatiee Preference Expoerinwnts

Fig. & shows graphically the number af beetle nccurrences in each arca of
the gradient chamber during contrel and experimental runs. Graph 1 s the
corresponding control frequency Tor the experimental frequencies in Graphs
2 (Jupne data) and 5 (Drecember datal, and Graph 3 s the corresponding
contrel frequency for the experimental Trequency in Graph 4 {June data).

Although there are abvious differences between the graphs, appropriately
corresponding frequencies were compared staostically, [t was not possible
o compare the cxperimental Trequency distributions with  theorcticul
expected distributions assuming equal Trequency in each area because the
control frequencies were hiased. [ is apparent from Fig, 6, Graphs | and 3,
that this bias (significant al P = 03 resulted from a tendency of the beetles
to cocur more often near the ends of the chamber than in the maddle. [tis a
caommuon accueeence for captive animals to move about within their enclosure
wrtil they are concenlrated at its lndos.

Stanstical analysis, however, is not precluded since contingency lable
analysis allows the comparison of different lequency distributions without
assuming any underlying theoretical distribution, Table 1 shows cononpency
table tests of the June experimental frequencies and their corresponding
contral freguencics and of the December Treguency distibution and the
appropriate frequencies from the Tune diata. In cach comparison the differen-
ces are highly significant (P - 001). The latter comparison s nol as meaning-
ful as it might be since slightly dilferent oracdients were set up in the June and
December experiments. However, only qualilative examination is required
tor appreciate the differences in beede response at the two different times,

In Experiment | abouwl two-thirds of the abservations were in areas 2and 3
representing i lemperature range from 750 10 13°C, Although it is not
revealed in these numerical data, most of those beetles recorded from area 2
were nearer the 190 boundary than the 7.5"C boundury, In Experiment 2
alightly more than one-half of the abservations were from arca | represenling
arange of 117C to 137C_ 8lightly less 1han ane-half of 1% of the observations
in Experiment | were from that section of the chamber excesding 24.5°C,
and only about 1% were from the caldest arca, 3°C 1o 7.57C, Only about
7.4"% of the observations were from (hat area (area 7, 19°C 1o 2005 C) most
closely approximating cave wemperature. Tn Experiment 2 only ahou 2. 8%
al the ohservations were from that arca (area 9, 12.5°C 1o 2000 most
closely approximuling cave emperatire.

Using 20057 in Experiment | oand 20°C in Experiment 2 as the temperi-
tures nearest cave temperature, it is secen that aboul 9457 and 93 % respec-
tively, of The observations were from that section of the chamber colder
than cave lemperature,
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RBuesponse (o the gradient was immediate, In cach of the four groups of
heetles introduced diring Experiment 1, those introduced into the ot end
moved immediately and dircctly toward the eald end.

The data from Experiment 3 run in Decemboer are drasocally different
from thase of Experiment 1 which was run in June, Tn Experiment 3 only
about 3.8% of the observations were Trom that temperature range (770 o
14°C7) where aboutl two-thirds of the observations in Experimont 1 were
made, Two-thirds of the observations in Experiment 3 were recorded in the
range from 17,59 to 24°C, a range from which only about 18%, of the
Experiment | observidions were recorded. In Experiment 3 the Lotal
observations were aboul cqually divided between the hot end (- 20°0)
and Lhe cold end {2 20°0C) while in Experiment 1 (he greal mapority of the
observations were from The cold end.

Since thore wis no change inoapparates or experimental desizn bhetaeen
Jupe and Decemnber, it is apparcnl thid a shifl in temperature preference of
the beetles occurred during the interval between Experiments 1 amd 3, The
preference in June wias Tor 8 lemperature muach less than cave temperad ure,
and the preference in December approximated that of cave temperatore.

Hefative Tumidioy profevence expeeinenls

As menticned previously, this cxperiment was discontinued because the
relutive hmicdicy gradient could not be measurcd, The observations of the
12 bectles which were intreduced into the chamber are, however, warthy af
rention. BDuring the first 13 minutes aler introduction the bectles moved
cantineously about the entire chamber. There was no apparent immediate
response 1o the gradient either in speed ar dircction of movement, 11 is
possible that these observations are misleading, however, Since the beetles
were introduced shortly after an unsuccessTul allempt 1o measure the relative
humidity gradient in the chamber, it s possible thal the gradient was
disturbed,

When observed apain afler one and ooe-hall hours, wll 12 beetles were
muriarless above the dish containing the distilled water.

Tolerance Studics

Femperaties foleranes @xperinenls

Results of these experiments are swmmarized in Table 2. During cxposure
1o the elevated temperatures the beetles were highly agitated, and most had
poorly coordinated movements. Some wrened over onto their backs and
were uniable to right themselves excepr by seiring o passing beetle with their
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mandibles although they could normally right themselves casily. The
emperature shack which accurred when the beetles were moved back 1o
cave lemperature at the termination of the experiment inmaobilized many of
the becties und redoced the speed and coordination of ull. 1L is possibla that
this shock was more responsible for heetle deaths than the clevated tem-
perature itself,

Since the emperatures medsured were air lemperatures which were most
likely lower than subsirate temperature, the results are probably conser-
vative estimates of the ability of (he rhadinuds to tolerate clevaled lempera-
Lires,

The beetles Trom the 30°C experiments resumed their hole-digging
behavior in the stock boxes subsequent to the experiment, bul hale-digaing
by 1hose heetles fram the 3537 C experiment was greatly retarded.

felarive humidicy twlerance experiments

The results af these experiments are shown in Table 3. After the beetles
had been in thye chambers Tor several minutes those al the lower relative
humidities became highly agitated. In Fact, there was a siriking gracdation in
activily through the sueecessively lower relative humidities.

Diiscussion

Preference and tolerance data are essential in attempting to answer some
imporiant bivspeleolozical questions. What, il any, relationship exists
between the degres of mocphological regression of troglobites and their
ability 1o pereeive and respond o physical factors of the environment ?
Whal are the mechanisms which operale 1o restrict cavernicoles within
theic oplimal enyiromment? What are the capabilities of cavernicales for
dispersal in the cpigeumn?

In consideration of the first guestion, it seems plausible 1o hypothesize
that at least certain kinds of troglobites would not possess gy greal an
ability as would refated epigeal species to respond Lo those physical factors
which arc variable in the epigeum but which are relatively stable in caves,
And, o extend the hypothesis somewhat farther, in 4 series of relaled
troglobites there should be a negative correlalion between ability to respond
and morphological regression. | would offer this hypothesis as appropriate
only for those troglobites which are physically imprisoned in their subler-
ranean hatatats, Soch troglobites would be primarily those aguatic species
living in sublerranean water svstems which lack navigable connections with
epigeal witers. The maintenance of those mechanisms which permil epigeal
animals 1o perceive eovironmental variability would secm o be ol linle
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or no selective advantage to roglobites trapped in a stable environment. In
addition, it is possible that in animals, generally, acuate response abilities are
maintained gl & greater energy cost than lesser anes, so that those individuals
with the lesser response abilities would he at a selective advantage.

I would seem inappropriate e exlend this hypothesis to all cavernicoles,
anel the reason Moe this relates Lo the scoond guestion asked at the beginning
of this discussion, 11 is posaille that certain kinds of troglobites might retain
acute response ahilisies Tunclioning as mechanisms restricting them 1o their
subterranean covironment. Terresirial troglobites and those aguatic specics
inhabiling subterranean systems with nuvigable communicatnons with
surface waters cerlainly have the capability, by virtue of their own motilicy,
of mowing into the epigeum, The fact that troglobites are almost never tuken
in episesl enviranments, even those immediately surromsding cave entrances,
is pood circumstantial evidence that there are, in fact, restriclive mechanisms,
v aperation. It is not enough o propose that troelobites are absent Trom
the epigeum because they dic upon entering it Active mechanisms must
exist since selection would rapidly eliminate those individuals entering a
hostile envirenmaent while Favocineg those which could perecive and retrea
fromn at.

Behavioral responses to the more obvious environmental variables such
as light, temperalure, relative homidity, and water and air movement might
all function as these aclive restéictive mechanisms. It s obvious, however,
that any one of these would be only partially effective. There would be
muny mes when for any of these physical factors bath the cave and the
immediate epigeum would be similarly characterized. ©n the other hand, 1
wonld enly be an exceptional chance pcourrence that both cave and cpigeum
would Be similar in all those physical Tactors, even 1he aross ones, tha
cavermicales might respond oo

I could, then, propose as a second general hypothesis that werrestrial
froglebites and some aguatic ones possess a comples al behavioral responses
which aperate to restrict them in their cave environment,

The third question asked at the bezinning of this discussion relates to
cavernicole dispersul. Perhaps it is here impartant to recall thut the teodency
to disperse seems to be charwcteristic af maose living organisms. A greal
variety of morphological, physiclogical, and behavioral characteristics of
many plants and animals supgests that this tendency is of positive selective
value, ar least on a long lerm basis, This would permit survival as an old
hahitat became unsuitable by the colonization of a wew, suitable habitac,
There is no reason o suspect that cavernicoles lack this tendency to disperse,
In fact, there is every reason o suspect that it is present, since, considered
on g peological or evolutionary time scale, caves are ephemeral habitats,
Althoush the st important routes for cavernicols dispersal are probably
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subterrancan Burr, [959), these lack the permancnce of the epigeum, so it
does aoc seem unrcasonable o espect some epigeal dispersal by some
cavernicoles, There are some troglobite distribulion records inconsistent
with proposcd sublerranean channels and barricrs (Burr, 19605 Krekeler,
19397, Possthly the “inconsistencies™ are the resulis of epigeul dispersal,

Although epigeal routes would seem o be difficult for any kind of
troglobite, wrrestrial species would seem more likely to use them than
would aquatic species, First, cave aguatics would most likely be dependent
upon enviconmental water regardless of the location of dispersal routes,
Passive overland ransport by larger animals and air currents s impoctant
(Maguire, 1963y and cannat be discounted, although for obviouws reasons
il waould seen to be fur mare important for epigeal than subtlerrunean species.
Second, sublerranean dispersal roules are unsoilable For terrestrial specics
when they are water-filled.

The possibility of cavernicole dispersal in the cpigeuwm wouold seem at
first thought toe be concerned only with tolerances. Obviously, il troglobites
are ever successlul in the of epigeal routes, they musl be capable of surviving
cnvironmental conditions o which they are not cxposcd in Vheir sublerrane-
an enviranment, Bol also impociant are their behavioral responses (o
physical factors of the cnvironment, I these responses are, in fact, imporiant
as mechanisms restricting troglabites to their habitat as | have hypothesized,
they must remuin at least slightly imperfect if the epigeurn is 1o over he
initially entered.

1 might now be hapothesized that behavioral restictive mechanisms, il
they exist, are nol absolute bur permit entry into the epigeum at those times
when the chances for survival would ke maximal.

I must here hasten too stress that 1hese suegeestions | have made are
nothing muore ar the present than working hypotheses, bot any would
Justify the effort in gathering the data pecessary 1o suppor! or refute it
Many data are needed from many different kinds of troglobites before
sybatantial progress will be mude, As always, the most interesting data will
no doubl be those which are to the contrary ol some previcusly espoused
biypaot hesis.

The prefercnee and toleranve data 1 have gathered on Rhadine soubervanea
will now be examined in terms of Lthe preceeding discussion.

B snbrervaneg responds negatively o light as do perhaps most of the
cavernicoles which have been stulied, However, this response 15 ol especial-
Iy promoanced. It is, in fact, impossible o determine the nature of the
response by merely ohserving the beetles” activities ina hghe gradient. Only
the quantitative data leom the alternative boxes revealed the negative
respomse. This response would appear to resalt from a slightly erealer rate
of mevement in lighted arcas, and thus would be a kinesis rather than a
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laxis, Since the response is rather weak, it is probable that it does not play
@ major role in restricting the beetles to the cave. It is possible that even a
strong negative response 1o light would not be a major restrictive mechanism
for the simple reason that it would be operative only a parl of the time,
Meither would any kind of kinetic response scem 1o be of mujor importance
since oo muny “mistakes” wonld be made by the animal during its move-
MENLs.

The femperature preference data are the most inleresting 1o resull Trom
these studies, The shift from a summer preference of 4 temperaiure abow
10°C lower thun that of 1he cave (o a winter preference approximating that
of cave temperature is a drastic change, Alhough these preference experi-
ments were run at only two nimes, June and December, [ believe the dilferent
results to be entirely a function of season since this was the only apparent
viriable in these cxperiments, Response in the temperature aradient was
obwvicusly klinotactic since the beetles conventraled rapidly and by direct
movements wilthin the preferred zone of the gradient.

Passibly this shift in temperature preference 15 the primary mechanism
restricting the beetles to the cave. A temperalure preference which would
shift as an inverse function of prevailing temperatures in the epigeam waould
appedr to be ou very efficient restrictive mechanism. In addition, a kline-
taxis would seem to be the most eflicient type of response since the animals
wioatlel be quickly removed from unfuvorable stimuli.

1T this shifl in temperature js, in fact, real, then the beetles must receive
somic cuc which initiales the shifl, Because of the internal stability of the
cave, it is difficult to envision such 4 coe coming directly from the epizeum.
Althoogh it is entirely speculation, it is possible that the beeties are cued
throwgh their dign, [ have alreacdy shown that the eggs of cave crickets are
a primary food source for these beetles (Mitchell, i9akal Twao cave crickets,
Cerethophilus caricelorizand Consp., Uve in Beck’s Runch Cave, and although
no guantitative data are available, it appears that C. cwudciiaris is a
Ssumimer” species while £, sp s a twinter™ species. Perhaps the rhadinids
slhift seasonally from leeding on the eees of one species of cricket 1o those of
the ather thus cuing the shift in temperature preference,

Although the relative humidity preference experiment was unsuceessful,
the beetles did @t least eventually accamulate in the area of lowest saouration
deficit. A great reduction in size of the available bectle populaticn was cor-
related with the abvious loss of water from the substrate which occurred
during the summers. For example, in the sprng of 1963 as many as 150
heetles could be taken wl g sinele collection in a certain part of the cave
while in August of that vear only cight individuals could be Tound during
one collection atempt, The drop in avallable population size was again
apparent in the summer of 1964, although it was not as prooounced as o
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the previous year, Doring 1he fall the numbers inereased, and the returning
bestles were the same ones which had disappearcd during the summer as
cvidenced hy the reappearance of some individoals marked during the
previous spring, Tn additicn, the returming beetles were Tully pigmented, so
they were not 8 replucement population of recently emerged individuals. |1
have assumed that the beetles relreated deeper into crevices innceessible o
collection as the relanve humidity decreased, however slightly. IF this 15 so,
the rhadinids possess an acure ability to diffcrentinle begween saturation and
slightly less than this.

Megative response to relutive homidities lower than 100%] 15 possibly
apcrative in restricting the beetles o the cave, although it would seem Lo
suffer frown being a kinesis,

The temperature and relative humidity tolerance studies were inconclusive
but seem 1o be indicative. The abilily of the bBeetles to tolerate with no
apparent il effccts 9 bwo-howr exposure (al J00Y%, relative homidity] o a
temperalure exceading that of their eovironment by 100C does not seem Lo
quatlily them as strict stenotherms, Wor does their ability (o tolerate with
about 50% survivil @ Toue-howr exposure (a1 cave lemperatuce) 1o relative
humidities of 30% und less inchicate strict stenchyeroby. B s probably
regsonahle o assume, however, Lhat there would be a rapid decrease in the
ability of the begtles 1o elerate the ofcols of elevated temperature and
redoced relative humidity when they are combined.

These data secm Lo admil o e possibilivy that & sedierrores coald use
an cpigenl dispersal reute successfully, The most likely tme for a beele 1o
enter the epigenm would be when the epipcum was characterized by darkness,
A temperature corresponding Lo the 1emperature preferendum of the Beetles,
and un mmosphere ag or approaching, saturation. The summer femperalure
preference wonld appear 1o be very restrictive durne that time of the year
when, in view af the tolerance data, chances for survival would be minimal.
The winter preference would seem Lo be less restrictive, permilling the
bectles o enter the epigeum at 4 time when their chances for survival in the
epdgeun would appear Lo be maximal. Onove in the epigeom the beetle could
move abour guite readily occasionally seeking cefuge in the humid recesses
under rocks and in debris. So long as s esposures to lowered relative
humiditics and rising temperaturcs were of reasonahly short duration, i
could probably exist Tor an extended period in the epigeun,

Movembre 1967

SUMMARY

Seadies were made on the prelerence responses and toberances of the troglabitic
carabil beetle Biadine sateerranes Lo Light, temperatwre, and relative humidity. The
bevtles are weakly photonegative and appear (o have o strong preference for armos-
plieres of low saturaticn delicil, Both these responses seem o be orthokingses. They
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have o strongly developed temperature sense and their iemperature prefecendum
shifts seasonally. This response seems o be o klinetaxis. They are neither stromgly
stenothermal ner stencbyerebic, The prefercnoe respanses, especially that of
temperatuce, wee probably mechanisms tending to restrict the bestles 1o their habitat.
The tolerance dutia suggest it the epizcun could, ut tmes, be used as o dispersal
retile,

RISUME

Les préférendums el les Droales de lalérance vis-i-vis de le lumidre, de la tem-
pérature et de Mhumiditg refative oot éé fludids chez o Carabigque troglobde Rbaoine
AlieFROREG.

Cet Insecte montre us lewer photofaxisme négatif ot semple svoir une prélérence
Lrés margueée paur les stmosphéres i leper déficil de saturation. [ posséde un sens
el temipdrdure fortement développe ot son thermopréférendim viric suivant les
siis0ns. Dette réponse semble oire une clinotaxie. [ n'est ni fortement siénatherme,
mi fartement sténohyere. Les préférendums, particulidrement celui & by tompérature,
sant probablement nn des mécanismes tendant & limiter les Insectes & lear habatat,
Les données sur les lomites de wolérance percnettent de supposer que le domaine
cpigd pewt, gquelgue Fols, etre otilise comme vaic de dispersion.
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Table |
Contingeney tihle analyvses of temperature preference dada

June Data
Area of gradient chamber

1 2 i) 4 bl f 7 W 9 11 i2
Control 122 90 &5 |08 1| 59 KE 757 WY Iel
Cxp, | 12 405 356 8T 82 66 Tl 1 M 2 3 q

Al — 008, P 0l
| 2 i 4 i & 7 b k! (4] 12

Contral 62 55 4d A6 Ad 4an 2| 24 X &8F &6 T3
Exp. 2 ] & 1 43 1< |3 14 16 23 9 iz
F1ld i. 414,52, B RUND|

=3

Trecemher ata

| 2 1 4 5 0 T & o 10 11 12
Cancral 122 ] K304 1Da 59 L) i) T "T MW 1l
Lxp. 1 ] 4 T 23 28 71 Ol <Y Ik i £ 4
AT IDEDS, B o 00

| |2 A 4 5 f 7 B 104114 12
Exp. 1 417 3R6 8T #1066 T4 K 3
Exp. 3 4 7 2% 1/ N 62 6 ok
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Table 2

Fesults of tempeniure tolerance experiments. Criteria used for expression of
results are explained in Methods section, Sample size for csch experiment was
b unless otherwise indicuted.

Mluale
Adive af end Marmal atl end
Temperature Duration of ¢xperiment of one week
EIN A 2 hrs Wiof G 4
3sC I he T 0
5 2 hrs { 0
Fermale
Alive at end Mormal st el
Temperatury haration ol experiment of one week
- 2 hrs 10 10
15 I he Hh i
Talle 3

Results of the refative huridity tolersinge experiments. Criteria used in cxpressing
resitlts are explumed in Methods section. Sample size for each experiment was 10

Pl i le
Kelatnooe "Dd”” one hour UMormal™ afrer “Mormalt aflter
humidity after cxp. one week four weeks
a0, ( [ 10
a0, il T g
T5u 3] Y 7
0% 5 T 5
2549 7 5 3
e 9 5 4
Femals
Relative Y Dead™ one hour Churmal” afrer “Wormal” after
hamidity after exp. one woek four weaks
10t v} [ L
a0y i I} 9
75 ] 9 7
1 4 4 5
250 7 7 {;-
|08 o T 5
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EXPLAMNATIONS (OOF PLATES 91 (11 96 (6]

Flate %1 017: Light dark bax

Plate 92 121 Temperutune prelerenes apparafus

Plate 95 (23 Relative hemidity preference appiratus

Phate 94 (43 Temperature taleringe apparatus

Thare 95 15 Relitive humidity tolerance apnaratus

Prage U0 A Frequencies of beetle occorrences within the areas of the lemperature
gradient chaniher. Crdinate [regquency, abscissi nuaber af e (st row)
S lemperatures in O dsecond raw
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Graph I, Control far Exparimant |

Graph 2. Exzperimant | - June

Graph 3. Control for Expariment 2

Groph 3. Experiment 2 - June
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